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Abstract
Vascular endothelial growth factor (VEGF) is a potent 
secreted mitogen critical for physiologic and tumor 
angiogenesis. Regulation of VEGF occurs at several 
levels, including transcription, mRNA stabilization, 
translation, and differential cellular localization of various 
isoforms. Recent advances in our understanding of post-
transcriptional regulation of VEGF include identification 
of the stabilizing mRNA binding protein, HuR, and the 
discovery of internal ribosomal entry sites in the 5'UTR 
of the VEGF mRNA. Monoclonal anti-VEGF antibody was 
recently approved for use in humans, but suffers from 
the need for high systemic doses. RNA interference (RNAi) 
technology is being used in vitro  and in animal models 
with promising results. Here, we review the literature 
on post-transcriptional regulation of VEGF and describe 
recent progress in targeting these mechanisms for 
therapeutic benefit.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
The growth of  any tissue in vivo relies on the adequacy 
of  its vascular supply. Moreover, the notion of  tumor 

angiogenesis, first advanced by Folkman in the early 1970s, 
posits that the growth of  any tumor beyond 1-2 cubic 
centimeters depends on the growth of  new blood supply[1].  
In cases of  insufficient vasculature, tissues become 
depleted of  oxygen and nutrients, leading to the secretion 
of  angiogenic factors[2]. These factors, which include 
hormones, interleukins, insulin, and growth factors, spur 
the ingrowth of  new blood vessels. Vascular endothelial 
growth factor (VEGF) is one such key regulator of  
angiogenesis. It is a secreted mitogen and the most potent 
angiogenic factor, specific to endothelial cells and highly 
expressed in areas of  active angiogenesis such as solid 
tumors.  

The upregulation of  VEGF expression in response to 
hypoxia plays a crucial role in tumor angiogenesis. Though 
it is not itself  an oncogene, VEGF is upregulated in 
tumorigenesis and is important in blood vessel formation 
in solid tumors [3]. VEGF levels correlate with tumor 
progression and invasion, and a high VEGF level in 
colorectal carcinoma has been found to be an independent 
prognostic factor for long-term  survival[4,5].

Hypoxic induction of  VEGF appears to occur both 
by transcriptional activation and through stabilization of  
VEGF mRNA, which is otherwise labile in normoxic 
conditions. Transcriptional activation of  VEGF relies 
largely on binding to the hypoxia inducible factor-1 (HIF-1), 
a heterodimeric basic helix-loop-helix protein that activates 
transcription of  the human erythropoietin gene in hypoxic 
cells[6]. HIF-1 binds to a sequence in the 5'-flanking region 
of  the VEGF gene called the hypoxic response element 
(HRE)[7-9]. Several other molecules have been implicated 
in the transcriptional control of  VEGF. Sp1 stimulates 
transcription by binding to G/C-rich boxes present on 
the VEGF promoter[10]. AP-1 is a dimeric transcription 
factor of  the leucine zipper family that is composed of  
jun/jun or jun/fos subunits. Hypoxia, oxidative stress, 
and cytokines may increase VEGF expression through 
the synthesis of  jun and fos proteins and increased AP-1 
binding activity. A number of  other transcription factors 
also contribute to VEGF induction and regulation, 
including Stat-3[11].

Alternative splicing
In humans there are five alternatively spliced isoforms 
of  VEGF, each is named for the number of  amino acids 
along its length (VEGF 206, -189, -165, -145, 121). While 
varying amounts of  each VEGF isoform mRNA can be 
generated to produce certain or all isoforms of  VEGF[12], 
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each is predicted to have a characteristic extracellular 
localization based on biochemical differences. The larger 
isoforms bind neuropilin, matrix, and cell surface heparin 
proteoglycans, and are thought to act locally. The smaller 
isoforms do not display the heparin proteoglycan binding 
region and may diffuse to sites distant from the site of  
synthesis[13,14]. 

Post-transcriptional Regulation
A body of  evidence is growing rapidly to demonstrate 
that post-transcriptional regulation of  VEGF is critically 
important in the fine-tuned response required for both 
physiologic and malignant expression. The importance of  
post-transcriptional regulation of  VEGF is based upon 
several key observations about the intrinsic nature of  the 
VEGF mRNA. First, the mRNA is labile under conditions 
of  normal oxygen tension[15]. Second, the 5' UTR of  the 
VEGF mRNA possesses features that make efficient 
ribosome scanning and initiation of  translation unwieldy. 

Lability
Whereas the average half-life of  eukaryotic mRNAs is 
10-12 h, the half-life of  VEGF mRNA is less than one 
hour[16]. In 1995, Ikeda and colleagues first reported that 
although VEGF levels were elevated in cells cultured in 
hypoxic conditions, transcriptional activation alone could 
not account for the increase in VEGF mRNA levels. 
Nuclear run-on assays demonstrated upregulation of  
VEGF transcription under hypoxia that was apparent 
after three hours, and persisted after fifteen hours of  
incubation. VEGF mRNA levels were 8-10 times higher 
than baseline, and this persistent elevation of  VEGF could 
only be explained by increased stability of  the mRNA. 
They concluded that hypoxia could lengthen the half-life 
of  VEGF mRNA by 2-3 fold[7].  

The effect of  stabilization is mediated by the RNA-
binding protein HuR. Steitz and colleagues first established 
the association between mRNA degradation and HuR, 
a member of  the Elav family of  proteins found in 
Drosophila[17]. Beginning with the observation that some 
mRNAs are targeted for rapid degradation by the presence 
of  AU-rich elements (AREs) in the 3' UTRs, it was 
determined that HuR exhibits affinity for AREs, and levels 
of  HuR correlate with in vitro mRNA degradation[18].  

In VEGF, it was observed that the increase in mRNA 
stability coincided with the binding of  a protein to an 
ARE, forming an RNA-protein complex in a hypoxia-
inducible fashion[16]. Using a tumor cell line lacking the 
wild type von Hippel-Lindau tumor suppressor gene and 
in which VEGF mRNA is constitutively stabilized, this 
RNA-protein complex was found to be constitutively 
elevated[19]. The protein was later identified as the HuR 
protein[15]. Inhibition of  HuR expression by antisense 
sequences was found to inhibit the hypoxic stabilization 
of  VEGF mRNA, demonstrating its critical role in 
post-transcriptional stabilization of  VEGF expression.  
However, total cellular steady-state HuR was not altered by 
hypoxia, raising the possibility that HuR is a component 
of  a hypoxia-inducible complex whose other components 
are regulated by oxygen tension[15].

HuR probably has a function as a nuclear-cytoplasmic 
shuttle as well. It is predominantly localized to the nucleus, 
where it likely binds newly-transcribed VEGF mRNA and 
transports it to the cytoplasm and protects it from the 
ARE-mediated degradation pathways[20].

Recent studies have suggested HuR and VEGF mRNA 
localize to the cytoplasm in response to cellular stress[21]. 
Upon hypoxic stress, HuR is found to be localized to 
the cytosol and bound to target mRNAs, preventing 
their decay. New experiments using double labeling 
immunofluorescence show that VEGF and HuR colocalize 
to the nucleus during hypoxia[22,23]. The nuclear role of  
VEGF mRNA, if  any is unclear.  Further studies to more 
clearly delineate the intracellular localization of  VEGF 
mRNA and HuR are warranted.

The mechanism by which HuR protects VEGF from 
degradation has been further investigated. One hypothesis 
is that RNA binding proteins confer stability by binding 
directly to destabilizing sequences and making them 
unavailable to endonucleases. Goldberg and colleagues 
suggest that RNA-stabilizing factors may localize to a 
distinct binding site and thereby change the secondary 
or tertiary structure of  the RNA, making a specific 
site unavailable to endonucleolysis. In support of  this 
hypothesis, a 40 bp region adjacent to the HuR-binding 
site in the VEGF stability region has been identified that is 
susceptible to ribonucleases in the absence of  HuR[24].

HuR's importance in carcinogenesis is underlined by 
a report Lopez de Silanes and colleagues[25]. Using a nude 
mouse model and the RKO colorectal cancer cell line, they 
reported that tumors modified to overexpress HuR grew 
significantly larger than controls, and conversely, tumors 
modified to repress HuR expression grew smaller. Whether 
this effect was brought about through stabilization of  
VEGF mRNA is yet unknown. 

IRES
Internal ribosomal entry sites (IRESs) were first discovered 
in picornaviruses in which they initiate translation of  
naturally uncapped viral mRNA. Eukaryotic mRNA, 
however, possesses a 7-methylguanosine cap in the 5'UTR 
that is critical in the canonical model of  translation. In this 
model, the eukaryotic initiation factors (eIFs) recognize 
and bind the 5' cap, and unwind the secondary structure 
of  the 5'UTR, thereby making it sterically feasible for 
ribosomes to scan through the 5' UTR and translate the 
mRNA beginning at the AUG start codon[26].  

However, perhaps 3%-5% of  all cellular mRNAs are 
translated by a mechanism independent of  the 5' cap 
structure[27]. Most of  these mRNAs are likely to contain an 
internal ribosome-entry site (IRES) in the 5' untranslated 
region (UTR), as the ability to maintain efficient translation 
without utilizing the 5' cap-dependent mechanism relies on 
the presence of  one or several IRESs. IRESs are typically 
found in mRNAs that possess unusually long 5'UTRs, 
greater than -300 nt, which consequently have significant 
secondary structure[28]. In eukaryotes, IRES-mediated 
translation bypasses the canonical initiation step by directly 
recruiting ribosomes to the start codon without the need 
for the 5' mRNA cap structure or the eukaryotic initiation 
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factor (eIF) complex[28,29]. 
The eIF-4F complex is one of  the key mediators of  

ribosome recruitment in cap-dependent translation and 
the eIF-4E subunit of  this complex can be rate-limiting[2]. 
Under normal cellular conditions, eIF-4E is bound to 
its binding protein 4E-BP1 and translation is limited by 
the availability of  the unbound fraction of  eIF-4E[30]. 
When 4E-BP1 is phosphorylated, eIF-4E is released and 
becomes available to bind mRNA and participate in the 
eIF-4F complex. This phosphorylation is instigated by 
the downstream effects of  various mitogenic pathways.  
Hypoxia, however, has the opposite effect, increasing the 
binding of  eIF-4E with 4E-BP1, which may mediate the 
global decrease in protein synthesis seen in stressed cells[31].

Several observations about the 5' UTR of  VEGF 
mRNA led to the hypothesis that it may contain IRES 
elements. First, cap-dependent translation of  VEGF is 
cumbersome because the 5' UTR (1038 bp in humans) 
is much longer than typical eukaryotic 5' UTRs (-300 nt) 
and does not allow efficient ribosomal scanning. Second, 
it has a high G+C content, predisposing it to form 
stable secondary structures. Third, the 5'UTR contains 
a short open reading frame with in-frame initiation and 
termination codons[32]. Furthermore, in order to maximize 
its effect, translation of  VEGF must be upregulated during 
periods of  stress such as cellular hypoxia, when cap-
dependent protein synthesis is globally inhibited.

In 1998, VEGF mRNA was shown to possess two 
IRES sites (IRES A and B) in the 5' UTR[32-34]. IRES A is 
contained in a 293nt segment just upstream from the AUG 
codon and is believed to control translation initiated at the 
AUG codon[35]. IRES B is contained in the early portion 
of  the 5' UTR[33]. These two sites appear to bind different 
proteins, and the cellular milieus in which each functions 
optimally are not well understood. 

IRES-mediated translation in vivo and in vitro yields 
a distinct isoform of  VEGF, called “Large VEGF” or 
“L-VEGF.” Whereas initiation mediated by the 5' cap 
and IRES A is at the AUG start codon it shares with cap-
dependent translation, the initiation of  the L-VEGF 
isoform occurs at an upstream CUG start codon (nt 499) 
within the 5'UTR. The L-VEGF isoform contains an 
N-terminal extension of  180 a.a., which is cleaved to yield 
a C-terminal peptide that is nearly identical to VEGF 189.  
This N-terminal extension is highly conserved through 
human, bovine, and murine cells, but whether it has any 
function is unknown[36].

Inquiry into the control of  IRES A has uncovered 
a complex model of  translational regulation. The five 
classic isoforms (excluding L-VEGF) are the translation 
products of  five distinct mature mRNAs; each of  these 
mature mRNAs is the product of  alternative splicing 
of  the transcription product or pre-mRNA. Bornes and 
colleagues have reported that differences in exon content 
of  the differentially spliced mRNA can lead to preferential 
activity of  one IRES or the other[35].

Though it is becoming clear that the IRES mechanism 
in VEGF translation is a plausible pathway in normal 
physiology, it remains debatable whether this pathway plays 
a significant role in tumor angiogenesis. The controversy 
relies on the observation that there is a correlation 

between eIF-4E and protein synthesis in malignancy. This 
correlation has been demonstrated in breast carcinomas, 
head and neck squamous cell carcinomas, soft tissue 
sarcomas, and colon carcinoma[37-40], and is bolstered by the 
observation that cells that over-express eIF-4E increase 
secretion of  VEGF by greater than 100-fold[41]. Therefore, 
it is conceivable that VEGF production in transformed 
cells relies on the cap-dependent pathway as well, though 
this has not been definitively demonstrated.

Whether hypoxia is a sufficient stimulus to induce 
IRES activity, or if  other mitogenic stimuli can trigger 
internal ribosomal entry remains unknown. In a study 
comparing the IRES elements of  VEGF, hypoglycemia 
was seen to significantly activate IRES activity[42]. In both 
transformed and benign cells, the balance between IRES 
and cap-dependent translation in VEGF requires further 
investigation.

Deranged expression of  the c -myc oncogene is 
associated with many human malignancies, as its over-
expression promotes cell growth and angiogenesis[43]. This 
effect is in part due to the fact that myc over-expression 
increases secretion of  VEGF[44]. The mechanism behind 
this increase was recently described by Mezquita and 
colleagues[45]. They demonstrated that myc interacts with 
VEGF mRNA to upregulate initiation of  translation 
capable of  bringing about a 10-fold increase in VEGF 
production. They observed no increase in eIF activity and 
attribute the translational upregulation to VEGF-specific 
increase of  translation initiation, either through c-myc or 
VEGF directly. 

Implications for Tumor Angiogenesis
In 1993, Kim and colleagues reported that anti-VEGF 
antibodies had a strong inhibitory effect on the growth 
of  several tumor types in nude mice. Since then, anti-
VEGF therapies to target angiogenesis have gained further 
attention. Investigators have reported inhibited tumor 
growth with other anti-VEGF applications including anti-
sense nucleotides, anti-receptor antibodies, soluble VEGF 
receptors, and a retrovirus-delivered Flk-1 mutant.[46-49] 
A recent phase three FDA trial demonstrated improved 
survival when patients with metastatic colorectal cancer 
were treated with a humanized monoclonal anti-VEGF 
antibody (bevacizumab) in combination with standard 
chemotherapy (irinotecan, 5-FU, and leucovorin), resulting 
in FDA approval. The FDA has also approved its use in 
non-small cell lung cancer. Bevacizumab is being tested in 
several other tumor models with and without adjunctive 
traditional chemotherapy agents.

Anti-angiogenic therapies have targeted the normal 
endothelial cell's ability to respond to angiogenic factors, 
either by primarily inhibiting endothelial cell proliferation 
or by using antibodies to prevent angiogenic factors from 
activating endothelial cells[50]. However, some investigators 
have observed resistance to this therapy due to the ability 
of  tumor cells to upregulate the expression of  VEGF and 
thereby negate the anti-angiogenic effect[51]. There is further 
evidence suggesting that high tumor levels of  VEGF may 
promote tumor survival[52].  

One potential anti-angiogenic strategy is to silence 
gene expression of  angiogenic factors at the mRNA level.
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While antisense oligonucleotides have been used for this 
strategy, the high concentration required and non-specific 
effects have limited this approach. First described in C. 
elegans, RNA interference (RNAi) is a process in which 
double stranded RNA (dsRNA) is processed by the enzyme 
Dicer, resulting in short interfering RNAs (siRNA) 21-25 
nucleotides in length[53,54]. These siRNA molecules are 
incorporated into an RNA-induced silencing complex (RISC) 
that binds complementary target mRNAs, leading to their 
degradation[55,56]. 

There is great potential for using RNAi technology 
in therapeutic applications that target critical signaling 
pathways involved in cancer, due to its high specificity 
for targeted genes and its potency at low concentrations.  
However, relatively few studies have examined the use of  
RNAi technology to suppress VEGF production.  

In 2003, three reports proved the concept. Filleur and 
colleagues used a rat fibrosarcoma model and systemically 
delivered siRNA to achieve a 66% decrease in tumor 
size when compared to controls[57]. Reich and colleagues 
used direct injection of  anti-VEGF siRNA to decrease 
choroidal neovascularization in laser-induced retinal injury 
in the rat[58]. A plasmid-based siRNA delivery system driven 
by a Pol III promoter was used by Zhang and colleagues to 
show isoform-specific knockdown of  VEGF[59].

These three experiments provided the conceptual basis 
for two further experiments to demonstrate the efficacy of  
RNAi inhibition of  VEGF. In 2005, Yoon and colleagues 
injected HT1080 fibrosarcoma cells stably transfected 
with anti-vegf  siRNA into the subcutaneous tissue of  rats. 
They reported substantial decrease in tumor volume and 
vessel density in resected specimens[60]. In the same year, 
Kwon and colleagues described a bi-level approach to 
silencing VEGF. In their experiment, they combined zinc 
finger-mediated repression of  transcription with RNAi 
technology to achieve knockdown of  VEGF of  over 
90%[61]. 

The critical problem with RNAi-based therapy is 
one of  delivery. Whereas in vitro transfection of  cells is 
easily accomplished using lipid-based solution, in vivo 
targeting of  the siRNA molecules to cancer cells is far 
more challenging. Systemic delivery of  naked siRNA is 
problematic as the drugs localize poorly and the degree of  
dilution is often unacceptable[62]. Though synthetic vectors 
offer several advantages such as their relative safety and 
the ease of  incorporating target-specific ligands, there 
are significant barriers to their effective use that have not 
yet been overcome[63]. Viral vectors may offer specific 
advantages as well[64].  

CONClUSION
Although much has been learned about VEGF since its 
discovery in 1989, much more remains to be understood.  
First, the relevance of  hypoxic stabilization of  VEGF 
mRNA must be established in the settings of  both neoplasia 
and normal physiologic conditions. Does our current 
understanding of  hypoxic stabilization provide a sufficient 
explanation with regard to tumor angiogenesis? Are there 
other mitogenic factors that can overwhelm the cell's 
innate response to hypoxia? Second, the balance between 

cap-dependent and IRES-mediated translation must be 
elucidated. What are the factors that mitigate the switch 
from cap-dependent to IRES-mediated translation? Finally, 
it is clear that post-transcriptional regulation of  VEGF 
has profound clinical implications with regard to targeting 
tumor angiogenesis. Will RNAi technology prove to be an 
efficacious therapeutic modality? If  so, how will we deliver 
the drug to achieve a safe, durable, and clinically significant 
outcome? It will be a challenge for coming years to 
determine how best to exploit these molecular mechanisms 
for our patients' benefit. 
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Abstract
The term Hereditary Non-Polyposis Colorectal Cancer 
(HNPCC) is a poor descriptor of the syndrome described 
by Lynch. Over the last decade, the term has been applied 
to heterogeneous groups of families meeting limited clini-
cal criteria, for example the Amsterdam criteria. It is now 
apparent that not all Amsterdam criteria-positive families 
have the Lynch syndrome. The term HNPCC has also 
been applied to clinical scenarios in which CRCs with DNA 
microsatellite instability are diagnosed but in which there 
is no vertical transmission of an altered DNA mismatch 
repair (MMR) gene. A term that has multiple, mutually 
incompatible meanings is highly problematic, particularly 
when it may influence the management of an individual 
family. The Lynch syndrome is best understood as a he-
reditary predisposition to malignancy that is explained by 
a germline mutation in a DNA MMR gene. The diagnosis 
does not depend in an absolute sense on any particular 
family pedigree structure or age of onset of malignancy. 
Families with a strong family history of colorectal cancer 
that do not have Lynch syndrome have been grouped as 
‘Familial Colorectal Cancer Type-X’. The first step in char-
acterizing these cancer families is to distinguish them from 
Lynch syndrome. The term HNPCC no longer serves any 
useful purpose and should be phased out.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
A fundamental concept in the successful practice of  
medicine is the recognition of  a disease as a distinct 
entity defined by a clearly recognizable set of  clinico-
pathological features. Only by recognizing and diagnosing 
a specific disease is it possible to develop and apply an 
effective policy of  disease management. The recognition 
of  a distinct clinico-pathological entity does not depend 
on a full understanding of  the underlying etiology 
providing that the appearance and natural history of  a 
disease are sufficiently characteristic to set it apart from 
all other diseases. Many forms of  cancer would fall into 
this category. The same arguments apply to complex 
syndromes, though many of  these are in fact explained on 
the basis of  a specific and heritable genetic abnormality. 
    A good example of  a hereditary cancer syndrome 
due to a single gene defect is the autosomal dominant 
condition familial adenomatous polyposis (FAP) caused by 
germline mutation of  the tumor suppressor gene APC[1]. 
For many years Henry Lynch and associates drew attention 
to a second form of  familial colorectal cancer (CRC)[2,3]. 
Initially, this was believed to encompass two separate 
syndromes. LynchⅠsyndrome (or Hereditary Site-Specific 
Colon Cancer) applied to families with colon cancer only, 
while Lynch Ⅱ syndrome (or Cancer Family Syndrome) 
included families with extra-colonic malignancies in 
addition to colon cancer. In 1985 Lynch introduced the 
term ‘hereditary non-polyposis colorectal cancer’ (HNPCC) 
to encompass Lynch syndromesⅠand Ⅱ[4]. In 1991 
there was further unification with the inclusion of  the 
Muir-Torre syndrome (CRC with associated sebaceous 
neoplasms) within HNPCC[5]. Lynch viewed HNPCC 
as a syndrome characterized by an autosomal dominant 
pattern of  inheritance, early onset of  malignancy with a 
predilection for the proximal colon, multiple CRCs, the 
absence of  premonitory lesions (e.g. adenomas), and the 
occurrence of  cancer in certain extracolonic sites, notably 
endometrium and ovary. 
    The concept of  a second major form of  familial 
CRC to rival FAP was received with general skepticism, 
being either ignored, dismissed as an exceedingly rare 
disease or the chance clustering of  a common disease, 
or interpreted as the result of  a shared environmental 
exposure[6]. A breakthrough came with the publication of  
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a series of  clinico-pathological investigations conducted 
in Finland that fully supported the observations of  
Lynch[7,8]. It was also shown that CRCs associated with 
HNPCC had particular histological features[9,10]. These 
included poor differentiation, abundant mucin secretion 
and marked lymphocytic infiltration. Additionally, CRCs 
developed within adenomas and it was inferred that 
HNPCC adenomas were more likely to undergo malignant 
transformation and within a shorter timeframe than 
conventional adenomas[9,11,12]. 
    By the 1990s, cancer family clinics and registries for 
hereditary malignancy were beginning to collect and 
describe families with the features identified by Lynch and 
others. In order to standardize clinical and basic research 
it was suggested in 1991 by the International Collaborative 
Group on HNPCC that families should only be described 
as having HNPCC if  they met strict criteria, known as the 
Amsterdam criteria (Table 1)[13]. Initially it was thought 
that the Amsterdam criteria would be highly specific 
for HNPCC. Nevertheless, the term HNPCC and the 
associated diagnostic criteria soon generated problems and 
confusion that have continued to this day. 

THE TERM HNPCC
The term HNPCC implies a familial aggregation of  CRC 
developing in the absence of  polyps. However, patients 
with HNPCC have adenomas that may sometimes 
be multiple and frequently present with extra-colonic 
malignancy. For example, a patient with HNPCC could 
present with endometrial cancer, multiple adenomas and 
no family history of  cancer. By restricting the Amsterdam 
criteria to CRC, it rapidly became evident that the criteria 
lacked sensitivity. The Amsterdam Ⅱ criteria (Table 1) 
were developed to allow particular cancers that presented 
in extra-colonic sites to be substituted for colorectal cancer, 
notably of  endometrium, small intestine and pelviureter[14]. 
When the genetic mechanism underlying HNPCC was 
eventually discovered (see below) it became apparent 
that even the Amsterdam Ⅱ criteria lacked sensitivity. 
Clinical definitions were therefore relaxed in a variety of  
ways in different geographical regions in order to avoid 
missed diagnoses[15-18]. Indeed, single instances of  HNPCC 
might be found as a consequence of  new mutation, non-
penetrance within small families, denial of  family history, 
non-paternity, or adoption. These new definitions of  
HNPCC were not used merely to standardize research but 
were also employed as diagnostic tools for labeling families 
as having HNPCC. In summary, the term HNPCC was 
not only a misleading descriptor but came to encompass 
multiple clinical definitions while nevertheless being 
applied to families as a specific diagnostic label. 

DNA MISMATCH REPAIR
In 1993, soon after the introduction of  the Amsterdam 
criteria, the underlying mechanism for HNPCC was 
discovered. Most examples were shown to be caused by 
germline mutation in one of  two DNA mismatch repair 
(MMR) genes: MSH2 or MLH1[19-22]. MSH6 was implicated 
less frequently but showed a stronger association with 

endometrial cancer[23]. The MMR genes were shown to 
be tumor suppressor genes. Following inactivation of  
the wild-type allele, MMR proteins would no longer be 
expressed resulting in a failure to repair DNA mismatches 
occurring as spontaneous errors during DNA replication[24]. 
This failure applied most particularly within non-encoding 
tracts of  repetitive DNA called microsatellites but could 
also disrupt tumor suppressor genes with short repetitive 
tracts within their encoding regions, for example (and 
in decreasing order of  frequency) ACVR2, PTHLH, 
TGFbetaRII, MARCKS, MSH3, TCF4, RAD50, CASP5, 
BAX, RIZ, MBD4, MSH6, BLM, IGF2R, PTEN, AXIN2, 
WISP3 and CDX2 [25]. Deficiency of  MMR therefore 
resulted in the distinct phenotype described as the mutator 
phenotype or, more specifically, as DNA microsatellite 
instability (MSI)[26,27]. 
    In addition, therefore, to its distinctive clinico-
pathological features, the diagnosis of  HNPCC could now 
also be suggested through the demonstration of  DNA 
MSI and/or through the loss of  expression of  DNA 
MMR proteins, once monoclonal antibodies to these 
proteins became commercially available[28,29]. The corollary 
that MMR deficiency was a specific biomarker for the 
syndrome was not however correct[30]. This is because 
one of  the DNA MMR genes, namely MLH1, may be 
inactivated through hypermethylation of  its promoter 
region[31]. Through this acquired epigenetic mechanism 
most CRCs with MSI present sporadically and not as a 
result of  a germline mutation. Nevertheless, in families 
with the clinico-pathological features of  HNPCC, the 
demonstration of  MMR deficiency in one or more tumors 
is a very strong indicator of  a germline mutation in a 
MMR gene (though not 100% specific, see below). In 

Table 1  Amsterdam Ⅰ and Ⅱ criteria and Bethesda (revised) 
guidelines

Term Criteria Reference

Amsterdam I1 Three 1st degree relatives with CRC Vasen et al, 1991[13]

Two generations affected
One family member below age 50 yr
Exclude familial adenomatous 
polyposis

Amsterdam Ⅱ1 As for Amsterdam I except that 
CRC may be substituted by cancer 
of endometrium, small bowel, or 
pelviureter

Vasen et al, 1999[14]

Bethesda (revised)2 Umar et al, 2004[44]

1 CRC below age 50 yr
2 Multiple CRC or HNPCC-related 

cancers3

3 CRC with MSI-related histology4, 
< 60 yr

4 CRC or HNPCC-related cancer in at 
least one 1st degree relative, < 50 yr

5 CRC or HNPCC-related cancer in 
at least two 1st or 2nd degree relatives, 
any age

1All criteria must be met; 2Any criterion (1-5) can be met; 3Includes cancer 
of endometrium, small bowel, pelviureter, biliary tract, stomach, ovary, 
pancreas, and brain (mainly glioblastoma multiforme); 4Tumor infiltrating 
lymphocytes, Crohn-like reaction, mucin/signet ring cell differentation, 
medullary growth pattern.
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summary, it was now possible to precisely demarcate and 
therefore diagnose HNPCC on the basis of  the distinctive 
combination of  clinical, pathological and molecular 
phenotype.

LACK OF SPECIFICITY OF CLINICAL 
CRITERIA FOR HNPCC
It was initially assumed that the Amsterdam criteria 
would be highly specific but not necessarily sensitive for 
HNPCC. However, the advent of  testing for MSI showed 
that this assumption was not correct. In families meeting 
the Amsterdam criteria but in which CRCs did not show 
evidence of  MSI, the classical clinical and pathological 
features of  HNPCC were lacking[32]. Compared with 
Amsterdam criteria families in which CRCs showed MSI, 
the non-MSI-positive families comprised fewer affected 
subjects and CRCs were less likely to be proximally located, 
show mucinous or poor differentiation, be associated with 
positive lymph nodes, or have diploid DNA content[32]. 
CRCs were also less likely to be multiple or to present at a 
young age[32]. Additionally, when subjects from non-MSI-
positive families were colonoscoped, they were more likely 
to have adenomas but the adenomas were less likely to be 
advanced than in MSI-positive families[33]. Despite these 
different clinicopathological findings, families continued 
to be diagnosed as having HNPCC merely on the basis of  
meeting the Amsterdam or similar clinical criteria[34-36].
    At this point the question arises whether the term 
‘HNPCC’ is the most appropriate label for a specific 
hereditary cancer syndrome caused by a germline mutation 
in a DNA MMR gene. Henceforth, for the purposes 
of  this discussion and in accordance with a recent 
suggestion[6], the term ‘Lynch syndrome’ will be applied 
to the specific form of  hereditary malignancy caused 
by germline mutation of  a DNA mismatch repair gene. 
The term ‘HNPCC’ will be used merely to indicate that 
certain clinical criteria suggestive of  a hereditary basis for 
CRC (excluding FAP) have been met. Families meeting 
one of  the several clinical definitions of  HNPCC may or 
may not have Lynch syndrome. There are three reasons 
why families may meet the Amsterdam criteria and yet 
not have the Lynch syndrome. In the first place, CRC is a 
common disease. Within a large sibship the finding of  two 
affected siblings and one parent with CRC could occur by 
chance, even when one subject was diagnosed with CRC 
at the age of  49 years. Indeed, one would be appropriately 
skeptical of  the diagnosis of  Lynch syndrome if  the other 
two affected subjects were diagnosed in their seventies or 
eighties. The labeling of  a family with the diagnosis of  
Lynch syndrome on the basis of  the preceding findings 
would be unwise, even though no ‘rule’ is being broken. 
A second reason is the possible clustering of  low- or 
intermediate-risk genes within a family. The third reason 
is the possibility of  family clusters occurring through 
known (e.g. attenuated FAP[37] or MYH polyposis[38]) or 
unknown high-risk genes. Although the lack of  specificity 
of  the Amsterdam criteria was first mooted in 1995[32], 
recognition that families meeting the criteria are clinically 
heterogeneous has come about only comparatively 

recently. For example, four recent studies have highlighted 
the lack of  features of  Lynch syndrome in Amsterdam 
criteria positive families that lack evidence of  DNA MMR 
deficiency[39-42]. Features of  particular note are the older age 
of  onset of  CRC, the reduced penetrance among relatives, 
the lack of  predilection for the proximal colon, the lack 
of  lymphocytic infiltration, the lack of  extra-colonic 
malignancies, and the higher frequency of  colorectal 
adenoma[39-42].

DIAGNOSIS AND MANAGEMENT OF 
LYNCH SYNDROME
The discussion above has outlined how over the last 
decade the Amsterdam or similar clinical criteria have 
often been the mainstay in reaching a purported diagnosis 
of  Lynch syndrome. While larger, multi-case families with 
the classical spectrum of  early onset colorectal and extra-
colonic malignancies were probably diagnosed correctly in 
most cases using this approach, the diagnosis is less likely 
to have been correct in families meeting only the minimum 
set of  clinical criteria. The effective management of  Lynch 
syndrome includes informing and counseling affected and 
at-risk subjects, but this can only happen after the correct 
diagnosis has been reached and not before. Fortunately, a 
reliable working diagnosis of  Lynch syndrome can usually 
be reached through the analysis of  tissue samples prior to 
the discovery of  a pathogenic germline mutation. Apart 
from confirming the diagnosis of  cancer, evaluation 
of  tissue samples provides both morphological and 
molecular evidence of  tumorigenesis driven by defective 
DNA mismatch repair, the molecular hallmark of  Lynch 
syndrome. The use of  immuno-histochemistry to detect 
loss of  expression of  DNA MMR proteins can even 
identify the likely genetic cause and thereby simplify the 
ultimate diagnostic step of  genetic screening[28,29].
    As noted above, the Amsterdam criteria were established 
to provide a standard definition of  HNPCC presenting 
within the setting of  high-risk cancer family clinics and 
registries. The Bethesda guidelines were developed as a 
guide for testing MMR status in CRCs that presented in 
the population setting (Table 1)[43,44]. Family history, age at 
onset of  malignancy, and pathology features were utilized 
as independent markers and in a way that would not only 
identify new cases of  possible Lynch syndrome but would 
also exclude late-onset CRCs with MSI. The latter would in 
most instances be sporadic MSI-positive CRCs explicable 
by age-related methylation of  MLH1. On this basis, the 
utilization of  the Bethesda guidelines in order to diagnose 
Lynch syndrome should be more sensitive than the 
Amsterdam criteria and, through the inclusion of  MMR 
testing within the algorithm, more specific[45,46]. 
    The Bethesda guidelines highlight the importance 
of  pathology review. This has not always been used in 
achieving a diagnosis of  Lynch syndrome despite the fact 
that the attempt to arrive at an exclusively clinical definition 
of  Lynch syndrome has been described as a ‘search for 
the impossible’[47]. There are three reasons for this over-
reliance on limited clinical features: (1) The Amsterdam 
criteria were initially thought to be highly stringent and 
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therefore specific for Lynch syndrome, (2) It is easier 
and cheaper to reach the diagnosis using clinical features 
alone, and (3) It has been argued that both MSI testing and 
immuno-histochemistry are genetic tests that should not 
be undertaken without the consent of  the patient. With 
respect to the last, MSI testing and immuno-histochemistry 
are diagnostic tests capable of  demonstrating an acquired 
and tumor-specific alteration that is indicative of  but not 
conclusive with respect to germline status. Mismatch repair 
deficiency may be acquired exclusively at the somatic level, 
for example through methylation of  a DNA mismatch 
repair gene (see above). Like all diagnostic tests of  tumor 
phenotype, the results of  MSI testing do not stand alone 
but must be interpreted in the light of  all the available 
clinical and pathological features. 
    Because the term HNPCC was introduced as an 
alternative to the eponymous Lynch syndrome before 
that condition was fully characterized and explained on 
the basis of  a set of  genes with closely related function, it 
came to be applied in an overly broad sense to any form 
of  CRC that appeared to be inherited but was not FAP 
(or the other rarer precancerous polyposes). However, it is 
not possible to use a term that has different and mutually 
exclusive meanings without generating confusion. The 
following two sections describe additional scenarios in 
which the term HNPCC (implying Lynch syndrome) has 
been used inappropriately.

GERMLINE HEMI-ALLELIC METHYLATION 
OF MLH1 
Extrapolating from the Bethesda guidelines (see above), 
an early-onset CRC that shows MSI is likely to occur in 
the setting of  Lynch syndrome. In 2002, Gazzoli et al 
identified an early onset CRC in which one MLH1 allele 
showed methylation[48]. Intriguingly, the same allele was 
also methylated in the subject’s lymphocytes. By elegantly 
exploiting the existence of  a common polymorphism in 
the promoter region of  MLH1, Gazzoli et al were able to 
show that the second or wild-type MLH1 allele had been 
lost in the CRC. They therefore introduced the concept of  
germline hemi-allelic methylation of  MLH1 as a cause of  
HNPCC[48]. However, they were skeptical of  the possibility 
that a methylated allele could be transmitted vertically 
from an affected subject to offspring and suggested that 
the phenomenon was both rare and sporadic. Miyakura 
et al discovered four additional examples of  early onset 
MSI-positive CRC associated with germline hemi-allelic 
methylation of  MLH1[49]. Although the patients were 
ascertained through cancer family clinics they did not 
have family histories suggestive of  Lynch syndrome. They 
were merely young and some were affected with multiple 
tumors consistent with Lynch syndrome. Again, Miyakura 
et al did not infer that germline hemi-allelic methylation of  
MLH1 could be transmitted vertically[49].
    Suter et al arrived at a different conclusion with respect 
to germline hemi-allelic methylation of  MLH1 (which 
they termed ‘epimutation’)[50]. They documented two 
additional subjects carrying an MLH1 epimutation who 
also met clinical criteria indicative of  a diagnosis of  

HNPCC. Additionally, the epimutation was present in 
spermatozoa of  one of  the affected subjects. The latter 
finding was not only consistent with a germline defect but 
also provided evidence for transmission of  the defect to 
offspring. The authors therefore advanced the concept of  
MLH1 epimutation as a new cause of  HNPCC (implying 
Lynch syndrome) in which there was vertical transmission 
of  a methylated MLH1 allele[50]. Nevertheless, it may be 
questioned if  epimutations can in fact be inherited. While 
germline hemi-allelic methylation was indeed demonstrated 
in single members of  two families that met certain clinical 
criteria for HNPCC, this is hardly surprising since the 
search for the epimutation was conducted exclusively in 
members of  families registered in cancer family clinics. 
This ascertainment bias aside, it is now abundantly clear 
(see discussion above) that when a family happens to meet 
a particular clinical definition of  HNPCC this does not 
automatically prove the existence of  a heritable cause of  
cancer that is due to an altered DNA MMR gene[32,39-42]. 
It is true that one of  the affected subjects showed 
methylation of  MLH1 within spermatozoa, but this was 
in less than 1% of  spermatozoa[50]. Even if  such a sperm 
succeeded in fertilizing an ovum, subsequent clearance of  
methylation during early embryogenesis would negate the 
effects of  vertical transmission of  the affected allele.
    The same authors who advanced the concept of  
the heritability of  MLH1 epimutation subsequently 
demonstrated the de novo origin of  germline hemi-allelic 
methylation of  MLH1 in a male subject who was shown 
to have inherited the methylated allele from his mother 
in whom the same allele was not methylated[51]. These 
authors nevertheless continued to claim that MLH1 
epimutation was ‘weakly’ heritable[51]. The fact that genetic 
alterations may be passed from parent to child and result in 
syndromes of  familial cancer associated with early onset of  
disease and multiple neoplasia is a dismal truth for affected 
families and presents multiple problems with respect 
to the provision of  medical solutions that are ethical, 
compassionate and effective. Therefore, the labeling of  a 
form of  cancer as heritable should be backed up by good 
evidence. The existing evidence does not support the 
heritability of  germline hemi-allelic methylation of  MLH1. 

SERRATED POLYPS, DNA METHYLATION 
AND HNPCC
In 1997 a family was described as having HNPCC but 
did not meet the Amsterdam I or II criteria[52]. There 
were four siblings in a sibship of  six with a total of  
eight CRCs between them. The initial CRCs presented 
at the ages of  44, 27, 44 and 55 years (eldest to youngest 
sibling respectively) and an offspring of  the second 
eldest developed a gastric cancer at the age of  29 years. 
Gastric cancer is linked to Lynch syndrome but is not 
included in the Amsterdam II criteria. MSI testing using 
four markers was initially performed on the CRCs from 
the eldest and third eldest siblings and all four markers 
were unstable in both CRCs[32]. Overall, therefore, the 
features were consistent with a diagnosis of  Lynch 
syndrome. Only one of  the colectomy specimens, a right 
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hemicolectomy performed on the youngest sibling for two 
metachronous CRCs, was available for detailed study at 
the time of  surgery. The pathology was atypical for Lynch 
syndrome insofar as there were five tubular adenomas, 
seven hyperplastic polyps and seven mixed polyps. The 
hyperplastic polyps and mixed polyps were noted to be 
larger than the adenomas[52]. In retrospect, the correct 
diagnosis would now be hyperplastic polyposis[53]. The 
smaller CRC showed conspicuous lymphocytic infiltration, 
instability at three of  three microsatellite markers, and was 
arising from a mixed polyp. The large CRC was mucinous 
and showed instability at two of  three microsatellite 
markers. One of  the offspring of  this subject had 
developed a tubulovillous adenoma and two hyperplastic 
polyps at around the age of  40 years and a second was 
found to have multiple hyperplastic polyps after the report 
was published. Overall, it was inferred that this family 
had Lynch syndrome but that there was a modifying 
genetic factor in the youngest sibling giving an unusual 
phenotype[52]. Nevertheless, no germline mutation in a 
DNA mismatch repair gene has been found in this family.
    Now, in retrospect, it is possible to suggest a simpler 
and more plausible mechanism underlying this Lynch 
syndrome-like family. In 2005, a paper described a series 
of  eleven Lynch syndrome-like families in which some 
CRCs were MSI-high but others had low-level MSI or were 
microsatellite stable (MSS)[54]. A more consistent finding 
across the CRCs and polyps in these ‘MSI-variable’ families 
was mutation of  the oncogene BRAF and methylation 
of  MINT31[54]. In addition, many subjects had advanced 
serrated polyps and two had hyperplastic polyposis. Based 
on these observations it was suggested that an inherited 
predisposition to acquired DNA methylation within 
somatic tissues could give rise to a ‘serrated pathway 
syndrome’[54]. Should MLH1 be implicated then one might 
observe the development of  CRCs that were MSI-high. 
This would only apply to a subset of  CRCs, but could by 
chance, as in the case of  the family described in 1997[52], 
affect all CRCs tested within a single family.
    What is the evidence for an inherited predisposition 
to CRCs with DNA methylation? In a family cancer 
clinic-based study that excluded families with the Lynch 
syndrome, subjects with CRCs showing the CpG island 
methylator phenotype (CIMP) had a 13-fold increased risk 
of  having a first degree relative with cancer (not necessarily 
CRC) as compared with subjects without CIMP-positive 
CRC[55]. A hospital-based study could not confirm this 
finding but removed families meeting a clinical definition 
for HNPCC[56]. The latter exclusion clearly introduced 
a major bias since not all families meeting a clinical 
definition for HNPCC in fact carry a germline defect in a 
DNA MMR gene (see above). This is another example of  
how a loose definition of  HNPCC can be confounding. 
    An inherent difficulty in establishing whether genetic 
factors may explain CIMP is the lack of  an agreed 
definition of  CIMP. It is clear, however, that mutation 
of  BRAF co-segregates with extensive CIMP and may 
therefore be used as a surrogate for high-level CIMP. In a 
large population-based study, CRCs were stratified on the 
basis of  BRAF mutation and DNA MSI status[57]. In the 
larger subset of  MSS CRCs, the odds ratio for having a 

positive family for subjects with BRAF mutation-positive 
CRCs was 4.23 (95% CI = 1.65-10.84) (as compared 
with subjects with BRAF mutation-negative CRCs). The 
same finding was not observed in patients with MSI-high 
CRCs[57]. However, this is not surprising since the subjects 
with MSI-high CRCs that lacked BRAF mutation were 
relatively young and many would be expected to have 
Lynch syndrome. 
    In summary, it is likely that genetic mechanisms will be 
found to at least partially explain the evolution of  CIMP-
positive CRCs and to account for a subset of  families that 
may mimic Lynch syndrome but in whom both colorectal 
polyps and cancers show extensive DNA methylation and 
frequent mutation of  BRAF.

LYNCH SYNDROME VARIANTS
The more clearly one defines Lynch syndrome, the simpler 
it becomes to distinguish the syndrome from clinical 
scenarios that provide close mimicry. In the preceding 
two sections we encountered different clinical situations 
in which there was diagnosis of  CRCs with DNA MSI 
and an inappropriate label of  HNPCC. The essential 
feature of  Lynch syndrome is that it is a hereditary disorder 
that is explained by a germline mutation in a DNA MMR 
gene. DNA MSI is a useful diagnostic hallmark but is not 
requisite for the diagnosis. Some mutations in DNA MMR 
repair genes may be tumorigenic but may not result in 
the mutator phenotype[58]. DNA MMR repair genes are 
multifunctional and certain mutations may be deleterious 
because they disrupt cell-cycle checkpoint control and/or 
apoptosis[59]. These variants may be associated with lower 
penetrance and a milder clinical phenotype but should 
probably be regarded as variants of  Lynch syndrome. 
Mutations in the DNA MMR gene PMS2 may result in 
a syndrome that is inherited as an autosomal recessive 
trait[60]. The combination of  very early onset malignancy 
involving brain, colon and other sites has been described 
as Turcot syndrome and linked with bi-allelic mutation 
of  PMS2 in a small number of  families[60,61]. Drawing a 
distinction between Turcot syndrome and Lynch syndrome 
becomes difficult given the fact that PMS2 mutation has 
also been linked with autosomal dominant patterns of  
inheritance[62,63] while certain MLH1, MSH2 and MSH6 
mutations may give rise to an autosomal recessive trait[61,64]. 
Individuals with homozygous MMR gene mutations may 
show features of  neurofibromatosis with café-au-lait 
spots. This has been associated with somatic mutation 
of  the neurofibromatosis type-1 gene[65]. The preceding 
examples could be considered as variants of  Lynch 
syndrome. However, clinical scenarios in which CRCs 
with MMR deficiency occur in the absence of  a vertically 
transmissable genetic alteration in a MMR gene should not 
be termed Lynch syndrome.

CONCLUSION
The term HNPCC is a poor descriptor of  the syndrome 
described by Lynch. Over the last decade, the term has 
been applied as a specific diagnostic label to families 
meeting a multiplicity of  clinical criteria. A subset of  
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these families will not carry a germline mutation in DNA 
MMR gene and will not show the clinical and pathological 
phenotype associated with the Lynch syndrome. Such 
families may meet or even exceed the Amsterdam criteria 
despite lacking evidence for a germline defect in a DNA 
mismatch repair gene. It has been suggested that these 
families be grouped as ‘Familial Colorectal Cancer 
Type-X’[40]. The term HNPCC has also been applied to 
clinical scenarios in which CRCs with DNA MSI are 
diagnosed but in which there is no vertical transmission 
of  an altered DNA MMR gene. A diagnostic term that has 
multiple mutually incompatible meanings is problematic. 
This becomes particularly evident when extrapolating from 
a diagnostic label to the management of  an individual family. 
    The Lynch syndrome is best understood as a hereditary 
predisposition to malignancy that is explained by a germline 
mutation in a DNA MMR gene. The diagnosis does not 
depend in an absolute sense on any particular family 
pedigree structure or age of  onset of  malignancy. If  
present, these are merely useful clinical pointers that have 
been accorded undue importance when considered in 
isolation of  other facts. No simple set of  clinical criteria 
can serve as a diagnostic label for Lynch syndrome. At the 
same time, the careful appraisal of  clinical, pathological 
and molecular features can achieve an accurate working 
diagnosis prior to the demonstration of  a pathogenic 
germline mutation in a DNA mismatch repair gene. To 
paraphrase a recent recommendation with respect to the 
term HNPCC: ‘Clarification of  the genetic basis and 
full phenotypic expression of  this disease mandates a 
more clinically useful name that gives consideration to 
non-colonic cancers and unifies the diagnosis around 
germline mutation in a DNA MMR gene. The term Lynch 
syndrome is proposed for the autosomal dominant disease 
caused by a germline mutation in a DNA MMR gene’[6]. 
However, in adopting the term Lynch syndrome in place 
of  HNPCC one must also distinguish Lynch syndrome 
from the numerous clinical scenarios that give rise to 
close mimicry. By separating and naming these clinical 

entities (Table 2) one can begin to undo the considerable 
confusion that has been generated by the arbitrary use of  
the imprecise term HNPCC. 
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Abstract
Hepatic stimulator substance (HSS) has been referred 
to as a liver-specific but species non-specific growth fac-
tor. Gradient purification and sequence analysis of HSS 
protein indicated that it contained the augmenter of liver 
regeneration (ALR), also known as hepatopoietin (HPO). 
ALR, acting as a hepatotrophic growth factor, specifically 
stimulated proliferation of cultured hepatocytes as well 
as hepatoma cells in vitro , promoted liver regeneration 
and recovery of damaged hepatocytes and rescued acute 
hepatic failure in vivo . ALR belongs to the new Erv1/Alr 
protein family, members of which are found in lower and 
higher eukaryotes from yeast to man and even in some 
double-stranded DNA viruses. The present review article 
focuses on the molecular biology of ALR, examining the 
ALR gene and its expression from yeast to man and the 
biological function of ALR protein. ALR protein seems to 
be non-liver-specific as was previously believed, increas-
ing the necessity to extend research on mammalian ALR 
protein in different tissues, organs and developmental 
stages in conditions of normal and abnormal cellular 
growth.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
In 1975, La Brecque and Pesch first referred to the ex-
istence of  a polypeptide, named hepatic stimulator sub-
stance (HSS), in the liver cytosol of  weanling or adult 
partially hepatectomized rats[1]. HSS was able to specifi-
cally stimulate hepatocyte proliferation and support liver 
regeneration in an organ specific but species non-specific 
manner[1-2]. Since then a number of  studies examined HSS 
levels of  toxicity on animal models of  liver regeneration 
after partial hepatectomy and post induced liver injury  
in vivo[3,4] and in vitro[5]. Subsequently, the effect of  this 
growth factor in acute[6-11] and chronic[12] liver injury and 
decreased hepatocyte proliferative capacity[13,14] has been 
reported in different animal models. A novel growth fac-
tor, obtained through progressive purification (831 000x) 
of  the crude HSS extract, was named Augmenter of  Liver 
Regeneration (ALR)[15-20]. ALR, as well as HSS, did not af-
fect quiescent hepatocytes but enhanced the liver prolifera-
tive response to hepatectomy in rats[1,16,21] and dogs[22] and 
prevented atrophy increased cell renewal caused by por-
tacaval shunt (Eck’s fistula) in dogs[23,24]. ALR recently has 
been the subject of  intense investigation. Several different 
approaches have led to the identification of  the respec-
tive genes from yeast, rat, mouse, and human. This review 
deals with the molecular biology of  ALR, examining clon-
ing of  the ALR gene and its protein product from yeast 
to man. The biological function of  this protein product is 
also described. 

ALR GENE AND PROTEIN FROM YEAST 
TO MAN
Yeast scERV1 
The yeast scERV1 gene was the first and best-character-
ized gene of  a new family found in a large number of  low-
er and higher eukaryotes[25-28] and in the genome of  some 
double-stranded DNA viruses[29-31]. This gene encodes a 
small protein of  189 amino acids (22 ku) having a complex 
influence on different aspects of  mitochondrial biogen-
esis[32-34] and is essential for the survival of  yeast[28]. Further 
studies have shown that the protein (Erv1p) was essential 
for normal mitochondrial morphology and for the stable 
maintenance of  these organelles. In addition, Erv1p was 
identified as the first FAD-linked sulfhydryl oxidase from 
yeast[34]. The enzymatic activity was located at the 15 ku 
carboxy-terminal domain of  the Erv1p with the conserved 
Cys-X-X-Cys sequence motif  (CXXC motif). This frag-
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ment was able to bind FAD and to catalyze the formation 
of  disulfide bonds but was no longer able to form dimers 
like the complete protein[35]. Last but not least, analysis of  
the complete genome sequence from S. cerevisiae revealed a 
second yeast gene with homologies and structural similari-
ties to scERV1. This gene was termed scERV2. Its protein 
product (Erv2p) had a length of  196 amino acids and 
exhibited 30% identical amino acid residues with Erv1p 
in the highly conserved carboxy-terminal part of  the poly-
peptides. However, the complex expression pattern and 
the high degree of  variability found in the amino-terminal 
regions of  the scERV1 and scERV2 proteins, as well as the 
differences found between them, indicated that the gene 
products might have diverse functions at different loca-
tions and critical times of  cellular development[30].

Rat ALR
Hagiya et al in 1994, first discovered and cloned ALR in rat 
and then in human and mouse, proposing also its identity 
with HSS or hepatopoietin (HPO)[25]. They cloned and 
sequenced the rat ALR gene, which was considered to en-
code rat HSS[25]. They also presented evidence that ALR 
protein (Alrp) was acting as a homodimer and reported 
that the expression of  the 1.2 kb gene transcript was el-
evated in rat testis and liver. The 1.2 kb cDNA included a 
299 bp 5’ untranslated region, a 375 bp coding region and 
a 550 bp 3’ untranslated one. The rat Alrp consisted of  
125 amino acids and its molecular weight was calculated 
to be 15 ku, which is consistent with its electrophoretically 
determined molecular weight under reducing conditions. 
The molecular weight of  the purified native Alrp was cal-
culated to be 30 ku under nonreducing conditions. The 125 
amino acid sequence deduced from the rat ALR cDNA 
presented as 50% homologous to the polypeptide encoded 
by the scERV1, which is essential for oxidative phosphory-
lation, vegetative growth and life of  the yeast S. cerevisiae[25]. 
The same investigators, in supplementary experiments, 
found a single nucleotide (G) insertion at cDNA position 
266, which did not alter the results of  recombinant Alrp 
of  125 amino acids that was originally identified. On the 
other hand, additional G engendered two other in-frame 
ATG initiation sites, which were 5’ to the initiation site 
of  the Alrp they had previously reported, thus raising the 
possibility of  additional ALR variants[36]. Furthermore, 
the cloning and sequence analysis of  rat genomic DNA 
of  ALR revealed that the gene consisted of  3 exons and 2 
introns and was 1508 nt long[37]. An ALR pseudogene was 
also found in the rat genome, implying the existence of  an 
ALR multigene family. The length of  the psedogene was 
calculated to be 442 nt[37]. The amino acid sequence ho-
mology between the rat ALR and its psedogene proved to 
be 88.8%[38]. The crystal structure of  recombinant rat Alrp 
has been determined to 1.8 Ǻ. The structure revealed a 
unique FAD binding motif, a region containing side chain 
rings in a stacked parallel orientation, as has recently been 
reported in Erv2p, and an extensive salt bridges network 
being unique to ALR. The abundance of  disulfide and salt 
bridges provides the Alrp molecule with a rigid structure 
and probably accounts for Alrp’s thermostability and resis-
tance to some denaturants[39].

Mouse ALR 
The mouse ALR gene was cloned and characterized by 
Giorda et al in 1996[26]. It was shown that the protein 
coding portion of  the mouse ALR gene contained 3 
exons. The first of  them consisted of  the 5' untranslated 
sequence and the initial 18 bases after the ATG translation 
initiation codon. The second exon contained 198 bases 
and the third one consisted of  the remaining portion of  
the protein coding sequence. Moreover, the ALR gene 
mapped to mouse chromosome 17, in a region syntenic 
with human chromosome 16[26]. 

Human ALR 
Giorda et al also published the cDNA sequence of  human 
ALR[26]. At the same time, Yang et al cloned the cDNA of  
human HPO by functional screening of  a fetal liver cDNA 
library demonstrating that human HPO was identical to 
human ALR [40]. The cDNA of  human ALR encoding 
125 amino acids presented identity of  87% with rat ALR 
and of  42% to yeast scERV1[40]. The human ALR gene 
was located on chromosome 16, at the cytogenetic band 
16p13.3-p13.12, in the interval containing the locus for 
polycystic kidney disease (PKD1)[27]. The cloning and 
sequence analysis of  human ALR genomic DNA revealed 
that it consisted of  3 exons and 2 introns. It was 1813 
nt long, coding a protein of  125 amino acid residues. 
A comparison of  human and mouse genomic DNA 
demonstrated that the 3 exons were similar in length but 
different in their 5'-UTR, introns and 3'-UTR in length[41,42]. 
Lu et al isolated a variant of  ALR from hepatic-derived 
cells with a length of  205 amino acids, characterizing a 
novel isoform of  HPO cDNA encoding a 205 amino acid 
open reading frame (ORF). This was named HPO-205 to 
distinguish it from the previously described HPO, which 
lacked the N-terminal 80 amino acids[43].
    Therefore, two forms of  the human Alrp were found to 
be present in hepatocytes. The shorter protein consisted 
of  125 amino acids (15 ku) and lacked the amino terminus 
and the longer protein had 205 amino acids (23 ku). The 
15 ku of  Alrp existed only in the nucleus and the 23 ku 
Alrp was mainly located in the cytosol, probably because 
they are synthesized from the same mRNA using different 
initiation codons[44]. Moreover, under normal conditions, 
the full-length 23 ku mammalian Alrp is predominant and 
localized in the mitochondrial intermembrane space[45]. As 
a result, ALR could be dimerized at a protein level and its 
gene could be alternatively spliced at the transcriptional 
level. Both might contribute to the existence of  various 
Alrp complexes in hepatocytes[44]. 
    Recent studies reported successfully cloning the 
genes encoding proteins that interact with Alrp, such as 
metallothionein and albumin, which might be related 
to the transportation process of  Alrp in the circulation. 
Selenoprotein-P, an anti-oxidant protein, might also 
be related to Alrp function, as well as other ALR-
binding proteins, such elongation factor 1-α, transitional 
endoplasmic reticulum ATPase, carboxypeptidase N 
83 ku chain, complete factor H related 3, and NADP 
dehydrogenase, which are known to play important roles 
in energy metabolism[46].
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    The ALR gene promoter has also been studied and 
might represent a novel architecture for core promoters. 
It was TATA-less and spanned position -54 to +42 
relative to the transcriptional start point. Specifically, it 
did not contain the TATA box, a consensus A/T rich 
sequence [TATA (A/T) A (A/T)], which was located 
-25-30 nucleotides upstream of  the transcriptional start 
site and was recognized by the TATA binding protein 
subunit of  TFIID. TFIID is a transcription factor that 
was needed to bring about the initiation of  transcription 
by RNA polymerase Ⅱ and nucleated the formation of  
the pre-initiation complex. In addition, the core promoter 
of  ALR consisted of  a functional initiator (Inr) and three 
CTGGAGGC tandem repeat elements, which were found 
surrounding the Inr, with all of  them participating in Inr-
dependent transcription. The Inr contains a pyrimidine (Y) 
rich core sequence [YYA+1N (T/A) YY] encompassing 
the transcription site. The initiator flanking element, lying 
either upstream or downstream from the Inr, was found to 
be present in many Inr-containing genes. Both the initiator 
and at least one of  the repeats were able to bind to specific 
nuclear factors[47].
    The similarities and differences between the structure 
and function of  the ALR gene and its protein product in 
the four most important and closely related species (yeast, 
mouse, rat and human) are displayed in Table 1.

BIOLOGICAL FUNCTION OF ALRP
Characterization of human Alrp as a structural and 
functional homologue for yeast Erv1p
Alrp and Erv1p belong to a protein family, members of  
which are found in lower and higher eukaryotes from yeast 
to man[25-28] and even on the genome of  some double-
stranded DNA viruses[29-31]. They have essential functions 
in the biogenesis of  mitochondria, the cell division cycle, 
and in the development of  organs such as liver and testis in 
higher eukaryotes[48]. The carboxy terminus of  the human 
Alrp was characterized as a structural and functional 
homologue for yeast Erv1p[27]. Especially, Lisowsky et al 
found four major similarities at the amino acid residues 
of  carboxy termini of  Erv1p and human Alrp, concluding 
a conservation of  structure and function[27]. However, 
Hofhaus et al showed that the conserved carboxy terminus 
of  mammalian and yeast proteins were functionally 
interchangeable between distantly related species such 
as yeast and man[49]. On the other hand, the amino 
terminal parts of  the proteins displayed a high degree of  
variability and significant differences even among closely 
related species[49]. Specifically, Hofhaus et al first revealed 
that the yeast protein contained a leader sequence for 
mitochondrial localization whereas the human protein is 
not detectable inside the mitochondria. Moreover, they 
noted that, in yeast only, one form of  scERV1 was found 

Table 1  Augmenter of liver regeneration from yeast to man

Homo Sapiens (Human) Mus Musculus (Mouse) Rattus Norvegicus (Rat) Saccharomyces cerevisae (Yeast)

Description Augmenter of liver regeneration 
(ALR)/growth factor, erv1 
(S. cerevisiae)-like (augmenter of 
liver regeneration) (GFER)/
hepatic regenerative 
stimulation substance 
(HSS)/hepatopoietin (HPO)   

Augmenter of liver 
regeneration (Alr)/growth 
factor, erv1 (S. cerevisiae)-
like (augmenter of liver 
regeneration) (Gfer)  

Augmenter of liver 
regeneration (ALR)/
growth factor, erv1 
(S. cerevisiae)-like 
(augmenter of liver 
regeneration) (Gfer)

Saccharomyces cerevisiae 
ERV1 (scERV1)/flavin-linked 
sulfhydryl oxidase localized to 
the mitochondrial intermembrane 
space, has a role in the maturation 
of cytosolic iron-sulphur proteins; 
ortholog of human hepatopoietin 
(ALR)

Genomic Location Chromosome: 16 
Cytogenetic: 16p13.3-p13.12

Chromosome: 17
Cytogenetic: 17 A3.3

Chromosome: 10
Cytogenetic: 10q12
Genetic: 17 10.0 cM

Chromosome: VII

Peptide Length 205 aa (23 ku)
125 aa (15 ku)

198 aa 125 aa (15 ku) 189 aa (22 ku)

Protein Function In liver regeneration and
spermatogenesis

In liver regeneration and
spermatogenesis

In liver regeneration and
spermatogenesis

Essential for the biogenesis of 
mitochondria, cell viability 
and for vegetative growth

Protein Subunit Homodimer/Heterodimer Homodimer Homodimer Homodimer

Protein Similarity Belongs to ERV1/ALR family Belongs to ERV1/ALR family Belongs to ERV1/ALR family Belongs to ERV1/ALR family

Percentage of 
similarity to human

85.6% [The comparison with 
human is based on nucleic 
acid (GeneCard for GFER)]
87.20% [The comparison with 
human is based on amino 
acid sequence (UniGene)] 

85.87% [The comparison with 
human is based on nucleic 
acid (GeneCard for GFER)]
85.60% [The comparison with 
human is based on amino 
acid sequence (UniGene)] 

52.85% [The comparison with 
human is based on nucleic acid 
(GeneCard for GFER)]
46.85% [The comparison with 
human is based on amino acid 
sequence (UniGene)] 

Subcellular Location Nucleus (15 ku)
Cytosol (23 ku)
Mitochondrial intermembrane 
space (23 ku)

Mitochondrial intermembrane 
space

Cytosol
Mitochondrial intermembrane 
space

Cytosol
Mitochondrial intermembrane
space
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whereas in human cells two protein isoforms were present. 
Therefore, these two significant differences in the amino 
termini between Erv1p and human Alrp suggested that 
the human Alrp did not appear to be functional in yeast[49]. 

The enzymatic activity of Alrp as sulfhydryl oxidase
The Alrp/Erv1p family belongs to flavin-linked sulfhydryl 
oxidase participating in disulfide bond formation[35,50]. 
Lisowsky et al identified the enzymatic activity of  rat 
and human Alrp as sulfhydryl oxidases by their ability to 
oxidize thiol groups in a protein substrate, the presence 
of  FAD moiety in the carboxy terminal domain and the 
formation of  dimers in vivo[50]. In general, the sulfhydryl 
oxidase proteins contain a conserved CXXC motif  in the 
carboxy terminal domain and a non-covalent FAD, which 
are vital for their catalytic activity[51-53]. The conserved 
CXXC motif  in the carboxy terminus most l ikely 
represents the redox-active site of  the enzyme, sharing 
significant homologies with human growth regulator 
quiescin Q6[52] and yeast Erv1p[35]. It was also reported that 
the two vicinal cysteines directly interact with bound FAD 
for the redox reaction. Furthermore, sulfhydryl oxidases 
form dimers in vivo and catalyze the formation of  disulfide 
bonds with the reduction of  molecular oxygen to hydrogen 
peroxide according to the following reaction: 2RS-H + O2 
→ RSSR + H2O2[51-53].
    An interesting new aspect for mitochondrial sulfhydryl 
oxidase activity and the formation of  disulfide bonds was 
the recent finding of  a direct correlation between the 
electron transport chain and the formation of  disulfide 
bonds in E coli[54,55]. A very recent study on the fundamental 
behavior of  the short form of  the human Alrp suggested 
that this flavoenzyme might not necessarily function as 
sulfhydryl oxidase in the mitochondrial intermembrane 
space but might be coupled with the respiration chain via 
mediation of  cytochrome c and without the generation of  
hydrogen peroxide observed in oxidase reactions. Thus, 
cytochrome c should be considered as a potential oxidant 
for ALR in vivo[56]. 

The presence of a specific receptor for Alrp and modes of 
Alrp signaling 
Wang et al showed the existence of  an Alrp receptor on rat 
hepatocytes and human hepatoma cells with a molecular 
weight of  about 75 ku, presenting with high affinity and 
specificity, reversibility and saturation[57]. Alrp binds the 
receptor in cell membranes initiating a corresponding 
signal transduction pathway and mediating its biological 
function on hepatocytes. This function includes specific 
phosphorylation and dephosphorylation of  important 
proteins in the process of  liver regeneration[57].
    Yang et al showed that recombinant human HPO/Alrp 
(125 amino acids, 15 ku) could stimulate proliferation of  
hepatocytes as well as hepatoma cells in vitro, promoting 
regeneration and recovery of  damaged hepatocytes and 
ameliorating acute hepatic failure in vivo. Such observations 
support the contention that Alrp is a hepatotrophic growth 
factor[58,59]. 
    It was shown that HPO/Alrp was able to stimulate 
hepatocyte proliferation by two signaling pathways. In the 

first pathway, extracellular HPO autocrined from hepato-
cytes and hepatoma cells activated the mitogen-activated 
protein kinase (MAPK) signaling pathway via binding to 
an ALR receptor. Specifically, Alrp triggered MAPK ac-
tivation and proliferation in hepatoma cell lines through 
the induction of  tyrosine phosphorylation of  epidermal 
growth factor receptor (EGFR)[60].
     In the second signaling pathway, intracellular Alrp inter-
acted with Jun activation domain-binding protein 1 (JAB1), 
triggering the activating protein-1 (AP-1) transcriptional 
activity in a MAPK independent manner, for immediate 
early response when its intracellular levels were increased 
with post-partial hepatectomy or liver injury[61]. JAB1 is the 
fifth subunit of  COP9 signalosome (CSN), being a co-ac-
tivator of  c-Jun/AP-1 transcription factor, which enhances 
the binding capacity of  c-Jun-containing AP-1 complex to 
their DNA consensus sites and increasing the transactiva-
tion of  an AP-1 dependent promoter. It was shown that 
Alrp enhanced the increased phosphorylation level of  
c-Jun through JAB1 but had no effect on the expression 
of  transfected c-Jun or endogenous c-Jun N-terminal ki-
nase or on phosphorylation of  c-Jun N-terminal kinase[61]. 
Furthermore, recent studies elucidated a novel relationship 
of  intracellular Alrp with the whole protein complex CSN, 
suggesting a possible linkage between CSN and liver re-
generation[62]. As a consequence, the CSN complex could 
represent an intracellular signal platform, where signals 
from the extracellular or intracellular environment are co-
ordinated with transcriptional activation and with the regu-
lation of  the related functions of  cells. 
    Chen et al presented a molecular link between the en-
zymatic redox function of  HPO/Alrp and its role as a 
cytokine[63]. They displayed the necessity of  cysteine resi-
dues in the CXXC catalytic centre for the intracellular 
potentiation of  AP-1 activity. As mentioned before, Alrp 
interacted with JAB1 to trigger AP-1 transcription activ-
ity by phosphorylation of  c-Jun in a MAPK independent 
fashion. This effect depended on the integrity of  the 
CXXC enzyme active site, which could provide a novel in-
tracellular signaling pathway shortcut by redox regulation. 
This implied that the enzymatic activity of  Alrp might be 
a key regulator in the intracellular mediation of  the AP-1 
pathway through JAB1. On the other hand, they provided 
evidence that the extracellular cytokine activity of  Alrp 
did not associate with the redox CXXC motif  and conse-
quently with its sulfhydryl oxidase activity[63]. 
    Recently, Li et al demonstrated that ALR and macro-
phage inhibitory factor (MIF) could be considered as a 
pair in the course of  signaling transduction[64]. Their results 
showed an interaction between ALR and MIF and led to 
the alteration of  their effects on AP-1 activity. Especially, 
on the one hand, the binding of  MIF to JAB1 was inhib-
ited by ALR and on the other hand the potentiation of  
the ALR on AP-1 activity through JAB1 was inhibited by 
MIF. Thus, the activity of  AP-1 may be determined by the 
coordination and balance between ALR and MIF concen-
tration in vivo. This balance is crucial for the maintenance 
of  both homeostasis and normal development of  cells and 
tissues. In this sense, ALR serves as physiological counter-
regulatory mediator that counteracts the suppressive effect 
of  MIF[64]. 
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Alrp biological activity
Previous studies have demonstrated that different forms 
of  Alrp may be associated with different localizations and 
cellular functions[26,49,65]. Specifically, a 15 ku Alrp fragment 
appeared to regulate mitochondrial gene expression by 
inducing the transcription and translation of  the nuclear-
encoded mitochondrial transcription factor A (mtTFA)[66]. 
Polimeno et al found that Alrp administration induced a 
significant increase in mitochondrial gene expression and 
of  nuclear-encoded mtTFA. This increase was associated 
with enhanced cytochrome content and oxidative phos-
phorylation capacity of  rat liver-derived mitochondria[66]. It 
has also been suggested that hepatotrophic factors, such as 
Alrp, play an important role in liver regeneration and might 
mediate their activities by regional regulation of  natural 
killer (NK) cells. However, NK cells in liver appeared to 
have specific cytotoxicity against regenerating hepatocytes. 
A recent study revealed that in vivo administration of  Alrp 
induced inhibition of  hepatic NK cytotoxic activities in 
the population of  mononuclear leukocytes infiltrating rat 
liver but not in those derived from spleen or peripheral 
blood. These data suggested that Alrp might act as an im-
munosuppressant agent localized to the liver[67]. Moreover, 
Tanigawa et al suggested that Alrp production in the liver 
was enhanced during acute liver disease, especially in the 
initial stage[68]. It was also suggested that Alrp might pro-
tect against failure of  regeneration by inhibiting hepatic 
NK cell activity in acute liver disease[68]. It was also demon-
strated that Alrp acted as an immunoregulator by control-
ling, through interferon-gamma (IFN-γ) levels, the mtTFA 
expression and lytic activity of  liver-resident NK cells. 
The exogenous administration Alrp in intact rats induced 
a reduction of  IFN-γ in liver-resident NK cells, while the 
administration of  IFN-γ in 70% of  partially hepatecto-
mized rats was followed by a significant reduction of  both 
mtTFA expression and liver regeneration. These results 
demonstrated a direct link between Alrp and IFN-γ, imply-
ing IFN-γ as the main mediator of  Alrp biological activity 
both as growth factor and immunoregulator[69]. Recent 
studies discussed a constructed yeast expressive vector 
of  ALR and this was expressed in yeast cells in order to 
further study the biological function and mechanism of  re-
combinant human ALR as a regulatory factor that specifi-
cally stimulates hepatic cell regeneration. This successful 
expression of  ALR in yeast cells may pave the way for the 
study of  clinical use and provided a good tool for further 
research in this field. Their results also suggested that ALR 
enhanced liver regeneration not only through an indirect 
pathway; i.e. immune regulation, but also through a direct 
pathway[70-71]. 
    Recently, an ALR recombinant plasmid was constructed 
and tested for therapeutic effects on rat hepatic fibrosis. 
Specifically, the results of  this study revealed that the ALR 
recombinant plasmid could decrease the degrading capac-
ity of  collagen types I and III, which were regarded as im-
portant parameters reflecting the metabolism of  collagen. 
The ALR recombinant plasmid could also decrease the 
deposition of  the extracellular matrix and the expression 
of  tissue inhibitors of  metalloproteinase-1 (TIMP-1) in 
pathological liver tissue and thus reverse the hepatic fibro-
sis induced by porcine serum administration[72].

    In addition, the full-length mammalian Alrp (23 ku) 
was largely located in the mitochondrial intermembrane 
space and performed the export of  iron/sulfur (Fe/S) 
clusters from the mitochondrial matrix, contributing to 
the biogenesis of  cytosolic Fe/S proteins and to cellular 
iron homeostasis. Especially, Fe/S cluster components 
of  the mitochondrial matrix preassembled and packaged 
Fe/S clusters, which could then be transported into the 
cytosol, a process possibly involving the ABC transporter 
Atm1p/ABC7[45]. Cytosolic and nuclear Fe/S proteins have 
important regulatory functions as enzymes or transcrip-
tion factors. Therefore, participation in the assembly of  
cytosolic Fe/S proteins appears to be the primary essential 
task of  mitochondrial full-length Alrp[45]. This function is 
crucial for all eukaryotic cell types, whereas the proposed 
role of  15 ku Alrp as a hepatotrophic factor is restricted to 
liver cells and it may be effective only after liver damage. 
This indicates that Alrp, like other redox-active proteins 
and sulfhydryl oxidases, may have diverse functions in the 
regulation of  cell growth and differentiation[20,48,57,60,65].
    Klissenbauer et al first characterized full-length Alrp 
as intratesticular sulfhydryl oxidase, a new enzyme with 
expression regulated during spermatogenesis[73]. Mitochon-
drial localization of  full-length Alrp was of  special interest 
for spermatogenesis because it was known that morpho-
logical and functional changes in mitochondria were asso-
ciated with this highly complex cytodifferentiation process. 
They also observed the greatest amounts of  this protein in 
spermatogonia and early spermatocytes. Expression levels 
of  Alrp did not correlate with synthesis of  components of  
the respiratory chain, indicating that the full-length Alrp 
in the mitochondria of  spermatogonia and spermatocytes 
had another possible function in addition to its role in oxi-
dative phosphorylation during sperm cell differentiation[73]. 

CONCLUSION
ALR is novel growth factor, related to HSS, participating 
in the regulation of  liver regeneration. With the availability 
and description of  the ALR gene and gene product, a 
range of  questions could be addressed about the cellular 
mechanisms in which this growth factor participates. At 
the molecular level, cloning of  human ALR cDNA has 
been completed, but transcription and post-transcriptional 
regulation, based on the genomic structure of  ALR, 
remains unclear. Transcription and post-transcriptional 
regulation are among the most important steps in the 
regulation of  human gene expression. Therefore, it is 
important and essential to investigate the structure of  
human ALR genomic DNA. Contrary to previous belief, 
variable RNA expression in nonhepatic tissues suggests 
that ALR is not restricted to liver tissue, as was also 
suggested for HSS, but could be expressed in other cell 
types under appropriate circumstances. It is known that 
Alrp acts as a FAD-linked sulfhydryl oxidase belonging to 
the new Erv1p/Alrp family and is the only intratesticular 
sulfhydryl oxidase detected in the mitochondria l 
intermembrane space. Possible functions of  sulfhyrdyl 
oxidases and other redox-active proteins in the regulation 
of  cell growth, differentiation, changes in mitochondrial 
and cellular morphology, and in the formation of  the 
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extracellular matrix have already been proposed. This 
indicates that Alrp, like other redox-active proteins 
and sulfhydryl oxidases, might have diverse functions. 
Additionally, limited data are available on the secreted 
Alrp bound to a specific receptor on the hepatocyte 
membrane and initiation of  a signal transduction pathway 
and mediation of  its biological effect on hepatocytes. 
Further studies should examine the distribution of  human 
Alrp receptors on hepatocytes and on other cell types. 
The secretory pathway should also be further investigated 
because Alrp does not contain a typical signal peptide 
sequence evident of  its primary structure. Moreover, Alrp 
production, expression regulation, secretion-transportation 
and importance, and also its genetic function, need to be 
further delineated. As a consequence, there is a necessity 
to extend studies on mammalian Alrp to different tissues, 
organs and developmental processes in conditions of  
normal and abnormal cellular growth. It is clear that 
the multiple functions of  Alrp are biologically and 
physiologically complicated and need further study.
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Abstract
AIM: To determine the incidence of Epstein Barr virus 
associated gastric carcinoma (GC) in Brazil and compare 
the expressions of apoptosis related proteins and nitric 
oxide synthases between EBV positive and negative 
gastric carcinoma.

METHODS: In situ  hybridization of EBV-encoded small 
RNA-1 (EBER-1) and PCR was performed to identify 
the presence of EBV in GCs. Immunohistochemistry 
was used to identify expressions of bcl-2, bcl-xl, bak, 
bax, p53, NOS-1, NOS-2, and NOS-3 proteins in 25 EBV 
positive GCs and in 103 EBV negative GCS.

RESULTS: 12% of the cases of GC (25/208) showed 
EBER-1 and EBNA-1 expression. The cases were 
preferentially of diffuse type with intense lymphoid 
infiltrate in the stroma. EBV associated GCs showed 
higher expression of bcl-2 protein and lower expression 
of bak protein than in EBV negative GCs. Indeed, 
expressions of NOS-1 and NOS-3 were frequently 
observed in EBV associated GCs. 

CONCLUSION: Our data suggest that EBV infection 
may protect tumor cells from apoptosis, giving them the 
capacity for permanent cell cycling and proliferation. 
In addition, EBV positive GCs show high expression of 
constitutive NOS that could influence tumor progression 
and aggressiveness.

© 2006 The WJG Press. All rights reserved.

Key words: Gastric carcinoma; EBV; Apoptosis; p53; 
Nitric oxide synthases

Begnami MD, Montagnini AL, Vettore AL, Nonogaki S, Brait M, 
Simoes-Sato AY, Seixas AQA, Soares FA. Differential expres-
sion of apoptosis related proteins and nitric oxide synthases 
in Epstein Barr associated gastric carcinomas. World J Gas-
troenterol  2006; 12(31): 4959-4965

 http://www.wjgnet.com/1007-9327/12/4959.asp

INTRODUCTION
Gastric carcinoma (GC) is one of  the most common 
malignant tumors in the world, although its incidence has 
gradually declined in recent years. In Brazil, gastric cancer 
remains a prevalent neoplasm with high mortality, ranked 
as the third highest cause of  cancer-related deaths[1]. 

The correlation between Epstein-Barr virus (EBV) 
infection and GC is well known. EBV infection is found 
in 2%-16% of  GCs[2-4]. However, the pathogenic role 
of  EBV infection in GCs remains uncertain and little is 
known regarding the molecular characteristics of  these 
tumors.

Apoptosis is a biological phenomenon of  critical 
importance in the regulation of  a number of  physiological 
and pathological situations, such as cancer development. In 
general, it is thought that viral infection and its associated 
proteins protect against apoptosis, which would normally 
cause cancer regression[5]. Among the genes that regulate 
apoptosis are the members of  the bcl-2 family. Expression 
of  bcl-2 protein in gastric tumor cells is frequent and 
may differ according the histological type[6]. There are 
few studies that compare the relationship between EBV 
infection in gastric carcinomas with apoptosis related 
protein expression[7-9]. 

Nitric oxide (NO) is a short-lived biomolecule with 
various biological functions. It is an important bioactive 
agent and signaling molecule that mediates a diverse array 
of  actions such as vasodilatation, neurotransmission, 
and iron metabolism. NO is also involved in the multi-
step process of  carcinogenesis by mediating DNA 
damage, inducing angiogenes is, and suppress ing 
immune responses[10]. It has been demonstrated that low 
concentrations of  NO can protect tumor cells against 
apoptosis[11]; alternatively, high concentrations of  NO 
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can induce tumor cell death[12]. This small molecule is a 
product of  the conversion of  L-arginine to L-citruline by 
nitric oxide synthases (NOS). There are two groups of  
NOS, inducible (iNOS or NOS-2) and constitutive (nNOS 
or NOS-1 and eNOS or NOS-3). Recent studies have 
examined the expression and activity of  NOS in human 
cancer[13,14]. In gastric carcinomas, many studies addressed 
the issue, and most of  them showed an increased activity 
and expression of  NOS in tumor tissue when compared 
with normal gastric mucosa[15-18]. 

To the best of  our acknowledgement, the relationship 
between NOS expression and EBV related gastric cancer 
has not been investigated. Thus, the aim of  the present 
study is to determine the prevalence of  EBV infection 
in GCs in a Brazilian population and investigate the 
expression of  apoptosis related proteins and nitric oxide 
synthases in EBV positive and EBV negative gastric 
carcinomas.

MATERIALS AND METHODS 

Materials
Two hundred and eight gastric carcinomas, surgically 
resected from 1995 to 1998, were analyzed for EBV status 
using in situ hybridization and PCR. To compare EBV 
positive and negative carcinomas, we selected 103 EBV 
negative GC, which were samples that were previously 
studied for expression of  apoptosis related proteins 
and NOS. The cases were reviewed, and representative 
formalin-fixed, paraffin-embedded blocks from the tumors 
were selected. Clinicopathological findings were obtained 
from surgical records and pathology reports. New paraffin 
sections were stained with hematoxylin and eosin (H&E), 
and they were assessed independently by two pathologists 
(MDB & FAS). Histologically, the tumors were classified 
according to Lauren’s classification system in intestinal or 
diffuse types[19]. Also we graded the amount of  lymphoid 
infiltrate within or between the tumor cells as minimal/
mild or moderate/intense.

In situ Hybridization (ISH)
Sections (5-6 µm thick) on glass slides were prepared for 
ISH with a fluorescein-conjugated oligonucleotide probe 
for EBER-1 (Novocastra, Newscastle- Upon- Tyne, U.K.). 
Briefly, after deparaffinization and dehydration the sections 
were treated with proteinase K (Sigma, St. Louis, MO) for 
15 min at 37℃. After washing and dehydration, the FITC- 
conjugated probe was applied and hybridized overnight 
at 37℃. The hybridization was further detected by rabbit 
anti- FITC antibody conjugated with alkaline phosphatase 
(Novocastra) for 30 min at room temperature. The slides 
were counterstained with a light Mayer’s haematoxylin. 
Negative controls had no EBER-1 probe applied. 

Immunohistochemistry
Sections (5-6 µm thick) from the same tumor blocks, used 
for EBER detection, were immunohistochemically analyzed 
using the standard streptavidin- biotin- peroxidase method. 
The staining was done using the microwave antigen 
retrieval technique (95℃ for 30 min in citrate buffer pH 6.0) 

for all antibodies. Sections were incubated with antibodies 
against p53 (DO-7, 1:100, Dako, Copenhagen, Denmark), 
Bcl-2 (124, 1:50, Dako, Copenhagen, Denmark), Bax 
(bax, 1:50, Dako, Copenhagen, Denmark), Bcl-xl (bcl-
xl, 1:50, Dako, Copenhagen, Denmark), Bak (bak, 1:400, 
Dako, Copenhagen, Denmark), NOS-1 (nNOS, 1:200, 
Transduction Laboratories, USA), NOS-2 (iNOS, 1:40, 
Transduction Laboratories, USA), and NOS-3 (eNOS, 1:50, 
Transduction Laboratories, USA) at 4℃ overnight. After 
reagenting them with biotinylated secondary anti-mouse 
antibodies, the antigen-antibody reactions were visualized 
using streptavidin-horseradish peroxidase conjugate (Dako 
LSAB Kit, Los Angeles, CA). The peroxidase activity was 
localized by 0.05% 3, 3’-diaminobenzidine and 0.03% 
hydrogen peroxide in Tris- buffered saline. The slides were 
counterstained with Mayer’s hematoxylin. The percentage 
of  positively stained tumor cells in each tumor section 
was blinded evaluated by counting at least 1000 cells in 10 
randomly selected high-power fields. Brown staining for 
p53 protein was located in nuclei; staining for bcl-2, bcl-xl, 
bak, bax, NOS-1, NOS-2, and NOS-3 protein was located 
in cytoplasm. The section was considered as expressing the 
protein if  cellular staining was ≥ 5%[5].

PCR studies for EBV  
The DNA of  cancerous tissues from 25 patients with EBV 
positive gastric carcinomas was obtained from paraffin-
embedded surgical blocks. The DNA was extracted 
by prolonged proteinase K digestion. Brief ly, after 
deparaffinization with xylene and rehydration in ethanol, 
the tissue was resuspended in 300 µL of  SDS-Proteinase 
K solution (1% SDS; 9 mmol/L Tris-HCl, pH 9.0; 2.25 
mmol/L EDTA; 56.5 mmol/L NaCl; 1 µg/µL Proteinase 
K (invitrogen) and incubated at 48℃ for 48 h. Each 12 
h, 20 µL of  20 µg/µL Proteinase K were added. After 
extraction with an equal volume of  phenol-chloroform, the 
aqueous layer was transferred to a new tube and the DNA 
was precipitated by the addition of  2 µL of  20 mg/mL 
glycogen, 100 µL of  ammonium acetate (7.5 mol/L) and 
800 µL of  100% ethanol followed by incubation overnight 
at -20℃. After centrifugation, the DNA was resuspended 
in 50 µL of  water. PCR was performed in a reaction final 
volume of  25 µL, containing 10 µL of  DNA; 2.5 µL of  
10 × PCR buffer; 1.5 µL of  25 mmol/L MgCl2; 2 µL of  2.5 
mmol/L dNTP mix; 1 µL of  10 µmol/L EBNA1F and 
EBNA1R primers; and 0.3 µL of  Taq DNA polymerase. 
The following thermal cycle conditions were used: 94℃ 
for 5 min, 35 cycles of  94℃ for 30 s, 60℃ for 45 s, and 
72℃ for 45 s. After the last cycle, a final extension at 72℃ 
for 7 min was carried out. The sequences of  the primers 
were: EBNA-1F (5’-GTCATCATCATCCGGGTCTC-3’) 
and EBNA-1R (5’-TTCGGGTTGGAACCTCCTTG-3’). 
The amplified products were visualized by electrophoresis 
in 8% poliacrylamide gels.

Statistical analysis
Statistical comparison among groups was performed using 
χ2 test and Fisher’s exact test when appropriate. P values 
less than 0.05 were considered statistically significant. 
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RESULTS
EBER-1 express ion and EBNA-1 products were 
visualized in 25 out of  208 (12%) cases of  gastric 
carcinomas (Figure 1A). 

The clinicopathological characteristics of  EBV positive 
and negative GCs are given in Table 1. The male/female 
ratio in patients with EBV positive GCs and those with 
EBV negative GCs was 4:1 and 2:1, respectively, and no 
difference was seen in the average age at 60.5 and 61.2 
years, respectively. 68% of  EBV positive GCs were in the 
body and cardia and 32% of  them were in the antrum. In 
the group of  EBV negative GCs, 80% were in the body 
and cardia and only 20% of  them were in the antrum, 
showing predilection for the body and cardia region in 
both groups. Regarding histological type, 18 of  25 (72%) 
EBV positive GCs were diffuse type and 7 (28%) were 
intestinal. 60% of  EBV negative GCs were intestinal type 
and 41 of  103 (40%) were diffuse, resulting in a strong 
association between histological type and EBV infection 
in gastric carcinomas (P < 0.01). EBV associated GCs 
also correlated with tumor infiltrating lymphocytes. 19 of  
25 (76%) EBV positive GCs showed marked lymphoid 
stroma evenly distributed with the malignant epithelial cells 
(Figure 1B). In the EBV negative GCs only 30% of  the 
cases showed marked lymphocytic infiltration (P < 0.01). 
Metastases in lymph nodes were found in 18 of  25 (72%) 
EBV positive GCs and in 60 of  103 (59%)  EBV negative 
cases. This difference was not statistically significant.

Immunohistochemical results
Table 2 shows the pattern of  protein expression in EBV 
positive and negative GCs. P53 protein expression was 
observed in the nucleus of  the tumor cells with a uniform 
staining (Figure 1C). 11 of  25 (44%) EBV positive GCs 
and 55 of  103 (51%) EBV negative GCs were positive for 

p53 and no difference was observed between the groups.   
Expression of  bcl-2 protein was observed in 28% of  EBV 
positive GCs and in only 11% of  the EBV negative GCs 
(Figure 1D), showing a statistically significant correlation 
between EBV status and bcl-2 expression in GCs (P < 
0.05). The rates of  the bcl-xl and bax expressions in EBV 
positive and negative GCs were 88% and 93%, and 96% 
and 86%, respectively (Figures 1E and 1F). None of  the 
differences were statistically significant. Bak expression 
was lower in the EBV positive GCs than in EBV negative 
tumors (Figure 1G) and it was detected in 11 of  25 (44%) 
EBV positive GCs, and in 71 of  103 (69%) EBV negative 
GCs. This difference was statistically significant (P < 0.01).

NOS were observed in the cytoplasm of  the tumor, 
epithelial, endothelial, smooth muscle and inflammatory 
cells. For final analysis, we scored the expression of  these 
enzymes only in the tumor cells (Figures 1H, 1I, and 1J). 
NOS expressions were significantly different in EBV 
positive and negative GCs. Overexpression of  constitutive 
forms of  NOS (NOS-1 and NOS-3) were more frequently 
observed in EBV positive than in EBV negative GCs (P 
< 0.01). The majority of  GC cases were negative for an 
inducible form of  NOS (NOS-2), independently of  EBV 
status. Comparisons of  NOS expressions and EBV status 
are shown in Table 3.

DISCUSSION
The relationship between Epstein-Barr virus and various 
epithelioid diseases has already been demonstrated. 
Involvement of  EBV has been descr ibed in the 
et iopathogenesis of  not only the nasopharyngeal 
carcinoma but other carcinomas as well, including gastric 
carcinomas[20-22].

It is estimated that EBV infection can be found in 
about 10% of  GCs worldwide, especially those with 
marked lymphocytic infiltration[23-27]. We observed EBV 
infection in 12% of  GCs. Previous studies showed the 

Table 1  Comparison of clinicopathological data between EBV 
positive and EBV negative gastric carcinomas

                  EBV positive         EBV negative  
                             gastric carcinomas   gastric carcinomas     P  value
                                  (n  = 25)             (n = 103)  

Gender NS
   Male 20 (80%) 68 (66%)
   Female   5 (20%) 35 (34%)
Age: range(mean)1 35-78 (60.5) 25-84 (61.2) NS
Site of tumor NS
   Body and Cardia   8 (32%) 21 (20%)
   Antrum 17 (68%) 82 (80%)
LN metastasis NS
   Absent   7 (28%) 43 (41%)
   Present 18 (72%) 60 (59%)
Histological type < 0.05
   Diffuse 18 (72%) 41 (40%)
   Intestinal   7 (28%) 62 (60%)
Lymphoid stroma < 0.05
   Minimal/mild   6 (24%) 71 (69%)
   Moderate/intense 19 (76%) 32 (31%)

1 Age in years; LN: Lymph node; NS: Not significant.

Table 2  Apoptosis related proteins expressions in EBV positive 
and EBV negative gastric carcinomas n  (%)

            EBV positive          EBV negative
                        gastric carcinoma    gastric carcinoma        P  value
                             (n  = 25)          (n = 103) 

P53  NS
Positive 11 (44) 55 (54)
Negative 14 (56) 48 (46)
Bcl-2 < 0.05
Positive   7 (28) 11 (11)
Negative 18 (72) 92 (89)
Bcl-x  NS
Positive 22 (88) 96 (93)
Negative   3 (12)   7 (7)
Bak < 0.05
Positive 11 (44) 71 (69)
Negative 14 (56) 32 (31)
Bax NS
Positive 24 (96) 88 (86)
Negative   1 (4) 15 (14)
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Figure 1  A: Gastric carcinoma showing 
strong positivity of EBER-1 in nuclei of the 
malignant cells (in situ hybridization,400 x);
B :  O v e rv i e w  o f  ga s t r i c  c a r c i n o m a 
with clusters of tumor cells separated 
b y  p r o m i n e n t  l y m p h o p l a s m a c y t i c 
infiltrate (H&E, 400 x); C: p53 nuclear 
immunopositivity in gastric carcinoma cells 
(400 x); D, E, F, G: Immunohistochemical 
staining for bcl-2, bcl-xl, bax and bak. 
The cytoplasm of the malignant cells 
shows irregular brown positivity (400 
x); H, I, J: NOS-1, NOS-2 and NOS-3 
immunohistochemical staining in tumor 
epithelial cells, showing a high intensity of 
staining in the cytoplasm (400 x).

A B

C D

E F

G H

I J
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incidence of  EBV infection in Brazilian GCs ranging 
between 5%-11.32%[28-30]. Some reports described the 
presence of  EBV and its products as restricted on the 
carcinoma cells[31-33], whereas others found this virus in 
the precursor epithelial lesions as well as in the lymphoid 
cells [2,7]. In our study the virus was detected in the 
neoplastic cells but not in the normal, dysplastic gastric 
epithelium, or in inflammatory cells. This finding indicates 
that EBV affects the gastric epithelium at a late stage of  
the multistep process of  gastric carcinogenesis.

The role of  EBV in neoplastic transformation of  
gastric epithelial cells is not completely understood. It has 
been suggested that EBV positive GCs display specific 
clinicopathological features compared with EBV negative 
GCs. EBV associated GCs had been characterized by male 
predominance, preferential location in proximal stomach, 
and a high prevalence of  diffuse types[2,34-36]. In our series, 
EBV positive GCs were frequently seen in males, in the 
body and cardia region, and in diffuse carcinomas in 
agreement with previous reports. Indeed we observed a 
strong association between EBV infection and lymphoid 
stroma. The presence of  marked lymphoid infiltrate has 
already been demonstrated and there is growing evidence 
that extensive lymphocyte infiltration is a consistent 
characteristic of  EBV positive carcinomas and correlates 
with less aggressive behavior, although no additional 
information is available regarding follow-up of  the patients 
in the present study.

Molecular analysis of  EBV positive carcinoma has 
been shown to have distinct characteristics including 
different chromosomal aberrations[37], different and lower 
frequencies of  microsatellite instability[35] and allelic loss[38], 
and more CpG methylation[39]. However, studies have 
focused on the relationship between EBV and oncogenes 
or tumor suppressor genes in EBV associated GCs, 
but no conclusive results have been reported[5,7,9,40,41]. In 
this study, expression of  apoptosis related proteins and 
nitric oxide synthases was examined in EBV associated 
and EBV negative gastric carcinomas. In this report, we 
observed a correlation between bcl-2 and bak expressions 
and EBV status. Bcl-2 protein expression was observed 
more frequently in EBV positive than in EBV negative 
GCs. On the other hand, positivity for bak protein was 
more common in EBV negative than in EBV positive 
GCs. It is already known that the balance between anti-
apoptotic and pro-apoptotic members of  the bcl-2 family 
genes determine the outcome of  patients with tumors. 
Bak protein is shown to induce cell death, while bcl-2 can 
protect cells from apoptosis. Previous reports indicated 
that EBV infection may protect tumor cells from apoptosis 
inducing expression of  the anti-apoptotic proteins[41].  Our 
results showed additional information and confirm that 
EBV infection and apoptosis related proteins interact to 
negatively influence apoptosis, through high expression of  
bcl-2 and low expression of  bak in gastric tumor cells. Bax 
and bcl-xl protein expressions were found in both EBV 
positive and negative GCs and there was no statistical 
difference between the groups.

There is some indication that EBV modulates and 
mutates p53 for its own survival[42], however earlier 
reports showed contradictory results[8,38,43]. In turn, p53 

gene mutations are rarely identified in EBV associated 
carcinomas[44]. The obtained results in our study showed 
disturbed function of  p53 in almost all cases of  EBV 
positive and EBV negative GCs. Although p53 expression 
seemed to be slightly lower in EBV positive GCs, that 
difference was not statistically significant. These results 
indicated that abnormalities in p53 observed in GCs are 
independent of  EBV infection.

It has been reported that nitric oxide synthases 
are present in human tumor cell lines and solid tumor 
tissues[14,16,45-47]. Increased NOS expression has been 
observed in different tumors tissues when compared with 
normal tissues[14,48,49].   

To the best of  our knowledge, this is the first report 
showing NOS expression is associated with EBV infection 
gastric cancer. In EBV positive GCs, NOS-1 and NOS-3 
proteins were more frequent positive in tumor cells than 
NOS-2. The results agree with previous data that showed 
higher activity of  constitutive rather than inducible NOS 
in human gastric tumors[15]. In a recent study, the authors 
demonstrated significantly high NOS-3 expression in 
gastric tumors and a directly relationship with tumor 
angiogenesis and the overall aggressive biology of  gastric 
cancer[50]. Our study showed higher NOS-3 expression in 
EBV positive GCs than in EBV negative GCs. Increasing 
evidence suggests that NOS-3 expression, although 
constitutive, can be regulated by various hormones, 
cytokines, and growth factors, and by genetic alterations, 
such as oncogene activation and tumor suppressor 
inactivation[51-54]. Our data indicate that EBV infection 
and its products can affect the regulation of  this enzyme 
resulting in elevated NO production. It has been showed 
that elevated NO production enhances the growth of  
some tumors through the suppression of  anti-tumor 
immune responses[55-57]. 

NOS-2 expression was decreased in the whole group 
of  gastric tumors in our study. This feature has been 
demonstrated by immunohistochemistry in other tumors 
and there is a possible relationship between loss of  NO 
and carcinogenenesis[15,16]. However, many publications 
showed elevated NOS expression and increased activity 
in gastric cancer[58-60]. Although the mechanisms for 
the antiviral action of  NO have not been clarified, the 
multiplicity of  host enzymes it targets makes it possible 

Table 3  NOS expression in EBV positive and EBV negative 
gastric carcinomas n  (%)

             EBV positive           EBV negative
                        gastric carcinoma      gastric carcinoma        P  value
                              (n  = 25)           (n = 103) 

NOS1(nNOS) < 0.05
Positive 23 (92) 69 (67)
Negative   2 (8) 34 (33)
NOS2 (iNOS) NS
Positive   5 (20) 31(30)
Negative 20 (80) 72 (70)
NOS3 (eNOS) < 0.05
Positive 18 (72) 36 (35)
Negative   7 (28) 67 (65)
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that multiple alterations in host cell proteins are involved. 
An apparent role of  NO in inhibiting EBV reactivation 
from latency was demonstrated in a study using gastric 
cells lines in culture[61]. This finding led us to propose that 
EBV latency can be directly and/or indirectly associated 
with NOS gene expression and also lead us to postulate 
that NO might also be an important factor in the host 
EBV relationship. Our data suggest that the increased 
expression of  NOS-1 and NOS-3 in EBV positive GC 
renders a major contribution to high activity of  NOS in 
this specific group of  tumors. 

In conclusion, it is clear that EBV is associated with 
gastric carcinomas. EBV positive GCs have a distinct pro-
tein expression profile, as well as distinct clinicopathologi-
cal features. This present data suggest that EBV infection 
may protect tumor cells from apoptosis, giving them the 
capacity for permanent cell cycling and proliferation.  In-
deed, EBV positive GCs have high expression of  constitu-
tive NOS, which might be associated with tumor progres-
sion or aggressiveness. A larger number of  cases and long-
term follow-up are necessary to further investigate this 
possibility. 
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expressed among patients with chronic liver diseases, 
the telomerase activity was a non-specific marker for 
HCC diagnosis, because the incidence was 15.7% in 
normal control, 25% in chronic hepatitis, 45.9% in 
liver cirrhosis, and 85.2% in HCC, respectively when 
absorbance value of telomerase activity was more than 
0.2. If the value was over 0.6, the incidence was 60% 
in HCC group and 0% in any of the others (P < 0.01) 
except in two cases with liver cirrhosis. However, the 
combination of circulating telomerase with serum alpha-
fetoprotein level could increase the positive rate and the 
accuracy (92.6%, 125 of 135) of HCC diagnosis.

CONCLUSION: The overexpression of telomerase is 
associated with HCC development, and its abnormality 
in liver tissues or in peripheral blood could be a useful 
marker for diagnosis and prognosis of HCC.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most 
common and rapidly fatal malignancies worldwide[1], 
and has been ranked as the 2nd cancer killer in China, 
particularly in the eastern and southern areas, including the 
inshore area of  the Yangtze River[2]. Major risk factors for 
HCC in these areas are exposure to aflatoxin B1 (AFB1) 
and infection with hepatitis viruses (HBV and HCV)[3]. 
Its prognosis is poor and early diagnosis is of  utmost 
importance[4]. Treatment options are severely limited by 
the frequent presence of  metastases. Although serum 
alpha-fetoprotein (AFP) is a useful tumor marker for the 
detection and monitoring of  HCC development, the false-
negative rate with AFP level alone may be as high as 40% 

 LIVER CANCER

Dynamic alteration of telomerase expression and its diagnostic 
significance in liver or peripheral blood for hepatocellular 
carcinoma

Deng-Fu Yao, Wei Wu, Min Yao, Li-Wei Qiu, Xin-Hua Wu, Xiao-Qin Su, Li Zou, Deng-Bing Yao, Xian-Yong Meng

www.wjgnet.com

Deng-Fu Yao, Wei Wu, Li-Wei Qiu, Xin-Hua Wu, Research 
Center of Clinical Molecular Biology, Affiliated Hospital, 
Nantong University, Nantong 226001, Jiangsu Province, China 
Min Yao, Nanjing University, Nanjing 210008, Jiangsu Province, 
China
Xiao-Qin Su, Li Zou, Center of Oncology, Affiliated Hospital of 
Nantong University, Nantong 226001, Jiangsu Province, China
Deng-Bing Yao, Institute of Neurosciences, Nantong University, 
Nantong 226001, Jiangsu Province, China
Xian-Yong Meng, Department of Gastroenterology, Affiliated 
Hospital, Nantong University, Nantong 226001, Jiangsu Province, 
China
Supported by grants-in-aid from the Key Project of Medical 
Science, No. RC2003100 and grants-in-aid from the project of 
Department of Health, No. H200523, Jiangsu Province, China
Correspondence to: Professor Deng-Fu Yao, MD, PhD, Re-
search Center of Clinical Molecular Biology, Affiliated Hospital, 
Nantong University, 20 West Temple Road, Nantong, Jiangsu 
Province 226001, China. yaodf@ahnmc.com
Telephone: +86-513-83581539  Fax: +86-513-85052523 
Received: 2005-08-31                 Accepted: 2006-05-25

Abstract
AIM: To investigate the dynamic alteration of telomerase 
expression during development of hepatocellular 
carcinoma (HCC) and its diagnostic implications in liver 
tissues or peripheral blood mononuclear cells for HCC.

METHODS: Dynamic expressions of liver telomerase 
during malignant transformation of hepatocytes were 
observed in Sprague-Dawly (SD) rats fed with 0.05% of 
2-fluoenyacetamide (2-FAA). Total RNA and telomerase 
were extracted from rat or human liver tissues. The 
telomerase activities in livers and in circulating blood 
were detected by a telomeric repeat amplification 
protocol-enzyme-linked immunosorbent assay (TRAP-
ELISA), and its diagnostic value was investigated in 
patients with benign or malignant liver diseases.

RESULTS: The hepatoma mode l d isp layed the 
dynamic expression of hepatic telomerase during HCC 
development. The telomerase activities were consistent 
with liver total RNA levels (r = 0.83, P < 0.01) at the 
stages of degeneration, precancerosis, and cancerization 
of hepatocytes. In HCC patients, the telomerase levels 
in HCC tissues were significantly higher than in their 
adjacent non-cancerous tissues, but liver total RNA levels 
were lower in the former than in the latter. Although the 
circulating telomerase of HCC patients was abnormally 

PO Box 2345, Beijing 100023, China                                                                                                                 World J Gastroenterol  2006 August 21; 12(31): 4966-4972
www.wjgnet.com                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                       © 2006 The WJG Press. All rights reserved.



for patients with small size HCC. If  hepatocyte-specific 
mRNAs are detected in the circulation, it is possible to 
infer the presence of  circulating, presumably malignant 
liver cells and to predict the likelihood of  haematogenous 
metastasis[5-7]. The use of  telomerase assay for cancer 
diagnosis might be possible because telomerase is 
expressed in malignant lesions but rarely in normal somatic 
cells[8].

Telomerase, an RNA-dependent DNA polymerase, 
can maintain the telomeric length by acting as a reverse 
transcriptase[9]. In humans, tumor cells escape programmed 
cell senescence through reactivation of  telomerase[10]. 
These immortalized cells can compensate for telomeric 
shortening at each cell division, leading to progressive 
neoplastic evolution[11]. Telomerase re-expression is found 
in 85% of  human malignant tumors[12]. The expression of  
telomerase is important to cell proliferation, senescence, 
immortalization and carcinogenesis[13]. However, early 
expression and kinetic alteration of  hepatic telomerase 
during development of  HCC remain unclear. The 
objectives of  this study were to observe the dynamic 
expression of  liver telomerase in rat hepatoma model 
induced by oral administration of  0.05% of  2-fluoeny-
acetamide (2-FAA), and investigate the telomerase activities 
in liver tissues and peripheral blood mononuclear cells 
(PBMCs) by a telomeric repeat amplification protocol-
enzyme-linked immunosorbent assay (TRAP-ELISA), as 
well as its diagnostic implications for HCC in patients with 
benign or malignant liver diseases.

MATERIALS AND METHODS
Hepatoma rat models
Forty-two closed colony male Sprague-Dawly (SD) rats 
weighing 120-160 g were obtained from the Experimental 
Center of  Medical Animals, Nantong University, China, 
and divided randomly into 7 groups, one group (n = 6) as 
normal control and 6 experimental groups (n = 6 in each 
group). All rats were housed under bio-clean conditions at 
a temperature-controlled (22℃ ± 2℃) environment with 
a 12-h light/dark cycle and 55% humidity. The control 
group was given basal foodstuffs and the feed of  experi-
mental rats contained 0.05% 2-FAA (Sigma, USA). Rats 
were then monitored daily of  survival and weight loss, 
recorded of  their clinical signs and sacrificed at differ-
ent stages of  hepatoma development. One group of  the 
experimental rats and one control rat were killed in every 
two weeks. All surgical procedures were conducted under 
deep ether anaesthesia. Blood was drawn from rat’s heart. 
The livers were collected, and histological examination was 
performed with hematoxylin and eosin (HE) staining. All 
procedures performed on the rats were conducted in ac-
cordance with the Guidelines for Experimental Animals 
approved by the Animal Care and Use Committee of  Nan-
tong University, China.

Patient selection and human HCC tissues
All patients with liver diseases came from the Affiliated 
Hospital, Nantong University, China. We evaluated 135 
HCC patients (103 males and 32 females, age between 
35-76 years, mean 49). Ninety-five patients (70.3%) 
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had a history of  cirrhosis, and 52 (38.5%) had a history 
of  chronic hepatitis. Moreover, 85.2% (115/135) were 
hepatitis B surface antigen (HBsAg) carriers, 10.4% 
(14/135) had antibodies to hepatitis C virus (anti-HCV, 
second-generation antibody) and 8.9% (12/135) had 
antibodies to hepatitis G virus by an enzyme-linked 
immunosorbent assay (ELISA), respectively. Other cases 
studied included 80 patients with chronic hepatitis (CH, 
58 males and 22 females), 37 patients with liver cirrhosis 
(LC, 30 males and 7 females), and 70 healthy individuals 
(35 males and 35 females, mean age 35 years) with negative 
hepatitis B virus markers (HBsAg, HBcAb, and HBV-
DNA) and anti-HCV, and normal levels of  serum alanine 
aminotransferase (ALT) from the Nantong Central Blood 
Bank as normal controls (NC). The venous blood of  
patients and normal controls were collected with heparin 
anticoagulant and stored on ice. The diagnosis of  HCC 
and viral hepatitis was based on the criteria proposed at 
China National Collaborative Cancer Research Group[14] 

and the China National Viral Hepatitis Meeting[15], respec-
tively.

Fifteen specimens of  HCC and their corresponding 
non-tumor tissues as self-control were obtained from HCC 
patients who had undergone curative hepatectomy. These 
specimens were immediately frozen in liquid nitrogen and 
kept at -85℃. All specimens were hepatocellular cancer 
confirmed by pathological examination. Eleven non-can-
cerous tissues from those patients were atypical prolifera-
tion. The patients’ ages ranged between 31-64 years (mean 
51.3 years). There were 12 specimens with a tumor size 
larger than 3 cm, and 3 specimens smaller than 3 cm. 

Isolation of total RNA
Fifty mg of  each liver tissue (rat liver, human HCC, and 
their self-controlled non-tumor tissues) was homogenized 
with a Polytron homogenizer after the addition of  1.0 mL 
of  TRIZol reagent (Promega). Then 0.2 mL of  chloroform 
was added into the tubes, mixed by vortexing for 15 s, 
and placed at -20℃ for 5 min. Samples were centrifuged 
at 12 000 r/min for 15 min at 4℃. The supernatants were 
collected, and equivalent isopropanol was added and then 
they were put into another tube and mixed gently, placed 
at -20℃ for 15 min, then centrifuged at 12 000 r/min 
for 15 min at 4℃. The supernatants were removed, the 
RNA pellets were washed twice with 0.5 mL of  75% 
ethanol, mixed and centrifuged at 8000 r/min for 8 min 
at 4℃. The RNA pellets were air dried 5 min at room 
temperature and reconstituted in 20 μL of  RNase-free 
DEPC water and incubated at 60℃ for 10 min. The purity 
and concentration of  the RNA was estimated by the ratio 
of  absorbance readings at 260 and 280 nm, with an A260/280 
ratio between 1.8 and 2.0 indicating sufficient purity. RNA 
samples were kept frozen at -85℃ until use.

Separation of PBMCs
Five milliliters of  peripheral blood were collected with 
heparin anticoagulant from each patient. Ficoll (2.5 mL) 
was added to each sample. After centrifugation at 2000 
r/min for 20 min, the PBMCs were collected from the Fi-
coll/plasma interface. Then they were washed three times 
in normal saline and pelleted by using low-speed cen-
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trifugation. The cells were collected at 2 × 105/tube, then 
stored at -85℃ for telomerase assays.

TRAP reaction
A commercial telomerase TRAP-ELISA kit (Boeheringer 
Mannhein), based on TRAP introduced by previous meth-
ods[16], was used to assay telomerase activity in all speci-
mens. Fifty mg liver tissue or 2 × 105 cells were suspended 
in 200 μL lysis reagent and incubated for 30 min, then cen-
trifuged at 16 000 r/min for 20 min at 4℃. Positive control 
cell extract was from immortalized telomerase-expressing 
human kidney cells (293 cells). Negative control cell extract 
was as follows: heat-treatment of  the cell extract for 10 
min at 65℃ prior to the TRAP reaction. The supernatant 
was removed to other EP tubes and kept frozen at -85℃. 
Telomeric repeats were added to a biotin-labeled primer 
for 30 min at 25℃ during the first reaction. The mixture 
was incubated at 94℃ for 5 min to induce telomerase inac-
tivation, then subjected to 30 PCR cycles of  94℃ for 30 s, 
50℃ for 30 s, and 72℃ for 90 s, and finally at 72℃ for 10 
min. The PCR products were used for analysis of  telomer-
ase activity and gel electrophoresis.

Telomerase detection
An aliquot of  the PCR product was denatured and hybrid-
ized to a digoxigenin-(DIG)-labeled, telomeric repeat-spe-
cific detection probe. The resulting product was immobi-
lized via the biotin labeled primer to a streptavidin-coated 
microtiter plate. The detection probe and the hybridization 
conditions have been optimized to obtain the highest spec-
ificity and sensitivity. The immobilized PCR products were 
then detected with an antibody against digoxigenin (anti-
DIG-POD) that was conjugated to peroxidase. Finally, the 
probe was visualized by use of  peroxidase metabolizing 
tetramethyl benzidine (TMB) to form a colored reaction 
product. The absorbance (A) of  the samples was measured 
at 450 nm (reference wavelength 620 nm) within 30 min 
of  addition of  the stop reagent. Telomerase activities were 
expressed according to absorbance difference (△A) be-
tween sample and negative control.

Telomerase by TRAP silver staining 
Fifteen microliters of  the PCR products were loaded to 
12% polyacrylamide gel and resolved by electrophoresis 
at 160-180 V for 1-2 h. Then the gel was immobilized 
to 10% ethanol for 5 min, soaked in 1% AgNO3 for 5 
min, dyed in silver dye solution for 10 min, and then in 
developing dye for 10 min. The amplified products were 
of  heterogeneous length and created a ladder pattern of  
bands each representing the addition of  a hexanucleotide 
telomeric repeat by telomerase, and photographed by 
Delphin-Doc Digital Imaging System (Wealtec, USA). All 
samples were done in duplicate and the reproducibility was 
confirmed.

Statistical analysis
The livers of  experimental rats according to pathological 
examination were divided into 4 groups: degeneration 
of  hepatocytes (Exp-1), precancerosis of  hepatocytes 
(Exp-2), cancerization of  hepatocytes (Exp-3), and 
normal controls (Con). The telomerase activities in 

PBMCs were investigated in patients with HCC, chronic 
hepatitis (CH), liver cirrhosis (LC), and normal controls 
(NC). Human HCC tissues were divided into cancerous 
and their non-tumor (non-HCC) groups. Levels of  
telomerase and total RNA were expressed as mean ± SD. 
Differences between groups were assessed by the Student’s  
t test or the χ2 test, and the Fisher’s exact probability 
test. Probability values less than 0.05 were considered 
significant.

RESULTS
Histopathological findings
The pathological changes of  experimental rat livers 
with HE staining are shown in Table 1. The rats were 
administered with 0.05% of  2-FAA for two weeks. 
The appearance of  livers turned to be grey-yellow and 
scabrous. The hepatocytes showed granular degeneration. 
Most of  normal liver tissue structures remained. A few 
of  hyperplastic oval cells, and the tendency toward nodule 
formation were seen at the early stage of  hepatoma 
development. At the end of  four weeks, precancerous 
lesions appeared in half  of  liver tissues. Histologically, 
normal liver follicles existed in most areas but hyperplastic 
small round cells or oval cells or hyperplastic nodules 
were found locally. After the 6th wk, all livers progressed 
into canceration stage. The structures of  liver lobules 
were completely destroyed, and necrosis was spread over 
the whole livers. Large numbers of  small oval cells, and 
cancer nests were observed. The histological features of  
livers showed diffuse patchy necrosis and high degree 
differentiation of  HCC.

Expression of telomerase during rat hepatoma development
The dynamic expression of  liver telomerase in rat hepa-
tocyte degeneration (Exp-1), hepatocyte precancerosis 
(Exp-2), and hepatocyte cancerization (Exp-3) groups 
during development of  hepatomas in comparison with 
controls (Con) are shown in Figure 1. After rats were given 
2-FAA, the specific activities (△A/mg protein) of  liver 
telomerase were significantly higher than that of  controls 
(P < 0.01) at the stage of  hepatocyte degeneration, kept 
rising at the stage of  hepatocyte precancerosis, and peaked 
at the formation stage of  hepatoma. Telomerase activities 
were consistent with the levels of  liver total RNA (r = 0.83, 

Table 1  Histopathological alterations of hepatocytes at different 
stages of rat hepatomas induced with 2-FAA

   Pathological feature (HE staining)
Group              n    
            Degeneration  Precancerosis  Cancerization

Control                6             0                    0                       0
  2nd wk                6             6                  0                         0
  4th wk                 6             3                   3                          0
  6th wk                 6             0                   5                     1
  8th wk                 6             0                        4                         2
10th wk                 6            0                    1                         5
12th wk                 51           0                    0                         5
Total                   41            9              13                        13

1 One rat died during the experimental process; 2-FAA: 2-fluoenylacetamide. 
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P < 0.01) at the different stages of  hepatoma development 
of  rats (Figure 2).

Expression of telomerase in human liver tissues
The levels of  total RNA and telomerase expression in 
different human liver tissues are shown in Figure 3. The 
concentrations of  liver total RNA and telomerase were 
12.40 ± 7.34 μg/mg liver protein and 18.25 ± 15.02 A/
μg RNA in HCC tissues, and 53.77 ± 52.02 μg/mg liver 
protein and 8.16 ± 6.22 A/μg RNA in their non-cancerous 
tissues, respectively. The expression of  total RNA in 
HCC tissues was significantly lower than that in their non-
cancerous tissues (P < 0.01); however, the expression level 
of  telomerase was significantly higher in HCC tissues than 
in their non-cancerous tissues (P < 0.05). Stronger positive 
expression of  telomerase was presented in HCC tissues 
and not in their non-cancerous tissues (Figure 4).

Significance of telomerase in PBMCs
There were different telomerase activities of  PBMCs in 
NC, CH, LC and HCC, but the activities in HCC were 
significantly higher than in others (P < 0.01, Figure 5). The 

samples were regarded as telomerase-positive if  the dif-
ference in absorbance (Table 2) was greater than 0.2 △A. 
The incidence of  telomerase expression was 15.7% in NC, 
25% in CH, 45.9% in LC, and 85.0% in HCC (sensitivity 
68.4% and positive predictive value 75.7%), respectively. 
The incidence of  telomerase was significantly higher in 

30

25

20

15

10

  5

  0
Exp-1 Exp-2 Exp-3 Con

A 
Te

l/m
g 

pr
ot

ei
n

Figure 1  Alterations of hepatic telomerase at different stages of rat hepatoma 
model. The feed of experimental rats contained 0.05% of 2-fluoenylacetamide. 
Exp-1: Hepatocyte degeneration group; Exp-2: Hepatocyte precancerosis group; 
Exp-3: Hepatocyte cancerization group; and Con, rats given basal feed without 
2-fluoenylacetamide as normal control group.
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Figure 2  Alterations of liver total RNA at different stages of rat hepatoma model. 
The feed of experimental rats contained 0.05% of 2-fluoenylacetamide. Exp-1: 
Hepatocyte degeneration group; Exp-2: Hepatocyte precancerosis group; 
Exp-3: Hepatocyte cancerization group; and Con, rats given basal feed without 
2-fluoenylacetamide as normal control group.
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Figure 3  Comparative analysis of total RNA levels and telomerase activities in 
human hepatoma tissues and their non-cancerous tissues.
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HCC group than in any of  other groups (P < 0.01). If  the 
value rose up to 0.6 △A, the incidence of  telomerase was 
60% in HCC (sensitivity 98.3% and positive predictive 
value 97.6% ), and 0% in any of  other groups (P < 0.01) 
except two cases with liver cirrhosis (Table 3). For com-
bined diagnostic values of  telomerase and AFP for HCC, 
the AFP concentration in HCC patients was 1765 ± 1705 
μg/L and the positive rate was 70% for a cutoff  value of  
AFP level 200 μg/L. Total AFP detection in combination 
with telomerase activity could increase the accuracy of  
HCC diagnosis (92.6%).

DISCUSSION
Carcinogenesis of  hepatocytes is a multi-factor, multi-
step and complex process and has many characteristics, 
such as fast infiltrative growth, metastasis in early stage, 
high malignancy, and poor therapeutic efficacy[17]. Probably 
HBV infection is merely a carcinogenic factor, and is not 
related to the growth, infiltration and metastasis of  HCC[18]. 
It is increasingly clear that oncogenesis is driven by the 
activation of  telomerase, a ribonucleoprotein complex that 
adds telomeric repeats (hexanucleotide 5'-TTAGGG-3') 
to the ends of  replicating chromosomes. Telomerase is 
a ribonucleoprotein composed of  an essential RNA and 
a few proteins. It is expressed in embryonic cells and in 
adult male germ line cells, but is undetectable in normal 
somatic cells except proliferative cells of  renewable tissues. 
Although the precise processes leading to HCC are still 
unknown, progression to a cancerous state does require 
the accumulation of  a series of  genetic alterations. 

To understand the mechanisms and alterations 
of  telomerase expression during carcinogenesis of  
hepatocytes, rat hepatoma models were induced with 
chemical carcinogen (2-FAA), and telomerase expression 
was studied at the different stages of  degeneration, 
precancerosis, and cancerization of  hepatocytes (Table  1). 

Although the histopathological examination found the 
oval cells and non-differentiation in morphology at the 
early stage of  hepatoma, telomerase was significantly 
expressed in l ivers (Figure 1). This has raised two 
possibilities: (1) telomerase may be an important target for 
therapy aiming at controlling cell growth[19,20]. Telomerase 
activation in the critical step of  tumor progression during 
hepatocarcinogenesis might be regulated only by hTERT, 
whereas increased telomerase activity in tumor progression 
might be regulated by both hTERT (reverse transcript) 
and hTERT (RNA component) [21-23]; (2) histological 
examination in combination with telomerase activity could 
increase the accuracy of  diagnosis at early stage and help 
the staging of  HCC development.

The predominant mechanism for telomere stabilization 
in tumor cells is the activation of  the telomere-synthesizing 
enzyme telomerase. Both of  liver telomerase activity (Figure 
1) and total RNA increased (Figure 2) during hepatoma 
progression. This may be relevant to the cytotoxic effects 
of  liver cells in resisting carcinogenic effect of  2-FAA. In 
the meantime, the telomerase level of  liver tissues and sera 
of  the experimental groups were obviously higher than the 
normal control group (P < 0.01), indicating that the oval 
cells could express telomerase and secrete it into blood. 
Telomerase activities increased continuously and reached 
the highest level in the experimental groups, and livers of  
the experimental groups in the 6th wk were seen to have 
canceration. Rat hepatoma is an aggressive malignancy. 
Both total RNAs and telomerase activity increased during 
HCC progression. Moreover, in the following weeks, the 
liver tissues continued to synthesize telomerase, which 
remained at a high level. These results suggest that the 
strong enhancement of  telomerase activity may be a 
critical step in hepatocarcinogenesis, although the exact 
mechanism is not clear.

Telomerase is highly activated in human tumor tissues, 
whereas it is not activated in primary cell strains and 
tumor-adjacent tissues[24,25]. With cell division, telomerase 
is activated. The cells with positive telomerase activity 
become immortalized and further develop to carcinoma 
cells[26,27]. The telomerase activities in HCC and their 
surrounding non-tumor tissues were detected by TRAP-
ELISA in this study. The telomerase expression in HCC 
was negatively correlated with differentiation, but was 
not related to tumor size or histological grade. The 
expression level of  telomerase was significantly higher in 
HCC tissues than in their corresponding non-cancerous 
tissues (P < 0.05, Figure 3A). Stronger positive expression 
of  telomerase was present in HCC and not in their non-
cancerous tissues (Figure 4). No relationship could be 
observed between the enhancement of  telomerase activity 
and liver total RNA in human HCC tissues (Figure 3B). In 
China, major risk factors for HCC are exposure to aflatoxin 
B1 (AFB1) and infection by hepatitis viruses, especially 
HBV. HBx, encoded by HBV, could block the function 
of  p53, resulting in genome unstablization. Activation 
of  telomerase could make liver cells immortalized, and 
microvascularization could provide nutrition for their 
growth and promote metastasis[17,28]. These two factors may 
induce carcinogenesis and have a key role in occurrence, 
development, infiltration and metastasis of  HCC. They 

Table 2  Diagnostic values of different telomerase levels in 
peripheral blood mononuclear cells for hepatocellular carcinoma

    Positive (%)
Group                   n     
   △A>0.2    △A>0.4      △A>0.6

HCC                         135       115 (85.2)     101 (74.8)          81 (60.0)
Liver cirrhosis          37         17 (45.9)         6 (16.2)b          2 (5.4)b 
Chronic hepatitis     80         20 (25.0)b        8 (10)b              0 (0)b 
Normal control        70        11 (15.7)b        0 (0)b                0 (0)b

bP < 0.01 vs the HCC group.

Table 3  Assessment of the diagnostic values of different 
telomerase levels

                Predictive value     

Telomerase        Sen (%)      Spe (%)     Pos (%)    Neg (%)   Acc (%)

△A > 0.2                 85.2                68.4               75.7            80.0               77.4
△A > 0.4                 74.8                88.0               87.8            75.2               81.0
△A > 0.6                 60.0                98.3               97.6            68.0               77.8

Sen: Sensitivity; Spe: Specificity; Pos: Positive; Neg: Negative; Acc: Accuracy.
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may also have notable clinical values in diagnosing and 
treating HCC in early stage.

Telomerase was strongly activated in HCC, while 
weakly activated in CH and LC. Progressive shortening 
of  telomeres during hepatocellular carcinogenesis was 
found from normal liver to CH to LC to HCC. The 
average telomere length of  HCC was significantly and 
consistently shorter than that of  adjacent CH or LC. The 
possible sequel of  telomere shortening in regenerative, 
non-cancerous liver lesions (CH and LC) is that it may 
eventually lead to reactivation of  telomerase, which in 
turn may contribute to the malignant conversion to 
HCC. Telomerase may be expressed in lymphocytes[29,30]. 
Lymphocytic infiltration may occur during tumor necrosis, 
thus the telomerase activity we measured included a 
proportion generated by lymphocytes and might be 
overestimated. Almost all HCCs are preceded by CH 
and/or LC. There were different degrees of  telomerase 
activities of  PBMCs in NC, CH, LC and HCC, but the 
telomerase activities of  HCC were significantly higher 
than others (Figure 5, Table 2). In addition, combined 
diagnostic values of  telomerase and AFP for HCC were 
investigated in this study. Detection of  telomerase activity 
in combination with serum AFP could increase the 
accuracy of  HCC diagnosis.

These genetic changes may lead to senescence of  
hepatocytes occurring in patients with advanced liver 
diseases probably as a result of  degeneration and the 
subsequent regeneration of  hepatocytes[31,32]. Although the 
mechanisms of  carcinogenesis in chronic liver diseases 
are not known, recessive mutations may result in the 
reactivation of  telomerase and stabilization of  telomere 
length, as well as fixation of  the additional mutations 
required for invasiveness and metastasis[33,34]. Moreover, 
the patients with telomerase-positive HCC show poorer 
prognosis than those with telomerase-negative tumors. 
Clinically although the diagnostic specificity of  hepatoma 
is high, the positive rate of  telomerase is at present much 
lower than that from animal model studies, and the 
number of  bands does not coincide with that of  human 
being either[35]. In addition, the cause of  human hepatoma 
is associated with many factors. Telomerase could become 
a valuable marker for HCC diagnosis if  the sensitivity of  
detection method is improved[36]. Further research should 
focus on mechanisms of  carcinogenesis by HCV and 
HBV, development of  early detection and more effective 
treatments. Better understanding of  HCC related to 
hepatitis viruses should also be a major concern in future 
studies.
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INTRODUCTION
Colorectal cancer is a worldwide public health concern 
and also a frequent cause of  mortality and morbidity 
in developed, developing and industrialized countries[1]. 
The incidence of  colon cancer increases exponentially 
with age. Environmental factors and host immunological 
character ist ics could contr ibute to init iat ion and 
progression of  the disease[2]. Colorectal cancer is among 
the best characterized cancers with regard to the genetic 
progression of  the disease[3].

The ability to obtain maps of  the protein content 
of  cells provides a basis for comparison of  the protein 
expression in normal and cancer cells. This capability 
becomes e spec i a l l y impor tan t fo r mapp ing the 
changes that occur during cancer progression. In the 
transformation process, changes in protein expression 
may result in expression of  proteins at elevated or 
reduced levels[4-6]. When a cell transforms from normal 
to malignant, changes in protein expression ultimately are 
reflected in the phenotype of  the cell. It is also important 
to map the differences between different stages of  cancer 
and between different cancer samples at the same stage of  
progression in order to understand the pathways involved 
in these processes. Ultimately, identification of  important 
proteins involved in the transformation process may lead 
to the identification of  early markers for detection of  
specific types of  cancers and their treatments[7].

In the present study, proteins from normal and 
cancerous colon tissues were extracted in three separate 
fractions. The mapping of  a protein profile in each 
fraction was carried out individually. This approach eases 
the comparison of  protein expression in normal and 
cancerous tissue as it reduces the total proteins present in 
each fraction. Using this method, we believe that proteins 
from different compartments of  the cells were extracted 
in sequential order, where the aqueous soluble proteins 
were first extracted followed by non-aqueous soluble 
proteins consisting of  proteins with moderate to extreme 
hydrophobicity. The proteins analyzed in this study were 
extracted from human tissue specimens (both cancerous 
and normal). In proteomics study, analysis of  cancerous 
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Abstract
AIM: To identify and analyze the differentially expressed 
proteins in normal and cancerous tissues of four patients 
suffering from colon cancer.

METHODS: Colon tissues (normal and cancerous) 
were homogenized and the proteins were extracted 
using three protein extraction buffers. The extraction 
buffers were used in an orderly sequence of increasing 
extraction strength for proteins with hydrophobic 
properties. The protein extracts were separated using 
the SDS-PAGE method and the images were captured 
and analyzed using Quantity One software. The target 
protein bands were subjected to in-gel digestion with 
trypsin and finally analyzed using an ESI-ion trap mass 
spectrometer.

RESULTS: A total of 50 differentially expressed proteins 
in colonic cancerous and normal tissues were identified.

CONCLUSION: Many of the identified proteins have 
been reported to be involved in the progression of 
similar or other types of cancers. However, some of the 
identified proteins have not been reported before. In 
addition, a number of hypothetical proteins were also 
identified.  

© 2006 The WJG Press. All rights reserved.
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tissue has advantages over analysis in established cancer 
cell lines, as the latter may not represent the actual 
expression of  proteins.

MATERIALS AND METHODS
Tissue specimen collection
Normal and cancerous colonic tissues were collected from 
patients with colon cancer. The specimens were provided 
by Hospital Pulau Pinang. Normal tissue was taken from 
the mucosal layer of  the normal colon adjacent to the 
tumor tissue. Both the normal and cancerous tissues were 
confirmed by hospital pathologists. Ulceration or infected 
colon cancers were exclusion criteria for the study. The 
tissues were collected after informed consent had been 
obtained from the patients. The patients had different 
grades of  colorectal cancer as shown in Table 1. The 
tissues were cut into similar sizes, weighed and immediately 
stored at -70℃ until analyzed.   

Well-differentiated adenocarcinoma refers to the less 
aggressive type of  cancer where the cancerous tissues more 
closely resemble the normal tissue under histopathological 
examination, whereas moderately differentiated adeno-
carcinoma refers to moderately aggressive cancer cells.

Tissue lysis and sequential extractions
The tissues were defatted and an equal weight of  tissues 
(normal and cancerpis) was determined and subjected to 
analysis. The deep-frozen colon tissue specimens were 
disrupted by grinding in a liquid nitrogen-cooled mortar 
until the specimens became powder-form. The powder 
form-like tissues were divided into aliquots in separate 
eppendoft tubes. Sequential extraction of  protein using 
three protein extraction buffers was carried out. These 
extraction buffers were prepared according to Molloy  
et al[8] with modifications. The extraction procedures are 
described in the following sections.

Tris extraction buffer
The constituent of  Extraction Buffer 1 (S1 buffer) is 40 
mmol/L Tris. 1000 μL of  S1 buffer was added to 500 mg 
of  homogenized tissue. The mixture was vortexed for 30 
seconds and centrifuged at 20℃ with the speed of  12 000 
r/min for 8 min. The supernatant was collected in aliquots 
(50 μL) and kept at -70℃. The pellet was thoroughly 
washed with S1 buffer before being subjected to the 
second step in the sequential extraction.

Solution two extraction buffer
The extraction Buffer 2 (S2 buffer) contained 8 mol/L 
Urea, 50 mmol/L DTT, 40 g/L CHAPS, 2 mL/L Carrier 
ampholytes (pH 3-10) and 2 mg/L Bromophenol Blue. 
The recovered pellet was washed twice again with the 
T1 solution, and was then vortexed, centrifuged and the 
supernatant was discarded. After washing, a volume of  
1000 μL S2 solution was added to the pellet. The mixture 
was then vortex for 30 s and then centrifuged at 20℃ with 
the speed of  12 000 r/min for 8 min. The supernatant was 
collected in aliquots (50 μL) and kept at -70℃. The pellet 
was thoroughly washed with the same extraction buffer 
before being subjected to the third step in the sequential 

extraction.

Solution three extraction Buffer 
The extraction Buffer 3 (S3 buffer) contained 5 M Urea, 
2 mol/L Thiourea, 50 mmol/L DTT, 20g/L CHAPS, 
20 mL/L Triton, 2 mL/L Carrier ampholytes (pH 3-10), 
40 mmol/L Tris and 2 mg/L Bromophenol Blue. The 
recovered pellet from S2 extraction was washed twice 
with S2 buffer, it was then vortexed, centrifuged and the 
supernatant was discarded. After washing, 1000 μL of  S3 
buffer was added to the pellet. The mixture was vortexed 
for 30 s and then centrifuged at 20℃ with the speed of  
12 000 r/min for 8 min. The supernatant was collected in 
aliquots (50 μL) and kept at -70℃. The pellet was then 
discarded.

Sample preparation and electrophoresis 
The preparation of  protein samples for SDS-PAGE 
separation was carried out by adding 200 mL/L of  sample 
buffer (0.5 mol/L Tris-HCl, 100 mL/L glycerol, 20 
mg/L SDS, 100 mg/L Coomassie blue) to each fraction 
(5 μL) and vortexed for 30 s. The samples (normal and 
cancerous) and the protein molecular weights markers were 
then loaded into individual wells of  SDS-polyacrylamide 
gel using a syringe. Electrophoresis was performed using 
a vertical electrophoresis slab gel apparatus at a constant 
voltage of  200 volts throughout the electrophoresis 
process. Electrophoresis was terminated when the dye 
front was 2 to 3 mm away from the bottom edge of  the gel 
for both experiments. The gel was stained with Coomassie 
blue.

In-gel digestion
The SDS-Polyacrylamide gel was washed thoroughly in 
100 mmol/L NH4HCO3 and the differentially expressed 
protein bands from either normal or cancerous colonic 
tissues were then excised from the gel. In-gel digestion was 
performed using trypsin according to Gam and Aishah[9] 
with slight modification. The gel pieces were first excised 
and shrunk by dehydration in acetonitrile. The solvent was 
then discarded and the gel pieces were dried in a vacuum 
centrifuge. A volume of  10 mmol/L dithiotreitol (DTT) 
in 100 mmol/L NH4HCO3 that was sufficient to cover 
the gel pieces was added and the protein was reduced 

Table 1  Clinical and pathological data of patient tissue 
specimens

Patient # Age Gender Race Cancer stage Cancer grade

MMN 77 Female Malay Stage Ⅳ Well differentiated 
adenocarcinoma

LKH 66 Male Chinese Stage Ⅱ  Moderately 
differentiated 

adenocarcinoma

CCH 55 Male Chinese Stage Ⅳ Moderately 
differentiated 

adenocarcinoma

NSC 55 Female Chinese Stage Ⅲ Moderately 
differentiated 

adenocarcinoma
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for 1 h at 56℃. After cooling to room temperature, the 
DTT solution was replaced with the same volume of  
55 mmol/L iodoacetic acid in 100 mmol/L NH4HCO3. 
After 45 min incubation at ambient temperature in 
the dark with occasional vortexing, the gel pieces were 
washed with 50-100 μL of  100 mmol/L NH4HCO3 for 
10 min, dehydrated with acetonitrile, rehydrated in 100 
mM NH4HCO3 and dehydrated in the same volume of  
acetonitrile. The liquid phase was removed and the gel 
pieces were dried in a vacuum centrifuge. The gel pieces 
were swollen in digestion buffer containing 50 mmol/L 
NH4HCO3, 5 mmol/L CaCl2, and 12.5 ng/μL of  trypsin 
in an ice-cold bath. After 45 min, the supernatant was 
removed and replaced with 10 μL of  the same buffer 
but without trypsin to keep the gel pieces wet during 
enzymatic cleavage at 37℃ overnight. Peptides were 
extracted from the gel matrix by adding 15 μL of  20 
mmol/L NH4HCO3, vortexed and incubated at room 
temperature for 10 min and the supernatant was recovered 
after a brief  spin. This was followed by adding (1 to 2 
times the volume of  gel pieces) 50 mL/L formic acid in 
acetonitrile:water mixture (70:30), vortex and incubated for 
20 min at room temperature. It was then spun down and 
the supernatant was recovered. These steps were repeated 
3 times. Pooled extracts were dried in a vacuum centrifuge 
and stored at -70℃. Each of  the pooled extracts (peptides) 
was added with 30 μL of  deionized water. Then, they were 
centrifuged at 500 r/min for 5 min at 15℃. The extracts 
were then subjected to LC/MS/MS analysis.

Mass spectrometric analysis
A volume of  5 μL of  the sample was injected into a RPC-
column (C18 300 A, 5 μm, 1 mm × 150 mm) connected to 
a Hewlett Packard HPLC. A capillary pump was used to 
pump the mobile phase at 20 μL/min flow rate, the linear 
gradient used was 5% B to 95% B in 65 min. Mobile phase 
A was 500 μL/L formic acid in deionized water and B was 
500 μL/L formic acid in ACN. The HPLC was interfaced 
to an ion trap mass spectrometer. The dry gas temperature 
was 300℃, dry gas flow rate was of  8.0 L/min, nebulizer 
pressure of  30.0 psi. The above parameters were used 
subsequently for acquiring MS data. The peptides were 
ionized using electrospray soft ionization technique (ESI). 

The experimental method was made up of  one 
experimental protocol consisting of  2 scan events. The 
first scan event was a full scan MS and the second was the 
data dependent MS/MS scan which is dependent on the 
results of  the first scan event. The most intense ion in a 
MS scan will be automatically isolated and excited to MS/
MS scan. The parameters set for data dependent scan (MS/
MS scan) were default collision energy (voltage) = 1.15 V, 
charge state = 2, minimum threshold = 3000 counts, and 
the isolation width = 2 m/z.

Mascot protein identification
The protein was identified using Mascot Protein Database 
Search engine. The Peptide Mass Tolerance was set as ± 
2 u and ± 0.8 u was set for the Fragment Mass Tolerance. 
Only 1 missed cleavage was allowed. This software is 
available at www.matrix-science.com. Matches were computed 
using a probability-based Mowse score defined as -10 × 

log (P), where P is the probability that the observed match 
was a random event. 

RESULTS
Figure 1 shows the protein profiles of  protein extracted 
using S1 buffer from normal and cancerous colon tissues 
of  four different patients. Diagram 1 shows the consistent 
protein bands for both normal and cancerous tissues. 
The thick lines represent the protein bands that were 
expressed in all four tissues and the faint lines represent 
the protein bands that were expressed in three of  the four 
patients. The distinct bands that were only detected in one 
particular tissue are ignored, as it may not represent the 
proteins that are involved in cancer formation. In colon 
cancer tissues, the protein bands that were expressed in all 
the four patients were at 190 ku, 177 ku, 160 ku, 48.8 ku, 
39 ku, 35 ku, 27 ku, 26 ku and 24 ku. However, a protein 
band at 11 ku was detected in three of  the four patients. 
In normal colon tissues, protein bands at 190 ku, 110 ku, 
48.8 ku, 43 ku, 36.3 ku, 35 ku, 26 ku and 17 ku were found 
in all the patients’ tissues while protein bands at 78 ku, 27 
ku and 24 ku were found expressed only in three patients. 
When comparing cancerous and normal tissue, it is clear 
that some of  the proteins were differently expressed 
between the two types of  tissues.  

Figure 2 shows the profiles of  proteins extracted using 
S2 buffer from both normal and cancerous colonic tissues. 

Figure 1  Proteins profiles of normal and cancer colon tissues from four different 
patients. The proteins were extracted using in S1 buffer. N: Normal colon tissues; 
C: Cancer colon tissues; M: Marker; Lanes 1 and 2: MMN samples; Lanes 3 and 
4: LKH samples; Lanes 5 and 6: CCH samples and Lanes 7 and 8: NSC samples. 
Diagram 1 shows the consistent protein bands found in the normal and the cancer 
tissues of the figure.
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Figure 2  Proteins profiles of normal and cancer colon tissues from four different 
patients. The proteins were extracted using in S2 buffer. N: Normal colon tissues; 
C: Cancer colon tissues; M: Marker; Lanes 1 and 2: MMN samples; Lanes 3 and 
4: LKH samples; Lanes 5 and 6: CCH samples and Lanes 7 and 8: NSC samples. 
Diagram 2 shows the consistent protein bands found in the normal and the cancer 
tissues of the figure.
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Diagram 2 represents the consistent protein bands that 
were expressed in the tissues analyzed. For the cancerous 
tissues, the protein bands at 76 ku, 38 ku, 32 ku and 
25 ku were consistently expressed in all the cancerous 
tissues analyzed while protein bands at 65 ku, 18 ku and 
12 ku were only found in the tissues of  three of  the four 
patients. For the normal tissues, the bands at 180 ku, 65 
ku, 38 ku, 32 ku and 25 ku were found in the tissues of  all 
four patients while only one band at 12 ku was detected 
in the tissues of  three patients. Most of  the proteins 
extracted from cancerous tissues using S2 buffer were 
found at the low molecular weight region, in the range of  
35 ku to 10 ku. In contrast, relatively few protein bands 
from normal tissues were detected in this region and those 
that were detected were present at low protein intensity. 

Figure 3 shows the protein profiles of  proteins 
extracted using S3 buffer from normal and cancer colon 
tissues of  the four patients. Diagram 3 represents the 

consistent protein bands expressed in the four tissues 
analyzed. Protein bands at 38 ku, 27 ku, 23 ku 20 ku 
and 17 ku from cancerous tissues were found in all 
four patients whereas only the band at 65 ku was found 
in three of  the four patients. Normal tissues of  the 
corresponding patients displayed bands at 38 ku, 27 ku 
and 20 ku whereas tissues from three patients were found 
to express consistent bands at 150 ku, 100 ku, 65 ku, 46 ku 
and 35 ku. The protein band at 65 ku was detected at the 
highest intensity compared to the other bands and it was 
uniquely expressed in all the patients except for patient 
#MMN, which was the only patient diagnosed with well 
differentiated adenocarcinoma cancer. Thus, its expression 
is probably related to the cancer grade. Nevertheless, this 
may just be an ambiguous assumption as only one patient 
with well differentiated cancer grade was analyzed. When 
comparing the protein profiles of  protein extracted from 
tissues using S3 buffer, it is obvious that the expression of  
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Figure 3  Proteins profiles of normal and cancer colon tissues from four different 
patients.  The proteins were extracted using in S3 buffer.  N: Normal colon tissues; C: 
Cancer colon tissues; M: Marker; Lanes 1 and 2: MMN samples; Lanes 3 and 4: LKH 
samples; Lanes 5 and 6: CCH samples and Lanes 7 and 8: NSC samples. Diagram 3 
shows the consistent protein bands found in the normal and the cancer tissues of the 
figure.

SWISS-PROT 
accession number

Down-regulated proteins 
(Normal tissues)

SWISS-PROT 
accession number

Up-regulated proteins (Cancer tissues)

P12718 Actin, gamma-enteric smooth muscle P04262 Type Ⅱ, keratin subunit protein

P17661 Desmin P35900 Keratin 20

P08670 Vimetin P35908 Keratin, 67k type Ⅱ epidermal
Q9DFD0 Hypothetical protein P13647 Keratin k5

Q7Z5W1 Hypothetical protein Q86Y46 Keratin 6 irs 3
CAD19027 Hypothetical protein P04264* Keratin 1, type Ⅱ cytoskeletal
BAC87457 Hypothetical protein P35527 Cytoskeletal 9

CAC08866 Hypothetical protein P04264 Keratin, type Ⅱ cytoskeletal Ⅰ
CAC08835 Hypothetical protein P35527 Keratin 9, type Ⅰ, cytoskeletal

Q8WTU6 Hypothetical protein P08779 Keratin, type 1, cytoskeletal 16
Q01995 Transgelin P48669 Keratin, type Ⅱ, cytoskeletal 6F
Q91706 Skeletal muscle beta-tropomyosin P02538 Keratin 6A, type Ⅱ
P12277 Creatine kinase P19013 Keratin, type Ⅱ, cytoskeletal 4
P00915 Actin-gamma P08729 Keratin, type Ⅱ, cytoskeletal 7
Q96QE3 ATP[GTP]-binding protein P12035 Keratin, type Ⅱ, cytoskeletal 3

P05783 Keratin, type Ⅰ, cytoskeletal 18

P13645 Keratin, type Ⅰ, cytoskeleton 10 

Q8NF17 Hypothetical protein 
CAE99935 Hypothetical protein
P02675 Fibrinogen beta chain
P00915 Carbonate dehydratase EC 4.2.1.1
Q9PTK9 Kinesin-like protein 2
P60174 Triosephosphate isomerase EC. 5.3.1.1
Q6PJ43 ACTGI protein
Q13733 Sodium/potassium-transporting ATPase alpha-4 chain EC 3.6.3.9

Table 2   Up-regulated, down-regulated proteins extracted in S1, S2, S3 buffers from colon tissues
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low molecular weight proteins (below 37 ku) in cancerous 
tissues was greater than that of  the normal tissues. 

Table 2 shows the list of  proteins detected, with a total 
of  15 and 24 down-regulated and up-regulated proteins 
identified from normal and cancerous tissues, respectively. 
Table 3 shows the unique proteins that were identified 
form normal and cancerous tissues.  

DISCUSSION
The sequential protein extraction technique consists 
of  three types of  protein extraction buffers, namely 
the S1 buffer, S2 buffer and S3 buffer. The S1 buffer is 
used mainly to extract aqueous soluble proteins, such as 
cytosolic proteins and nuclear proteins while the S2 and 
S3 buffers were used to extract proteins with intermediate 
to extreme hydrophobicity. The constituent of  S2, which 
is made up of  chaotropic agents and other reagents may 
disturb rugged protein-protein interaction found among 
structural, cytoskeletal proteins and aggregating proteins[10]. 
However, the combination of  urea and thioureas in S3 was 
used to enhance the solubility of  membrane proteins[8]. 
The extraction buffers were always used in the orderly 
sequence of  S1 followed by S2 and then S3. The use of  
sequential protein extraction buffers was first suggested 
by Molloy et al[8] for separation of  protein mixtures using 
2D-gel electrophoresis. However, in our present study, the 
extracted proteins were separated using the SDS-PAGE 
technique, whereby direct comparison of  protein profiles 
from tissues of  four different patients was carried out.

In general, use of  sequential extraction buffers is 
beneficial to this study because proteins were extracted 
according to their increasing hydrophobic strength, 
which may imply that proteins from different cellular 
compartments were extracted in different fractions. 
This method not only allows the analysis of  proteins 
according to their localization in the cells but also reduces 
the number of  proteins extracted in each fraction, 
which provides better resolution of  proteins and their 
visualization in SDS-PAGE.

The protein profiles of  the proteins extracted using 
the S1 and S2 buffers are significantly different, however 
the protein profiles of  proteins extracted using S2 and S3 
showed only slight differences. The significant variation 
between the protein profiles of  S1 and S2 can be explained 
by the vast difference in the property of  the proteins 
extracted, where S1 buffer extracts proteins only solubilize 
in aqueous solution while S2 buffer extracts the non-

aqueous soluble proteins. The protein profiles displayed by 
proteins extracted using S2 and S3 also showed a certain 
degree of  variation as S3 buffer was used to enhance the 
solubility of  more stringent proteins from the tissue[11].

The differentially expressed proteins in each of  the gels 
were then subjected to further analysis and the identity 
of  each protein was analyzed using LC/MS/MS. Proteins 
were identified using the Mascot protein search engine on 
the basis of  peptide mass matching[12] with redundancy 
of  post-translational modification and proteolysis. The 
definition of  “up-regulated”, “down-regulated” and 
unique proteins in this study are solely dependent on their 
existence in SDS-PAGE. When analyzed using Quantity 
one software (BioRad), the intensity of  the bands for 
up-regulated proteins was more intense in cancerous as 
compared to normal tissues while the “down-regulated” 
proteins were the proteins that were more intense in 
normal as compared to cancerous tissues. However, some 
of  the intense protein bands in SDS-PAGE were found 
to contain more than one type of  protein. Therefore, for 
the up-regulated and down-regulated protein bands, both 
the protein bands of  the identical molecular weight from 
normal and cancerous tissues were excised and subjected 
to LC/MS/MS analysis. The proteins that were detected 
in both tissues were then quantified by their peptides’ peak 
areas in selected ion chromatogram analysis. The proteins 
present in one tissue and not the other are reported as 
unique proteins. 

A total of  ninety-five proteins were identified from the 
protein bands indicated earlier for both the normal and 
cancerous tissues. However, some of  these proteins were 
of  serum origin, due to the embedded blood vessels in the 
tissues, and these proteins were excluded from the protein 
list. Furthermore, some of  the proteins were represented 
by more than one band as described by heterogeneity. 
The heterogeneous proteins were mainly derived from 
structural, transport and enzyme subunits such as Actin, 
gamma-enteric smooth muscle, Desmin, Vimetin, Keratin, 
type I cytoskeletal 10, Cytoskeletal 9, and Triosephosphate 
isomerase EC 5.3.1.1. Phospholylation, glycosylation and 
limited proteolytic activities have been considered as major 
modification of  proteins and they therefore affect the 
mobility of  the modified proteins in SDS-PAGE[13-15].

The structural proteins were mostly extracted from the 
cancerous tissues using the S3 buffer. The majority of  the 
structural proteins identified belongs to the cytokeratin 
family. Williams et al[16] reported that cytokeratin expressing 
tumor cells contain cytokeratins 8 and 18, but not 

Table 3  Unique proteins extracted in S1, S2, S3 buffers from colon tissues

SWISS-PROT 
accession number

Unique proteins (Normal tissues) SWISS-PROT 
accession number

Unique proteins (Cancer tissues)

P32119 Peroxiredoxin 2 precursor Q9BX84 LTRPC6 channel kinase 6
Q03001 Bullous pemphigoid antigen 1 precursor Q9AVW8 DNA-directed RNA polymerase II largest chain EC 2.7.7.6
P01009 Alpha-1-antitrypsin precursor P29312 14-3-3 protein zeta
P20848 Alpha-1-antitrypsin related protein presursor P31946 14-3-3 protein beta/alpha
1QMBA Alpha-1-antitrypsin mutant YES, chain A S38532 Protein 14-3-3 eta chain

S31975 14-3-3 protein epsilon
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cytokeratin 19 or vimentin. The roles of  cytokeratins 
are commonly known to encompass both structural and 
signaling capabilities. In the present study, cytokeratin 18 
was found in cancerous colon tissues in S3 buffer extracts. 
The expression of  cytokeratin 18 in colonic cancerous 
tissues is consistent with those reported by Leong et al[17]. 
In contrast, the expression of  cytokeratin 18 was found 
reduced in malignant tumors of  prostate carcinoma 
compared to benign prostatic hyperplasia[4]. The expression 
of  cytokeratins is sometimes used as an indicator of  the 
behavioral changes of  a tissue. For instance, in breast 
tissue, cytokeratin 8 has been reported to be the major 
receptor for plasminogen on breast cells[18]. 

Vimentin is expressed at higher levels in the low-
secreting variant. It is present in many cell lines, but 
normally absent from differentiated cells. Thus, lower 
vimentin expression in the high secretors may be indicative 
of  a more differentiated phenotype[19]. In our present 
study, vimentin is a down-regulated protein found in 
S1 buffer extracts. Williams et al[16] has reported that the 
absence of  vimentin in colon cancer tissue is due to 
its correlation with cytokeratin 19 or other cytokeratin 
expressions. However, Birchmeier et al[20] and Seshadri  
et al[21] reported no unequivocal correlation between a gain 
of  vimentin and poor prognosis with primary tumors. 

Hypothetical proteins were extracted in all three 
extraction buffers from both normal and cancerous 
colonic tissues. Generally, hypothetical proteins are 
defined as the proteins that were not described at the 
protein level, but were predicted from cDNA sequences[22]. 
As shown in Table 2, a series of  hypothetical proteins 
were identified. Afjelhi-Sadat et al[23] suggested that the 
hypothetical proteins may serve as marker or protein 
vaccine candidates. Particularly when the hypothetical 
protein is found in cancerous tissue exclusively, it can be 
considered as novel and of  pivotal importance. Some of  
the hypothetical proteins were detected as heterogeneous 
proteins suggesting the post-translational nature of  the 
proteins.

Peroxiredoxin 2 is a type transport protein and it was 
extracted in the S1 buffer as a unique protein in normal 
tissues. Peroxiredoxin 2 is part of  the peroxidase family, 
which are proteins that have been known to connect with 
cell proliferation, differentiation and apoptosis. 

Fibrinogen is a type of  channel protein and its role 
was reported to be supporting the binding of  growth 
factors and promoting the cellular responses of  adhesion, 
proliferation, migration during angiogenesis and tumor 
cell growth[24]. Fibrinogen was detected in the S2 buffer 
of  cancerous tissues. The presence of  fibrinogen in 
cancer cells was demonstrated to affect the progression 
of  tumor cell growth and metastasis on the basis that 
fibrinogen alters the ability of  breast cancer cells to 
migrate[24]. In addition, fibrinogen was also found present 
in lung cancer following the detection of  elevated plasma 
fibrinogen levels in advanced stages of  the disease[25] and 
the localization of  fibrinogen in tumor tissue[26,27]. There 
are also reports of  the deposition of  fibrinogen on the 
surfaces of  tumor cells and lymphocytes[28,29]. In primary 
and metastatic tumor[30], the presence of  fibrinogen 
was regarded as an adverse event leading to tumor 

development. Yamaguchi et al.[31] reported that lung cancer 
was developed through induction of  hyperfibrinogenemia. 

Transgelin (SM22-alpha) is a cytoskeletal-binding 
protein that was isolated in S1 buffer as a down-regulated 
protein. Maguire et al[32] has reported that loss of  transgelin 
expression is an indication of  early tumor progression 
and the authors suggested that transgelin may serve as a 
diagnostic marker for breast and colon cancer. We found 
that the expression of  transgelin in cancerous tissue is 
much lower than that of  normal tissue. Other cytosketal-
binding proteins that were detected in S1 buffer extract 
were Bullous pemphigoid antigen 1 precursor and Skeletal 
muscle beta-tropomyosin. 

Some of  the enzymes that play important roles in 
metabolic pathways and are essential for energy produc-
tion were detected as up-regulated protein in S1 buffer. 
These enzymes include triosephosphate isomerase and 
LTRPC6 channel kinase 6. LTRPC6 channel kinase 6 is 
an essential ion channel and serine/threonine-protein 
kinase is crucial for magnesium homeostasis. It plays an 
important role in epithelial magnesium transport and in 
the active magnesium absorption in the gut and kidney. 

Sodium/potassium-transporting ATPase alpha-4 chain 
was detected as the up-regulated protein in S3 buffer. It 
is an integral membrane protein that is located in the cell 
membrane[33]. It catalyzes the hydrolysis of  ATP coupled 
with the exchange of  sodium and potassium ions across 
the plasma membrane. 

Carbonate dehydratase is also the up-regulated protein 
detected in S1 and S2 buffer, it is a zinc-containing enzyme 
that catalyses the reversible hydration of  carbon dioxide, 
which is significant in the transport of  CO2 from the 
tissues to the lungs. It was reported that over expression 
of  the zinc enzyme carbonic dehydratase is observed in 
certain human cancers[34]. Its expression was reported to 
be elevated in the renal cancer cells as compared to the 
surrounding normal kidney tissue[35].

DNA-directed RNA polymerase Ⅱ largest chain is the 
DNA-RNA binding protein that was detected as unique 
protein in S1 buffer extract of  cancer tissues. It was also 
reported in human brain tumors[36].

Proteins 14-3-3 are the protein-binding proteins 
that were isolated in the S1 buffer as unique proteins 
from colon cancer t issue. Protein 14-3-3 plays a 
role in the regulation of  signal transduction protein 
pathways implicated in the control of  cell proliferation, 
differentiation and survival[37]. This protein was reported 
to play multiple roles in maintaining cell survival[38,39]. 
Friedman et al[40] has reported that protein 14-3-3 in three 
different isoforms was expressed up to 1.7 fold in the 
colon tumors as compared to normal colon tissue.

Alpha-1-antitrypsin is an endopeptidase inhibitor 
protein that was isolated as a unique protein in S1 buffer 
from normal tissue only. In individuals who lack this 
inhibitor protein, the protease destroys the membrane 
system, leaving the colon and rectum vulnerable to 
colorectal cancer development[41]. The main role of  alpha-
1-antitrypsin is in defense against elastase damage that 
occurs in the lung under normal physiology conditions[42]. 
Alpha-1-antitrypsin was detected in patients with lung 
cancer[43] and was used as a cancer marker for cervical 
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cancer[44]. Contrary to our finding, Friedman et al [40] 
reported the detection of  alpha-1-antitrypsin in colon 
cancer. 

ATP (GTP)-binding protein is ATP-binding protein 
that was detected as down-regulated protein in S2 buffer. 
It is a mitochondrial membrane protein. 

Kinesin is a motor activity protein that was detected 
as an up-regulated protein in S2 buffer extract. It is a 
microtubule-associated force-producing protein that may 
play a role in organelle transport[45]. This protein was also 
reported in breast cancer tissue[46]. Kinesin-like protein 2 
is an immunogenic breast cancer antigen[47]. In addition, 
kinesin-like protein 2 was also reported in pancreatic 
cancer[48].

ACTG1 is another type of  motor activity protein that 
was detected as an up-regulated protein. It is a protein 
involved in the formation of  filaments, which is the 
major component of  the cytoskeleton[49]. Its existence 
in colorectal cancer was also reported by Vadlamudi and 
Shin[50]. Alteration of  cytoskeletal proteins may have 
an important role in cancer initiation or progression. 
Mutations affecting four major cytoskeletal components 
have now been identified in human neoplastic cells. Chou 
et al[51] postulated that mutated cytoskeletal genes may be 
members of  a class of  oncogenes, which are fundamentally 
different from both the nuclear-acting and growth factor/
receptor/protein kinase-related types of  oncogenes. 

In this study, a number of  the differentially expressed 
proteins extracted from the normal and cancerous colonic 
tissues were identified. Amongst the proteins identified, 
some of  the proteins have their roles identified in similar 
or other types of  cancers. There are also a series of  
hypothetical proteins with unknown functions. Some 
of  these proteins have their primary location at the cell 
membrane, which may serve as potential antigens for drug-
targeted therapy or as candidates for vaccines against colon 
cancer. These proteins are under further investigation in 
our laboratory. 
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gene expression may mediate the anti-tumor effects of 
CAPE.
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INTRODUCTION
Caffeic acid phenethyl ester (CAPE) is a phenolic anti-
oxidant. As an active component of  propolis, CAPE has 
many biological and pharmacological functions including 
immunoregulation, anti-inflammatory, antiviral, antibacte-
rial and antitumor activities. Several studies have demon-
strated that CAPE has antiproliferative effect, apoptosis-
inducing effect in various tumor cells in vitro[1-4] and in 
vivo[5,6]. CAPE also inhibited the development of  azoxy-
methane-induced aberrant crypts in the colon of  rats[7]. 
Furthermore, a number of  studies reported that CAPE 
elicits apoptosis and suppresses the growth of  transformed 
cells, and the cytotoxicity of  CAPE to transformed cells is 
sensitive and selective[8-10]. Multiple molecular mechanisms 
seem to be involved in the tumor suppressive effects of  
CAPE. It was reported that CAPE could inhibit NFκB 
and induce apoptosis via Fas signal activation in human 
breast cancer MCF-7 cells[11]. Additionally, Carrasco et al[12] 
found an 85% decrease in nuclear localization of  the p65 
subunit of  NF-kappa B. While in C6 glioma cells, the tu-
mor suppressor proteins P53 and p38 mitogen-activated 
protein kinase (p38 MAPK) are involved in CAPE-induced 
apoptotic cell death[13].

Colorectal cancer (CRC) is the third most common 
cancer and the fourth most frequent cause of  cancer death 
worldwide. Recent studies have indicated that in most of  
CRC, there are aberrant β-catenin associated signaling 
pathways[14]. The β-catenin associated signaling pathway 
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Abstract
AIM: To study the anti-tumor effect of caffeic acid 
phenethyl ester (CAPE) and the influence of CAPE 
on β-catenin associated signaling pathway in SW480 
colorectal cancer (CRC) cells.

METHODS: SW480 cells were treated with CAPE at 
serial concentrations. The proliferative status of cells was 
measured by methabenzthiazuron (MTT) assay. Cell cycle 
and cell apoptosis were analyzed using flow cytometry 
(FCM). Western blotting assay was used to evaluate 
the protein level of β-catenin, c-myc and cyclinD1. 
β-catenin localization was determined by indirect 
immunofluorescence.

RESULTS: CAPE displayed a strong inhibitory effect in a 
significant dose- and time-dependent manner on SW480 
cell growth. FCM analysis showed that the ratio of G0 
/G1 phase cells increased, S phase ratio decreased and 
apoptosis rate increased after SW480 cells were exposed 
to CAPE for 24 h. Pretreatment of SW480 cells with CAPE 
significantly suppressed β-catenin, c-myc and cyclinD1 
protein expression. CAPE treatment was associated 
with decreased accumulation of β-catenin protein in 
nucleus and cytoplasm, and concurrently increased its 
accumulation on the surface of cell membrane.

CONCLUSION: CAPE can inhibit SW480 cell proliferation 
by inducing cell cycle arrest and apoptosis. Decreased 
β-catenin and the associated signaling pathway target 
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plays critical roles in cell proliferation and differentiation, 
and the β-catenin is the central component in the pathway. 
Aberrant β-catenin associated signaling pathway, which 
generally results from inactivating mutation of  adeno-
matous polyposis coli (APC) or activating mutation of  
β-catenin, leads to the accumulation of  β-catenin in the 
nucleus of  cells, which is subsequently complexed with 
T-cell factor (TCF) and promotes transcription of  a variety 
of  target genes, such as c-myc, cyclinD1, ultimately lead-
ing to cell aberrant proliferation and tumor formation. 
Dysregulation of  β-catenin associated signaling and hence 
β-catenin expression is believed to be central to the early 
stages of  sporadic colorectal carcinogenesis in humans[15-17]. 
Therefore, control of  β-catenin and/or control of  the 
downstream target gene expression represents an opportu-
nity for rational colorectal cancer therapy.

Here we report the anti-tumor effect of  CAPE in as-
sociation with β-catenin associated signaling in SW480 
colorectal cancer cells. These studies have important im-
plications for CAPE to be used as a potential therapeutic 
agent for colorectal cancer.

MATERIALS AND METHODS
Chemicals
CAPE, dimethyl sulphoxide (DMSO), PI, metha-
benzthiazuron (MTT), mouse anti-human β-catenin, 
c-myc, cyclinD1 and β-actin monoclonal antibody were 
purchased from Sigma-Aldrich (USA). RPMI-1640 
medium, fetal calf  serum and trypsin-EDTA were 
purchased from Hyclone (USA). FITC and horseradish 
peroxidase-conjugated secondary antibody were obtained 
from Pierce Biotechnology (USA). Annexin-V and PI 
double staining kit and Tripure were purchased from 
Roche (Germany). Protein assay kits were obtained from 
Bio-Rad Labs (USA). Enhanced chemiluminescence (ECL) 
system was purchased from Amersham Life Science (UK). 
CAPE was dissolved with DMSO and adjusted to final 
concentrations with culture medium prior to use.

Cell culture
The human CRC cell line SW480 was purchased from the 
American Type Culture Collection (ATCC). The cells were 
cultured in RPMI-1640 medium supplemented with peni-
cillin G (100 U/mL), streptomycin (100 μg/mL) and 10% 
fetal calf  serum. Cells were grown at 37℃ in a humidi-
fied atmosphere of  50 mL/L CO2 and were routinely sub-
cultured using 0.25% (w/v) trypsin-EDTA solution.

MTT assay 
The logarithmically growing SW480 cells were plated into 
a 96-well plate at a density of  4 × 103 cells/well. After 24 h,  
the cells were treated with CAPE at designated concentra-
tions (2.5, 5, 10, 20, 40 and 80 mg/L) for 24, 48, 72 and 
96 h, respectively. Control wells were treated with 0.1% 
DMSO alone. Then, 20 μL MTT (5 g/L) was added to 
each well and incubated for an additional 4 h, and then 
culture media were discarded followed by addition of  0.15 
mL DMSO and vibration for 10 min. The absorbance was 
measured at 490 nm. The inhibitory rates (IR) were calcu-

lated as follows: IR (%) = [(1-absorbance of  the treated 
wells)/(absorbance of  the control wells) ] × 100%. The 
50% inhibitory concentration (IC50) value was determined 
using CalcuSyn software.

Flow cytometry analysis
Cell density was adjusted to 0.3-1.0 × 107 cells/mL. Cells 
were serum-starved for 24 h and then treated with differ-
ent concentrations of  CAPE (2.5, 5 and 10 mg/L) for 24 h.  
Then the cells were harvested with trypsin-EDTA to pro-
duce a single cell suspension. The cells were pelleted by 
centrifugation and washed twice with phosphate-buffered 
saline (PBS). Then, the cell pellets were resuspended in 0.5 
mL PBS and fixed in 5 mL ice-cold 70% ethanol at 4℃. 
The fixed cells were spun down by centrifugation and the 
pellets were washed with PBS. After resuspension with 1 
mL PBS, the cells were incubated with RNase A (20 mg/L) 
and PI (50 mg/L) and shaken for 1 h at 37℃ in the dark. 
The stained cells were analyzed using a FACScan flow 
cytometer in combination with BD analysis Ⅱ software 
(Becton Dickinson).

Annexin-V and PI double-staining flow cytometry analysis
The cells were treated and harvested in the same way as 
mentioned above. Analysis of  apoptosis was performed 
using the Annexin-V and PI double staining kit according 
to the manufacturer’s protocol. After treatment with 
CAPE, the cells were immediately analyzed by flow 
cytometry. The apoptotic cells were localized in the right 
lower quadrant of  a dot-plot graph by using Annexin-V-
fluorescein versus PI. 

Western blot analysis
Cells were placed in serum-free medium with or without 
CAPE (2.5, 5 and 10 mg/L) for 24 and 48 h, then were 
lysed in solubilization buffer containing sodium dodecyl 
sulfate(SDS) and β-mercaptoethanol. After centrifugation, 
the supernatant was collected and the protein concentra-
tion determined by the BioRad DC kit. Equal amounts of  
protein (50 μg) in each sample were resolved in 10% SDS 
polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred to a polyvinylidene difluoride (PVDF) membrane. 
After blocked with 2% skim milk, the membranes were 
incubated with primary antibodies at appropriate dilution 
(β-actin, 1/1000; β-catenin, c-myc and cyclinD1, 1/500) 
overnight at 4℃. Horseradish peroxidase-conjugated sec-
ondary antibody was diluted 1/5000 and incubated for 1 h 
at 20℃. Immunoreactive proteins were detected with an 
ECL system, and light emission was captured on Kodak 
X-ray films. Product bands were quantitated by scanning 
densitometry.

Indirect immunofluorescence
SW480 cells grown on glass coverslips were treated for 
48 h with CAPE (2.5, 5 and 10 mg/L) or an equivalent 
dilution of  DMSO, under standard culture conditions as 
described above. Then cells were washed with PBS and 
fixed with methanol for 20 min. Incubation with monoclo-
nal anti-β-catenin antibody (1:200) was carried out over-
night at 4℃. This was followed by incubation with FITC-
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conjugated secondary antibody (1:200) for 1 h at room 
temperature. Omission of  the primary antibody was used 
as a negative control. Images were collected using laser 
scanning confocal microscopy.

Statistical analysis
Data were expressed as mean ± SD. Analysis of  data was 
performed using one-way ANOVA. P < 0.05 was consid-
ered statistically significant.

RESULTS
Effect of CAPE on cell proliferation
SW480 cells were treated with various concentrations (2.5, 
5, 10, 20, 40 and 80 mg/L) of  CAPE for 24, 48, 72 and 96 h, 
respectively. Then the cell viability was measured by MTT 
assay. CAPE showed a significant dose-dependent and 
time-dependent inhibition of  cell growth (Figure 1). The 
IC50 value for CAPE at 24, 48, 72 and 96 h after treatment 
was 20.27, 11.38, 6.15 and 5.44 mg/L, respectively.

Effects of CAPE on cell cycle progression
In order to examine the effects of  CAPE on cell cycle 
progression, SW480 cells were treated with designated 
concentrations of  CAPE for 24 h. The distributions of  
cells in each of  the cell cycle phases were determined by 
FCM. As shown in Figures 2 and 3, the percentage of  cell 

population of  the G0/G1 phase significantly increased, 
while those in S and G2/M phase decreased. CAPE caused 
cell cycle arrest in G0/G1 phase in a dose-dependent 
manner.

Effect of CAPE on apoptosis
After SW480 cells were exposed to CAPE at various con-
centrations (2.5, 5 and 10 mg/L) for 24 h, Annexin-V and 
PI double-staining flow cytometry analysis showed that the 
apoptosis rates were 9.1% ± 0.7%, 15.23% ± 0.6% and 
21.1% ± 1.44%, respectively, which were significantly high-
er than that in the control group (3.7% ± 0.9%). CAPE 
induced apoptosis of  SW480 cells in a dose-dependent 
manner (Figures 4 and 5).

Effect of CAPE on the expression of β-catenin, c-myc and 
cyclinD1 
To investigate the mechanisms underlying CAPE induced 
apoptosis, we examined the effect of  CAPE on the expres-

CAPE concentration (mg/L)

Figure 1  Effect of CAPE on SW480 cell proliferation. SW480 cells were treated 
with CAPE at indicated concentrations for 24, 48, 72 and 96 h. The cell viability 
was determined by MTT assay.

Figure 2  Effect of CAPE on SW480 cell cycle distribution. The percentage of cells 
in each phase of the cell cycle, G0/G1, S, and G2/M was determined by FCM after 
cells were treated with indicated concentrations (2.5, 5 and 10 mg/L) of CAPE for 
24 h. aP < 0.05 vs the control group, treated with vehicle, DMSO only.
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sion of  β-catenin signaling pathway related genes. After 
SW480 cells were exposed to CAPE (2.5, 5 and 10 mg/L) 
for 24 and 48 h, Western blot analysis showed that CAPE 
significantly suppressed β-catenin protein expression in a 
dose and time-dependent manner. CAPE treatment after 
48 h markedly decreased the expression of  c-myc and cy-
clin D1, two of  the β-catenin associated signaling pathway 
target genes (Figure 6). 

Indirect immunofluorescence studies of  β-catenin 
localization in SW480 cells revealed that CAPE treatment 
decreased the accumulation of  β-catenin protein in 
nucleus and cytoplasm, and concurrently increased its 
accumulation on the surface of  cell membrane (Figure 7).

DISCUSSION
Propolis has been used since ancient times in folk 

medicine. Researches indicate that propolis exhibits 
immunoregulation, anti-bacterial, anti-inflammatory 
and anti-tumor activities[18-20]. As an active component 
of  propolis, CAPE is receiving much attention in the 
medical research community because of  its potential 
for the treatment of  a number of  disorders, including 
cancer. Recent studies demonstrated that CAPE has 
antiproliferative and apoptosis-inducing effects in various 
tumor cells. An in vivo study showed that CAPE decreased 
the growth of  the xenografts of  C6 glioma cells in nude 
mice[6]. Also, dietary intake of  CAPE decreased tumor 
formation in the enterocytes of  the Min/+ mouse[21]. 

In the present study, we investigated the effect of  
CAPE on cell proliferation, cell cycle and apoptosis of  
SW480 CRC cells. Our data demonstrated that CAPE 
treatment could significantly inhibit cell growth in a dose- 
and time-dependent manner, along with induction of  G0/
G1 arrest and apoptosis in SW480 cells.

Multiple molecular mechanisms seem to be involved 
in the tumor suppressive effect of  CAPE. Recently, it was 
reported that CAPE could inhibit NFкB, inducing apop-
tosis via Fas signal activation in human tumor cells[11,12]. 
Hung et al[22] reported that down-regulation of  Mcl-1 gene 
expression and activation of  caspase-8 are associated with 
CAPE-triggered cell apoptosis. Moreover, tumor suppres-
sor proteins P53 and p38 MAPK play a prominent role in 
the CAPE-induced apoptotic cell death in C6 glioma cells, 
which might contribute to the anti-tumor effect in these 
cells[13].

Our results suggest that the anti-tumor effects of  
CAPE on SW480 cells are associated with down-regulation 
of  the β-catenin associated signaling pathways. β-catenin 
plays a dual role in cells. It is a structural component 
of  cell-cell adherent junctions as well as a key player in  
β-catenin associated signaling pathway[23]. The signaling 
function of  β-catenin is particularly important in colorec-
tal cancer since mutations of  APC or tumor-associated 
mutations of  β-catenin lead to its stabilization[24,25]. Here 
we showed that CAPE treatment inhibited β-catenin in 
a dose-dependent manner in SW480 cells. More interest-
ingly, CAPE changed the localization of  β-catenin in cells. 
As shown in Figure 7, nuclear accumulated β-catenin in 
SW480 cells mainly relocalized on the cell membrane at 
cell-cell contacts after CAPE treatment. Two of  target 
genes of  the activated β-catenin associated signaling path-
ways have been reported to be c-myc and cyclin D1[26,27]. 
Oncogenes c-myc and cyclinD1 are a kind of  effector 
protein of  the karyomitosis signal, which can trigger and 
regulate the transcription of  the genes related with pro-

Figure 5  Annexin-V and PI double-staining flow cytometry analysis of SW480 
cells following 24 h incubation with CAPE (A) 0 mg/L, (B) 2.5 mg/L, (C) 5.0 mg/L, (D) 
10 mg/L.
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Figure 6  Western blot analysis of β-catenin, c-myc and cyclinD1 protein 
expression in SW480 cells following 24 and 48 h incubation with indicated 
concentrations of CAPE. β-actin served as a loading control.
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Figure 7  Indirect immunofluorescence analysis of β-catenin protein localization in 
SW480 cells following 48 h incubation with CAPE (A) 0 mg/L, (B) 10 mg/L.
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liferation. They are frequently overexpressed in several 
human tumors, including colorectal cancer. Our results 
showed that CAPE treatment markedly decreased the ex-
pression of  c-myc and cyclinD1. This indicates that CAPE 
induced cell cycle arrest and apoptosis might be associated 
with down-regulation of  β-catenin associated signaling 
pathways.

In summary, we have shown that CAPE can inhibit 
the growth of  human SW480 colorectal cancer cells 
by inducing cell cycle arrest and apoptosis. Decreased 
β-catenin and the β-catenin associated signaling pathway 
target gene expression might mediate the anti-tumor 
effects of  CAPE. These findings have strong implications 
for CAPE as a potential therapeutic agent for colorectal 
cancer.
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INTRODUCTION
Human hepatitis B virus (HBV) is a causative agent 
for liver diseases such as cirrhosis and hepatocellular 
carcinoma (HCC)[1]. Chronic infection of  HBV affects 
approximately 800 million people and is the principal cause 
of  chronic liver diseases[2]. Moreover, HBV carriers have 
a much higher frequency of  developing liver cancer than 
uninfected people[3]. 

HBV has a small, partially double-stranded DNA 
genome. After viral infection of  hepatocytes, the partially 
double-stranded DNA genome converts into covalently 
closed circular DNA (cccDNA) in nuclei[4-7]. Several kinds 
of  viral transcripts are then produced by the host RNA 
polymerase. The transcripts encode for viral polymerase, 
viral oncogene HBx protein, and viral structural proteins 
such as surface proteins and core proteins[3]. 

Many efforts have been made to investigate the process 
of  liver disease by HBV. Traditional techniques such as 
Northern blot and reverse transcription polymerase chain 
reaction (RT-PCR) for identification of  genes differentially 
expressed by HBV infection have shown limited success, 
because only one gene or at best a handful of  genes can be 
studied in one experiment. However, complementary DNA 
(cDNA) microarray allows the study of  several thousands 
of  genes at one time. To evaluate the relationship between 
HBV infection and liver diseases, recent studies have 
analyzed the gene expression profiles at tissue level. In 
these studies, the effects of  HBV infection are analyzed 
by cDNA microarray analysis of  HCC tissue samples[8-10]. 
Through the analyses, many differentially expressed 
genes can be identified[11]. The analyses, however, have 
mainly focused on the gene expression profiles of  already 
transformed cells or long-term infected HBV hepatocytes. 
Therefore, these analyses mostly stem from the analysis 
of  the end result of  pathogenesis of  HBV in hepatocytes 
rather than the analysis of  ongoing pathogenesis of  HBV 
infection in hepatocytes. In this report, however, we 
focused on the gene expression profile analysis of  the early 
stage HBV infection, thereby excluding factors such as 
responses to host immune surveillance. To mimic the early 
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Abstract
AIM: To find the relationship between hepatitis B virus 
(HBV) and hepatocytes during the initial state of infec-
tion by cDNA microarray.

METHODS: Primary normal human hepatocytes (PNHHs) 
were isolated and infected with HBV. From the PNHHs, 
RNA was isolated and inverted into complement DNA 
(cDNA) with Cy3- or Cy5- labeled dUTP for microarray 
analysis. The labeled cDNA was hybridized with microar-
ray chip, including 4224 cDNAs. From the image of the 
microarray, expression profiles were produced and some 
of them were confirmed by RT-PCR, immunoblot analy-
sis, and NF-κB luciferase reporter assay. 

RESULTS: From the cDNA microarray, we obtained 98 
differentially regulated genes. Of the 98 genes, 53 were 
up regulated and 45 down regulated. Interestingly, in 
the up regulated genes, we found the TNF signaling 
pathway-related genes: LT-α, TRAF2, and NIK. By using 
RT-PCR, we confirmed the up-regulation of these genes 
in HepG2, Huh7, and Chang liver cells, which were trans-
fected with pHBV1.2×, a plasmid encoding all HBV mes-
sages. Moreover, these three genes participated in HBV-
mediated NF-κB activation. 

CONCLUSION: During the initial state of HBV infection, 
hepatocytes facilitate the activation of NF-κB through up 
regulation of LT-α, TRAF2, and NIK. 

© 2006 The WJG Press. All rights reserved.

Key words: cDNA microarray; Primary normal human he-
patocytes; LT-α; TRAF2; NIK; NF-κB
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stage HBV infection of  hepatocytes, we isolated primary 
normal human hepatocytes (PNHHs) and the cells were 
infected with HBV in culture. These conditions were 
chosen as they could represent the most similar conditions 
to those in vivo, except for the absence of  other types of  
cells such as immunocytes. Therefore, gene expression 
profiles in this report could show the result of  interaction 
only between HBV and PNHHs. In this study we have 
identified 45 down-regulated genes and 53 up-regulated 
genes.

MATERIALS AND METHODS
Construction
pHBV1.2×, a plasmid which provides all HBV transcripts, 
was used to infect PNHHs as previously described[12]. 
This construct was similar to that as described by Guidotti  
et al[13]. Mammalian expression vector for NIK and NIK 
DN (aa 624-947) was provided by DV Goeddel (Turarik 
Inc.)[14], for TRAF2 and TRAF2 DN (aa 241-501) by Dr. 
SY Lee[15]. 

HBV production and infection
We transfected HepG2 cells with pHBV1.2× constructs 
for generation of  HBV using Fugene 6 transfection re-
agent (Roche) as instructed by the manufacturer. After 
transfection, the cells were cultured for 5 d and harvested. 
HBV particles in the harvested media were cleared and 
concentrated through ultracentrifugation using PST55Ti 
rotor (Hitachi) for 1 h at 220 000 g with 3 mL cushion buf-
fer containing 20 g/L sucrose, 50 mmol/L Tris-HCl pH 
7.5, and 30 mmol/L NaCl. After ultracentrifugation, the 
pellet was resuspended with 1 × PBS. The resuspended 
viral solution was filtered with a 0.2 μm pore filter (Milli-
pore). The titer of  HBV solution was adjusted to 109 virus 
genome equivalent (v.g.e.) per mL. PNHHs were infected 
with the above virus solution at about 100 v.g.e. per cell. 
Using this method, the efficiency of  HBV infection to 
PNHHs was generally 50%[16]. 

Isolation and culture of PNHHs
Healthy parts of  a liver from a patient who underwent he-
patic resection for an intrahepatic stone at the Inje Univer-
sity Paik Hospital, Pusan, Korea was obtained and used as 
the source of  hepatocytes. The removed tissue was imme-
diately placed in Hank’s balanced salt solution (HBSS) and 
processed for cell culture. Isolation of  hepatocytes was 
performed using a two-step collagenase perfusion tech-
nique[17,18]. The isolated hepatocytes were resuspended in a 
nutrient medium containing 90 mL/L Williams’ E and 10 
mL/L Medium 199, supplemented with 10 μg/mL insulin, 
5 μg/mL transferrin, 10-7 mol/L sodium selenite, and 50 
mL/L FBS.

Confirmation of PNHH infection with HBV
A test was performed with the isolated DNA to determine 
whether the HBV- infected PNHHs formed cccDNA. 
Amplification with primers specific for both outside re-
gions was performed with the isolated DNA because the 
region was specific for cccDNA rather than partially dou-
ble-stranded DNA found in viral particles. The primers 
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used are (5′-CTATGCTGGGTCTTCCAAATT-3′) which 
anneals to near the codon for amino acid 80 in human 
HBc open reading frame (ORF) and (5′-TTTCTGTGTA-
AACAATATCTG-3′) which anneals to near the codon for 
amino acid 680 in HBV Pol ORF. Therefore, if  cccDNA 
was present in the isolated DNA, an amplified 1 kb prod-
uct could be obtained. In this test, DNA isolated from 
mock-infected PNHHs was used as the negative control. 
A PCR test was performed with RNA to confirm whether 
HBV transcripts were produced. Reverse transcription 
amplification was performed with primers specific for the 
epsilon regions: (5′-CAACTTTTTTTCACCTCTGCC-
TA-3′) which anneals to DR1 and the reverse primer (5′- 
GATCTCGTACTGAAAGGAAAGA-3′). In addition, to 
detect HBV genome, real-time PCR was also performed as 
previously described[12].

cDNA array analysis
RNA was isolated using TRIzol reagent (Life Technolo-
gies) according to the manufacturer’s instructions. With the 
total isolated RNA, reverse transcription was performed 
with Cy5-labeled dUTP in the experimental sample and 
Cy3-labeled dUTP in the control. Fifty micrograms of  
RNA, 1.5 ng oligo dT primer, and 1 ng control RNA con-
taining lambda DNA sequences with a poly A sequence 
at the 3′ ends for reverse transcription, were mixed and 
volume of  the mixture was adjusted to 20 μL. The mixture 
was incubated at 70℃ for 5 min. After incubation, the 
mixture was quickly cooled on ice. With this whole reac-
tion mixture, the labeling reaction was performed under 
the following conditions: 1 × reverse transcription buffer, 
0.6 mmol/L Cy3- or Cy5-dUTP, 40 U of  RNase inhibi-
tor (Roche), 50 U of  AMV-RT (Roche) and a dNTP mix 
containing 1 mmol/L dATP, 1 mmol/L dGTP, 1 mmol/L 
dCTP, and 0.4 mmol/L dTTP at 42℃ for 1 h. After 1 h, 
50 U of  AMV-RT was added to the reaction mixture and 
the mixture was further incubated for 1 h for complete 
reverse transcription. Reverse transcription was stopped by 
the addition of  5 μL 0.5 mol/L EDTA. The synthesized 
cDNA was purified using a chromaspin column (Clonetech) 
as instructed by the manufacturer and precipitated with 
ethanol. Both Cy3- and Cy5- labeled cDNAs were resus-
pended with 100 μL hybridization buffer, containing 6 × 
standard saline citrate (SSC), 2 g/L sodium dodecyl sul-
fate (SDS), 5 × Denhardt solution, and 1 mg/mL salmon 
sperm DNA. The labeled cDNA was used for hybridiza-
tion to the cDNA microarray chip at 62℃. The chip was 
arrayed using a GMS417 arrayer (Genetic MicroSystems 
Inc., Woburn, MA) with 4224 cDNAs and internal stan-
dards such as tubulin and actin and external standards 
such as lambda DNA. After 16-18 h of  hybridization, the 
hybridized array was washed twice at 58℃ for 30 min with 
washing bufferⅠcontaining 2 × SSC and 2 g/L SDS and 
washed once with washing buffer Ⅱ containing 0.05 × 
SSC at room temperature for 5 min.

Analysis of chips
For quantification of  the signals, the chips were scanned 
using an array scanner generation Ⅲ (Molecular Dynamics) 
followed by image analysis using ImaGene ver. 3.0 software 
(BioDiscovery Ltd., Swansea, UK). The signal intensity 
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of  each spot was adjusted to obtain more accurate data by 
subtracting the background signals from the immediate 
surroundings. In this analysis, a difference in the ratio of  
more than two folds was considered significant. 

Cells and transfection
HepG2, Huh7, and Chang liver cells were maintained in 
minimum essential media (Sigma) supplemented with 100 
mL/L fetal bovine serum. For reverse transcription-poly-
merase chain reaction and luciferase reporter assay, cells 
were seeded in 12- well plates at a density of  0.2 × 106 
cells per well and transfected on the following day with the 
aperopriate DNA and fugene 6 (Roche) as described by 
the manufacturer. To normalize the total DNA, pUC119 
and backbone DNA of  pHBV1.2× were used. The trans-
fection efficiency for HepG2 with fugene 6 was usually 
10%-20%. 

RT-PCR analysis
Cells were transfected with pUC119 and pHBV1.2×. Af-
ter 48 h of  transfection, total RNA was extracted with 
TRIzol reagent (Life Technologies) as described by the 
manufacturer. cDNA was produced by reverse transcrip-
tion using the same procedure as cDNA microarray 
analysis. Following reverse transcription, the synthesized 
cDNA was amplified with 2.5 U Hot start Taq polymerase 
(Takara), GAPDH specific primer set, and appropri-
ate primer set. The sequences of  the primer set are as 
follows: TRAF2 specific forward(5′-AGGGGACCCT-
GAAAGAATAC-3 ′ ) , TRAF2 spec i f i c r everse (5 ′
-CAGGGCTTCAATCTTGTCTT-3′), NIK specific for-
ward(5′-TACCTCCACTCACGAAGGAT-3′), NIK specific 
reverse(5′-CAAGGGAGGAGACTTGTTTG-3′), LT-α 
specific forward(5′-AGCTATCCACCCACACAGAT-3′),  
LT-α specific reverse(5′-GTTTATTGGGCTTCATC-
GAG-3′), GAPDH specific forward(5′-ATCATCCCT-
GCCTCTACTGG-3′), and GAPDH specific reverse (5′
-TGGGTGTCGCTGTTGAAGTC-3′). PCR amplification 
was performed using Gene mp PCR system 2400 (Perkin-
Elmer) with 5 min initial denaturation at 95℃ and 35 
cycles of  50 s at 95℃, 50 s at 60℃, and 50 s at 72℃, fol-
lowed by 7 min of  extension at 72℃. To separate the PCR 
fragments, 15% agarose gel was used.

Immunoblot analysis
To confirm NIK and TRAF2 protein expression, we 
performed immunoblot analysis with anti-NIK rabbit 
polyclonal antibody (Santa Cruz) and anti-TRAF2 mouse 
monoclonal antibody (Santa Cruz). HepG2 cells were 
seeded in 6- well plates at a density of  0.4 × 106 cells per 
well. Cells were lysed with RIPA buffer containing 25 
mmol/L Tris-HCl (pH 7.4), 150 mmol/L KCl, 5 mmol/L 
EDTA, 10 mL/L Nonidet P-40 (NP-40), 5 g/L sodium 
deoxycholate, and 1 g/L SDS and centrifuged at 12 000 g 
for 10 min. The supernatants were separated by 12% SDS-
PAGE protein gel for immunoblot analysis.

Luciferase reporter assay
After seeded on 12-well plates, HepG2 cells were co-trans-
fected with appropriate DNA (Figure 5), 0.1 μg pNF-κB-

luciferase and 0.1 μg pCMV-β-galactosidase. After 48 h of  
transfection, cell extracts were prepared and luciferase re-
porter assay was performed using a luciferase assay system 
(Promega) as described by the manufacturer. The transfec-
tion efficiency was normalized by its galactosidase activity. 
The assay was triplicated and repeated at least twice.

RESULTS
Confirmation of PNHH infection with HBV
To confirm HBV infection to PNHHs, DNA was isolated 
during the RNA purification step with TRIzol reagent as 
instructed by the manufacturer. Infection was confirmed 
through PCR-based amplification specific only for cccD-
NA in nuclei of  the infected cells. Figure 1 shows that the 
amplified product appeared in HBV- infected cells, indicat-
ing that HBV did infect PNHHs and that the nucleocapsid 
was transported into nuclei of  the infected hepatocytes 
(Figure 1A). RT-PCR analysis of  the HBV transcripts am-
plified with primers specific for epsilon and polymerase 
regions as described in Materials and Methods confirmed 
the presence of  HBV RNA transcripts in the infected cells 
(Figure 1B). Real time PCR showed that HBV was not de-
tected until 6 d after infection (Figure 1C).

Amplifiled product

Moc
k i

nfe
cti

on

Hum
an

 H
BV

 in
fec

tio
n

23 130
9416
6557
4361
2322
2027

564

Co
nt

ro
l

Moc
k i

nfe
cti

on

Hum
an

 H
BV

 in
fec

tio
n

Amplifiled product

23 130
9416
6557
4361
2322
2027

564

A B

12

10

8

6

4

2

0

ND ND

2 d              4 d              6 d             8 d

Lo
g 

(H
BV

 V
G

E/
m

L)

C

Post infection

Figure 1  Confirmation of HBV infection for PNHHs using PCR for cccDNA 
formation and RT-PCR for production of transcripts. From PNHHs infected with 
HBV, RNA and DNA were extracted using TRIzol reagent as described in Materials 
and Methods. As a negative control, mock-infected PNHHs were used. A: With 
the extracted DNA, cccDNA was confirmed by a PCR analysis as described in 
Materials and Methods; B: With the extracted RNA, a transcript of HBV was 
confirmed by RT-PCR analysis as described in Materials and Methods; C: With the 
extracted RNA, a tanscript of HBV was confirmed by real-time PCR as previously 
described[19].
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Raw data analysis
The experiments were carried out in triplicate at the infec-
tion step for more certain identification of  genes differen-
tially expressed by HBV infection. From each of  the HBV 
infected cells for over 8 d, RNA was isolated and analyzed 
by microarray. As a result, three sets of  cDNA array im-
ages were obtained. We analyzed the intensity of  the raw 
image through scatterplot analyses. Figure 2A shows scat-
terplot analyses of  log (Cy3 signal × Cy5 signal) vs log2 
(Cy3 signal/Cy5 signal). This showed that each plot tended 
to divert from the general small curve (Figure 2A). But, 
each scatterplot analysis of  Log (Cy3 signal/Cy5 signal) vs 
Log (Cy5 signal) showed a curve closer to the exponential 
decay (Figure 2B). Therefore, the data were fitted to an ex-
ponential decay curve for Cy3 per Cy5 channel correction 
(Figure 2C). Through these steps, we obtained a higher 
confidence ratio of  the Cy3 signal compared to the Cy5 
signal for each chip. With the ratios obtained, we analyzed 
the correlation coefficient between the data of  the three 
chips. The correlation coefficient turned out to be more 
than 0.7 (Figure 3A), suggesting that the relationship be-
tween each chip was significant. The correlation coefficient 
for genes that were differentially expressed more than two 
folds was more than 0.95 (Figure 3B). Selected genes that 
were differentially expressed more than two folds, showed 
a high reproducibility among the triplicate microarray 

analyses.

Analysis of differentially regulated genes
Through a microarray analysis of  PNHHs infected with 
HBV, we obtained the profile of  45 genes that were down 
regulated more than two folds compared to the control. 
The 45 down-regulated genes were analyzed classified by 
function (Table 1). Table 1 shows that many transcription 
factors related to RNA polymerase II, were down-regu-
lated by HBV infection. In contrast, transcription factors 
such as C/EBP, which is used for transcription of  HBV 
genes[19,20], were not differentially expressed. That is, the 
C/EBP expression level was changed less than two folds. 

From the analysis by cDNA microarray, 53 up-regulat-
ed genes were identified by an increase of  more than two 
folds in their differential expression. Table 2 shows that 
growth- and tumor-related molecules comprised a propor-
tion of  the up-regulated genes. The positive effector genes 
for tumor and proliferation have found to be GDF11[21] 
and NOL1[22] and the negative effector genes EXTL3[23] 
and RAD50. The most interesting genes have found to 
be the TNF signaling pathway- related genes. LT-α is an 
inflammatory cytokine and induces the TNF signaling 
pathway as a ligand for TNF receptor (TNFR). LT-α binds 
to TNFR and recruits TRAF2. MAP3K14 (NF-κB induc-
ing kinase, NIK) binds to TRAF2 and activates NF-κB[24]. 

Figure 2  Scatter plot analysis. For normalization 
of the Cy3 (3D) and Cy5 channel signal (5D) 
channels, data obtained from the raw image 
scanning were plotted in a scatter plot using Excel 
software (Microsoft). A: The X-axis represents Log2 
(3D/5D) and the Y-axis Log2 (3D/5D); B: The X-axis 
represents Log (5D) and the Y-axis Log (3D/5D); 
C: The X-axis represents Log (5D) and the Y-axis 
Log (3D/5D) F, in which “F” is the function for 
normalization. The bottom panel shows data with 
signals fitted to an exponential decay curve.
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Table 1  Forty-five differentially down-regulated genes obtained and categorized by their function

Categoty UniGene Gene name Symbol Locus Function Control/
HBV infection

P -value

Transcription/
RNA Pol Ⅱ

Hs.442675 Thyroid hormone receptor 
interactor 8

TRIP8 10 Transcription co-activator of Pol Ⅱ 
promoter

3.469 0.030

Transcription Hs.57475 Sex comb on midleg homolog 1 SCMH1 1p34 Pol Ⅱ transcription 3.315 0.019
Transcription Hs.119014 Zinc finger protein 175 ZNF175 19q13.4 C2H2 zinc-finger protein 175 2.942 0.017
Transcription/
RNA Pol Ⅱ

Hs.437905 Spi-B transcription factor 
(Spi-1/PU.1 related)

SPIB 19q13.3-q13.4 RNA polymerase Ⅱ 
transcription factor

2.743 0.017

Transcription/
RNA Pol Ⅱ

Hs.148427 LIM homeobox protein 3 LHX3 9q34.3 RNA Pol 2 transcription factor and 
activate pituitary hormone genes

2.492 0.006

Signal Hs.17154 Dual-specificity tyrosine-(Y)-
phosphorylation regulated 
kinase 4

DYRK4 12p13.32 Dual-specificity protein kinase 4 3.938 0.005

Signal Hs.262886 Inositol polyphosphate-5-
phosphatase, 145kD

INPP5D 2q36-q37 Modulating cytokine signaling 
within the hemopoietic system

3.587 0.009

Signal Hs.75249 ADP-ribosylation factor-like 
6 interacting protein

ARL6IP 16p12-p11.2 Activator of phospholipase D 
(PLD)

2.801 0.010

Tumor/Suppress Hs.77793 c-src tyrosine kinase CSK 15q23-q25 Downregulate the tyrosine kinase 
activity of the c-src oncoprotein

3.377 0.021

Tumor/Induce Hs.89839 EphA1 EPHA1 7q34 Overexpression of EPH mRNA 
was found in a hepatoma

3.039 0.022

Tumor/Induce Hs.79070 V-myc avian myelocytomatosis 
viral oncogene homolog

MYC 8q24.12-q24.13 Promotes cell proliferation and 
transformation

2.357 0.011

Immune response Hs.118354 Human MHC Class I region 
proline rich protein mRNA

CAT56 6p21.32 Immune response 2.588 0.024

Miscellaneous Hs.180610 Splicing factor proline/
glutamine rich

SFPQ 1p34.3 Pre-mRNA splicing factor 
required for pre-mRNA splicing

10.471 0.006

Miscellaneous/
Cytoskeleton

Hs.75064 Tubulin-specific chaperone c TBCC 6pter-p12.1 Cofactor in the folding pathway 
of beta-tubulin

10.2 0.020

Miscellaneous Hs.438683 BCM-like membrane 
protein precursor

SBB142 1q23.1 BCM-like membrane 
protein precursor

3.751 0.004

Miscellaneous Hs.8203 Endomembrane protein 
emp70 precursor isolog

LOC56889 10q24.2 Low similarity to human 
endosomal protein P76

3.502 0.038

Miscellaneous Hs.311609 Nuclear RNA helicase, DECD 
variant of DEAD box family

DDXL 19p13.13 Member of the DEAD/H box ATP-
dependent RNA helicase family

2.868 0.026

Miscellaneous/
Energy

Hs.150922 BCS1 (yeast homolog)-like BCS1L 2q33 Function in the assembly of 
complex III of the respiratory chain

2.682 0.007

Miscellaneous Hs.6679 hHDC for homolog of 
Drosophila headcase

LOC51696 6q23-q24 hHDC for homolog of 
Drosophila headcase

2.611 0.020

Miscellaneous Hs.5300 Bladder cancer associated 
protein

BLCAP 20q11.2-q12 Appears to be down-regulated 
during bladder cancer progression

2.459 0.028

Miscellaneous Hs.179526 Upregulated by 
1, 25-dihydroxyvitamin D-3

VDUP1 1q21.2 Upregulated by 
1, 25-dihydroxyvitamin D-3

2.394 0.043

Miscellaneous Hs.440961 Calpastatin CAST 5q15-q21 Inhibitor of the cysteine (thiol) 
protease calpain

2.276 0.000

Miscellaneous Hs.275775 Selenoprotein P, plasma, 1 SEPP1 5q31 An oxidant defense in the 
extracellular space

2.186 0.007

EST Hs.371233 ESTs Xp22.3 Moderately similar to 
T08795 hypothetical protein 
DKFZp586J1822.1

7.826 0.025

EST Hs.229338 ESTs X 4.687 0.007
EST Hs.212957 ESTs 3q26.1 Moderately similar to 

ZN91_HUMAN ZINC FINGER 
PROTEIN 91

4.611 0.019

EST Hs.211823 ESTs 2q37.1 4.519 0.030

EST Hs.57836 ESTs 17 3.323 0.029

EST Hs.87912 ESTs 14q24.1 3.314 0.013

EST Hs.12429 ESTs FLJ22479 4q26-q27 Hypothetical protein FLJ22479 3.217 0.041
EST Hs.213586 ESTs 7 2.759 0.044

EST Hs.2755711 ESTs 22 Weakly similar to T20379 
hypothetical protein

2.723 0.019

EST Hs.191435 ESTs 8p23.1-p22 Weakly similar to S65657 alpha-1C-
adrenergic receptor splice form 2

2.638 0.023
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EST Hs.31293 ESTs 9p13.1 2.286 0.035

Predicted protein Hs.414464 Hypothetical protein HSD3.1 14q31.3 7.314 0.008



Table 2  Fifty-three differentially up-regulated genes obtained and categorized by their function

Categoty UniGene Gene name Symbol Locus Function Control/HBV 
infection

P -value

Signal Hs.82887 Protein phosphatase 1, regulatory 
(inhibitor) subunit 11

PPP1R11 6p21.3 Soluble protein phosphatase 
inhibitor(reppresor)

3.623 0.026

Signal Hs.437575 TNF receptor-associated factor 2 TRAF2 9q34 Required for activation of 
NFkappaB

3.23 0.026

Signal Hs.6527 G protein-coupled receptor 56 GPR56 16q13 Member of the G protein-coupled 
receptor family

2.817 0.009

Signal Hs.29203 Homo sapiens G protein beta 
subunit mRNA, partial cds

GBL 16p13.3 G protein-linked receptor protein 
for signalling pathway

2.76 0.009

Signal/
Cytoskeleton

Hs.2157 Wiskott-Aldrich syndrome WAS Xp11.4-p11.21 Involved in transduction of signals 
from receptors on the cell surface 
to the actin cytoskeleton

2.446 0.018

Signal Hs.440315 Mitogen-activated protein kinase 
kinase kinase 14

MAP3K14 17q21 Binds to TRAF2 and stimulates 
NF-kappaB activity

2.185 0.043

Tumor/
Induce

Hs.15243 Nucleolar protein 1 (120kD) NOL1 12p13.3 Transforms NIH3T3 cells when 
overexpressed

5.273 0.004

Tumor/
Supress

Hs.9018 Exostoses (multiple)-like 3 EXTL3 8p21 Tumor suppressor, 
glycosyltransferase activity

5.07 0.093

Tumor/
Supress

Hs.41587 RAD50 (S. cerevisiae) homolog RAD50 5q31 Associates with MRE11, nibrin 
(NBS1) and the tumor 
suppressor BRAC1

2.443 0.013

Growth/
Positive

Hs.511740 Growth differentiation factor 11 GDF11 12q13.13 Regulators of cell growth and 
differentiation in both 
embryonic and adult tissues

2.969 0.023

Cell cycle/
Negative

Hs.76364 Allograft inflammatory factor 1 AIF1 6p21.3 Involved in negative regulation 
of  growth of vascular smooth 
muscle cells

3.573 0.031

Cell cycle/
Positive

Hs.25313 Microspherule protein 1 MCRS1 12q13.12 Involved in cell-cycle-dependent 
stabilization of ICP22 in HSV1-
infected cells

3.273 0.044

Cell cycle/
Positive

Hs.371833 Nuclear receptor binding factor-2 NRBF-2 10 A possible gene activator 
protein interacting with 
nuclear hormone receptors

2.568 0.018

Cell cycle/
Positive

Hs.440606 Centrosomal protein 2 CEP2 20q11.22-q12 Regulate centriole-centriole 
cohesion during the cell cycle

2.422 0.022

Enzyme/
Glycosylation

Hs.4814 Mannosidase, alpha, class 1B, 
member 1

MAN1B1 9q34 N-linked glycosylation 3.097 0.008

Enzyme/
lysophospholipase

Hs.889 Charot-Leyden crystal protein CLC 19q13.1 Phospholipid metabolism 
and anti-pathogen

3.065 0.035

Enzyme/Protease Hs.75890 Site-1 protease MBTPS1 16q24 A sterol-regulated subtilisin-like 
serine protease

2.873 0.023
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Predicted protein Hs.181112 HSPC126 protein HSPC126 13q14.12 3.322 0.045
Predicted protein Hs.306711 KIAA1081 protein ELKS 12p13.3 3.122 0.036
Predicted protein Hs.101891 KIAA1193 protein KIAA1193 19p13.3 Weakly similar to RPB1_HUMAN 

DNA-directed RNA Pol II largest 
subunit

3.029 0.030

Predicted protein Hs.272759 KIAA1457 protein KIAA1457 12q24.31 2.98 0.020

Predicted protein Hs.172089 Homo sapiens mRNA; cDNA 
DKFZp586I2022

11q22.1 2.784 0.036

Predicted protein Hs.7049 Hypothetical protein FLJ11305 FLJ11305 13q34 2.65 0.028
Predicted protein Hs.445255 KIAA0368 protein KIAA0368 9q32 2.423 0.016
Predicted protein Hs.192190 KIAA0782 protein KIAA0782 11q13.3 2.332 0.009

Predicted protein Hs.169910 KIAA0173 gene product KIAA0173 2p24.3-p24.1 Similar to S72482 hypothetical 
protein

2.171 0.014

Predicted protein Hs.100914 Hypothetical protein FLJ10352 FLJ10352 18p11.21 6.239 0.006

Immune response Hs.2014 T cell receptor delta locus TRD@ 14q11.2 T-cell antigen receptor, 
delta polypeptide

3.69 0.023

Immune response Hs.465511 Granzyme M GZMM 19p13.3 Serine protease for anti-pathogen 
response

3.201 0.023



LT-α, TRAF2, and NIK were also up-regulated in the ex-
periment (Table 2). This means that HBV activates NF-κB 
through up-regulation of  LT-α, TRAF2, and NIK.

RT-PCR analysis and immunoblot assay of selected genes
According to the cDNA microarray data, three genes re-
lated to the TNF signaling pathway, LT-α, TRAF2, and 
NIK, were up-regulated. Upregulation of  these genes was 
confirmed by RT-PCR. For RT-PCR analysis, primer sets 

specific to LT-α, TRAF2, and NIK, were used and experi-
ments were performed in hepatoma-derived cell lines, 
including HepG2, Huh7, and Chang liver cells. As a result, 
the mRNA levels of  these three genes in each cell line 
were increased by pHBV1.2× transfection (Figure 4). In 
addition to RT-PCR, the expression of  NIK and TRAF2 
was confirmed at the protein level (Figure 5). The expres-
sion of  LT-α, was confirmed by immunofluorescence 
staining analysis (data not shown).

Transcription Hs.436871 Zinc finger protein 173 ZNF173 6p21.3 DNA/protein binding, 
transcriptional protein

3.411 0.002

Transcription Hs.108139 Zinc finger protein 212 ZNF212 7q36.1 DNA/protein binding, 
transcriptional protein

2.341 0.045

Apoptosis Hs.36 Lymphotoxin alpha LTA 6p21.3 A member of the tumor 
necrosis factor family

14.912 0.019

Miscellaneous Hs.434384 Titin TTN 2q31 Large myofilament protein 4.087 0.012

Miscellaneous Hs.58927 Nuclear VCP-like NVL 1q41-q42.2 Member of the AAA family 
of ATPases

4.005 0.035

Miscellaneous Hs.122552 G-2 and S-phase expressed 1 GTSE1 22q13.2-q13.3 Accumulates in late S/G2 phase, 
is phosphorylated in mitosis, 
and disappears in G1 phase

3.491 0.007

Misce l laneous/
Glycosylation

Hs.82921 Solute carrier family 35 (CMP-
sialic acid transporter), member 1

SLC35A1 6q15 Important for normal sialylation of 
glycoproteins and glycolipids

3.352 0.013

Miscellaneous Hs.410455 Unc119 (C.elegans) homolog UNC119 17q11.2 May function in photoreceptor 
neurotransmission

3.328 0.030

Miscellaneous Hs.55041 CGI-22 protein MRPL2 6p21.3 Unknown 3.052 0.01
Misce l laneous/
Cytoskeleton

Hs.74088 Bridging integrator-3 BIN3 8q21.2 Related to actin assembly-
competent state

2.677 0.018

Miscellaneous Hs.25237 Mesenchymal stem cell 
protein DSCD75

LOC51337 8q24.3 Moderately similar 
to uncharacterized 
Drosophila CG4666

2.615 0.042

EST Hs.95867 Homo sapiens EST00098 gene, 
last exon

EST00098 9q34.1 8.781 0.027

EST Hs.98785 ESTs KSP37 4p16 3.749 0.011
EST Hs.136912 ESTs MGC10796 3q13.13 3.435 0.003
EST Hs.101774 ESTs FLJ23045 20p11.23 3.387 0.032
EST Hs.420262 ESTs 13 3.355 0.022

EST Hs.124840 ESTs 11q13.1 3.114 0.021
EST Hs.272299 ESTs RP4-622L5 1p36.11-p34.2 3.008 0.034

EST Hs.415048 ESTs 5 2.891 0.025
EST Hs.531268 ESTs 16 2.889 0.013
EST Hs.273830 ESTs FLJ12742 1 2.739 0.020
EST Hs.190162 ESTs 1p32.3 2.708 0.021
EST Hs.303172 ESTs 18 2.578 0.04

EST Hs.59203 ESTs 7 2.437 0.022
EST Hs.231444 ESTs 1 2.343 0.005

Unknown 
sequence

Hs.284265 Homo sapiens pRGR1 mRNA, 
partial cds

6q27 2.966 0.043

Unknown 
sequence

Hs.291385 Homo sapiens clone 23664 
and 23905 mRNA sequence

4p14-p12 2.439 0.041

Predicted protein Hs.31718 Homo sapiens cDNA FLJ11034 
fis, clone PLACE1004258

VRL 17.359 0.000

Predicted protein Hs.61960 Hypothetical protein FLJ20040 16p13.3 9.166 0.002
Predicted protein Hs.274552 Homo sapiens cDNA FLJ10720 

fis, clone NT2RP3001116
FLJ10720 5 4.751 0.015

Predicted protein Hs.279761 HSPC134 protein HSPC134 14q11.2 3.501 0.038

Predicted protein Hs.283716 Hypothetical protein PRO1584 PRO1584 8p21.2 3.493 0.033
Predicted protein Hs.464526 Homo sapiens clone 23649 

and 23755 unknown 
mRNA, partial cds

18q11.2 3.198 0.032

Predicted protein Hs.274412 Homo sapiens cDNA FLJ10207 
fis, clone HEMBA1005475

UPF3A 17p11.2 3.076 0.012
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NF-κB activation through TRAF2, NIK mRNA up regulation
According to cDNA microarray and RT-PCR analysis, 
mRNA expression of  LT-α, TRAF2, and NIK was up-reg-
ulated by HBV. Since their expression was related to NF-
κB activation. HBV-mediated NF-κB activation might be 
involved in the up regulation of  these genes. To determine 
whether these genes actually are involved in HBV-mediat-
ed NF-κB activation, we performed a luciferase assay with 
a pNF-κB-luciferase vector as a reporter plasmid. To elu-
cidate whether HBV-mediated NF-κB activation is depen-
dent on TRAF2 and NIK of  three genes, we cotransfected 
pTRAF2 DN or pNIK DN, the dominant negative form 
of  pTRAF2 or pNIK, with pNF-κB-luciferase, pCMV 
β-galactosidase, and pHBV1.2× (Figure 6). The experi-
ment for LT-α was performed with anti- LT-α, to neu-
tralize LT-α. The pHBV1.2× produced about a 4.2 folds 
greater increase in NF-κB luciferase activity than pUC119. 
However, pHBV1.2× cotransfection with TRAF2 DN or 
NIK DN produced about a 3.5 or 1.2 fold relative increase 
(Figure 6) and treatment with anti- LT-α decreased the ra-
tio to less than 4.2 folds (data not shown). These findings 
led us to think that HBV could activate NF-κB and that 
this HBV-mediated NF-κB activation might require LT-α, 
TRAF2, and NIK. DC.

DISCUSSION
In this report, we focused on the interaction between 
HBV and hepatocytes during the initial stage of  infection. 
To mimic hepatocyte infection with HBV under in vivo 
conditions, we isolated PNHHs and infected them with 
HBV. We chose this method because cultured cell lines 

such as HepG2 are seldom infected with HBV[25,26], 
and transformed cultured cells have many physiological 
properties that are altered in the original state of  
hepatocytes[27,28]. In this experiment, the same hepatocytes 
were used as a control. Since they are produced under 
identical conditions, a pair of  samples of  the same genetic 
background could be obtained. With these samples, we 
were able to analyze differentially expressed genes. As 
a result, we obtained gene expression profiles and 98 
consistently differentially expressed genes were identified 
by gene expression profiles. Of  these genes, 53 were 
up-regulated and 45 down-regulated. It was reported 
that there are no genes uniformly correlated with HBV 
DNA profile during the initial host response to HBV 
infection[29]. However, because this study was performed 
on chimpanzees, there are some considerations in making 
a comparision between this study with our report. Our 
report analyzed the effect of  HBV on PNHHs at cellular 
level without any other cell types, including immunocytes. 
So the influence of  immunocytes was not included in this 
analysis. In addition, the difference in human beings and 
chimpanzees needs to be taken into consideration.

The results of  our study showed that a proportion of  
the down-regulated genes was transcription factor-related 
genes and a proportion of  the up-regulated genes was 
TNF signaling pathway-related genes. Down regulation of  
transcription factors may be helpful for the transcription 
of  the HBV gene because the transcripts of  the host cell 
can be repressed and the transcriptional machinery can be 
efficiently used for viral transcription. C/EBP, which is in-
volved in viral genome transcription[19,20], had no substan-
tial differential expression in this experiment. In addition 
to down regulation of  transcription factor for virus tran-
scription, up regulation of  cell proliferation-related genes 
may help viral replication. Of  the up-regulated genes, 
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LT-α, TRAF2, and NIK may induce cell proliferation via 
NF-κB activation.

In fact, LT-α is mainly related to the signal cascade 
for apoptosis and generally involves the host defense sys-
tem[30]. However LT-α is also related to cell proliferation. 
Usually, TNF signaling including LT-α, can induce apopto-
sis and proliferation[31]. TNF signaling by LT-α has a signal 
cascade from TNFR to TRADD. In the case of  apoptosis, 
TRADD-FADD interaction is needed to activate caspase 
8[31]. In the case of  proliferation, TRADD-TRAF2 interac-
tion induces activation of  NF-κB, a proliferation-inducing 
transcription factor[31]. After TRAF2 binds to TRADD, 
NIK binds to TRAF2 and activates NF-κB through IKK 
activation and IκB-α degradation[24,32-34]. In cDNA micro-
array data, among genes related to the two opposite ef-
fects initiated by LT-α, proliferation-related genes are up-
regulated. FADD is not differentially altered by more than 
two folds. Therefore, HBV infection may strengthen the 
TNF signaling pathway to cell proliferation through the 
induction of  gene expression. 

In conclusion, HBV induces NF-κB activation by up-
regulating LT-α, TRAF2, and NIK, and cell proliferation 
by activating NF-κB.
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Abstract 
AIM: To pharmacologically modulate Th polarization 
in the ileum exposed to ionizing radiation by using the 
immuno-modulatory/apoptotic properties of Caffeic Acid 
Phenethyl Ester (CAPE).

METHODS: Rats received CAPE (30 mg/kg) treatment ip 
15 min prior to intestinal 10 Gy γ-irradiation and once a 
day for a 6 d period after irradiation. Expression of genes 
implicated in Th differentiation in ileal mucosa (IL-23/IL-
12Rβ2), Th cytokine responses (IFN-γ, IL-2, IL-4, IL-13), 
Th migratory behaviour (CXCR3, CCR5, CCR4), Th sig-
nalling suppressors (SOCS1, SOCS3), transcription factor 
(T-Bet, GATA-3) and apoptosis (FasL/Fas, TNF/TNFR, 
XIAP, Bax, caspase-3) was analyzed by RT-PCR 6 h and 
7 d post-irradiation. CD4+ and TUNEL positive cells were 
visualized by immunostaining. 

RESULTS: The expression of Th1-related cytokine/
chemokine receptors (IFN-γ, IL-2, CXCR3, CCR5) was 
repressed at 7 d post-irradiation while Th2 cell cytokine/
chemokines (IL-4, IL-13, CCR4) were not repressed or 
even upregulated. The irradiation-induced Th2 profile 
was confirmed by the upregulation of both Th2-specific 
transcription factor GATA-3 and SOCS3. Although an 
apoptosis event occurred 6 h after 10 Gy of intestinal 
γ-irradiation, apoptotic mediator analysis showed a ten-
dency to apoptotic resistance 7 d post-irradiation. CAPE 
amplified apoptotic events at 6h and normalized Bax/ 
FasL expressions at 7 d. 

CONCLUSION: CAPE prevented the ileal Th2 immune 
response by modulating the irradiation-influenced cy-
tokine environment and apoptosis.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Radiation-induced acute enteritis is the major dose-
limiting complication in the radiotherapy for cancers in the 
abdominal region[1]. Irradiation injuries involve cytokine 
pathways[2] that trigger an inflammatory process causing 
clinical symptoms (diarrhea, dismotility). The immune-
mediated pathologic development is the consequence 
of  sustained local cytokine production. In particular, the 
modification of  the CD4+ helper T (Th) cell polarization 
induced by abdominal irradiation has not been investigated 
and these cells may play a primary role in irradiation injury. 
Crohn’s disease and TNBS-induced colitis are both Th1-
like forms of  gut inflammation[3] whereas infection with 
Schistosoma is associated with a Th2 immune response[4].
    Activated CD4+ Th cells have been divided into at 
least two major exclusive T cell subsets according to their 
cytokine profile. The cytokine environment has been pro-
posed as the major variable influencing Th development[5]. 
In the presence of  IL-12, activated Th cells differentiate 
into Th1 cells, secreting predominantly IFN-γ and IL-2 
which promote delayed-type hypersensitivity responses 
and pro-inflammatory responses. In contrast, the Th cells 
that are activated in the presence of  IL-4 differentiate into 
Th2 cells, producing mainly IL-4 and IL-13 and promote 
humoral and allergic responses[6]. In addition, IL-4 inhibits 
the expression of  the β2 subunit of  the IL-12 receptor, 
thereby preventing a Th1-type response, whereas IFN-γ 
stimulates it[7]. Thus, IL-12Rβ2 expression is preferentially 
found in Th1 cells and maintains responsiveness to IL-12, 
whereas Th2 cell development is accompanied by a loss 
of  this receptor subunit. Th1 and Th2 cells were originally 
distinguished from each other by their partially specific 
profile of  cytokine expression. Analysis of  such in vivo 
polarized Th cells has revealed differential sets of  gene ex-
pression, including specific chemokine/chemokine recep-
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tors. Typically, Th1 cells migrate to inflammatory sites in 
response to CXCR3 and CCR5 ligands[8]. Likewise, CCR4 
is preferentially expressed on Th2 cells. The restricted 
expression of  cytokines by polarized Th cells arises from 
a differential expression of  transcription factors. T-Bet, 
expressed specifically in Th1, mediates IFN-γ production 
and GATA-binding protein 3 (GATA-3) plays a pivotal 
role in Th2 phenotype development and in Th1 phenotype 
inhibition[9]. However, recent studies have shown that cy-
tokine signalling is under a negative feedback regulation by 
proteins called suppressors of  cytokine signalling (SOCS). 
Thus, the differentiation toward the Th1 or Th2 pathway 
may be mediated in part by the selective repression of  
IL-12 or IL-4 signalling pathways[10].
    Inhibition of  pro-inflammatory molecules provides 
a logical therapeutic option for patients with abnormal 
immune cell activation[11]. This concept should be re-
evaluated in light of  evidence that immune activation is 
also regulated by apoptosis. Because programmed cell 
death controls the life span of  cells, an apoptosis defect 
could result in an inappropriately long cell survival and a 
state of  uncontrolled inflammation leading to chronic and 
autoimmune diseases[12]. This may be the case in Crohn 
disease, where abnormal mucosal T cell reactivity is well 
documented[11]. Medical or accidental exposure to radiation 
could lead to an impairment of  specific immune respon-
siveness by apoptotic death of  resting lymphocytes. The 
transcription factor NF-κB is a key regulator of  genes im-
plicated in the immune/inflammatory response[13]. Recent-
ly, we have shown that abdominal irradiation induced an 
inflammatory process involving NF-κB activation[3]. NF-
κB also regulates the expression of  many genes involved in 
the control of  cell proliferation and cell death via extrinsic 
factors [TNF-α, Fas Ligand (FasL), IL-2], specific recep-
tors [TNF and Fas receptors (TNFR, Fas)] and intrinsic 
mediators (XIAP, Bax)[14]. Targeting of  inducible extrinsic 
factors has been proposed as a method for constraining 
immune responses by selectively killing activated T cells or 
inhibiting differentiation[15].
    The modulation of  NF-κB action by specific drugs is 
primarily based on cytokine synthesis. However, little is 
known about the effects of  these drugs on Th1 or Th2-
derived cytokine production patterns, on their specific 
transcription factors (T-Bet, GATA-3) and on chemokine 
receptors CXCR3/CCR5 (on Th1 cells) or CCR4 (on 
Th2 cells). Here, using abdominal γ-irradiation where 
both type-1 and type-2 cells can be activated, the pattern 
of  gene expression was analysed in the ileum mucosa. To 
test the hypothesis that defective apoptosis is involved in 
inflammation process[16] and orients the immune response 
following irradiation, we used the apoptotic and immune 
regulation properties of  Caffeic Acid Phenethyl Ester 
(CAPE), an active phenolic compound inhibitor of  NF-
κB[17] to modulate the irradiation-influenced cytokine en-
vironment and the Th polarization at the dose previously 
used[18]. This study was performed at 6 h post-irradiation 
where apoptotic events occurred, and at one week (d 7) 
corresponding to the restoration of  the intestinal morpho-
logical structure.

MATERIALS AND METHODS
Animals and treatment
Male Wistar rats (Elevage Janvier, France), weighing 
200-250 g, were housed with ad libitum food and water. 
All experiments were conducted in accordance with the 
French regulations for animal experimentation (Ministry 
of  Agriculture Order No. 87-848, October 19, 1987). 
Anesthetized rats received a single abdominal dose of  
10 Gy γ-irradiation (60Co source). Control rats were 
sham-irradiated. Rats were divided into four groups (n 
= 6): controls, controls treated with CAPE, irradiated 
untreated, and irradiated CAPE treated. Rats were injected 
intraperitoneally with CAPE (30 mg/kg in saline containing 
200 g/L Tween 80) 10 min before irradiation and once 
a day for 6 d[18]. The animals were sacrificed and the ileal 
tissues were dissected at 6 h and 7 d after exposure. Entire 
ileum specimens were taken for immunostaining and only 
mucosa layers, separated from the muscularis by scraping, 
were kept at -80℃ for protein extraction and RT-PCR.

Immunostaining 
Ileal tissue samples were washed in PBS and then fixed in 
40 g/L buffered formaldehyde solution. After dehydration, 
specimens were embedded in paraffin and sectioned (5 µm). 
CD4+ detection: Immunohistochemistry was performed 
to assess the presence of  CD4 phenotype cells. Briefly, 
deparaffinized and rehydrated tissue sections were treated 
with 3 mL/L hydrogen peroxide in methanol to inhibit the 
endogenous peroxidase activity. Sections were incubated 
in protein blocking serum (Dako, USA) before treatment 
for 90 min at room temperature with the monoclonal anti-
CD4 antibody (ab6413; 1/100 dilution, Abcam). Slides 
were then rinsed in 50 mmol/L Tris/HCl, 3 g/L NaCl and 
1g/L Tween-20. The secondary reagent was the Vector 
Elite ABC kit (Dako).
Apoptotic cell detection: Apoptotic cells were visualized 
by the terminal deoxynucleotidyltransferase (TdT)-
mediated dUTP-biotin nick-end labelling assay (TUNEL) 
using the In Situ Cell Death Detection kit (Roche Molecular 
Biochemicals, France) according to the manufacturer’
s instructions. Briefly, deparaffinized and rehydrated 
ileum tissue sections were incubated in proteinase K (20 
mg/L in 10 mmol/L Tris-HCl, pH 7.6) for 10 min at 
37℃. Endogenous peroxidase activity was quenched with 
blocking solution (3 g/L H2O2 in methanol). Sections were 
exposed to the TUNEL reaction mixture at 37℃ for 1 h. 
After washing in PBS buffer, POD (peroxidase) was added 
and allowed to react for 30 min at 37℃. For both staining 
methods, the slides were treated with a NovaRED™ kit 
(Vector Laboratories Inc, Burlingame, CA) for colour 
development and counterstained with Meyer’s hemalum.

Caspase-3 activity assay
Mucosal protein extracts were prepared by a Dounce 
homogenization protocol from 50 mg of  tissue in 
a hypotonic buffer (25 mmol/L HEPES, pH 7.5, 5 
mmol/L MgCl2, 1 mmol/L EGTA, 1 mmol/L PMSF, 5 
mg/L aprotinin and leupeptin). After centrifugation of  
the homogenates, the supernatants were collected. Five 
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hundred µg of  extracted protein was incubated with 100 
µmol/L of  the synthetic substrate Ac-DEVD-pNA in 
500 µl of  25 mmol/L HEPES (pH 7.5) containing 200 
ml/L glycerol and protease inhibitors. After 20 min of  
reaction at 37℃, the caspase-3-like activity was assayed by 
measuring the absorbance at 405 nm. 

Quantitative real-time RT-PCR
Real-time quantitative RT-PCR was used to measure 
the expression of  Th1 (IL-23, IL-12Rβ2, IFN-γ, IL-2, 
CXCR3, CCR5, T-Bet and SOCS1) or Th2-derived genes 
(IL-4, IL-13, CCR4, GATA-3, SOCS3), the cytokine 
TNF-α and its specific receptors (TNFR1, TNFR2), 
cytotoxic mediators (Fas/FasLigand, CTLA-4) and 
apoptotic genes (Bax, XIAP, caspase-3). Total RNA was 
prepared with the RNeasy total RNA isolation kit (Qiagen, 
France) according to the manufacturer’s instructions. RNA 
integrity was confirmed by electrophoresis on a denaturing 
agarose gel and ethidium bromide staining. One µg of  
total RNA was reverse transcribed with SuperScript Ⅱ 
reverse transcriptase (Invitrogen, France) using random 
hexamers. IL-4 and IL-13 primers from the manufacturer 
were used to amplify first-strand cDNA with TaqMan 
technology (Applied Biosystems). PCR amplification of  
the other genes used SYBR PCR master Mix. The primer 
sequences (Table 1) have been designed by Primer Express 
software (Applied Biosystems). Optimized PCR used 
the ABI Prism 7000 Sequence detection system (Applied 
Biosystems). PCR fluorescent signals were normalized to 
the signal obtained from the housekeeping gene HPRT for 
each sample.

Immunoblot analysis
Total proteins were obtained by homogenization of  ileal 
samples in a cold RIPA buffer containing classical protease-
inhibitor cocktail. Total proteins (40 µg) were boiled in 
SDS and mercaptoethanol buffer; then separated on a 
120 g/L polyacrylamide gel (NuPAGE gels; Invitrogen, 
France) and electroblotted. Polyvinylidendifluoride 

membranes were incubated with a blocking solution 
(50 g/L skim milk in TPBS containing 1 mL/L Tween 
20), washed with TPBS and incubated with rabbit 
polyclonal primary antibody directed against T-Bet for 
1h at RT (dilution 1/200; Santa Cruz) or goat polyclonal 
GATA-3 overnight (dilution 1/100; Santa Cruz). After 
washing, immunodetection was performed with the 
respective horseradish-linked secondary antibody (1/2000; 
Amersham). Chemiluminescence was detected according 
to manufacturer’s protocol (ECL, Amersham Biosciences). 

Result expression and statistical analysis
We used the comparative ∆∆CT-method[19] for relative 
mRNA quantification of  target genes, normalized to 
an endogenous reference (HPRT) and a relevant non-
irradiated control, equal to 2-∆∆CT. ∆∆CT is the difference 
between the mean ∆CT (irradiated sample) and mean ∆CT (non-

irradiated sample), where ∆CT is the difference between the 
mean CT(genes) and the mean CT(HPRT). Each sample was 
monitored for fluorescent dyes, and signals were regarded 
as significant if  the fluorescence intensity significantly 
exceeded (10-fold) the standard deviation of  the baseline 
fluorescence, defined as threshold cycles (CT). 
    All data are expressed as the mean ± SD error of  the 

Table 1  Sequences of custom primers for real-time quantitative PCR

Gene Forward primer Reverse primer

   Th1 cytokines/receptors
IFN-γ CACGCCGCGTCTTGGT TCTAGGCTTTCAATGAGTGTGCC
IL-2 ATTTTCCAGGCACTGAAGATGTTT   CCCCATGATGCTCACGTTTA
IL-23 GCGTTCTCTTCTCCGTTCCA TGCTCCGTGGGCAAAGAC
IL-12Rβ2 GGCTGCATCCTCCATTACAGA CTGCTTATTGGATGTGAGTTTTG
   Transcription factors
T-Bet TCCTGTCTCCAGCCGTTTCT CGCTCACTGCTCGGAACTCT
GATA-3 GGCGGCGAGATGGTACTG TCTGCCCATTCATTTTATGGTAGA
   Chemokine receptors
CXCR3 AGGTCAGTGAACGTCAAGTGCTAG CAAAAAGAGGAGGCTGTAGAGGA
CCR5 CGGAACTTCTCCCCAACAAA CTTTCTCTTCTGGACTCCCTACAACA
CCR4 GCCTCCAAGACAGACTTCCTTG AGCGTTCGGTTCTAGTTTCCAC
   Apoptotic Extrinsic factor/receptors
TNF-α CATCTTCTCAAAATTCGAGTGACAA TGGGAGTAGACAAGGTACAACCC
TNFR1 TGCCACGCAGGATTCTTTCTAAG TGGGGGTTTGTGACATTTGC
TNFR2 CCCATCATTGAACCAAGCATCAC AAGCAGGTCGCCAGTCCTAACATC
Fas CGAATGCAAGGGACTGATAGC TTCTGAGCAGTTGTTGTCGGTTT
FasL AAGGCGGCCTTGTGATCA TTGCAAGACTGACCCCGG
CTLA-4 GTGGAACTCATGTACCCACCG GCATGGTTCTGGATCGATGAC
   Apoptotic Intrinsic factors
XIAP GGTGCAAGAAGCTATACGAATGG AGTTGCTCCCAGATGTTTGGAG
Bax GCTGACCTTGGAGCAGCC ATGTTGTTGTCCAGTTCATCGC
Caspase-3 TGCGCCATGCTGAAACTG CCTTCCGGTTAACACGAGTGA
   Suppressors of Cytokine Signalling Proteins
SOCS1 ACACTCACTTCCGCACCTTC AGCAGCTCGAAAAGGCAGTC
SOCS3 CCTCCAGCATCTTTGTC-GGAAGAC TACTGGTCCAGGAACTCCCGAATG
   Housekeeping
HPRT GCTCGAGATGTCATGAAGGAGA TCAGCGCTTTAATGTAATCCAGC
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mean (SEM) for 6 animals. Comparisons between groups 
used Mann-Whitney test for non-paired data. 

RESULTS
Effect of CAPE on the irradiation-modified mucosal 
cytokine environment 
Activation and polarization of  CD4+ Th cells was 
dependent on local dominant factors that control 
differentiation. IL-12 is a critical cytokine for polarizing 
naïve CD4+ T cells towards a Th1 dominance[7]. Moreover, 
the T-cell responsiveness to this mediator depends on 
expression of  the inducible IL-12Rβ2 subunit of  the 
IL-12 receptor[20]. IL-12Rβ2 is preferentially expressed by 
Th1 cells and is lost with Th2 cell development. From the 
analysis of  IL-23 expression, the IL-12p40 form appears 
to be a key step in Th1 pathogenesis[21], since irradiation 
repressed it (P < 0.01) and it fell to below the levels of  IL-
12Rβ2 at d 7 (P < 0.01) (Figure 1). Significant evidence 
exists for a relationship between IFN-γ expression 
and IL-23/IL-12R signalling since Th1 commitment is 
enhanced by IFN-γ[22]. Accordingly, the irradiation-induced 
down-regulation of  IL-23/IL-12Rβ2 (-50% and -80%) was 
correlated with a drastically low level of  IFN-γ expression 
(95% decrease, P < 0.01) at 7 d. These results suggest that 
irradiation did not induce the expression of  a Th1 pattern 
of  cytokines. In addition, the low IL-2 expression, the 
other Th1 cytokine representing one of  the major growth 
factors for the expansion of  activated T cells, observed 7 d 
after irradiation supports this hypothesis. Although CAPE 
did not significantly restore the radiation-induced decrease 
in IL-12Rβ2 expression, IFN-γ and IL-23 expression 
tended to return to normality and the IL-2 mRNA level 
was 1.5-fold increased as compared to controls. 
    To address the induction mechanism of  Th2 dominance 
by irradiation, we examined the IL-4 and IL-13 mRNA 

levels. As shown in Figure 1, irradiation only repressed 
IL-4 expression (-75%) soon after irradiation (6 h) but 
had no significant effect at 7 d on either IL-4 or IL-13 
expression. CAPE did not influence IL-4 and IL-13 
mRNA levels. 
    The presence of  CD4+ T cells in the lamina propria 
was confirmed by immunostaining. The CD4+ T cell 
numbers were not modified at 6 h and 7 d post- irradiation 
compared to the control (Figure 1). CAPE did not 
influence the cell frequency.

Polarization of CD4+ T lymphocytes in ileal tissue following 
irradiation
To characterize the Th cell polarization, we exploited the 
fact that activated Th cells acquire and maintain at high 
levels a specific pattern of  chemokine receptors: CXCR3/
CCR5 present on Th1 or CCR4 on Th2. Irradiation 
modified the chemokine receptor profile. There was a 70% 
fall (P < 0.01) in CXCR3 levels at 6 h post-irradiation and 
a tendency for decline in CCR5, whereas CCR4 mRNA 
was about 2.5-fold (P < 0.05) up-regulated at both time-
points after irradiation (Figure 2). CAPE significantly 
counter-balanced the CXCR3 mRNA repression (P < 0.05) 
and the CCR4 mRNA induction (P < 0.01) at d 7.
    The transcription factor T-Bet is selectively expressed 
in Th1 cells whereas GATA-3 is selectively expressed in 
Th2 cells. Expression of  these genes is rapidly induced 
in primary T cells triggering the Th1 or Th2 pathway[23]. 
Our data showed that irradiation induced an early (6 h) 
significant decrease of  T-Bet expression, followed by an 
accentuation of  decline down to 20% of  the control level 
at d 7 (P < 0.005). In contrast, GATA-3 was significantly 
up-regulated at 7 d (P < 0.01, Figure 3). Because T-Bet 
is reported to represent Th1 immune responses and 
GATA-3 those of  Th2, it has been suggested that the 
ratio of  expression of  these transcription factor could 

Figure 1  Th1/Th2-like pattern of gene expression 
in the ileal mucosal layer after γ-irradiation in 
rats. ( ): CAPE-untreated, ( ): CAPE-treated 
and CD4+ immunostaining in control (C), 6 h and 
7 d (D7) after irradiation (D (x 20) (mean ± SEM, 
n = 6); aP < 0.05, bP < 0.01 vs control; cP < 0.05, 
dP < 0.001 vs untreated.m
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be used to reflect the Th1 or Th2 status in mixed cell 
populations [24]. The increase in GATA-3 expression 
was greater than for T-Bet, which was reflected by the 
T-Bet/GATA-3 ratio with a 2-fold decrease at d 7 (P < 
0.01). These data confirm that irradiation causes a shift 
toward Th2 polarization. CAPE significantly reduced 
(P < 0.05) the radiation-induced T-Bet repression and 
GATA-3 was totally down-regulated at d 7 normalizing the 
T-bet/GATA-3 ratio. Western blot analysis confirmed the 
increased T-Bet/GATA-3 ratio where the T-Bet protein 
level reduction detected 7 d post-irradiation was removed 
after CAPE treatment (Figure 3).

Polarization of CD4+ regulated by SOCS proteins
Endogenous feedback regulators of  cytokine activities 
such as SOCS proteins regulate the amplitude and duration 
of  the polarization influenced by T-Bet or GATA-3[10]. 
Since Th1 cells predominantly express SOCS1 while Th2 
express high levels of  SOCS3, we have hypothesized 
that SOCS genes might contribute to the establishment 
of  a stable Th1 or Th2 phenotype. The analysis of  the 
SOCS expression revealed a drastic reduction of  SOCS1 
mRNAs at d 7, whereas SOCS3 mRNAs were significantly 
up-regulated at 6 h with a high level maintained (2-fold, 
P < 0.05) for one week (Figure 4). The functional 
consequences of  a high level of  SOCS3 expression and a 
relatively low abundance of  SOCS1 may drive the majority 
of  CD4+ toward a Th2 pattern of  cytokine expression. 
CAPE limited the irradiation effect on SOCS1, with a 
restoration to half  the level of  that of  the controls at 7 d (P 
< 0.05), but had no effect on SOCS3 expression. 

Early administration of CAPE modified apoptotic events in 
irradiated rats
Since the decision as to whether T cells survive or undergo 
apoptosis is of  particular importance for adaptive immune 
responses[14], we examined the expression of  genes associ-
ated with the regulation of  apoptosis, in the mucosa after 
irradiation. Real-time PCR was used to quantify mRNA 
levels of  extrinsic factors (TNF-α, FasL, CTLA-4), spe-
cific receptors (TNFRs, Fas) and intrinsic mediators (XIAP, 
Bax, caspase-3). Irradiation led to an over-expression of  
TNF-α (20-fold at 6 h, P < 0.001), which correlated with 
a significant increase in TNF receptor (R1, R2) mRNAs 
(Figure 5). These over-expressions remained significant 
at d 7. It has been demonstrated that CAPE has anti-
inflammatory and apoptotic properties[3,17]. Accordingly, 
CAPE significantly reduced TNF-α up-regulation at 7 d 
post-irradiation and led to a dual effect on TNFR2 expres-
sion with an early (6 h) amplification of  expression and, in 
contrast, a reduction of  the irradiation effect at 7 d. 
    The engagement of  the death receptor Fas by FasL 
plays an important role in apoptotic events. Our data 
have shown that irradiation has a biphasic effect with a 
significant increase of  Fas and FasL mRNA levels at 6 h 
and a significant FasL repression at d 7 (P < 0.05). CAPE 
over-expressed Fas/FasL at 6 h with a persistent effect 
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on FasL mRNA level at d 7 (Figure 5). In association 
with Fas/FasL, CTLA-4 engagement could potentiate 
the elimination of  pathogenic T cells [24]. Irradiation 
significantly down-regulated CTLA-4 at d 7 (90% decrease 
compared to controls, P < 0.01), which was not modified 
by CAPE (Figure 5). These results suggest that an absence 
of  cytotoxic mediators occurs at 7 d post-irradiation that is 
minimized by CAPE-induced FasL normalization.
    The modulation of  the members of  the IAP (apoptosis 
inhibitors) family, such as the anti-apoptotic protein XIAP 
or the pro-apoptotic protein Bax, regulates apoptosis. No 
significant change in XIAP mRNA was observed at 6 h 
whereas Bax expression rose at 6 h then progressively 
decreased at 7 d leading to a 70% reduction (P < 0.01) 
(Figure 6). The apoptotic event was confirmed at 6 h 
by an increase in caspase-3 activity that contrasted with 
the normal activity found at 7 d; caspase-3 expression 
remained invariant. CAPE reduced the XIAP expression 
and over-expressed Bax as compared to irradiated rats at 
7 d (P < 0.01), resulting in a significant caspase-3 activity 
increase (P < 0.01). 
    The irradiation-induced apoptosis events at 6 h were 
confirmed by TUNEL assay (Figure 6A-E). TUNEL+ 
cells were sparse in the lamina propria of  controls, and 
were only located at the top of  the villi. Six hours post-
irradiation, the number of  apoptotic cells was considerably 
increased and localized in the crypts and the bottom of  the 
villi compared to controls. Some apoptotic cells appeared 
in the lamina propria. The irradiation-induced apoptotic 
effect was amplified in the crypts and the bottom by 
CAPE at 6 h but not at d 7, as compared to controls. 

DISCUSSION
In this study, we investigated whether targeting defective 
mucosal cell death underlies the sustained therapeutic ben-
efit of  CAPE by orienting the immune response induced 
by irradiation. The results show firstly that irradiation led 
to an earlier apoptotic process, which progressively result-
ed in an apoptotic resistance and secondly, that irradiation 
oriented the immune response to a predominance of  Th2 
type polarization. Overall, the emerging picture is that, 
in the non-inflamed gut, the T cells manifest increased 
spontaneous apoptosis mediated by the Fas pathway that 

limited expansion of  T cells. By contrast, in the inflamed 
tissue, resident T cells are relatively resistant to apoptosis. 
Thus, they exhibit an enhanced cytokine production be-
cause of  prolonged survival, which significantly aggravates 
the inflammation. The functional importance of  T cell 
apoptosis resistance has been emphasized by recent studies 
in animal models of  IBD showing that IL-12 and TNF-α 
antibodies appear to suppress chronic intestinal inflamma-
tion by the induction of  T cell apoptosis[25]. The regulation 
of  T cell activation by immunosuppressive drugs is known 
to be relevant in the treatment of  inflammatory disorders. 
Medical or accidental exposure to radiation leads to an 
inflammatory process[2]. Currently, the purpose of  using 
NF-κB inhibitors as an adjuvant for cancer treatment is to 
increase the therapeutic index of  radiotherapy and chemo-
therapy[26,27]. The success of  this approach relies both on 
its ability to promote cancerous cell killing by irradiation 
and to spare normal cells from enhanced damage. By ana-
lysing the immunomodulatory and apoptotic properties[17], 
we have shown that CAPE shifts from the radiation-
induced Th2-like pattern of  gene expression toward Th1 
gene expression by an apoptotic sensitization.
    Irradiation led to the repression of  genes involved in 
4 key features of  Th1 cell differentiation: genes involved 
in Th1 differentiation (IL-12, IL-12Rβ2), genes associ-
ated with Th1 cytokine responses (IFN-γ, IL-2), genes 
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regulating cell death and apoptosis (Fas/FasL, CTLA-4) 
and genes controlling Th1 migratory behaviour (CXCR3, 
CCR5). Simultaneous to the down-regulation of  Th1-
associated chemokine receptors, the transcription fac-
tor T-Bet was moderately expressed while GATA-3 was 
up-regulated. Transcription factors such as T-Bet and 
GATA-3 play a critical role in the initiation of  primary im-
mune responses and skewing the response toward the Th1 
or Th2 pathway[23]. The duration of  the response depends 
on the coordination of  lymphocyte responses. These as-
pects of  the adaptive immune response are regulated by 
endogenous feedback regulators of  cytokine activities[10]. 
Thus, SOCS proteins are differentially expressed: Th1 cells 
predominantly express SOCS1 whereas Th2 cells express 
very high levels of  SOCS3. The restricted pattern of  ex-
pression in Th1 and Th2 cells underscores the importance 
of  SOCS members in Th cell subtypes. A preferential up-
regulation of  SOCS1 expression in Th1 but not Th2 after 
IL-12 stimulation argues for a role of  cytokine signalling 
in SOCS regulation[10,22]. In our study, we found a differ-
ential expression of  SOCS at 7 d post-irradiation with a 
repression of  SOCS1 and an overexpression of  SOCS3. 
The functional consequence of  SOCS3 expression may 
be to drive the majority of  CD4+ toward a Th2 pattern of  
cytokine expression at this time. However, cytokines can 
override the effects of  SOCS3 during Th differentiation. 
In fact, a major effect of  IL-12 signalling in non-polarized 
Th cells is to down-regulate SOCS3 expression in cells 
committed to the Th1 lineage. In this way, Th1 differentia-
tion requires IL-12/IL-12Rβ2 signalling[28] and SOCS1[24], 
and the drastic repression of  IL-23, closely related to 
IL-12, that occurred at 7 d post-irradiation reduces the 
possibility of  a Th1 lineage. In addition, IL-12/IL-12Rβ2 
signalling supports high IFN-γ production and IFN signal-
ling to down-regulate IL-4 and prevent Th2 dominance[29]. 
In this way, although IL-4 expression induced by irradia-
tion was not elevated, the protection of  Th1 dominance 
after irradiation could not maintained by the mere fact of  
the IFN-γ repression at d 7. Szabo et al[7] have shown that 
when IFN-γ production is limited, a low IL-4 production 
in early responses may critically inhibit IL-12Rβ2 expres-

sion with a significant effect on the development of  a 
Th1/Th2 shift. In fact, only low IL-4 level is required in 
the complete absence of  extrinsic Th1 signals (e.g: IL-12) 
to generate Th2 CD4+. These results showed the same 
prevalence of  an irradiation-induced Th2 response in the 
lung. In fact, enhanced lymphocyte reactivity, dominated 
by Th2 cells, has been shown in radiation-induced pneu-
monitis and subsequent pulmonary fibrosis, suggesting a 
critical role for Th2 CD4+[30].
    TUNEL staining has revealed an increase of  apoptotic 
cells observed at the top of  the villi and in the crypts. 
Some apoptotic cells appeared after irradiation in the lam-
ina propria which is formed from a majority of  immune 
cells. In fact, a differential sensitivity of  lymphocyte sub-
populations to irradiation-induced apoptosis has been re-
ported; in particular, CD4+ T cells are relatively radioresist-
ant[31]. In this work, CD4+ immunostaining confirmed their 
presence after irradiation. TUNEL positive cells increased 
at 6 h confirming the radiosensitization effect of  CAPE 
but without real modification of  the number of  CD4+ 

cells. In this study and in accordance with other findings[27], 
the earliest intestinal response to radiation injury reflects 
a complex series of  apoptotic events involving extrinsic 
factors (TNF-α, FasL, IL-2), specific receptors (TNFR, 
Fas) and intrinsic mediators (XIAP, Bax and caspase-3). All 
these apoptotic events occurred rapidly after irradiation (6 
h) but were amply repressed one week post-irradiation. 
    The extrinsic factors such as Fas and FasL are particu-
larly important in T cell apoptotic events. The observed 
decrease in Fas/FasL expression may mediate T cells 
apoptosis and becomes especially important in the 
irradiation-inflammatory process at d 7, because failures 
of  this mortality pathway can impair both autocrine and 
paracrine mechanisms for eliminating activated T cells. In 
fact, Fas is expressed by the both Th cell subsets whereas 
only Th1 cells express detectable amounts of  FasL[29]. 
The differential expression of  FasL by Th1 and Th2 cells 
is correlated with the ability of  these cells to undergo to 
apoptosis: Th1 clones are highly sensitive to apoptosis, 
whereas Th2 clones are relatively resistant. In this way, 
the genesis of  Th2 orientation may occur early (6 h) post-
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irradiation. In view of  the ability of  CAPE to induce an 
apoptotic event via Fas activation[32], the restoration of  
FasL expression by CAPE may suggest a modification of  
the apoptosis resistance and of  the Th1/Th2 balance at 7 
d post-irradiation. This hypothesis must be confirmed by 
in vitro experiments. Interestingly in respect to asthma, it 
has been shown that intratracheal delivery of  adenovirus 
encoding FasL could significantly suppress pulmonary Th2 
immune response[33].
    Fas, a member of  the TNF receptor family, is inducible 
by TNF-α itself[34], a good correlation was observed con-
cerning the radiation-induced expression variation be-
tween Fas/FasL and TNF-α. CAPE did not alter this high 
mRNA level at 6 h, but this correlation disappeared at 7 d 
with a repression of  TNF-α and a normalization of  FasL 
levels. The cell death signal induced by TNF-α is medi-
ated by TNFR1. In contrast, the engagement of  TNFR2 
promotes cell survival by the induction of  anti-apoptotic 
molecules[35]. Although TNF-α was repressed at 7 d, the 
TNFR1 up-regulation induced by irradiation was not al-
tered by CAPE in contrast to TNFR2 which was down-
regulated. This observation, associated with FasL normali-
zation, may be an indication of  a limitation of  apoptosis 
resistance induced by CAPE at 7 d. Intrinsic gene product 
analysis confirmed this argument at this time when CAPE 
also normalized Bax expression, contributing to increased 
caspase-3 activity.
    Cell death is a complex series of  events regulated by the 
intrinsic propensity of  individual cells, the environment 
and cell surface. The regulation of  T-cell activation/apop-
tosis depends on critical cell surface molecules, in particu-
lar CTLA-4 which down-regulates T cell activation. The 
immune importance of  CTLA-4 has been reported in vivo 
where CTLA-4 blockade exacerbates some autoimmune 
diseases[36] and CTLA-4-deficient mice exhibit a massive 
polyclonal increase in T cells. On the basis of  these prop-
erties and in view of  our data which showed that CTLA-4 
was totally repressed at 7 d, it seems possible that an irra-
diation-induced T-cell activation effect may have occurred. 
CAPE had no effect on CTLA-4 expression, so that it 
seems probable that the T cell expansion/activation was 
maintained, but an orientation of  the immune response 
cannot be excluded. 
    These results suggest that CAPE, by modulating the 
cytokine pattern, changed the orientation of  immune 
responses after irradiation and favoured a Th1 response 
notably by the total or partial suppression of  IL-12 and 
IFN-γ repression. Interestingly, CAPE could inhibit T-cell 
activation by targeting both NF-κB and the nuclear factor 
of  activated T cells (NFAT)[37]. Diehl et al[38] showed that 
NFAT activation in CD4+ is required for the development 
of  Th2 differentiation and its inhibition in T cells prevents 
the Th2 immune response in a model of  allergic pulmo-
nary inflammation. The activation of  NFAT by irradiation 
still has not been demonstrated but we cannot exclude its 
potential involvement in the irradiation-induced Th2-like 
profile. 
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Abstract 

AIM: To investigate the role of intercellular adhesion 
molecule-1 (ICAM-1) and its counter receptors LFA-1 and 
Mac-1 in acute pancreatitis (AP). 

METHODS: SD rats were allocated to AP group and 
control group randomly (25 rats each). AP was induced 
by infusion of 5% chenodeoxycholic acid into the 
pancreatic duct, followed by ligation of pancreatic duct. 
The rats were sacrificed at 1, 3, 6, 12 and 24 h after 
induction of pancreatitis. Five rats were sacrificed at 
one time point in the two groups before the blood and 
specimens from pancreas and lung were obtained. Serum 
amylase and ascitic fluid were measured at each time 
point. Expression of ICAM-1 at different time points was 
assessed by immunohistochemistry in pancreas and lung, 
and the expression of LAF-1 and Mac-1 on neutrophils at 
different time points was detected by flow cytometer. 

RESULTS: Induction of AP was confirmed by the serum 
levels of amylase and histological studies. The expression 
of ICAM-1 in pancreas increased significantly than that in 
the control group at all time points (P < 0.05 or P < 0.01), 
as well as the expression in lung except at 1 h. The 
expression of LFA-1 and Mac-1 on neutrophil in blood 
increased significantly in AP group than that in control 
group at several time points (P < 0.05 or P < 0.01). The 
amount of ascitic fluid and serum amylase level of AP 
group increased significantly than that of control group 
at all time points (P < 0.05 or P < 0.01). Parallel to these 
results, a significant neutrophil infiltration was found in 
pancreas and lung tissues of AP group rats.

CONCLUSION: Our findings suggest the important 
role for ICAM-1, LFA-1 and Mac-1 in mediating the 

development of AP from a local disease to a systemic 
illness. Upregulation of ICAM-1, LFA-1, Mac-1 and 
subsequent leukocyte infiltration appear to be significant 
events of pancreatic and pulmonary injuries in AP.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Acute pancreatitis (AP) is a disease of  variable severity. 
Approximately 80% of  patients have a relatively mild 
attack that resolves with few or no complications. The 
mortality rate is low. However, 20% of  patients in 
whom pancreatic necrosis develops may incur systemic 
complications with a mortality rate as high as 40%[1]. 
Recent investigations have established that one of  the 
earliest pathophysiologic events in pancreatitis is the 
colocalization of  acinar cell organelles containing digestive 
and lysosomal enzymes, resulting in premature intracellular 
activation of  proteases[2,3]. The individual pancreatic cell 
injury becomes magnified and propagated by inducing 
impaired microcirculation, leukocyte adhesion, and 
leukocyte infiltration. These become central events in the 
pathogenesis of  pancreatic necrosis and extrapancreatic 
complications[4,5]. Organ dysfunction occurs in one of  four 
patients with acute pancreatitis, and 60% of  them die from 
pulmonary damage[6].
    Intercellular adhesion molecule-1 (ICAM-1) is expressed 
on endothelial cells and is responsive to numerous 
inflammatory mediators[7]. It mediates both leukocyte 
adhesion and migration through the endothelium into 
tissues[8]. Lymphocyte function-associated antigen 1 
(LFA-1) and Mac-1 are the counter receptors of  ICAM-1, 
both of  which are expressed on leukocytes and are related 
with the above mediating activities of  ICAM-1[9].
    The aim of  the present study was to analyze the 
mechanism of  upregulation and levels of  expression of  
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ICAM-1 in the pancreas and lung tissues of  AP, to detect 
the expression of  LFA-1 and Mac-1 on neutrophils, and 
to explore the role of  these adhesion molecules in the 
development of  AP from a local disease to a systemic 
illness.

MATERIALS AND METHODS
Animals, anesthesia and surgical procedures
Sprague-Dawley rats (250 to 300 g) were fasted 12 h before 
the experiment but were allowed free access to water. 
Fluothane, oxygen and nitrous oxide were used in surgical 
anesthesia (2 L/min). All rats underwent a 2-cm-long 
midline laparotomy, and the pancreatic duct was visualized 
entering the duodenum. The duct was cannulated and 
AP was induced by retrograde intraductal injection of  
5% chenodeoxycholic bile acid (0.1 mL/kg, Wako Pure 
Chemical Industries, Ltd., Osaka, Japan) for 2 min. After 
injection, the pancreatic duct was ligated and the abdomen 
was closed. 

Experimental design 
A total of  50 rats were allocated to control group and 
AP group (25 rats in each). The rats of  control group 
only received laparotomy without retrograde intraductal 
injection of  5% chenodeoxycholic bile acid of  pancreas 
and the pancreatic duct ligation. Blood samples (2 mL) 
were drawn through inferior vena cava. Pancreatic and 
lung tissues were removed and processed as indicated 
below before the rats were killed at 1, 3, 6, 12 and 24 h 
after induction of  pancreatitis (n = 5 per group). Ascitic 
fluid was quantified by estimation of  weight of  towels 
after absorption of  the ascitic fluid from the abdominal 
cavity (assuming 1 g = 1 mL). 

Amylase in serum 
One milliliter blood was sampled to measure amylase in 
plasma using the RaBA-SUPER (Kyoto First Science Ltd., 
Kyoto, Japan) kit.

Tissue immunohistochemical staining 
For immunohistochemical staining, pancreatic and lung 
tissues were immediately snap-frozen in Freon precooled in 
liquid nitrogen and embedded in OCT embedding medium 
(Tissue-Tek, Miles Inc, Elkhart, USA). Cryostat sections 
(5 μm) were fixed in acetone for 10 min, and endogenous 
peroxidase activity was quenched by incubation of  
methanol with 0.3% H2O2 for 5 min. After rinsing with 
0.02 mol PBS, the sections were incubated with primary 
anti-ICAM-1 antibody (Santa Cruz Biotechnology, Inc., 
California, USA) diluted at 1:400 in antibody dilution 
(Dako Corporation, Carpinteria, CA, USA) for 10 min in 
moist chamber at room temperature. Unbound antibodies 
were washed from the tissue three times in PBS for 3 min, 
incubated for 10 min with the secondary biotinylated anti-
mouse IgG antibody (LSAB Ⅱ kit, Dako Corporation, 
Carpinteria, CA, USA), and then washed three times 
for 3 min. The sections were incubated with the LSAB 
reagent (LSAB® 2 System, HRP KIT, DAKO Corporation, 
Carpinteria, CA, USA) for 10 min, washed and developed 

in DAB solution. Finally, the slides were fixed in alcohol, 
counter-stained 3 times with hematoxylin for 10 min, and 
covered with DAKO Glycergel. NIH Image 1.61/ppc 
software was used to detect the density of  positive area of  
slides.

Flow cytometry analyses
Blood (1 mL) was anticoagulated with 2% EDTA (0.2 
mL). Leukocyte-rich plasma was obtained by centrifugation 
for 10 min at 1500 r/min. The erythrocytes were then 
lysed 15 min with 4 mL of  hemolysin twice. The leukocyte 
pellet was washed once with PBS and resuspended with 1 
mL of  PBS. Leukocytes suspensions (100 μL) were mixed 
with 20 μL of  FITC-labeled monoclonal antibody anti-
LFA-1 (CD11a/CD18) (BD Pharmingen, San Diego, CA, 
USA), FITC-labeled anti-Mac-1 (CD11b/CD18) (BD 
Pharmingen, San Diego, CA, USA), and FITC-labeled 
IgG (Sigama, Saint Louis, Missouri, USA) that acted as a 
nonspecific control antibody. It was then incubated at 4℃ 
for 30 min, washed twice in ice-cold PBS, resuspended in 1 
mL of  PBS and kept on ice until analyzed. Flow cytometry 
was performed on an FACScan (Coulter Epics XL, USA). 
Data were collected for forward scatter, side scatter, and 
fluorescence on the FL1 channel (530 nm) with Coulter 
Elite software. Cells were analyzed with a gate setting 
for neutrophils and twenty thousand cell counts were 
accumulated for analysis. Green fluorescence (FL1) was 
determined and mean fluorescence intensity (MFI) was 
calculated. The nonspecific binding (IgG) in control group 
and AP group was measured at MFI values of  2.81 (0.57) 
and 3.74 (0.97) units, respectively. 

Statistical analysis
Results are expressed as means and standard errors of  the 
mean. Differences between AP and control groups were 
judged by using the Student’s t test for parametric data. P 
values of  less than 0.05 were considered significant.

RESULTS
Serum amylase
In AP group rats, there was a marked increase in serum 
amylase from 1 to 24 h with a peak value after 6 h (Figure 1).

Ascitic fluid
The amount of  ascitic f luid in AP group increased 
significantly than that in control group at the same time 
point (Figure 2). 

Histological findings
A low level of  ICAM-1 expression was observed in 
the pancreas and lung tissues in control rats. ICAM-1 
expression in the pancreas of  AP rats was significantly 
increased above control levels at 1 h, and continued to 
increase until 12 h and remained elevated at that level for 
the whole observation period (24 h) (Figure 3). 
    ICAM-1 expression in the lung of  AP rats was 
significantly increased above control levels at 3 h, 
and cont inued to increase unt i l 24 h (Figure 4) . 
Immunohistochemical analysis showed that overexpression 
of  ICAM-1 was localized in small venules and capillaries.
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Expression of LFA-1 and Mac-1 on leukocytes
The expression of  LFA-1 and Mac-1 on leukocytes in AP 
group increased significantly than that in the control group 
(Figure 5).

DISCUSSION
Intra-acinar cell activation of  digestive enzyme zymogens 
is generally believed to be an early event in pancreatitis. 
Most researchers, however, believe that subsequent 
nonacinar cell phenomena, including the activation and 
recruitment of  inflammatory cells, play a critical role in 
determining the ultimate severity of  the disease. Nonacinar 
cell phenomena including the local generation and release 
of  proinflammatory factors and activation of  circulating 
inflammatory cells are also believed to couple pancreatic 

injury to distant organ complications, such as lung injury.
    Leukocyte sequestration within areas of  injury and 
inflammation is a multistep process that begins with 
leukocyte activation. It involves the adhesion of  circulating 
activated inflammatory cells to microvascular endothelial 
surfaces, and culminates in the transmigration of  those 
cells across the endothelial barrier and into the involved 
tissue. Currently available evidence indicates that the 
adhesion of  activated leukocytes, including neutrophils, 
to endothelial surfaces results from the interaction of  
leukocyte surface proteins, such as CD11/CD18, with 
endothelial cell surface adhesion molecules such as 
ICAM-1.
    Surprisingly, little attention has been paid to probing the 
relationship between the ICAM-1 and its counter receptors 
(LFA-1, Mac-1). Furthermore, the time course of  LFA-1 
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and Mac-1 expression in severe acute pancreatitis has 
not been studied. We serially investigated LFA-1 and 
Mac-1 expression on circulatory neutrophils and ICAM-1 
expression in pancreas and lung tissues of  AP rats in the 
current study.
    ICAM-1 is an adhesion molecule expressed on 
endothelial cells that mediates both firm adhesion of  
leukocytes to the endothelium and transmigration and 
infiltration of  marginated leukocytes into the organs[7]. 
Endothelial ICAM-1 is enhanced by hypoxia[10] and 
cytokines, including, among others, interleukin-6, 
interleukin-8 and tumor necrosis factor-α [2,7]. These 
inf lammatory mediators, oxygen free radicals, and 
cytokines respond early in the pathogenesis process of  
acute pancreatitis[2,11,12]. 
    ICAM-1 is a counter receptor for LFA-1(CD11a/CD18) 
and Mac-1(CD11b/CD18). The interaction between 
ICAM-1 and CD11/CD18 is a major determinant of  
leukocyte adhesion to endothelial cells[13], a phenomenon 
that is itself  a prelude to leukocyte transmigration across 
the endothelial barrier and into areas of  inflammation.
    The multistep model of  leukocyte emigration provides 
a conceptual framework describing the molecular 
recognition mechanism that leads from cell capture to 
adhesion strengthening and transmigration. Neutrophils 
use selectins to tether to inflamed endothelium and 
subsequently arrest at septic sites in the vasculature 
through binding of  the β2-integrins[14,15]. The β2-integrins 
family members LFA-1 and Mac-1 are involved in firm 
adhesion of  neutrophils to endothelial cells[16]. Intravital 

microsopy in mice and rats has shown that CD11a and 
CD11b each contribute significantly to firm adhesion, and 
concurrent blocking of  both β2-integrins family is required 
for complete inhibition of  human and canine neutrophil 
transmigration[17-19]. Furthermore, the adhesion complex 
CD11b/CD18, induced by inflammatory cytokines, has 
been demonstrated to play a crucial role in neutrophil-
induced tissue damage by enhancing neutrophil migration 
and adhesiveness[20].
    We probed the expression of  adhesion molecules such 
as ICAM-1 and its counter receptors, LFA-1 and Mac-1 
in AP. We found expression of  ICAM-1 was markedly 
upregulated in AP, as well as the expression of  LFA-1 
and Mac-1 on neutrophils. ICAM-1 is also upregulated 
in organs beyond the pancreas in severe pancreatitis. Our 
experiments showed an increased expression of  ICAM-1 
in the endothelium of  venules and capillaries within 
the lungs at 6 h in AP, followed by massive leukocyte 
infiltration. The results of  this study imply the important 
roles for ICAM-1 and its counter receptors LFA-1 and 
Mac-1 in the pathogenesis of  pancreatic and systemic 
injury in acute necrotizing pancreatitis. The current 
studies are consistent with the concept that expression of  
ICAM-1, LFA-1 and Mac-1 in the pancreas during AP is a 
critical link in the development of  tissue injury and organ 
dysfunction. Although overexpression of  inflammatory 
mediators do play an important role in pathogenesis but 
the molecular mechanisms of  the whole cascade, i.e. cell 
surface molecules, signaling into the cell and resulting 
response of  the cell has still not been worked out. It 

Figure 4  ICAM-1 expression in lung. aP < 
0.05, bP < 0.01 vs control at the same time 
points.
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may be possible to prevent tissue injury and necrosis 
and thereby to minimize the possibility for subsequent 
secondary infection by administering antibodies or other 
drugs in AP. Further studies are in progress to define the 
window of  opportunity.
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Abstract
AIM: To investigate the optimal strategy to treat 
dyspeptic patients in primary care.

METHODS: Dyspeptic patients presenting to primary 
care outpatient clinics were randomly assigned to: 
(1) empirical endoscopy, (2) H pylori  test-and-treat, 
and (3) empirical prokinetic treatment with cisapride. 
Early endoscopy was arranged if patients remained 
symptomatic after 2 wk. Symptom severity, quality-of-
life (SF-36) as well as patient preference and satisfaction 
were assessed. All patients underwent endoscopy by wk 
6. Patients were followed up for one year.

RESULTS: Two hundred and thirty four patients were 
recruited (163 female, mean age 49). 46% were H pylori  
positive. 26% of H pylori  tested and 25% of empirical 
prokinetic patients showed no improvement at wk 2 
follow-up and needed early endoscopy. 15% of patients 
receiving empirical cisapride responded well to treatment 
but peptic ulcer was the final diagnosis. Symptom 
resolution and quality-of-life were similar among the 
groups. Costs for the three strategies were HK$4343, 
$1771 and $1750 per patient. 66% of the patients 
preferred to have early endoscopy.

CONCLUSION: The three strategies are equally 
effective. Empirical prokinetic treatment was the least 
expensive but peptic ulcers may be missed with this 
treatment. The H pylori  test-and-treat was the most 

cost-effective option.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Dyspepsia, defined as pain or discomfort centered in 
the upper abdomen, is a common complaint, affecting 
18.5% of  the population in our locality[1]. Underlying 
pathology ranges from functional dyspepsia, peptic ulcer 
to gastrointestinal cancer. Among the various aetiologies, 
functional dyspepsia is the most common diagnosis in 
community-based patients[2]; Up to 79% of  dyspeptic 
patients referred from primary care for open-access 
endoscopy have normal endoscopic findings[3].

Primary care medicine is the first point of  presentation 
for dyspeptic patients. Studies have suggested that 
dyspepsia alone accounts for 20%-70% of  all gastrointes-
tinal consultations with general practitioners; up to one-
third of  these patients may eventually be referred to a 
gastroenterologist[4]. The financial burden for diagnosis 
and treatment of  this common condition is therefore 
great. 

It is unclear how dyspepsia should be investigated 
and treated in primary care settings, but there are several 
common approaches. Empirical endoscopy would 
theoretically be the gold standard in diagnostic accuracy, 
but it is expensive and invasive. Empirical H2 receptor 
antagonist therapy has been extensively studied, but 
has not been shown to have superior cost-benefit over 
empirical endoscopy[5]. In addition, there may be concerns 
that antisecretory treatment may mask symptoms of  

CLINICAL RESEARCH

www.wjgnet.com



Hu WHC et al . Comparison between empirical prokinetics, H pylori  test-and-treat and empirical endoscopy             5011

gastric cancer and lead to a delay in diagnosis. 
Another possible approach is to test for H pylori. The 

close association between H pylori and chronic gastritis that 
accompanies peptic ulcer disease and gastric cancer offers 
an opportunity to screen for organic disease based on the 
presence of  the bacterium.

An alternate approach is empirical prokinetic treatment.  
Studies have demonstrated that cisapride and domperidone 
are beneficial in the treatment of  functional dyspepsia 
over placebo[6-8]. By adopting this approach, the majority 
of  patients with functional dyspepsia could be treated 
appropriately whereas the smaller number of  patients with 
organic dyspepsia may not benefit from this treatment. 
Persistence of  dyspepsia in this group would then lead 
to endoscopy and diagnosis. The small delay in diagnosis 
is not unreasonable since, in real life, many primary care 
doctors would give antacids to dyspeptic patients without 
alarm features and monitor symptoms on follow-up. 
Cisapride has been withdrawn from most markets since 
this study was carried out though related drugs such as 
mosapride are still in use in some countries.

In this study, we investigated empirical endoscopy,  
H pylori test-and-treat, and empirical prokinetic therapy as 
possible diagnostic and treatment strategies in primary-
care patients presenting with dyspepsia.

MATERIALS AND METHODS
Patients aged 18 or older presenting with a primary 
complaint of  previously uninvestigated dyspepsia in four 
government-run primary-care clinics in Hong Kong were 
recruited for the study. Dyspepsia was defined as pain or 
discomfort centered in the upper abdomen[9]. History and 
physical examination were carried out by the primary care 
physician.

Exclusion criteria for this study were current intake 
of  drugs other than antacids for dyspepsia, previous 
peptic ulcer disease, history of  gastric surgery, presence 
of  malignancy within the previous five years, history of  
intake of  aspirin or non-steroidal anti-inflammatory drugs 
in the previous four weeks, presence of  alarm symptoms, 
such as weight loss and gastrointestinal haemorrhage, 
and clinical suspicion of  an organic cause of  dyspepsia. 
In addition, those with a family history of  sudden death, 
history of  palpitations, co-existing intake of  drugs that 
may interact with cisapride and those with an abnormal 
electrocardiogram were excluded.

After obtaining written consent for the trial, a locally-
validated 13-C urea breath test was administered in the 
primary care clinic. The details of  the breath test have 
been described elsewhere, and had a sensitivity and speci-
ficity of  96.5% and 97.7% respectively[10]. The results were 
not disclosed to the patients until after the trial unless the 
patients were randomised into the H pylori test-and-treat 
group.

The patients were subsequently reassessed by one of  
the investigators in the gastroenterological unit of  Queen 
Mary Hospital within 24 h of  initial presentation. Inclusion 
and exclusion criteria were checked and a complete 
physical examination was performed. Electrocardiography 
was also performed on all recruited patients. A previously 

validated Chinese (Hong Kong) version of  the SF-36 
health survey[11], as well as a validated twelve-item 
dyspepsia symptom severity score[12] were administered. 
Patients were then randomised using a computer-generated 
sequence into one of  three investigation and treatment 
groups as detailed below.

This study was approved by the research and ethics 
committee, faculty of  medicine, the University of  Hong 
Kong.

Empirical endoscopy
Patients in this group received endoscopy on the initial 
day attending the gastrointestinal unit. Oesophagogastrod
uodenoscopy was performed by one of  the investigators 
and an endoscopic diagnosis was made. A rapid urease test 
was performed if  the patient had peptic ulcer disease and 
biopsies for histology were taken for gastric ulcers and 
suspicious lesions.

Patients with organic diagnoses were treated accor-
dingly. H pylori eradication therapy was given to those with 
peptic ulcers or erosive gastritis with a positive test for the 
bacterium.

Dyspeptic patients with normal endoscopy or non-
erosive gastritis were considered to have functional 
dyspepsia and were treated with cisapride 5 mg three times 
daily for six weeks.

Helicobacter test-and-treat
Patients who tested positive for H pylori in the 13C 
urease breath test received omeprazole 20 mg twice daily, 
amoxycillin 1 g twice daily, and clarithromycin 500 mg 
twice daily. The local eradication rate for this regimen is 
87.8%[13]. Patients who tested negative for H pylori were 
treated as functional dyspepsia and given cisapride 5 mg 
three times daily for six weeks.

Empirical prokinetics
All patients in this group were given cisapride 5 mg three 
times daily for six weeks regardless of  H pylori positivity 
(Figure 1).

Follow-up
Patients were followed-up at two weeks, six weeks and one 
year after the initial treatment. At follow-up the dyspepsia 
symptom score and SF-36 survey were administered by an 
assessor blinded to the purpose of  the study. Satisfaction 
of  patients in regard to treatment was assessed at wk 6 
using a 4-point Likert scale ranging from dissatisfied to 
very satisfied. Patients were asked whether they prefered 
endoscopy or a trial of  drug treatment as the initial 
approach to their dyspspsia.

If  the symptoms had not improved after two weeks 
of  treatment, endoscopy was performed on group 2 and 
3 patients. Organic pathology discovered at endoscopy 
was treated appropriately. For patients who had empirical 
endoscopy, no further investigation was offered unless 
there was a change in symptoms that raised suspicion of  
organic disease. At the end of  the study, all patients who 
had not previously received endoscopy received an oesoph
agoduodenogastroscopy for a definitive diagnosis.
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Sample size
Sample size was determined using NCSS PASS 2002 (NCSS 
statistical software, Kaysville, Utah, USA). A previous 
study designed to develop dyspepsia severity scores found 
a mean of  20.7 and standard deviation of  3.8 in a local 
population of  dyspeptic patients. The difference in mean 
symptom score between patients who felt better and those 
who did not was 1.2[12]. Based on this result we estimated 
that 70 patients in each of  the three groups would report a 
two-point difference in the mean symptom score between 
one group and the other two with a power of  0.9 and 
significance level of  0.05.

Cost analysis
Cost analysis was performed to examine the economic 
implications of  the three strategies studied. The analysis 
was carried out from the provider’s perspective, given all 
three treatment regimens were ambulatory procedures and 
therefore, assumed to incur similar direct personal, indirect 
and intangible costs to the patients and society generally. 
Costs were calculated according to the gazetted list of  fees 
and charges of  the Hong Kong Hospital Authority and 
hospital formulary costs.

Statistical analysis
The study was analysed according to intention-to-treat. 
Comparison of  baseline dyspepsia scores and quality-
of-life domains was made using one-way ANOVA and 
the Kruskal-Wallis test. Correlation between baseline 
dyspepsia scores and quality-of-life domains was calculated 
using Kendall’s tau. Quality-of-life and dyspepsia symptom 
scores after treatment were compared among the three 
groups using a repeated measures procedure. The null 

hypotheses regarding the main effects of  time points 
and three treatment groups, and the interaction between 
treatment groups and different time points were tested 
using multivariate analysis. Age and sex were also included 
as covariables. Statistical analyses were performed using 
SPSS version 11.0 for windows (SPSS inc., Chicago, 
Illinois, USA).

RESULTS
Patients and demographic characteristics
Six hundred and seventy three patients were screened 
for inclusion in the study, of  which 234 were recruited 
(mean age 49, range 18-79, 163 female). Reasons for 
exclusion included dyspepsia under treatment (257), 
refusal to participate (49), previous investigations for 
dyspepsia (51), non-steroidal antiinflammatory agent 
intake[25], previous gastric surgery or peptic ulcer history[34], 
alarm symptoms[12] abnormal electrocardiogram[6] and 
other malignancy[3]. Baseline characteristics of  the three 
groups of  patients are as tabulated in Table 1. All patients 
completed the six-week treatment assessment period. One 
hundred and eighty one (77.4% overall; 77.1%, 69.2% and 
86.3% in the three respective groups) attended one-year 
follow-up.

Diagnoses
Group one patients had endoscopy before commencing 
treatment and provided the most accurate data of  the 
underlying diagnoses of  dyspepsia. Among the 83 patients 
receiving empirical endoscopy 76 (91.5%) had normal 
findings or non-erosive gastritis, two (2.4%) had gastric 
erosions, four (4.8%) had peptic ulcer and one (1.2%) had 
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439 excluded

(1) Empirical endoscopy 
           (n  = 83)

(1) H pylori testing 
         (n  = 78)
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Figure 1   Flow chart for the three diagnostic and treatment arms.
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oesophagitis. Endoscopic findings for the three groups 
are summarised in Table 2. Overall, 46% of  patients were  
H pylori positive.

Fourteen patients (18%) randomised to the H pylori 
test-and-treat group had persistent dyspepsia after two 
weeks of  treatment and needed early endoscopy. None 
of  these patients had organic dyspepsia; two had non-
erosive gastritis and 12 had normal endoscopy. At six 
weeks, three patients with symptom resolution after 
treatment were found to have duodenal ulcers and three 
had gastroduodenal erosions. All of  these patients were 
originally tested to be positive for H pylori and had received 
appropriate eradication therapy, but the ulcer had not 
completely healed by the time of  endoscopy.

Fourteen patients (19%) randomised to empirical 
prokinetic therapy had persistent dyspepsia at two weeks 
follow-up and received early endoscopy. Eleven of  these 
patients had normal endoscopy results or non-erosive 
gastritis, two had gastroduodenal erosions and one had 
a gastric ulcer. More importantly, at the final diagnostic 
endoscopy, two patients were found to have erosions, 
duodenal ulcer and gastric ulcer among those who 
reported symptomatic improvement after treatment. If  
endoscopy was not performed, these organic lesions would 
have likely been missed.

All gastric ulcers detected in this study were benign.

Symptom severity
The mean baseline dyspepsia severity score was 20.3 ± 3.9 
and was not significantly different among the three groups 
studied (Table 1). After six weeks of  treatment, there was a 
decrease in mean symptom score to 15.0 ± 2.9 (5.6, 5.6 and 
4.4 for empirical endoscopy, H pylori testing and empirical 
cisapride, respectively). On one year follow-up, the mean 
dyspepsia score increased to 19.7 ± 7.2. Repeated measures 
analysis showed no significant effect of  treatment group 
on dyspepsia severity. However, patients with organic 
causes of  dyspepsia were less symptomatic than those with 
non-ulcer dyspepsia after one year (Table 3). 

Quality-of-life
The SF-36 health-related quality-of-life scores for the 
various domains are tabulated in Table 4. At baseline, 

there was no difference in quality-of-life between the three 
groups of  patients. There was a significant correlation 
between the severity of  dyspepsia and the BP, GH, MH, 
RE, RP, SF and VT domains, but not the PF domain at 
baseline. At one-year follow-up, there was a general decline 
in quality-of-life when compared to 6 wk follow-up. 
Repeated measures analysis again showed no significant 
effect of  treatment group on quality of  life.

Cost analysis
The calculated six-week investigation and treatment 
costs for empirical endoscopy, H pylori test-and-treat and 
empirical prokinetic therapies are HK$4343, $1771 and 
$1750 per patient, respectively.

Patient satisfaction and preference
Overall, 81% of  patients were either satisfied or very 
satisfied with treatment. There was no significant 
difference in satisfaction among the three diagnostic 
paradigms that were tested (Table 5). 66% of  patients 
preferred to have endoscopy before taking medication; 
the differences in scores were again not significant among 
groups (Table 5).

Side effects of cisapride
No patient given cisapride reported significant palpitations 
or other side effects. All patients were able to complete the 
six-week course of  treatment.

DISCUSSION
Underlying diagnoses of  dyspepsia range from peptic 
ulcer, gastric cancer to functional dyspepsia, and it may 

Table 1  Baseline characteristics

Group           Mean age   Sex (M/F) H pylori      Mean baseline

                                                           positive (%)  dyspepsia score

Empirical 
endoscopy
(n = 83) 52.5 ± 13.2 25/58 37 (44.6%) 20.4 ± 4.0
H pylori 
test-and-treat

(n = 78) 46.5 ± 14.2 24/54 41 (52.6%) 20.8 ± 3.8
Empirical 
prokinetics
(n = 73) 48.6 ± 13.0 22/51 30 (41.1%) 19.6 ± 3.8
P value 0.01a 0.99 0.35 0.16

aP < 0.05.

Table 2  Endoscopic findings in the three groups n  (%)

      Normal     Gastritis/    Gastric   Gastric  Duodenal  Oesop-
                                  duodenitis   erosions   ulcer  ulcer     hagitis

Empirical 
endoscopy 
(n = 83)

  49 (59)  27 (32.5) 2 (2.4) 3 (3.6) 1 (1.2) 1 (1.2)

H pylori 
test-and-
treat (n = 78)

  61 (78.2)  10 (12.8) 4 (5.1) 0 3 (3.9) 0

Empirical 
prokinetics 
(n = 73)

  46 (63.0)  17 (23.3) 4 (5.5) 3 (4.1) 3 (4.1) 0

Table 3  Mean dyspepsia symptom score by initial diagnosis

                                           Baseline        Wk 6      Yr 1

Non-ulcer dyspepsia (n = 210)1 20.3 15.0 20.1
Duodenal Ulcer (n = 7) 19.1 13.0 13.7
Gastric ulcer (n = 6) 23.3 18.7 14.4
Oesopohagitis (n = 1) 17.0 12.0 17.0
Gastric erosion (n = 10) 29.0 15.0 12.0
All causes organic dyspepsia (n = 24)1 20.5 15.1 16.3

1P = 0.045 between the two groups with age and sex as covariables.
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be difficult to determine cause without investigation. Age, 
symptom assessment and even the presence of  alarm 
symptoms appear to be poor predictors of  underlying 
pathology[14]. However, despite the prevalence and 
potential high economic cost of  this condition, the optimal 
strategy to manage dyspepsia in primary care practice 
remains unclear[15]. 

Community-based studies have generally indicated 
that peptic ulcer and cancer are uncommon causes of  
dyspepsia[2], accounting for only 20% of  patients referred 
to open-access endoscopy[3]. Therefore, it is reasonable 
that any investigative and treatment strategy should be 
effective in functional dyspepsia, representing the bulk 
of  patients. The optimal approach to investigation and 
treatment would aim to: (1) provide the most efficacious 
and cost-effective treatment for functional dyspepsia, (2) 
allow for prompt treatment of  patients with peptic ulcer, 
with H pylori eradication, if  appropriate, (3) correctly 
diagnose malignant lesions so that definitive treatment 
can be given and (4) to avoid unnecessary treatment for 
patients with functional dyspepsia.

Several treatments have generally been shown to 
be better than placebo in the treatment of  functional 
dyspepsia. Meta-analysis studies have estimated a 20% gain 
of  H2 antagonist treatment against placebo[16], but there 
may not be global improvement in symptoms[17]. Proton 
pump inhibitors may benefit dyspeptic patients with co-
existing reflux[18]; a study reported 10% therapeutic gain 
over placebo treatment but efficacy seems to be limited 
to patients with ulcer-like symptoms[19]. Cisapride has also 
been extensively evaluated in studies, though many studies 
had methodological deficiencies[20]. Meta-analyses have 
generally found a therapeutic gain of  36%-39% when 
compared to placebo[16,21] but publication bias may have 
contributed to these results. H pylori eradication is likewise 
controversial, with some studies showing a long-term 
benefit[22], and others showing no benefit[23].

Va r ious op t ions have been sug g es ted in the 
investigation and treatment of  patients presenting with 
dyspepsia. The American Gastroenterological Association 
has suggested that patients over the age of  45 years 
or those with alarm features should have empirical 
endoscopy[24]. For younger patients without alarm 
symptoms, there may be several options: (1) empirical 
medical therapy (antisecretory drugs or prokinetics) 
with investigation for therapeutic failures, (2) immediate 
diagnosis with endoscopy, (3) testing for H pylori and 
studying positive subjects, and (4) testing for H pylori and 

treating positive cases with eradication[24]. An Asian Pacific 
guideline also suggested a trial of  antisecretory drugs or 
prokinetics for 2-4 wk[25]. Among the alternatives, empirical 
prokinetic treatment has not been evaluated in previous 
studies. 

Bytzer randomised 414 patients into groups receiving 
empirical endoscopy or ranitidine[5]. Empirical treatment 
was associated with higher costs of  ulcer drug use and a 
greater number of  sick days. It was also notable that 33% 
of  patients had organic causes of  dyspepsia, compared 
to 8% in the present study. Another study comparing 
H pylori test-and-treat with endoscopy found greater 
patient satisfaction with endoscopy but comparable 
symptoms and sick leave days between the two groups[26]. 
Comparative costs depend on individual centres. An 
American study reported similar costs between H pylori 
testing and empirical endoscopy[27] whereas another 
claimed lower costs for H pylori eradication[28]. A decision 
analysis supported a trial of  proton pump inhibitor before 
endoscopy or test-and-treat[29]. Test and endoscopy in 
primary care has been shown to increase endoscopy rates 
without benefit in symptom relief  or quality of  life[30]. It is 
of  note, however, that proton pump inhibitors may not be 
as efficacious in Asian populations; a paper using the same 
outcome instruments as the present study failed to show 
any benefit of  four-week lansoperazole treatment over 
placebo in patients with functional dyspepsia[31].

Most of  the studies comparing different diagnostic 
strategies concentrated on cost. Less data is available 
concerning symptom resolution and quality of  life. Many 
dyspeptic patients presenting for medical care have a 
fear of  serious disease and malignancy[32]. In addition 

Table 4  Median SF-36 quality-of-life scores for the three diagnostic and treatment groups (wk 0/ wk 6/ one year). Transformed 
scores out of 100

                             BP   GH         MH                PF         RE               RP      SF             VT

All groups 63/84/51 40/47/42 72/72/60 95/95/85 100/100/67 50/100/75 88/88/75 45/50/50

Empirical endoscopy 62/84/51 50/52/50 72/72/60 95/95/85 100/100/67 75/100/75 75/100/75 50/45/50

H pylori test-and-treat 62/84/51 40/45/36 68/72/60 95/95 80 67/100/33 50/100/75 75/88/63 45/45/45

Empirical Prokinetics 72/84/52 39/49/45 76/72/64 95/95/85 100/100/67 50/100/75 88/88/75 45/50/50

Table 5  Patient satisfaction and preference among the three 
diagnostic and treatment groups n  (%)

         Very       Satisfied    Neutral   Dissatisfied  Prefer initial
                      satisfied         endoscopy

Empirical 
endoscopy

7 (8.4) 59 (71) 14 (17) 3 (3.6) 63 (75.9)

(n = 83)
H pylori 
test-and-treat

6 (7.7) 53 (67.9) 14 (17.9) 5 (6.4) 48 (61.5)

(n = 78)
Empirical 
prokinetics

6 (8.2) 56 (76.7)   8 (11.0) 3 (4.1) 43 (59.0)

(n = 73)
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they are more anxious than non-presenters with similar 
complaints[1]. It is possible that a completely normal 
endoscopy may relieve some of  the anxiety. Indeed a study 
on barium meal in dyspeptic patients who were referred 
from general practice showed that the examination 
increased management confidence and allayed patients’ 
anxiety[33]. In this study, however, we failed to show any 
significant difference in symptom relief  among the three 
groups, indicating that the comforting effect of  a negative 
endoscopy may not be an important factor in the cure of  
functional dyspepsia.

We have calculated the cost of  treatment and empirical 
endoscopy is most costly, followed by H pylori test-and-
treat and the lowest cost was for empirical prokinetics. 
The high cost for empirical endoscopy in the present 
study is related to the relatively low rates of  endoscopy 
for patients randomised to the other groups. In the  
H pylori test-and-treat and empirical cisapride groups, 18% 
and 19% of  patients respectively had persistent dyspepsia 
after two weeks of  treatment and needed early endoscopy. 
In Bytzer’s study, 136 out of  206 patients randomised 
to empirical H2 blocker therapy had therapeutic failure 
and required endoscopy[5]. The difference may be due to 
differences in length of  follow-up and also the lower rate 
of  organic pathology in our study. In our population with 
dyspepsia, 8.5% had organic causes (empirical endoscopy 
group), compared with 33% prevalence of  organic 
dyspepsia reported by Bytzer. The overall rate of  organic 
dyspepsia is also lower than the rate in our previous 
study on open-access endoscopy, where 21% had organic 
pathology[3]. The difference probably reflects differences 
in referral patterns, with family physicians referring more 
severe cases of  dyspepsia for immediate endoscopy in the 
previous study.

We observed a high relapse rate of  dyspepsia generally, 
with the mean dyspepsia severity score returning to the 
initial level on one-year follow-up. This is due to non-
ulcer/functional dyspepsia being the predominant 
diagnosis in 92% of  patients. Functional dyspepsia is a 
chronic disease that persists in patients; a study reported 
that 74% of  dyspeptic patients are still symptomatic two 
years after the initial diagnosis[34]. In contrast, the few 
patients with peptic ulcer in this study tended to remain 
asymptomatic after the ulcer has healed and these patients 
in fact have a better prognosis as far as symptom relapse is 
concerned.

Both empirical endoscopy and H pylori testing appeared 
to be safe options with similar patient satisfaction. All 
patients with organic dyspepsia were tested to be positive 
for H pylori and had appropriate eradication therapy. 
However, the main drawback in the study was the absence 
of  malignancy; it was not possible to predict whether 
gastric cancers would have been missed by any approach. 
Although rare in younger patients, gastric cancers may 
present without sinister symptoms. A Canadian study 
reported a prevalence of  1.05 per thousand patients 
under 45 years presenting with dyspepsia without alarm 
symptoms[35]. We may expect higher numbers in Asia, 
with a higher population prevalence of  gastric cancer. 
The possibility of  missing or delay in diagnosis of  gastric 
malignancies needs to be considered in empirical treatment 

approaches.
Since all patients with duodenal or gastric ulcer were 

positive for H pylori, another approach may be performing 
endoscopy only on those with a positive 13C urea breath 
test. Such an approach may prevent 54% of  endoscopies. 
However, 60% of  the patients with gastric erosions were 
negative for H pylori; inappropriate treatment of  these 
patients may potentially lead to progression into ulcer 
disease.

There is limited data on empirical prokinetic treatment. 
Because of  association with cardial arrhythmia, the drug 
has been withdrawn in most markets. However, related 
drugs, such as mosapride, are still used in some countries 
and this study may throw light on the effectiveness of  
other prokinetic agents. In the present study we found 
this strategy to be associated with the lowest cost but with 
similar outcome regarding symptomatic improvement. 
However, interestingly, although prokinetic treatment was 
not targeted for the treatment of  peptic ulcers, six patients 
(2 gastric ulcer, 2 duodenal ulcer, 2 gastric erosions) 
reported symptomatic improvement after cisapride alone 
and would not have received definitive therapy. Because of  
the dangers of  misdiagnosing patients with peptic ulcers, 
empirical cisapride therapy could not be recommended. 
Despite concerns over potential QT interval prolongation 
and ventricular arrhythmia, a relatively low dose of  5 mg 
three times daily was not associated with any adverse event 
in our sample of  patients.

In conclusion, most patients presenting to primary 
care physicians with dyspepsia appear to have non-ulcer 
dyspepsia, which is associated with a high one-year relapse 
rate. Empirical endoscopy, H pylori test-and-treat and 
empirical prokinetic treatments appear to have similar 
efficacy in improvement of  dyspepsia and quality-of-
life. Empirical prokinetics may result in organic lesions 
being missed in diagnosis. Most patients preferred having 
endoscopy first, if  given the choice, but this is the most 
expensive option. H pylori test-and-treat is the most cost-
effective safe treatment.
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Abstract
AIM: To evaluate the gastric permeability after both 
acute and chronic use of non-steroidal anti-inflammatory 
drugs (NSAIDs) and to assess the clinical usefulness of 
sucrose test in detecting and following NSAIDs- induced 
gastric damage mainly in asymptomatic patients and the 
efficacy of a single pantoprazole dose in chronic users. 

METHODS: Seventy-one consecutive patients on chronic 
therapy with NSAIDs were enrolled in the study and di-
vided into groups A and B (group A receiving 40 mg pan-
toprazole daily, group B only receiving NSAIDs). Sucrose 
test was performed at baseline and after 2, 4 and 12 wk, 
respectively. The symptoms in the upper gastrointestinal 
tract were recorded.

RESULTS: The patients treated with pantoprazole 
had sucrose excretion under the limit during the entire 
follow-up period. The patients without gastroprotection 
had sucrose excretion above the limit after 2 wk, with an 
increasing trend in the following weeks (P = 0.000). A 
number of patients in this group revealed a significantly 
altered gastric permeability although they were asymp-
tomatic during the follow-up period.

CONCLUSION: Sucrose test can be proposed as a valid 
tool for the clinical evaluation of NSAIDs- induced gastric 
damage in both acute and chronic therapy. This tecnique 
helps to identify patients with clinically silent gastric 
damages. Pantoprazole (40 mg daily) is effective and 

well tolerated in chronic NSAID users.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Non-steroidal anti-inf lammatory drugs (NSAIDs) 
are largely consumed among the general populations 
worldwide, representing one of  the most prescribed 
drugs[1-6]. The main factor limiting their use is a high rate 
of  adverse events, especially gastrointestinal toxicity[7]. 
Although only a small number of  patients develop 
serious gastrointestinal complications, they represent a 
large number of  patients due to the widespread use of  
NSAIDs[7-9].
    Gastrointestinal toxicity is often clinically silent even 
in high risk groups due to the intrinsic analgesic activity 
of  NSAIDs[10]. Therefore aspecific symptoms such as 
dyspepsia, heartburn, nausea, vomiting or abdominal pain 
are frequently ignored by patients suffering, for example, 
from a chronic pain due to the underlying ostheoarticular 
diseases. 
    A recent meta-analysis indicates that the association 
between use of  NSAIDs and dyspepsia is unclear because 
of  the variability of  the terminology used in literature to 
report GI symptoms[11]. Taking the “strict” definition of  
dyspepsia into account, based solely on epigastric pain-
related symptoms, NSAIDs increase the risk of  dyspepsia 
of  36%, which is useful for creating standard definitions. 
Endoscopy for diagnosis of  NSAIDs- induced upper 
gastrointestinal damage is precise, sensitive and easy to 
perform, but it cannot be proposed as a screening test, 
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especially in asymptomatic patients. Gastrointestinal 
permeability is usually tested to assess the small bowel 
function in many diseases such as coeliac disease and 
inflammatory bowel disease[12,13]. Sucrose test is a simple, 
economic and non-invasive test for the assessment 
of  gastric permeability and correlates with alterations 
detected with histology as previously demonstrated[14]. 
Some authors have proposed sucrose test as an index 
for monitoring hypertensive gastropathy, confirming its 
clinical usefulness. Which is the best strategy in preventing 
NSAIDs-related adverse events in the gastrointestinal tract 
is still controversial[16].
    Many clinical trials have analyzed the efficacy and safety 
of  concurrent administration of  NSAIDs and misoprostol, 
H2 blockers or proton pump inhibitors (PPIs) in reducing 
the occurrence of  serious gastrointestinal events.
    Available data show that PPIs are well tolerated and ef-
fective in preventing and treating non steroideal antinflam-
matory drug-related mucosal lesions of  the gastrointestinal 
tract[17-20]. 
    The aim of  this study was to establish the clinical 
usefulness of  sucrose test in early identification of  both 
acute and chronic gastric mucosal damage irrespective of  
the presence of  any symptoms and to define the efficacy 
of  a single daily PPI administration in protecting gastric 
mucosa in patients requiring long term treatment with 
NSAIDs.

MATERIALS AND METHODS
Patients
Seventy-one consecutive outpatients (38 females, 33 
males, mean age 53 years, range 26-78 years) with 
chronic use of  NSAIDs (ASA, diclofenac, celecoxib) for 
rheumatic diseases (rheumatoid arthritis, ostheoarthritis) 
were enrolled in the study. None of  them consumed 
gastroprotective agents (PPIs, H2 -blockers, misoprostol).
    All patients were asymptomatic at baseline and had no 
previous history of  peptic ulcer, gastroesophageal surgery 
or malignancies.
    Sucrose permeability test (40 mg of  sucrose in 100 
mL of  water) was performed at baseline. The patients 
were divided in group A (31 patients receiving 40 mg 
pantoprazole daily) and group B (40 patients not receiving 
PPI therapy). Sucrose test was repeated 2, 4, and 12 wk 
after follow-up (Figure 1).

    The patients gave their informed consent according to 
the principles of  the Helsinki Declaration. Symptoms were 
recorded according to the presence of  mild dyspepsia 
as previously defined (score 0 = absence; score 1 = mild 
dyspepsia)[11].

Sucrose test 
To evaluate gastric permeability, the subjects were 
requested to ingest 40 g sucrose in 100 mL of  water 
after fasted for 8 h. Urine samples were collected in the 
following 6 h into a container with the addition of  2 mL 
of  20% chlorohexidine to prevent bacterial degradation. 
No food or liquid intake (except a glass of  water) was 
allowed during urine collection. Urine samples were 
refrigerated and taken to the laboratory within 24 h. An 
aliquot was stored at -20℃ for subsequent analysis.
    Sucrose assay was based on its hydrolysation by 
β-fructosidase to glucose and fructose. Glucose was 
measured by the hexokinase method. The concentration of  
the reduced nicotinamide adenine dinucleotide phosphate 
(NADP) was measured at 340 nm. Results were expressed 
as the percentage of  excretion of  the ingested dose of  
sucrose and the normal range was < 0.15% sucrose.

Statistical analysis
Data were reported as mean ± SD. Values of  sucrose 
test at baseline and after 2 and 4 wk in group B were 
evaluated with Wilcoxon signed-rank test. Comparison 
between sucrose test values in groups A and B was made 
with Mann-Whitney test. Statistical Program for Social 
Sciences (SPSS Inc., Chicago, Illinois 60606) was used 
for calculations. P < 0.05 was considered statistically 
significant.

RESULTS
At baseline all the patients showed a mean sucrose value 
of  0.10% ± 0.08%. Two weeks later, all the patients 
underwent an additional sucrose test which showed a 
mean value of  0.13% ± 0.08% in group A and 0.19% ± 
0.06% in group B. At wk 4 sucrose test showed 0.12% ± 0.0 
7% in the pantoprazole group and 0.24% ± 0.07% in the 
other group (P = 0.000). Sucrose test was then repeated 
after 12 wk, showing the mean values of  0.13% ± 0.10% 
in group A and 0.25% ± 0.07% in group B respectively 
(P = 0.000) (Figure 1). At wk 4 the mean value of  sucrose 

Figure 1  Sucrose test 
in patients of the study. 
Group A = pantoprazole 
40 mg and Group B = no 
therapy.
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test decreased in 7 patients of  group A and in 15 patients 
of  group B. At wk 12 the mean value of  sucrose test 
decreased in 3 an additional 3 patients of  group A and 
none of  group B. Forty-six patients (21 in group A and 25 
in group B) completed the follow-up (wk 12). 
    Regarding the consumption of  NSAIDs, the patients 
on ASA therapy and without gastroprotection showed the 
mean sucrose values of  0.10% ± 0.05% at baseline and 
0.17% ± 0.06%, 0.24% ± 0.07%, 0.28% ± 0.06% at 2, 4 
and 12 wk respectively.
    In the patients consuming diclofenac and without 
gastroprotection, the mean sucrose values were 0.08% ± 
0.03% at baseline and 0.24% ± 0.05%, 0.31% ± 0.06% 
and 0.30 ± 0.04% at 2, 4 and 12 wk respectively.
    In the patients consuming celecoxib, the mean sucrose 
values were 0.08% ± 0.04% at baseline and 0.04% ± 0.05%, 
0.17% ± 0.04% and 0.15% ± 0.06% at 2, 4 and 12 wk 
respectively. The patients with no symptoms accounted for 
47.4%, 31.6% and 32.6% after 2, 4 and 12 wk respectively.
    In group B, 37.5%, 32% and 28% of  the patients 
remained asymptomatic after 2, 4 and 12 wk respectively. 
However, their mean sucrose values were 0.13% ± 0.08%, 
0.20% ± 0.06% and 0.21% ± 0.05% during the follow-up 
period.
    The mean sucrose values in patients complaining of  
mild dyspepsia in group B were 0.23% ± 0.04%, 0.25% ± 
0.08% and 0.25% ± 0.07% after 2, 4 and 12 wk (Figure 2).

DISCUSSION
Sucrose test is considered as a useful tool for predicting 
the presence of  clinically significant gastric disease after 
repetitive exposure to NSAIDs. Furthermore, sucrose test 
has been shown to be able to detect the differencies in 
both formulation and dose of  NSAIDs[13].
    NSAIDs reduce secretion of  both bicarbonate and mu-
cus, which are two of  the most important gastric mucosal 
defensive mechanisms. In fact, bicarbonates stimulate cell 
renewal and repair, while mucus that coats over the mu-
cosal lining provides a substrate for rapid restitution proc-
esses[21,22]. NSAIDs-induced damage allows permeation of  
macromolecules such as sucrose through the gastric mu-
cosa.
    We have previously proposed sucrose test together with 
serum pepsinogens as useful non-invasive methods to as-

sess histological damages as they show a good relationship 
with histological findings[14].
    In our study, the patients without PPI therapy showed 
increasing mean values of  sucrose test during the acute 
period (0.19% after 2 wk and 0.24% after 4 wk) compared 
to the 0.10% at baseline with a statistically significant dif-
ference (P = 0.000), suggesting that sucrose test is able 
to detect gastric mucosal damages in acute ingestion of  
NSAIDs.
    The subjects on chronic therapy showed a stable mean 
value of  0.25% after 12 wk, without any statistically signi-
ficant difference (P = 0.39). This can be explained with 
the underlying mechanisms of  NSAIDs-induced gastric 
damage involving both direct irritant action and systemic 
effect due to the inhibition of  cyclooxigenase (COX) ac-
tivity, which represents their main pharmacological effect. 
However, some authors suggest that COX-independent 
effects may be important in inducing mucosal cell apopto-
sis and microvascular perturbation with subsequent acute 
lesions[23].
    Several studies have indicated that acute damage is much 
more widespread than damage observed after several days 
or weeks, indicating that the gastric mucosa has adaptive 
mechanisms that compensate for NSAIDs-induced in-
jury[24]. Although the mechanisms involved in adaptation 
have not been defined yet, they reflect the capacity of  a 
rapid epithelial repair, which in turn epends on restitution 
and cell replication[25].
    In our study, the symptomatic patients showed a urinary 
sucrose excretion above the normal limit, suggesting a 
gastric damage. However, an alteration in gastric perme-
ability was also undetectable by endoscopy, suggesting that 
sucrose test represents the only available method to detect 
“mild to moderate” gastric damages. 
    In our study, a proportion of  patients without gastro-
protection revealed higher mean sucrose excretion than 
normal although they remained completely asymptomatic. 
These patients had a normal sucrose test at baseline and 
after 4 wk, but the excretion increased significantly in the 
following weeks, suggesting that they had mucosal damage. 
These results indicate an important clinical role of  sucrose 
test which can be used to identify gastric mucosal damages 
irrespective of  the presence of  a clinical picture, which is 
often absent in NSAIDs-induced damage.
    Sucrose test could be performed sequentially in high 
risk patients such as chronic users and rheumatic patients, 
and could identify early gastric mucosal damages. 
    The best strategy in preventing NSAIDs-induced dam-
age is still controversial[13-19]. First, gastrointestinal compli-
cations may be avoided by the use of  NSAID analgesics 
when possible. Second, using NSAIDs at their lowest 
effective dose decreases the risk of  complications. Third, 
medical cotherapy could be used in patients with increased 
risk of  complications. Finally, less injurious NSAIDs such 
as COX-2-specific inhibitors should developed to decrease 
the risk of  gastrointestinal events.
    Many studies have demonstrated that PPIs give a good 
protection against both duodenal and gastric ulcers in pa-
tients taking NSAIDs[27,28]. In addition, these drugs are safe 
and better tolerated as co-therapies than H2-antagonists or 
prostaglandin.

Figure 2  Sucrose test in Group B patients accordingly to their symptoms.
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    Some studies have demonstrated a significant benefit of  
pantoprazole in preventing NSAIDs-induced peptic ulcers. 
There are also data regarding the efficacy of  pantoprazole 
in preventing gastric lesions in rheumatic patients receiving 
long term treatment with NSAIDs. It has been reported 
that pantoprazole (40 mg daily) is well tolerated and more 
effective than placebo in preventing peptic ulcer in pa-
tients with rheumatic diseases on prolonged therapy with 
NSAIDs[28-30]. 
    In our study, the patients on pantoprazole therapy 
showed lower mean values of  sucrose test both in acute 
and chronic treatment compared with those without gas-
troprotection, confirming the efficacy of  this drug in pro-
tecting gastric mucosa. The presence of  upper gastrointes-
tinal symptoms was lower in patients receiving pantopra-
zole during the period of  observation. 
    In conclusion, sucrose test can be used in the follow-up 
of  patients on chronic therapy with NSAIDs. In fact, this 
method is non-invasive, well tolerated and inexpensive, and 
can be easily performed sequentially in chronic users of  
NSAIDs. This approach helps identify high risk patients 
that should undergo an upper gastrointestinal endoscopy 
if  economic consideration is taken into account.
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INTRODUCTION
In 1975 granulocyte colony stimulating factor (G-CSF) was 
purified from urine[1] and serum[2]. Nowadays G-CSF is in 
clinical use and is applied routinely for donor conditioning 
before stem cell transplantation due to its stem cell 
mobilizing property. It is also used to treat patients who 
suffer from infections and neutropenia[3,4] and has been 
used successfully in endotoxin induced septic conditions[5]. 
Recently G-CSF has been used in immunosuppressed 
patients, particularly transplant-recipients, suffering from 
CMV infection and severe neutropenia[6].

Several clinical studies have evaluated the safety of  
G-CSF for transplant patients with a special focus on acute 
cellular rejection[6,7]. Acute cellular rejection, however, 
is only one potential threat to the transplanted organ. 
Decreased organ perfusion can lead to impaired function 
and even graft failure[8]. Impaired perfusion can result 
from ischemia-reperfusion damage or arterial insufficiency 
secondary to thrombosis at the site of  anastomosis. 

Recently i t was shown that G-CSF can induce 
hypercoagulability in healthy bone marrow donors[9,10]. 
A prothrombotic state when a grafted organ is already 
compromised by impaired perfusion might exacerbate 
ischemia and further jeopardize the function of  the 
transplanted organ. This study was designed to establish 
whether G-CSF treatment aggravates impaired liver 
perfusion following liver transplantation in the rat model.

MATERIALS AND METHODS
Experimental design
A non-arterialized rat liver transplantation model was used 
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Abstract
AIM: Recently it has been reported that granulocyte 
co lony s t imulat ing factor  (G-CSF)  can induce 
h ype r c oagu l ab i l i t y  i n  h ea l t h y  bone  ma r r ow 
donors. It is conceivable that the induction of a 
prothrombotic state in a recipient of an organ graft 
with already impaired perfusion might cause further  
deterioration in the transplanted organ. This study 
evaluated whether G-CSF treatment worsens liver 
perfusion following liver transplantation in the rat model.

METHODS: A non-arterialized rat liver transplantation 
model was employed to evaluate the effect of G-CSF 
treatment on the liver in a syngeneic and allogeneic 
strain combination. Study outcomes included survival 
time and liver damage as investigated by liver enzymes 
and liver histology. Observation times were 1 d, 1 wk 
and 12 wk.

RESULTS: Rats treated with G-CSF had increased 
incidence and severity of biliary damage following liver 
transplantation. In these animals, hepatocellular necrosis 
was accentuated in the centrilobular region. These 
lesions are indicative of impaired perfusion in G-CSF 
treated animals.

CONCLUSION: G-CSF should be used with caution in 
recipients of liver transplantation, as treatment might 
enhance preexisting, undetected perfusion problems and 
ultimately lead to ischemia induced biliary complications.
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to evaluate the effect of  G-CSF treatment on the liver in 
a syngeneic and allogeneic strain combination. Outcomes 
included survival time and liver damage as investigated 
by liver enzymes in combination with liver histology. 
Observation time was set to 1 d, 1 wk and 12 wk.

Animals
Female Lew and ACI rats were used as donors and male 
Lewis (LEW, RT1) rats (Charles River Wiga GmbH, 
Germany), as recipients. The body weight of  male rats was 
within 250-350 g (10-14 wk old), that of  female rats were 
within 200-300 g (11-14 wk old). The animals were housed 
under standard animal care conditions and fed with rat 
chow ad libitum before and after operation. All procedures 
and housing were carried out according to the German 
Animal Welfare Legislation. 

Administration of G-CSF
Animals in the treatment group received G-CSF (Neupogen 
48TM, AMGEN GmbH, Germany) at a dose of  100 μg/kg 
daily by subcutaneous injection starting 5 d prior to the 
operation until postoperative d 21.

Surgical procedures of orthotopic liver transplantation
Orthotopic liver transplantation was performed according 
to the technique described by Kamada [11]. Inhalation 
anesthesia with Isoflurane was used during the operation. 

First step of  the surgical procedure was a transverse 
abdominal incision. The liver of  the donor was freed from 
its ligaments. The small-for-size liver graft was generated 
by 70% liver resection that included removing the left 
lateral lobe, the left medial lobe and the middle lobe. The 
weight of  the resected liver lobes as well as the graft itself  
were recorded. The liver graft was perfused through the 
portal vein with chilled Ringer’s solution. The organ was 
preserved at 4℃ for a maximum of  one hour until placed 
orthotopically in the recipient’s abdomen. The donor 
suprahepatic vena cava was anastomosed end-to-end with 
the recipient suprahepatic vena cava using a continuous 
7-0 polypropylene suture. The portal vein anastomosis 
as well as the infrahepatic vena cava anastomosis were 
performed by pulling the recipient’s vein over a cuff  which 
was secured with a circumferential 6-0 silk suture. Biliary 
continuity was restored by tying the bile duct over a stent 
(Klinika Medical GmbH, Germany). 

Postoperative management
After transplantation animals were placed into clean cages, 
and were given free access to tap water and rat chow ad 
libitum. Animals were observed daily. Body weight loss 
and general condition including activity, jaundice and 
bleeding from eyes or nose were recorded. Animals with 
deteriorating general condition indicated by a weight loss 
of  more than 30% were sacrificed and were classified as 
dying during the observation period. 

Sampling procedures
After sacrifice a full autopsy was performed. Gross 
findings were documented using a digital camera (Nikon 
Coolpix 995). Blood was obtained from the infrahepatic 

vena cava. Tissue samples (liver, bile duct) were fixed in 
4% buffered formalin. Paraffin embedding was performed 
using standard techniques (Tissue Processor TPC15, 
Medite Inc.). Paraffin sections (4 μm) were stained with 
Hematoxylin-Eosin (HE) and Elastic von Gieson (EvG). 

A l an ine am ino t r ans f e r a s e (ALT) , Aspa r t a t e 
aminotransferase (AST), Alkaline phosphatase (AP) and 
Bilirubin were measured with an Automated Chemical 
Analyzer (ADVIA 1650, Bayer AG, Germany).

Histological evaluation of grafts
Damage to the liver was assessed histologically using a 
semiquantitative scoring system (Table 1). The scoring 

Table 1  Histologic damage score of the liver after liver 
transplantation

Single cell necrosis 0: No necrotic hepatocyte in 5 HPF (40 X) 
1: 1-10 in 5 HPF
2: > 10

Confluent necrosis 0
1: Small in size and number
2: Large size and /or large number

Hepatic mitosis 0: No mitotic hepatocyte in 5 HPF (40 X)
1: 1-10 in 5 HPF
2: > 10 (extensive)

Bile duct 
inflammation damage

0: No inflammation;
1: A minority of the ducts are cuffed and 
infiltrated by inflammatory  cells
2: More than an occasional duct showing 
degenerative changes or focal degenerative 
changes; Most of the ducts infiltrated by 
inflammatory cells
3:  Most  of  the ducts  showing luminal 
disruption, most of the ducts infiltrated by 
inflammatory cells

Ductular proliferation 0: None
1: Minimal (small proliferation in a minority 
of portal tracts)
2: Mild (most portal tracts but not involving 
the lobular parenchyma)
3: Moderate (all portal tracts and extending 
along the fibrous septa)
4: Severe (extending along the portal tracts 
and also slightly involving the lobular 
parenchyma)
5: Very severe (diffuse proliferation in the 
lobular parenchyma)

Fibrosis 0: None
1: Fibrosis slightly extending portal tracts
2: Fibrosis extending portal tracts with 
incomplete septa
3: Fibrosis with complete septa bridging 
portal to portal tracts
4: Incomplete (focal) or complete cirrhosis

Activated Kupffer cells 0: No activated Kupffer cells
1: Activated Kupffer cells

Eosinophilic globuli 0: No eosinophilic globuli
1: 1%-5% of all hepatocytes
2: > 5% 

Small vacuolar
transformation of the
cytoplasm

0: No small vacuolar transformation of 
the cytoplasm 
1: 1%-30% of all the hepatocytes
2: > 30%
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system included assessment of  the portal and lobular 
inflammatory infiltrate, the extent of  hepatocellular 
necrosis and signs of  unspecific hepatocellular damage 
like a fine vacuolar transformation of  the cytoplasm 
of  hepatocytes. The number of  mitotic figures and 
of  eosinophilic globular structures in the cytoplasm 
of  hepatocytes were counted. The extent of  bile duct 
inflammation, regenerative changes of  biliary epithelial 
cells and the number of  ductules was reported.

The liver damage score was calculated as sum of  the 
scores of  all parameters, and the bile duct damage score 
was calculated as sum of  bile duct inflammation and 
ductular proliferation score.

Data analysis and statistics
Data analysis and statistical procedures were performed 
using SPSS 10.0 (SPSS Inc. USA). All graphs were 
generated using Sigmaplot 7.0 (SPSS Inc. USA).

The survival rate was depicted as Kaplan-Meier curve. 
Survival rates in different groups were tested using the log 
rank test. Biochemistry results and damage scores among 
different groups were tested using the Mann Whitney Rank 
Sum test. 

RESULTS
Normal rats
Normal rats treated with G-CSF (n = 6) for 5 d showed 
a mean leucocyte count of  22 neutrophilic cells per 
nl compared to 15 per nL without G-CSF treatment, 
indicating the biologic activity of  human G-CSF in 
rats. An isolated increase in the blood level of  alkaline 
phophatase was detected in 1 out of  6 animals. ALT, AST 

and bilirubin were within their normal range. 
Histological evaluation revealed no pathologic changes; 

especially no alteration of  the bile ducts or hepatocellular 
necrosis.

Rats after syngeneic liver transplantation
In both the G-CSF treated and untreated groups at 24 h, 
the liver macroscopically showed slight edema in the hilar 
region. Histologically a granulocytic infiltrate was found 
surrounding large hilar intrahepatic bile ducts in 50% of  
all G-CSF treated rats whereas in untreated rats hardly any 
inflammatory infiltrates in the large hilar intrahepatic bile 
ducts was detected (Figure 1). 

Alkaline phosphatase was significantly higher in the 
G-CSF group compared to the untreated group (Table 2) 
indicating a more pronounced damage to the biliary system 
in the G-CSF treated animals. 

Blood levels of  liver enzymes were significantly lower 
in the G-CSF treated group compared to the untreated 
group (ALT: G-CSF treated group: 418.67 ± 73.08 μ/L vs 
untreated group: 634 ± 195.86 μ/L, P = 0.041), indicating 
a reduced number of  damaged liver cells in G-CSF treated 
animals.

In both animal groups morphologic signs of  minor 
hepatocellular damage like small vacuoles in the cytoplasm 
and a low number of  single cell necrosis were visible. 

In the treated group hepatocellular damage was 
mainly located in the centrilobular region. In contrast this 
distribution of  hepatocytic injury was only observed in 
2/6 animals of  the untreated group. The other animals 
presented with single cell necrosis throughout the liver 

-G-CSF +G-CSF

Figure 1  Histology of rat liver after 24 h (A, B), one week (C, D) and 12 wk (E, F) 
with and without G-CSF treatment showing varying degrees of inflammation and 
bile duct proliferation. HE; A, D, F 200 x; B 300 x; C, E 100 x.
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Figure 2  Kaplan-Meier chart of rats after liver transplantation with and without 
G-CSF treatment. 

1 Significant difference between two groups (P < 0.05, t-test); 2 Significant 
difference between two groups (P < 0.001, t-test).

Table 2  Blood levels of ALT, AST and AP in rats after liver 
transplantation with and without G-CSF treatment

          24 h          1 wk         12 wk

Group Untreated G-CSF Untreated G-CSF Untreated G-CSF

ALT (u/L) 616 ± 1941 418 ± 731 192 ± 49 148 ± 81   92 ± 84   49 ± 24
AST (u/L) 344 ± 204 204 ± 48   96 ± 81   59 ± 28   35 ± 15   24 ± 13
AP (u/L) 141 ± 222 455 ± 992 453 ± 147 449 ± 418 473 ± 543 221 ± 68

24 h

1 wk

12 wk
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lobule.
In the one week group with G-CSF treatment all 

animals survived. Survival rate without G-CSF treatment 
was 90% (Figure 2). 

Upon gross examination, signs of  limited inflammation 
around the common bile duct was found in all animals. 

AST and ALT levels in both groups were elevated. 
Compared to the levels reached 24 h postoperatively, a 
decrease was observed, indicating recovery (Table 2). Two 
animals in the treatment group showed a massive increase 
in the AP-levels indicating severe damage to the bile ducts, 
whereas the other animals were within the normal range. 
In the untreated group, three out of  six animals showed a 
slight increase in the AP-levels.

Histologically signs of  damage to the biliary epithelial 
cells were visible in animals with and without G-CSF 
treatment. After G-CSF treatment rats showed a more 
pronounced proliferation of  small biliary ducts suggesting 
a bile outflow problem.

Biliary epithelial cells showed signs of  regenerative 
activation indicating repair of  cellular damage rats with 
and without G-CSF treatment. Besides mitotic figures 
the biliary epithelial cells showed an increased nuclear 
polymorphism and nuclear enlargement leading to a shift 
of  the nuclear to cytoplasmic ratio. Crowding of  the 
biliary epithelial cells was visible. Nuclei did not show 
basal orientation. Furthermore signs of  ongoing damage 
to the biliary duct were visible. In the cytoplasm of  
biliary epithelial cells vacuoles were discernible. A very 
low number of  necrotic biliary epithelial cells could be 
detected. In the vicinity of  bile ducts inflammatory cellular 
infiltrates were visible. 

Biliary outf low obstruction is known to induce 
proliferation of  biliary ducts leading to an increase in the 
number of  bile ducts in the portal tracts. Proliferation of  
bile ducts was more pronounced in animals that underwent 
G-CSF treatment (Figure 1D). In one rat, the proliferated 
bile ducts extended into the parenchyma of  the liver. In 
another animal a massive “biliary transformation” of  the 
liver was observed. The biliary duct damage score was 
slightly higher in G-CSF treated animals at week one, but 
at this time point the difference did not reach statistical 
significance (P = 0.074, Mann-Whitney test). 

Survival rate at 12 wk post operation was 88% in 
the untreated group compared to the treated group that 
showed a survival rate of  only 64% (Figure 2).

Macroscopically concrements and sludge in large bile 
ducts was found slightly more frequent in G-CSF treated 
rats (3/6 compared to 2/6). 

In the untreated group, black sludge in the bile duct 
was found in one rat. In another rat, a small yellow particle 
in the common bile duct was found, which was associated 
with a cystic dilatation of  the bile duct.

In G-CSF treated animals a small amount of  black 
sludge was found in 2 out of  6 rats. A 0.4 cm × 0.4 cm 
black stone-like particle in a dilated bile duct was found in 
another rat. Totally, macroscopically visible lesions of  the 
large extrahepatic bile duct were found in 3 out of  6 rats. 

Blood levels of  liver enzymes and AP were increased 
but comparison of  both groups did not show a statistically 
significant difference at this time point.

Microscopically the number of  proliferating small 
biliary ducts was higher in G-CSF treated animals. The 
degree of  liver cell damage was also higher in G-CSF 
treated animals. Median bile duct damage score in G-CSF 
treated animals reached statistical significance compared to 
rats without G-CSF treatment (Figure 3). 

Rats after allogeneic liver transplantation
After full size liver transplantation in the ACI to Lewis 
strain combination animals died within 9 to 14 d. No 
difference in survival time was observed between animals 
with and without G-CSF treatment. 

Animals dy ing spontaneous ly presented wi th 
morphological signs of  severe rejection, as expected in 
this strain combination. Scoring of  the histopathology 
according to the Banff-classification showed no difference 
in severity between the two groups. Portal tracts were 
wide and filled with activated lymphocytes and other 
inflammatory cells. Inflammatory cells extended into the 
parenchyma of  the liver and hepatocellular single cell 
necrosis was obvious.

In addition inflammatory cells infiltrated small bile 
ducts that showed signs of  damage and destruction. Single 
necrotic biliary cells and vacuolar transformation of  biliary 
epithelium was the characteristic feature. Regenerative 
activation of  biliary epithelial cells was detected. The 
number of  mitotic figures in biliary epithelial cells was 
increased and nuclei were not evenly arranged in the 
vicinity of  the basal membrane. In addition nuclear 
enlargement leading to a shift of  the nuclear to cytoplasmic 
ratio was recorded. In addition to ductitis, there was also 
an inflammatory infiltrate in the luminal parts of  the wall 
of  blood vessels both in the portal tract and in the central 
regions of  the lobules. This endothelitis was accompanied 
by a regenerative activation and proliferation of  endothelial 
cells and in some vessels, minute fibrin deposits were 
discernible on the luminal surface. 

In the G-CSF treated animals the number of  granu-
locytes seemed to be slightly higher near the bile ducts, 
whilst hepatocellular single cell necrosis seemed to be 
slightly more prominent in centrilobular areas compared 
to rats receiving no G-CSF treatment. Differences were 
subtle and did not allow for clear discrimination between 
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Figure 3  Median bile duct damage score at one and twelve weeks.
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the two groups. When slides were observed in a blinded 
fashion animals could not be clearly attributed to either 
group.

DISCUSSION
G-CSF is used routinely in conditioning of  donors 
before stem cell transplantations. In donors and healthy 
volunteers it has been shown that G-CSF induces a 
prothrombotic state (Table 3). In addition to the increase 
in prothrombotic factors, enhanced platelet aggregation 
was also observed, potentially mediated by the G-CSF 
receptor on platelets[12]. Therefore, it was suspected that 
G-CSF might lead to thrombotic complications in patients 
already at risk for thrombosis. Thus, careful monitoring 
was recommended for patients with additional risk factors 
for thrombosis[13].

Furthermore other pathophysiological alterations 
induced by G-CSF may impair microcirculat ion. 
Microcirculation was disturbed in G-CSF treated rats using 
a free-flap model to investigate behavior of  granulocytes 
after chemotherapy and G-CSF stimulation[14]. Leukocyte 
rolling and sticking was enhanced to a degree that impaired 
microcirculation. However, this problem became only 
visible in this free-flap model with its inherent impairment 
to microcirculation.

Ischemia-reperfusion injury causing an impairment of  
microcirculation is unavoidable in transplantations[15-17]. In 
clinical liver transplantation, impaired arterial perfusion, 
mostly due to arterial thrombosis in the hepatic artery, 
is an important cause of  graft dysfunction and even 
failure[18-20]. In the rat, rearterialization is not essential for 
the survival of  the recipient, but is considered by some 
authors to enhance liver perfusion and especially perfusion 
of  the biliary tract, resulting in a lower rate of  biliary 

complications[21,22]. For this study, a model with a high risk 
of  perfusion related problems was warranted. Therefore, 
the non-arterialized rat liver transplantation model, as 
developed by Kamada[20] was employed.

In rats, subjected to liver transplantations and additional 
perioperative G-CSF treatment, in the early postoperative 
period we observed a centrilobular accentuation of  
necrotic hepatocytes. At the same time we also observed 
an increased blood level of  alkaline phosphatase at 24 
h. Alkaline phosphatase can be an indicator of  damage 
to the biliary epithelial cells but an increase in the blood 
levels of  alkaline phosphatase after G-CSF treatment is 
also described in some patients due to the induction of  
bone metabolism[23]. Especially the pronounced increase 
after syngeneic liver transplantations in rats treated with 
G-CSF compared to non-operated G-CSF treated animals 
suggests damage to the biliary tract leading to cholangitis 
as the underlying reason. 

In the animals observed for 12 wk, an increase in 
the number and severity of  biliary complications and 
accompanying histomorphological damage was found. In 
particular, the number of  proliferating small biliary ducts, 
which is indicative of  a biliary outflow problem, was more 
prevalent in G-CSF treated rats. 

Impaired arterial perfusion of  the liver parenchyma 
leads to variable centrilobular necrosis [24]. Impaired 
arterial perfusion of  the bile duct leads to damage of  the 
biliary epithelial cells indicated by the release of  alkaline 
phosphatase. Aggressive bile seeping into the surrounding 
tissue can perpetuate the damage and attract inflammatory 
cells, causing cholangitis. Especially when larger bile 
ducts are affected, there can be a functional impairment 
of  smooth muscle cells with loss of  motility, which can 
impair bile outflow. Reduced biliary flow promotes the 
development of  biliary sludge and concrements eventually 
leading to outflow obstruction. Biliary obstruction 
induces proliferation of  small bile ducts as demonstrated 
experimentally in a rat liver ischemia model[25] and after 
bile duct ligation[26]. 

If  this combination of  morphological alterations, 
centrilobular hepatocellular necrosis and cholangitis with 
or without proliferation of  small bile duct  is present, as 
it is in our experiment, an underlying perfusion problem 
must be assumed. However, it might be difficult to achieve 
a diagnosis based on histomorphology alone since severe 
additional confounding alterations like rejection can 
be superimposed. In the allogeneic strain combination 
reject ion was par t ia l ly masking perfusion related 
morphologic alterations. Thus, a perfusion associated 
problem could only be suspected upon a detailed analysis. 

Clinical studies performed to document the safety of  
G-CSF in transplant patients did not reveal relevant side 
effects in most studies. G-CSF is known to restore the 
compromised immune system in neutropenic patients by 
increasing the number of  circulating granulocytes, thus 
it was suspected that the rejection rate might increase. 
In the published clinical trials [6,7,27] an influence on 
rejection rate or severity was not reported, which was also 
confirmed in our study. Other problems seem to be out 
of  focus in these studies. In a large clinical trial analyzing 
potential adverse effects of  G-CSF in liver transplanted 

Author n Observations after G-CSF administration 
or in patients with G-CSF producing 
tumors

Topcuoglu et al , 2004[9] 18 Stimulation of thrombotic factors and 
increased endothelial markers, such as FⅧ 
and vWF
No clinical silent microembolism detected 
by transcranial Doppler

Sohngen et al , 1998[13] 25 Hypercoaguable state
LeBlanc et al , 1999[10] 22 Increased levels of FⅧC and thrombin

Reduced platelet aggregation. 
Kuroiwa et al , 1996[12] 10 Significant increase of platelet aggregation 

induced by ADP or collagen, thromboxane 
B2 level and amount of thrombin-antithrombin 
Ⅲ complex.

Canales et al , 2002[32] 20 Significant increase in F1 + 2 and D-dimer 
Significant decrease of antithrombin and 
protein C activity 
Significant increase of vWF 
Slightly significant decrease of angiotensin 
converting enzyme 

Suzuki et al , 1992[33] 14 Thrombocytosis

Table 3  Signs of a hypercoaguable state after G-CSF treatment 
in healthy volunteers and in patients with G-CSF producing 
tumors
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patients[7] not a single case of  biliary complications was 
reported. Biliary problems are rather common after liver 
transplantations. The complete absence of  any biliary 
problem in such a large cohort of  286 patients is rather 
surprising.

GCSF-related histomorphological alterations of  the 
liver were reported in studies, where patients were exposed 
to high levels of  circulating cytokines. Suzuki[28] reported 
on a small number of  patients with endocrine tumors 
producing G-CSF as well as IL-1 and IL-8, who presented 
with liver dysfunction and fever in addition to marked 
leukocytosis. Biochemical examinations revealed high serum 
enzyme levels of  the biliary system in contrast to normal or 
slight increases in transaminase levels in all patients studied. 
Three common pathologic changes of  the liver were found: 
focal necrosis associated with neutrophil infiltration in the 
centrilobular zones[1], fibrous change and enlargement of  
the portal area associated with neutrophil infiltration[2], and 
intrahepatic cholestasis[3]. The same pathologic changes, 
except for cholestasis, were observed in the liver of  mice 
transplanted with G-CSF-producing cell lines (KHC287 or 
CHU-2)[29]. Thus the pattern of  liver lesions consisting of  
an impairment of  bile ducts and centrilobular necrosis of  
hepatocytes was similar to morphologic changes observed 
in our experiment. 

But on the other hand a beneficial effect of  G-CSF 
on the liver after extended liver resection and toxic liver 
damage has been described[30,31]. Yannaki observed an 
accelerated recovery and improved survival after liver injury 
and attributed this effect to the promotion of  endogenous 
repair programs[9], and not to stem cell transdifferentiation, 
as discussed recently. In the experiment presented here, 
the lower serum levels of  AST and ALT 24 h after liver 
transplantation could be attributed to this beneficial 
G-CSF effect. In treated rats, hepatocyte necrosis was only 
observed in the vicinity of  central veins, whereas single 
cell necrosis was distributed throughout the liver lobule 
in the untreated group, accompanied by a significantly 
higher release of  liver enzymes. This distribution pattern 
of  single cell necrosis gives rise to the speculation, that 
GCSF had a beneficial affect on hepatocytes undergoing 
ischemia reperfusion injury, but had a detrimental effect on 
perfusion leading to centrilobular necrosis of  hepatocytes 
and necrosis and vacuolization of  biliary epithelial cells.

This contradictory effect contributes to the blurring 
clinical picture, which hinders one from reaching definitive 
conclusions from these studies. Perfusion related changes are 
rather subtle, thus it is necessary to give special attention to 
this problem, which does not always happen, neither in daily 
clinical routine nor in clinical studies as mentioned before[7]. 

CONCLUSION
G-CSF should be used with caution in liver transplanted 
patients, as treatment might enhance preexisting, undetected 
perfusion problems and ultimately lead to ischemia induced 
biliary complications.
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Abstract
AIM: To descr ibe the trend in duodenal b iopsy 
performance during routine upper gastrointestinal 
endoscopy in an adult Spanish population, and to 
analyze its value for the diagnosis of celiac disease in 
clinical practice. 

METHODS: A 15 year-trend (1990 to 2004) in duo-
denal biopsy performed when undertaking upper 
gastrointestinal endoscopy was studied. We analysed the 
prevalence of celiac disease in the overall group, and in 
the subgroups with anaemia and/or chronic diarrhoea.

RESULTS: Duodenal biopsy was performed in 1033 
of 13 678 upper gastrointestinal endoscopies (7.6%); 
an increase in the use of such was observed over the 
study period (1.9% in 1990-1994, 5% in 1995-1999 and 
12.8% in 2000-2004). Celiac disease was diagnosed in 
22 patients (2.2%), this being more frequent in women 
than in men (3% and 1% respectively). Fourteen out 
of 514 (2.7%) patients with anaemia, 12 out of 141 
(8.5%) with chronic diarrhoea and 8 out of 42 (19%) 
with anaemia plus chronic diarrhoea had celiac disease. 
A classical clinical presentation was observed in 55% of 
the cases, 23% of the patients had associated dermatitis 
herpetiformis and 64% presented anaemia; 9% were 
diagnosed by familial screening and 5% by cryptogenetic 
hypertransaminasaemia. 

CONCLUSION: Duodenal biopsy undertaken during 
routine upper gastrointestinal endoscopy in adults, has 
been gradually incorporated into clinical practice, and is 
a useful tool for the diagnosis of celiac disease in high 
risk groups such as those with anaemia and/or chronic 
diarrhoea.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Celiac disease (CD) is a frequent immune-mediated 
enteropathy of  worldwide distribution. It affects both 
children and adults and has a heterogeneous clinical 
presentation[1]. Even though we currently possess sensitive 
and specific serological methods, the duodenal biopsy 
continues to be the gold standard for the diagnosis of  
CD[2]. Knowledge of  the diverse forms of  presentation of  
CD, together with a high index of  clinical suspicion and 
an improvement in the accessibility to endoscopy units 
have made it possible, in some geographical areas, that 
the number of  diagnosed celiac patients approximates the 
number of  patients estimated from population screening 
studies[3].   

Endoscopic duodenal biopsy is a diagnostic tool in 
the management of  patients with chronic diarrhoea and 
ferropenic anemia[4,5], these being frequent manifestations 
of  CD[1]. Several studies have been designed in order to 
know the prevalence of  CD among those with anemia or 
diarrhoea[6-13]. However, the usefulness of  duodenal biopsy 
during upper gastrointestinal (GI) endoscopy for diagnosis 
of  CD is less well known in daily clinical practice[14]. 

In Spain, the prevalence of  CD in the general 
population is similar to other European countries (1/118 
to 1/389)[15-17], we do not however possess data on the 
performance of  duodenal biopsy in adults in clinical 
practice. The aims of  the present study were to obtain 
information on the evolution of  the practice of  duodenal 
biopsy in adults over a 15-year period in a Spanish 
Digestive Endoscopy Unit and also to study the efficacy 
of  such for the diagnosis of  CD in high risk groups 
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of  patients, such as those with anemia and/or chronic 
diarrhoea. The clinical characteristics of  celiac patients 
diagnosed throughout the study are also described.

MATERIALS AND METHODS
Patients
The Gastroenterology Unit of  Hospital Valle del Nalón 
(Asturias, Northern Spain) is the reference for an 
adult population of  75 212 people (27% > 60 years). 
All upper GI endoscopies were performed by three 
gastroenterologists (RS, F-RE and NR) and duodenal 
biopsies (3-5 samples per patient) were evaluated by 
the same pathologist (DF). A special interest in CD 
began in 1997, when an epidemiological study was 
undertaken on the prevalence of  the disease in the general 
population of  this area[15]. In clinical practice, the access 
to Digestive Endoscopy Unit is not open to primary care 
and serological testing for CD has always been available 
(antigliadine, antiendomysium and/or antitransglutaminase, 
according to the period analysed). From 1998, the genetic 
study of  HLA-DQ2/DQ8 has also been available.

Study design
Using the computer ized register of  a l l upper GI 
endoscopies performed between 1990 and 2004 (13 678), 
we created a database of  all patients who had undergone a 
duodenal biopsy (1033). After excluding 12 explorations in 
which it was not possible to reach a histological diagnosis 
due to technical problems and another 12 which were 
performed in already known celiacs, the total sample 
analysed was 1009 explorations. The variables included 
for study are as follows: year when duodenal biopsy was 
undertaken, age and gender of  patient, indication for 
upper GI endoscopy and the final histological diagnosis.  

We studied the evolution over time of  the performance 
of  duodenal biopsy during the upper GI endoscopies; 
in some cases the endoscopic exploration was made 
exclusively in order to perform duodenal biopsies, since 
a high index of  suspicion of  CD previously existed (for 
example, positive serology or malabsorption syndrome). 
However, in the majority of  the cases, i t was the 
endoscopist who decided, at the time of  exploration, 
whether or not to take duodenal biopsies, when faced 
with the finding of  anomalies in the intestinal mucosa or 
the presence of  certain symptoms or analytical changes 
(diarrhoea, anemia, iron deficiency, etc). 

We analysed those cases diagnosed as celiacs; the 
enteropathy was described according to the Marsh´ 
classification (modified by Oberhuer)[18] and a response 
to a gluten-free diet, was used as the diagnostic criteria 
for CD. We studied the frequency of  CD, according to 
the main indication for performing the duodenal biopsy. 
The subgroup of  patients with anemia (n = 514) included 
those in which the indication for endoscopic study was the 
presence of  ferropenic anemia, microcytic anemia or iron 
and/or folic acid deficiency; patients with anemia due to 
vitamin B12 deficiency or those in whom the anemia was 
associated with signs or symptoms of  upper GI bleeding, 
were excluded from the analysis. The subgroup of  patients 

with diarrhoea (n = 141) included those with a picture of  
chronic diarrhoea (> 4 wk) in whom a possible origin was 
suspected in the small intestine. 

The clinical, serological and genetic characteristics 
of  patients diagnosed with CD over the study period are 
presented in this paper.

Statistical analysis 
Data are expressed as percentages or absolute number 
for categorical variables and medians and ranges for 
continuous variables. The Chi-square test was used to test 
for differences between groups of  patients with regard 
to their clinical and demographic features. Multivariate 
logistic regression analysis was performed to describe 
the independent association of  variables, and the output 
was converted into adjusted likelihood ratios. A stepwise 
(forward) selection procedure was employed in order 
to prevent exclusion of  important variables from the 
model, as a result of  mutual correlations. The covariables 
introduced in the model were age, gender, anemia, 
diarrhoea, and year of  performance of  duodenal biopsy 
(stratified into three periods). The relationship between 
CD and the above variables was quantified as odds ratios 
(OR) and 95% confidence intervals are provided. All 
statistical analyses were performed using MedCalc®, Ver. 
7.4.4.1 (MedCalc Software). A two-tailed P < 0.05 was 
considered to be statistically significant.

RESULTS
Temporal evolution of duodenal biopsy during the study 
period  
From 1990 to 2004, duodenal biopsy was performed 
in 1033 out of  a total of  13 678 upper GI endoscopies 
(7.4%). Figure 1 represents the 15-year evolution of  the 
performance of  duodenal biopsy in the final sample 
evaluated (1009); when a division was made into three 
consecutive periods of  five years: 1990-1994, 1995-1999 
and 2000-2004, we found a significant increase in the 
percentage of  endoscopic explorations in which duodenal 
biopsy was performed: 58 out of  3121 (1.9%) in the first 
period, 258 out of  5128 (5%) in the second period, and 
693 out of  5405 (12.8%) in the third (1.9% vs 5%, P < 
0.0001; 5% vs 12.8%, P < 0.001).
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Figure 1  Fifteen-year evolution of the performance of duodenal biopsy during 
routine upper gastrointestinal endoscopy in an adult Spanish population.
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Up to 1997 a duodenal biopsy was not indicated by 
positive serology for CD and up to 1999, this was not 
made in first-degree relatives of  celiac patients. Duodenal 
biopsy was performed in 7.7% of  the patients with anemia 
as the main indication for upper GI endoscopy during the 
first period, in 21% during the second, and in 73% during 
the third period.

Prevalence of celiac disease 
The total group included 600 females and 409 males with 
a median age of  60 years (range 14-93 years), without 
significant differences in gender. Twenty two patients 
were diagnosed with CD, which accounted for 2.2% of  
the duodenal biopsies performed; in 6 subjects (27%) the 
duodenal biopsy was indicated after knowing the presence 
of  positive serology for CD, while in the 16 remaining 
patients (73%), this was performed according to the 
clinical suspicion of  CD (based on the presence of  chronic 
diarrhoea, non-specific digestive symptoms, etc) or by the 
finding of  persistent analytical changes (anemia and/or 
iron deficiency). The prevalence of  CD in the overall 
group and also in the subgroups of  anemia and/or chronic 
diarrhoea is shown in Table 1. 

In the logistic regression analysis, only the presence 
of  anemia (OR 2.82; 95% CI 1.11-7.14) and diarrhoea 
(OR 10.38; 95% CI 4.22-25.50) were risk factors for CD. 
The clinical and immune-histological characteristics of  
the celiac patients diagnosed in the study are shown in 
Table 2. No differences were observed in the frequency of  
classical presentation between patients diagnosed before 
or after 1999 (50% versus 58%, respectively). A gluten-free 
diet was strictly followed-up in 20 of  the 22 adult celiac 
patients diagnosed. 

DISCUSSION
This study shows the changes observed over a period of  
15 years (1990-2004) in the performance of  duodenal 
biopsy in an endoscopy unit for adults in Spain. At 
present, the practice of  duodenal biopsy during upper GI 
endoscopies is common. During the period 1990-1994 
duodenal biopsy was made in 1.9% of  the endoscopic 
explorations, while during the period 2000-2004 this was 
12.8%. 

Advancement in the knowledge of  CD has led to 
an increase in the indications for performing duodenal 
biopsy. I t i s cur rent ly known that mi ld digest ive 
symptoms (dyspepsia, abdominal discomfort, etc) , 
or analytical alterations (anemia, iron deficiency or 
hypertransaminasaemia), could be some forms of  
presentation of  CD[1]. We observed that during the first 
5-year period, duodenal biopsy was usually made in 
persons with a classical or malabsorption syndrome, while 
in the later periods this was mainly performed in subjects 
with anemia (data not shown). Certain risk groups have 
been well characterised[19,20], which has meant that during 
the upper GI endoscopies practised for whatever reason in 
persons belonging to these risk groups, duodenal biopsy is 
made even in the absence of  symptoms of  enteropathy or 
without previous serological studies.

CD was diagnosed more frequently in females than in 
males (3% vs 1%), although gender was not a significant 

Table 1  Prevalence of celiac disease in 1009 duodenal biopsies 
performed during upper gastrointestinal endoscopy

Table 2  Clinical and immune-histological characteristics of 
celiac patients

              Number       CD n  (%)              95% CI

Study population         1009           22 (2.2)      1.4-3.3
Period:
   1990-1994   58   2 (3.4) 0.6-13.0
   1995-1999 258   8 (3.1) 1.5-6.3
   2000-2004 693 12 (1.7) 0.9-3.1

Gender:
   Female 600 18 (3) 1.8-4.8
   Male 409   4 (1) 0.3-2.7

Age (yr):
   14-34 136   3 (2.2)   0.6-6.8
   35-54 309 11 (3.6)b   1.9-6.5
   55-74 365   7 (1.9)   0.8-4.1
   ≥ 75 199   1 (0.5) 0.03-3.2

Patient subgroups:
   Anemia 514 14 (2.7) 1.6-4.6
   Diarrhoea 141 12 (8.5)d 4.7-14.7
   Anemia plus 
   diarrhoea

  42   8 (19)f 9.1-34.6

bP < 0.01 (35-54 yr vs ≥ 75 yr); dP < 0.01 (diarrhea vs anemia); fP < 0.0001 
(anemia plus diarrhoea vs anemia). 

Gender
   Female 18 (81.8%)
   Male   4 (18.2%)
Age (yr) 50 (19-77)
Clinical characteristics
   Malabsorption syndrome 12 (54.5%)
   Anemia 14 (63.6%)
   Dermatitis herpetiformis   5 (22.7%)
   Abnormal liver function test   7 (31.8%)
Celiac relatives   2 (9.1%)
Histology (Marsh type):
   Ⅰ    3 (13.6%)
   Ⅱ    1 (4.5%)
   Ⅲ 18 (81.8%)
Serology1

   AGA 13 (86.7%)
   EMA 17 (89.5%)
   TTG   8 (88.9%)
HLA-DQ22 18 (100%)
Autoimmune associated diseases3   2 (9.1%)
Mortality4   2 (9.1%)

n (%) are shown for categorical variables, while the median (range) is shown 
for age. 1Serological analysis was performed using antigliadin (AGA) in 
15, anti-endomysium (EMA) in 19 and tissue-trans-glutaminase antibodies 
(TTG) in 9 patients; 2Genetic study was performed in 18 patients; 3Addison 
disease (1) and juvenile arthritis (1); 4Stroke (1) and non-Hodgkin lymphoma 
(1).
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risk factor for CD, as has been observed in other similar 
studies[14]. Only anemia and diarrhoea were found to 
be risk factors for CD. The prevalence of  CD found in 
patients with anemia (2.7%) is included in the wide range 
communicated in previous studies (1.8% to 13.7%)[6-11]; the 
differences are due mainly to the diverse selection criteria 
of  patients with anemia, since if  ferropenic refractory 
patients are included[6,7] or subjects in which other causes 
of  anemia have been ruled out[7], the frequency of  
CD has been higher; on the other hand, the diagnostic 
strategy used also influences the results, as some studies 
have performed serological screening prior to duodenal 
biopsy[6,8], while in others a duodenal biopsy has been 
performed in all cases[7,11] or only in those in which another 
cause to justify the anemia was not found during the 
endoscopic exploration[10].

We wish to emphasize that our study is based on 
clinical practice over a long period of  time, for which 
reason various factors could have influenced the results. 
Thus, the percentage of  patients with anemia in whom 
duodenal biopsy was performed has increased over the 
periods of  time analysed as a consequence of  a greater 
knowledge of  the manifestations of  the disease; although 
in the management guides of  ferropenic anemia duodenal 
biopsy is recommended during the endoscopic procedure 
indicated in order to rule out causes of  such in the upper 
GI tract[4], this was only undertaken at the end of  the 
period analysed in a percentage of  73% of  the cases; 
the degree of  fulfilment of  this recommendation in 
countries such as the USA or the UK is low (10% and 
46%, respectively)[21,22], in spite of  the fact that it has been 
shown that duodenal biopsy for CD in a patient with 
anemia is a cost-effective approach[23]. We also observed 
that there were differences in the degree of  implication of  
the endoscopist in the diagnosis of  the disease (data not 
shown); in this sense, differences in the performance of  
duodenal biopsy among digestive endoscopic services, in 
the same country, have been reported[21]. 

The generalization of  serological testing in the later 
periods of  the study, above all in the primary care level, 
allowed the selection for duodenal biopsy of  celiac 
patients with anemia as the only manifestation of  the 
disease; on the other hand, 13 out of  14 celiacs with 
anemia presented specific antibodies for CD (the only 
negative case had a mild intestinal lesion - Marsh type 1). 
These data support the strategies of  serological screening 
in subjects with anemia at primary care level[24,25], in blood 
donors[26] or in biochemistry laboratories[27] as an effective 
method of  increasing the number of  patients diagnosed 
with silent CD.  

We found that adults diagnosed with CD had a mainly 
classical clinical presentation (55% with diarrhoea) and 
ferropenic anemia (64%), for which reason we believe that 
there must still be a large part of  the celiac iceberg (silent 
or atypical forms) remaining undiagnosed. The prevalence 
of  CD in the adult general population in our area, has 
been estimated to be 1/389[15], which means that only one 
in nine celiacs could be diagnosed, this being similar to 
that reported for other geographical areas[1].

We conclude that duodenal biopsy performed during 
routine upper GI endoscopy, has been incorporated into 

the daily clinical practice in digestive endoscopic services. 
This has permitted a significant increase in the number of  
patients diagnosed with CD, although these are probably 
only a small percentage of  the true number of  celiacs 
in the general population. In our area, the existence of  
anemia and diarrhoea are the most common risk factors 
associated with the presence of  CD. Clinicians should 
consider CD as a possible cause of  unexplained anemia, 
and gastroenterologists should biopsy the duodenum when 
exploring patients with iron-deficiency anemia and/or 
chronic diarrhoea, even if  biopsies are not specifically 
required.
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INTRODUCTION
Gastric adenocarcinoma (GC) is a major public health 
problem worldwide and the third cause of  cancer-
related mortality in Europe[1-3]. In Portugal, gastric cancer 
represents a sixth of  all cancer related deaths, with 
twice the average mortality of  European Union and the 
highest among Western European countries 25/100 000 
and 12/100 000 persons × year in men and women, 
respectively[4,5]. Portuguese inhabitants show a life-time risk 
for gastric cancer of  approximately 2% (95% CI 1.9-2.1), 
with half  the decline observed at other European countries 
during the last decade[6]. 

Lauren’s classification is most commonly used for gas-
tric adenocarcinoma because of  its epidemiologic impor-
tance[2,7]. It defines two main morphological types: ‘diffuse 
type’ and ‘intestinal type’. The latter is characterized by 
a stepwise transformation from normal mucosa through 
atrophic gastritis, atrophy, intestinal metaplasia and dyspla-
sia to invasive gastric adenocarcinoma[2,8]. This type shows 
a male:female ratio of  2:1 and it has been related mostly to 
environmental factors such as H pylori infection and diet[2,6]. 

However, recently several host genetic variations have 
been regarded as potential risk markers[9-18]. Pepsinogen 
is an effective marker of  terminal differentiation of  the 
stomach mucosa[19,20]. Pepsinogen C (PGC) is mainly se-
creted by chief  cells of  gastric gland,  while also by cardiac, 
pyloric and Brunner glands. Its serum levels have been 
related with atrophic changes in gastric mucosa and exten-
sion of  intestinal metaplasia[21,22]. The pepsinogen C (PGC) 
gene, localized on chromosome 6 between regions 6p11-
6p21.3, encodes the PGC, also known as progastricsin, 
which is the precursor of  pepsin C or gastricsin++[20]. 
Taggart et al have described an insertion/deletion poly-
morphism of  about 100 bp located between exons 7 and 
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Abstract
AIM: To study the role of an insertion/deletion polymorphism 
in the pepsinogen C  (PGC ) gene, an effective marker for 
terminal differentiation of the stomach mucosa, in the 
susceptibility to the development of gastric lesions. 

METHODS: The study was performed with 99 samples of 
known gastric lesions and 127 samples without evidence of 
neoplastic disease. PCR was employed and the 6 polymor-
phic alleles were amplified: Allele 1 (510 bp), Allele 2 (480 
bp), Allele 3/4 (450/460 bp), Allele 5 (400 bp) and Allele 6 
(310 bp).

RESULTS: Our results revealed that Allele 6 carriers se-
emed to have protection against the development of any 
gastric lesion (OR = 0.34; P  < 0.001), non-dysplastic lesions 
associated with gastric adenocarcinoma such as atrophy or 
intestinal metaplasia (OR = 0.28; P  < 0.001) or invasive GC 
(OR = 0.39; P  = 0.004). 

CONCLUSION: Our study reveals that the Allele 6 carrier 
status has a protective role in the development of gastric 
lesions, probably due to its association with higher expres-
sion of PGC. Moreover, the frequency of Allele 6 carriers in 
the control group is far higher than that obtained in Asian 
populations, which might represent a genetic gap between 
Caucasian and Asian populations.
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8[23-25], which was regarded as a susceptibility marker for 
the development of  gastric adenocarcinoma[26]. However, 
the role of  this polymorphism has not been completely 
established and it has never been measured in Caucasian 
populations.

The aim of  this control study was to evaluate the role 
of  the PGC polymorphism in the development of  GC 
within a southern European population from the north 
region of  Portugal.

MATERIALS AND METHODS
Patients
A cross-sectional study was performed among healthy 
individuals without clinical evidence of  cancer (n = 127 
as control group) and consecutive patients with known 
gastric lesions (n = 99), both from the northern region of  
Portugal attending at the Portuguese Institute of  Oncology 
of  Porto (Portugal). 

Patients were further divided according to the type of  
lesions presented upon histopathological diagnosis after 
endoscopic multiple biopsies. It included patients who 
displayed lesions as severe as high-grade dysplasia and 
intestinal type invasive gastric adenocarcinoma (n = 52) 
and patients with non-dysplastic but associated lesions 
with gastric adenocarcinoma such as atrophy or intestinal 
metaplasia (n = 47), who belonged to a standardized 
follow-up since 2001.

 All individuals included in this study gave their 
informed consent before their inclusion in the study, 
according to the Declaration of  Helsinki.

Sample collection and DNA extraction
Blood samples were obtained with a standard venipuncture 
technique using EDTA containing tubes, and the genomic 
DNA was extracted from the white blood cell fraction of  
each sample, using a standard salting out protocol[27].

PGC polymorphism analysis
The analysis of  PGC polymorphism (insertion/deletion 
of  approximately 100 bp) located between exons 7 and 
8 was carried out by polymerase chain reaction (PCR), 
as described by Yamagata et al[15]. The PCR reaction was 
performed with the antisense (PGCa: 5’-AGCCCTAA
GCCTCTTTTTGG-3’) and sense primers (PGCb: 5’
-GGCCAGATCTGCGTGTTTTA-3’) in a 50 µL PCR 
reaction mixture containing: 1 × Taq buffer, 1.5 mmol/
L of  MgCl2, 0.2 mmol/L of  dNTPs, 0.25 µmol/L of  
each primer and 1 U Taq DNA polymerase (Amersham 
Bioscience, USA). Cycling parameters are: 95℃ for 5 min 
for Taq DNA polymerase activation, followed by 35 cycles 
of  denaturation for 60 s at 94℃, annealing for 60 s at 
55℃, extension for 60 s at 72℃ and a final extension step 
at 72℃ for 7 min.

PCR amplification identified the following products: 
510 bp (Allele 1), 480 bp (Allele 2), 460 bp (Allele 3), 450 
bp (Allele 4), 400 bp (Allele 5) and 310 bp (Allele 6); which 
were analyzed by electrophoresis in a 3% MetaP® Agarose 
gel (Cambrex Bio Science Rockland Inc, USA) stained with 
5% ethidium bromide (Figure 1).

Variables
The study variables included gastric type of  lesion: gastric 
adenocarcinoma or atrophy or intestinal metaplasia or its 
absence and PGC alleles (1-6).

Statistical analysis
Data analysis was performed using the computer software 
Statistical Package for Social Sciences - SPSS for Windows 
(version 11.5). Chi-square analysis was used to compare 
categorical variables, using a 5% level of  significance. 
Logistic regression was used to estimate odds ratio (OR) 
and its 95% CI as a measure of  the association between 
PGC Allele 6 carrier and risk for the development of  
gastric lesions.

RESULTS
Allelic distribution of PGC polymorphism
The allelic distribution of  the PGC polymorphism is 
shown in Table 1. No significant differences between 
controls and patients with known gastric lesions were 
observed as far as Alleles 1 to 6 were concerned.

Risk estimates for associated lesions and invasive gastric 
adenocarcinoma
Table 2 describes the risk estimation for the development 
of  different gastric lesions considering Allele 6 carrier 
status. Significant differences were found in controls and 
patients with known gastric lesions concerning Allele 6 

Figure 1  Analysis of PGC polymorphism by PCR. M1: 50 bp DNA ladder; M2: 
pUC DNA ladder; Allele 1 (510 bp); Allele 2 (480 bp); Allele 3/4 (450/460 bp); Allele 
5 (400 bp) and Allele 6 (310 bp). 

A2*A5 A3/4 A6 A1*A6 M1 M2

Table 1  Allelic distribution of PGC polymorphism according to 
the type of gastric lesion or its absence n  (%) 

Allele 1
carrier

Allele 2 
carrier

Allele 3/4 
carrier

Al le le 5 
carrier

Allele 6 
carrier

Controls (n = 127) 2 (1.6) 31 (24.4) 39 (30.7) 37 (19.1) 92 (72.4)
All cases (n = 99) 1 (1.0) 30 (30.3) 33 (33.3) 39 (39.4) 47 (47.5)
AIM (n = 42) - 16 (38.1) 14 (33.3) 16 (38.1) 18 (42.9)
GC (n = 57) 1 (1.8) 14 (24.6) 19 (33.3) 23 (40.4) 29 (50.9)

AIM: Atrophy or intestinal metaplasia; GC: Gastric adenocarcinoma.
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carrier status (P ≤ 0.001). Moreover, significant differences 
were also found for Allele 6 carriers when comparing the 
different types of  gastric lesions with healthy individuals (P 
≤ 0.001 and P = 0.004).

In addition, the results showed that Allele 6 carrier 
status had protection against the development of  gastric 
lesions (OR = 0.34; 95% CI 0.20-0.60). This was also true 
when stratifying the analysis based upon the type of  gastric 
lesions, such as atrophy or intestinal metaplasia (OR = 0.28; 
95% CI 0.14-0.59) or invasive GC (OR = 0.39; 95% CI 
0.21-0.75).

DISCUSSION
Gastric adenocarcinoma (GC) has distinct geographical 
distribution with the highest incidence rates in Asian 
countries, and it remains as the third cause of  cancer-
related mortality in Europe[1-3]. Portugal has the highest 
incidence and mortality rates of  Western Europe[6]. On the 
other hand, it is well accepted that cancer is a multifactorial 
disease and that genetic polymorphism may influence 
the genetic susceptibility to the development of  several 
cancers[9-18].

Pepsinogen, an effective marker of  terminal differen-
tiation of  the stomach mucosa, has been used as a sero-
logical test for more than 20 years[21]. An insertion/dele-
tion polymorphism in the PGC gene has been described 
as a susceptibility marker for the development of  gastric 
adenocarcinoma. However, only a few studies have been 
published on pepsinogen C[24-26,28,29]. Up to our knowledge, 
this is the first study within a southern European popula-
tion, from the north region of  Portugal.

Our results suggest that Allele 6 carriers have protec-
tion against the development of  gastric lesions such 
as atrophy, intestinal metaplasia or invasive carcinoma. 
These results are not in concordance with the results in 
Asian populations (Table 3). By comparison with the 
results from Asian populations we observed that carriers 
of  this allele were more frequent in our control group, 
which might represent a genetic gap between Caucasian 
and Asian populations. However, when we compared the 
Allele 6 distribution in the Chinese control population, no 
homogeneous frequencies were reported. Furthermore, 
the Allele 6 distribution we found within the Portuguese 
population is not significantly different from one of  the 
Chinese reports[26].

AIM: Atrophy or intestinal metaplasia; GC: Gastric adenocarcinoma; P: 
Pearson Chi-Square; OR: Odds ratio; CI: Confidence interval.

Table 2  Association of PGC  Allele 6 carriers and risk 
for development of associated lesions and invasive gastric 
adenocarcinoma

Allele 6 carrier    P OR 95% CI
n  (%)

Controls (n = 127) 92 (72.4) 1.00 Reference
All cases (n = 99) 47 (47.5) < 0.001 0.34 0.20-0.60
AIM (n = 42) 18 (42.9) < 0.001 0.28 0.14-0.59
GC (n = 57) 29 (50.9)    0.004 0.39 0.21-0.75

Even though our study included a small sample of  
cases, both allelic distribution and risk estimate seemed to 
exclude a type I error. A cohort study would seem ideal 
to estimate accurately risks, however, only a few if  any 
cohort studies in this field are published. The recruitment 
of  controls and the follow-up of  patients with atrophy and 
intestinal metaplasia and with the absence of  Allele 6 will 
probably give us more information in the near future. 

The role of  the PGC polymorphism in the carcino-
genesis of  GC is not clear. It was reported that PGC was 
not only a digestive enzyme, but also a growth factor under 
strict conditions, whereby the levels of  serum expression 
of  PGC might play important roles. This PGC polymor-
phism is located between exons 7 and 8, and by the analy-
sis of  the genomic sequence (Genome USCS NM_002630; 
Ref. NM_002630.1) with the Discovery Studio Gene v1.5 
(Accelrys Inc), it is possible to identify, within the poly-
morphic region, an extensive number of  TATA-box se-
quences. TATA-box sequences are extremely important in 
the activation of  gene expression.

We hypothesize that this insertion/deletion polymor-
phism interferes directly with the number of  TATA-box 
accessible for the activation of  PGC expression. Usually as 
many TATA-boxes are available, as many expressions we 
could achieve. Although, in the presence of  a great number 
of  TATA-boxes, altogether in sequence, they might func-
tion as a confounder for the transcriptional activation fac-
tors. Thus, if  a deletion occurs in a site like this, it would 
stabilize the activation of  gene expression, increasing its 
levels. Evidences of  higher levels of  PGC associated with 
pre-neoplastic lesions could be correlated with this gene 
expression stabilization[22,30].

Although further studies are required to establish the 
role of  this polymorphism in the development of  GC, our 
study reveals that PGC Allele 6 (shorter allele) is associated 
with protection against  development of  gastric lesions in 
a Caucasian population.
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Abstract
AIM: To investigate the association between common 
single nucleotide polymorphisms (SNPs) in inflammatory 
response-related genes such as interleukin (IL)-6, 
IL-8, tumor necrosis factor α (TNFα), peroxisome 
proliferators-activated receptor γ (PPARγ), intercellular 
adhesion molecule-1 (ICAM-1) and the risk of colorectal 
cancer (CRC) in a group of Greek patients.

METHODS: The study group consisted of 222 CRC 
patients and 200 healthy controls. Genotyping was 
performed using allele-specific PCR of PRC-RFLP and the 
results were confirmed by sequencing. We studied the 
association of SNPs in the IL-6 (-174G > C), IL-8 (-251T 
> A), TNFα (-308G > A), ICAM-1 (R241G and K469E), 
and PPARγ (Pro12Ala) genes and the risk of CRC. 

RESULTS: The IL-6 -174G, R241 and K469 alleles of 
ICAM-1 were associated with increased risk of CRC (OR = 
1.77, 95% CI: 1.34-2.34; OR = 1.83, 95% CI: 1.23-2.72; 
and OR = 1.35, 95% CI: 1.03-1.77 respectively). The 
IL-8 and TNFα polymorphisms had no effect. Whereas 
the PPARγ Pro12 genotype was associated with increased 
risk of disease (OR = 1.78, 95% CI: 1.25-2.49). 

CONCLUSION: The association between common 
SNPs in immunologic response-related genes and CRC 
is reported in the present study. Apart from shedding 
light on the mechanisms of malignancy initiation and 

progression, SNPs may improve appropriate screening 
for sub-populations at risk.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC), whether sporadic or hereditary, is 
caused by a defined set of  molecular events[1]. A wealth of  
knowledge has been acquired about the precise molecular 
events driving CRC formation. Germline mutations in 
tumor-suppressor adenomatous polyposis coli (APC) 
genes and DNA mismatch repair (MMR) genes lead to the 
recognized familial adenomatous polyposis (FAP)-related 
CRC and the hereditary non-polyposis colorectal cancer 
(HNPCC), respectively[1]. These inherited cases account 
for about 5%-10% of  CRC[1]. Hereditary factors may then 
contribute to an estimated further 20% of  CRC, especially 
in patients with a strong family history of  CRC[2]. So, 
up to a quarter of  all CRC may occur due to some form 
of  inherited susceptibility to CRC, either in the context 
of  the recognized clinical syndrome or due to germline 
variants which may carry an increased risk of  CRC[2]. Even 
without a family history of  CRC, 1 in 21 of  the population 
develops the disease, usually later in life[2]. Sporadic cases 
of  CRC result from somatic hits to the aforementioned 
genes[1]. Germline mutation detection is not capable of  
predicting and screening for sporadic CRC. In other 
words, excluding inherited types of  CRC, the susceptibility 
of  a certain individual to development of  sporadic CRC 
remains largely undetermined.

Since most CRCs arise sporadically, environmental 
and host immunological factors could significantly 
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contribute to the initiation and even the progression of  
this malignancy[3].  Indeed, colonic cells respond to various 
malignancies-contributing environmental factors based 
on the genotype of  DNA loci associated with metabolic 
pathways that relate to various dietary constituents[3]. 
Genetic polymorphisms are thought to play a role in 
determining how individuals respond at the cellular level 
to various environmental factors[3]. 

Immune response undoubtedly has a significant impact 
on the potential for malignancy, which is highlighted by the 
clear association between chronic inflammatory conditions 
and subsequent malignant transformation in the inflamed 
tissue[4]. Inflammation favors tumorigenesis by stimulating 
angiogenesis, damaging DNA and chronically stimulat-
ing cell proliferation[4,5]. The mixture of  cytokines that is 
produced in the tumor microenvironment plays an impor-
tant role in cancer pathogenesis[6]. Cancer cells can also 
respond to host-derived cytokines that promote growth, 
attenuate apoptosis and facilitate invasion and metastasis[6]. 
Importantly, cytokine genetic polymorphisms have recently 
emerged as determinants of  gastrointestinal malignant dis-
ease susceptibility and severity[4]. Although rather limited, 
evidence already exists linking common polymorphisms in 
immunologic parameters to CRC tumorigenesis[5-7]. 

Bacterial flora keeps the normal colon mucosa in a 
continuous state of  low-grade inflammation, stimulating 
release of  various pro-inflammatory cytokines by the im-
mune cells[8]. Cytokines activate the NF-κB transcription 
factor signal pathway in epithelial and immune cells, lead-
ing to up-regulation of  interleukin-6 (IL-6) and IL-8[8]. 
IL-6 and IL-8 have pro-inflammatory activity in the intes-
tine via the STAT3 intracellular signal pathway[9]. IL-6 also 
acts as a potent stimulator of  metastasis by up-regulating 
the expression of  adhesion receptors on endothelial cells, 
such as the intercellular adhesion molecule-1 (ICAM-1)[10]. 
The status of  a common functional single G > C base 
exchange in the human IL-6 gene promoter (chromosome 
7p21) increases IL-6 levels[11,12]. It has been found that the 
A-allele of  the -251 T > A SNP in the IL-8 gene is related 
to higher in vitro IL-8 levels after stimulation with lipopoly-
saccharide and respiratory syncytial bronchiolitis in chil-
dren[13].

Tumor necrosis factor α (TNFα) is a pro-inflammatory 
cytokine whose role has been established in the pathogen-
esis of  rheumatoid arthritis and inflammatory bowel dis-
ease (IBD)[14]. Its binding to two specific receptors sets up 
signal transduction mechanisms leading to cell apoptosis 
and gene regulation, via the MAPKinase and NFκB path-
ways[14]. The TNFα pro-cancerous effect has recently been 
established[14]. A SNP within the TNFα locus (-308) has 
been identified in lymphoma patients[15]. The presence of  
TNFα -308A allele involved in gene transcription is associ-
ated with higher levels of  TNFα related to chemotherapy 
failure and worse overall prognosis[15].   

ICAM-1 is expressed on vascular endothelium and 
plays a key role in the transendothelial migration of  neu-
trophils and T-cell activation[16,17]. It functions as a ligand 
for β2 integrin molecules present on leukocytes (LFA-1)[17]. 
The human ICAM-1 gene is a single-copy gene and con-
tains two polymorphic sites in codons 241 (G/R241; 
Gly/Arg; exon 4) and 469 (K/E469; Lys/Glu; exon 6)[18]. 

Several immunologic disorders, including inflammatory 
bowel disease are associated with distinct polymorphisms 
of  ICAM-1[19]. 

Peroxisome proliferators-activated receptor γ (PPARγ) 
is a ligand-activated nuclear transcription factor, which 
plays a central role in orchestrating gene expression in 
response to exogenous ligands like other PPARs, such as 
non-steroidal anti-inflammatory agents (NSAIDs)[20-22]. 
Its implication in immunologic mechanisms and carcino-
genesis has been strongly speculated. Natural ligands and 
drug agonists of  PPARγ reduce intestinal inflammation 
in IBD patients via inhibition of  the NF-κB and STAT3 
pathways[23], while inactivating PPARγ mutations have been 
found in sporadic CRC[24]. PPARγ has a polymorphism in 
the coding region 34C > G that results in the aminoacid 
change of  Pro12Ala[25]. 

This study focused on the investigation of  the afore-
mentioned SNPs as host risk factors for sporadic CRC, 
using a Greek population cohort.

MATERIALS AND METHODS
Subjects
Two hundred and twenty-two consecutive Greek patients 
with CRC without previous diagnosis of  IBD or any of  
the known hereditary cancer syndromes (128 males, mean 
age at diagnosis 66.21 ± 10.67 years and 94 females, mean 
age at diagnosis 63.12 ± 11.52 years) and 200 healthy sex 
and age matched controls (120 males, mean age 64.73 ± 
15.32 years and 80 females, mean age 60.58 ± 12.35 years) 
were genotyped. The vast majority of  the studied group 
consisted of  truly sporadic cases (198 patients, 89.2%), 
while 24 patients (10.8%) reported CRC occurrence in at 
least one first degree relative. Overall, 35.1% of  CRC pa-
tients had a family history of  malignancy.

Genotypic analysis
DNA was extracted from peripheral blood using the 
QIAamp blood kit (Qiagen, Germany). To confirm the 
integrity of  DNA, a 430-bp sequence in the human 
glyceraldehyde-3-phosphatate dehydrogenase (GAPDH) 
gene was amplified.

The IL-6 polymorphism at position 174 was analyzed 
by allele specific PCR as previously described[26]. Briefly, 
we used primers framing a 347-bp region surrounding 
the G-174C allele to amplify the genomic DNA isolated 
from patients and controls by PCR (sense, 5'-TTGTCA
AGACATGCCAAGTGC-3'; anti-sense, 5'-CAGAATG
AGCCTCAGAGACATCTCC-3'). In addition, each PCR 
reaction contained two additional primers designed to 
detect the G-174G allele (anti-sense, 5'-GCAATGACGT
CCTTTAGCATCG-3') and another primer designed to 
detect the G-174C allele (sense, 5'-CCCCCTAGTTGTG
TCTTGCCA-3'). We performed multiplex PCR with all 
the four primers in one tube. PCR products were isolated 
on 3% agarose gels and visualized with ethidium bromide 
staining. Individuals with the IL-6-174 C/C genotype were 
considered low producers and those with the IL-6 -174 
G/C or G/G genotype were considered high producers[27]. 
Single nucleotide polymorphism-251 T > A in the IL-8 
gene was determined using allele specific PCR[13]. The 
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allele specific primers were 5'-CCACAATTTGGTGAA
TTATCAAT-3' (-251A) or 5'-CCACAATTTGGTGAA
TTATCAAA-3' (-251T). The consensus primer was 5'- 
TGCCCCTTCACTCTGTTAAC-3', giving a PCR product 
of  336 bp. PCR products were isolated on 2% agarose gels 
and visualized with ethidium bromide staining.

The A-allele of  a single nucleotide polymorphism in 
the promoter region of  the TNFα gene (-308G > A) was 
determined by PCR-RFLP. The primer sequences used 
were: forward 5'-AGGCAATAGGTTTTGAGGGCCA
T-3' and reverse 5'-TCCTCCCTGCTCCGATTCCG-3', 
which could amplify a 107 bp sequence. PCR products 
with a G at position -308 were digested by Nco I to give 
two fragments of  87 bp and 20 bp. Those with an A-allele 
at position -308 were not digested by Nco I as previously 
described[28].

Single base polymorphism at codon 241 (R241G) 
in exon 4 was determined using allele specific PCR as 
previously described[29]. We used the primers (5'-GTGG
TCTGTTCCCTGGACG-3' and 5'-GTGGTCTGTTCC
CTGGACA-3') with the last nucleotide complementary 
to the allelic variant substitution base on the point 
mutation in question of  the gene ICAM-1, and a common 
primer (5'-GCGGTCACACTGACTGAGGCCT-3'). 
The amplified PCR products of  137 bp were analyzed 
by 2% agarose gel electrophoresis followed by ethidium 
bromide staining and ultraviolet visualization. The 
second amino acid polymorphism at codon 469 (K469E) 
in exon 6 was detected as described by Matsuzawa  
et al[30]. The K469E polymorphism was amplified using 
primers 5'-CCARCGGGGAATCAGTG-3' and 5'-ACA
GAGCACATTCACGGTC-3'. The PCR products were 
identified by enzyme digestion with Bst UI which cuts the 
E469 allele but not the K469 allele.

Exon 2 of  PPARγ was amplified using PCR and the 
primers G2F (5'-CTGATGTCTTGACTCATGGG-3') 
and G2R (5'-GGAAGACAAACTACAAGAGC-3') as 
previously described[31]. The 295 bp PCR product was 
digested overnight with Hga I, which cleaves the Ala allele 
to generate DNA fragments 178 and 117 bp in size. The 
DNA fragments were separated on 3% agarose gel.

In a l l cases, the mutat ions were confir med by 
sequencing analys is using a dye ter minator cycle 
sequencing ready reaction kit (Applied Biosystems), and 
an ABI 377 automated sequencer. As negative control of  
the PCR amplifications, we used distilled water instead of  
genomic DNA and confirmed the fidelity of  the reactions. 

Statistical analysis
 Frequency and susceptibilities of  mutations among CRC 
patients and controls were compared with the chi-square 
(χ2) distribution test. Odds ratios (OR) for association 
were estimated using logistical regression accounting 
for possible covariates: age, sex and for influence by the 
remaining genotype loci. Hardy-Weinberg equilibrium for 
the genotypes was tested using the χ2 distribution test for 
the difference in the observed and expected frequencies. 
All tests were 2-tailed and P < 0.05 was considered 
statistically significant. Inference was aided by SPSS (version 
11.0.1, SPSS Inc., Chicago, IL).

RESULTS
Tumor characteristics are depicted in Table 1. Among the 
CRC patients, the distribution of  the IL-6 genotypes was 
as follows: GG in 111 patients (50%), CG in 76 patients 
(34.23%) and CC in 35 patients (15.76%). The distribution 
of  genotypes differed significantly from that in the healthy 
individuals (Table 2). Additionally, the allele IL-6 -174G 
was associated with increased risk of  CRC, since it was 
found to be overrepresented among CRC patients (67.1% 
vs 53.5%, P < 0.0001, χ2 = 16.35, OR = 1.77, 95% CI: 
1.34-2.34). 

Concerning the A allele and AA genotype frequen-
cies of  IL-8 at position -251, no significant differences 
were observed between CRC patients and healthy controls 
(Table  2). Similarly, no effect of  the TNFα (-308G > A) 
polymorphism was found (Table 2).

Table 2 also summarizes the allelic frequencies and 
genotypes of  the ICAM-1 gene in CRC patient group 
and controls. No significant differences were observed 
in the RR (for the R241G) or in the KK (for the K469E) 
genotype frequencies between CRC patients and controls. 
Nevertheless, the allelic frequency of  both R241 and K469 
was significantly higher in CRC patients than in controls (P 
= 0.002, χ2 = 9.24, OR = 1.83, 95% CI: 1.23-2.72; and P 
= 0.031, χ2 = 4.62, OR = 1.35, 95% CI: 1.03-1.77, respec-
tively). 

As also indicated in Table 2, the C allele (Pro12) of  
PPARγ was significantly associated with an increased risk 
of  CRC since it was found to be overrepresented among 
CRC patients compared to controls (84.7% vs 76.5% 
respectively; P = 0.001, χ2 = 9.08, OR = 1.78, 95% CI: 
1.25-2.49). Consequently, the CC genotype appeared as the 
major risk genotype for CRC (P < 0.001,  χ2 = 16.43, OR 
= 2.01, 95% CI: 1.32-3.09).

When co-carriage rates of  the offending alleles (IL-6 
-174G, ICAM-1 R241, ICAM-1 K469) were compared 

Table 1  Tumor parameters in colorectal cancer patients

Parameters Patients (n )

Tumor location
   Rectum   70
   Left colon 104
   Right colon   48
Tumor size 
   ≤ 3 cm   69
    > 3 cm 153
Growth pattern
   Ulcerative   89
   Protruding 133
Differentiation
   Good   43
   Moderate 147
   Poor   32
TNM stage
   Ⅰ   32
   Ⅱ   96
   Ⅲ   68
   Ⅳ   26
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between CRC patients and controls, no statistical differ-
ences were found. The distribution of  genotypes was con-
sistent with Hardy-Weinberg equilibrium only in IL-8 and 
ICAM-1 cases (P > 0.05). Deviation was observed in IL-6, 
TNFα, and PPARγ cases (P < 0.05).

No allele frequency difference was observed when sex 
and age of  either patients or controls were taken into ac-
count in the statistical analysis. In addition, stratification 
of  cases by site, tumor stage and the rest of  the examined 
histopathological parameters did not reveal any significant 
association with the studied polymorphisms.  

DISCUSSION
The most compelling evidence for the role of  inflamma-
tion in gastrointestinal (GI) malignancy comes from stud-
ies showing that pro-inflammatory cytokine gene SNPs 
increase the risk of  cancer and its precursors. A number of  
pro-inflammatory genotypes related to known cytokines 
(IL-1B, TNFα, IL-10) increase the risk of  H pylori-induced 
gastric atrophy and gastric cancer[32,33]. At present, relatively 
limited information exists on the relationship between 
colorectal malignancies and cytokine polymorphisms[5,7,34]. 
Polymorphisms in the IL-6 gene promoter and the R241 
and K469 ICAM-1 polymorphic sites were associated with 
a significantly increased risk of  CRC, whereas the PPARγ 
CC genotype and C allele were both related to reduced risk 
in the present study. 

Our results contrast with the findings of  Landi et al[5] in 
terms of  the influence of  IL-6 SNPs on CRC predisposi-
tion, but parallel their results as far as the potential protec-
tive role of  the PPARγ Ala12 variant. The researchers con-

cluded that the IL-6-174 C genotype confers an increased 
risk of  CRC[5], but in our study, a similar outcome was re-
lated to the presence of  the G allele in the respective gene. 
The biological role of  the substitution 174G > C has not 
been fully elucidated by functional studies. Although the 
C-174 allele is associated with both lower and higher levels 
of  IL-6 expression in various conditions[35-37], one study[7] 
has been conducted to evaluate the effect of  -174G > C 
SNP on IL-6 serum levels in CRC patients, and found that 
the GG genotype and absence of  the C allele are related 
to significantly increased levels of  IL-6, particularly in the 
presence of  hepatic metastasis. Accordingly, in vitro, mac-
rophages from C-negative subjects produce higher IL-6 
levels than those from C-positive subjects[38]. Moreover, 
the fact that high levels of  circulating IL-6 are observed 
in patients with different tumor types and the finding of  
different levels of  IL-6 expression in relation to genetic 
variants suggest that this cytokine is mainly produced by 
host cells rather than by cancer cells[7]. We could speculate 
that the IL-6 G allelic variant might influence the increased 
cytokine production by immune cells, which in turn in-
duces its stimulatory effect in tumorigenesis. Interestingly 
as well, Landi et al[5] reported that the C genotype is associ-
ated with an increased risk of  CRC only in those subjects 
who do not habitually take NSAIDs[5]. A possible cause for 
the conflicts and mismatches, like those observed here and 
the earlier study in allele and genotype distributions, may 
be the differences in ethnic backgrounds. The IL-8 A-251 
allele’s protective role against CRC, as having been demon-
strated by Landi et al[5] could not be replicated in our study. 
It is true that the function of  this polymorphism and the 
role of  IL-8 in intestinal inflammation have not yet been 

Table 2  Allele and genotype frequencies of the polymorphisms under investigation in CRC patients and healthy controls 

                              Alleles                                                                                        Genotypes
IL-6   

C G G allele frequencies (%) P; OR (95% CI)  CC CG  GG GG genotype frequencies (%) P; OR (95% CI)
CRC 146 298          67.1 < 0.0001; 1.77 (1.34-2.34)   35   76 111                         50 < 0.0005; 2.10 (1.40-3.16)
Controls 186 214          53.5   50   86   64                         32

IL-8  
A T T allele frequencies (%) P; OR (95% CI) AA AT   TT TT genotype frequencies (%) P; OR (95% CI)

CRC 186 258          58.11 0.467; 1.10   40 106   76                         34.23 0.256; 0.77 
Controls 174 218          54.5 (0.84-1.45)   42   90   64                         32 (0.49-1.20)

TNFα
G   A Α allele frequencies (%) P; OR (95% CI) GG GA  AA ΑΑ genotype frequencies (%) P; OR (95% CI)

CRC 360   84          18.92 0.265; 1.18 152   56   14                           6.31 0.586; 1.28
Controls 336   64          16 (0.83-1.68) 146   44   10                           5 (0.53-3.1)

ICAM-1 R241G
G   R R allele frequencies (%) P; OR (95% CI) GG GR   RR RR genotype frequencies (%) P; OR (95% CI)

CRC 362   82         18.47 0.002; 1.83 144   74    4                          1.8 0.652; 1.50
Controls 356   44         11 (1.23-2.72) 158   40    2                          1 (0.26-8.7)

ICAM-1 K469E
E  K K allele frequencies (%) P; OR (95% CI) EE EK   KK KK genotype frequencies (%) P; OR (95% CI)

CRC 236 208          46.85 0.031; 1.35   70   96   56                         25.22 0.221; 1.33
Controls 242 158          39.5 (1.03-1.77)   77   88   35                         17.5 (0.83-2.12)

PPARγ
C  G C allele frequencies (%) P; OR (95% CI) CC CG  GG CC genotype frequencies (%) P; OR (95% CI)

CRC 376   68          84.7 0.001; 1.78 164   48   10                         73.8 < 0.001; 2.01
Controls 306   94          76.5 (1.25-2.49) 118   70   12                         59 (1.32-3.09)
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adequately studied[5].
Previous reports support that there is no significant as-

sociation between the TNFα -308A allele and CRC devel-
opment like in our study[5,39]. The latter possibly precludes 
any hypothetical involvement of  TNFα-308A in CRC 
tumorigenesis. In contrast to the aforementioned lack of  
relevance, the examined TNFα SNP has been found to 
participate in a genetic profile associated with a high risk 
for gastric cancer[32,40]. The pro-inflammatory and acid in-
hibiting properties of  TNFα seem to enhance H pylori on-
cogenic or other effects on gastric mucosa[32,40]. Although 
a similar extrapolation regarding certain large bowel–colo-
nizing bacteria could be made, such a hypothesis would 
not be supported based at least on our results. Recent 
studies οn SNPs at the TNFα-308 locus have not found 
any difference between prostate and breast cancer patients 
or controls[41,42]. In contrast and at least for breast cancer, 
assays for germline SNPs in TNFβ instead of  TNFα may 
prove useful, since at least for breast cancer, the TNFβ G/
G genotype increases the risk of  tumorigenesis, while the 
A allele inhibits that risk[42].

The present study is the first study investigating 
ICAM-1 SNPs in CRC and reporting the increased al-
lelic frequency of  R241 and K469 polymorphisms in this 
cancer. Previous studies also reported that both R and K 
allelic variants are associated with IBD[16,19,30], which adds 
to the mounting molecular evidence about the similari-
ties between IBD-associated cancer and sporadic cancer[8]. 
Based on ample data concerning the molecular mecha-
nisms involved in colonic mucosal inflammation effects, it 
is reasonable to speculate that even sporadic cancer might 
be largely secondary to inflammation[8]. The normal colon 
could be viewed as being in a perpetual state of  inflamma-
tion, where cytokine profiles, glycosylation changes, other 
inflammatory molecule (i.e. prostaglandins) regulation and 
mucosa-associated bacteria play a central role[8]. Adhesion 
molecule activity may also have a serious impact on im-
munologic response. R241 and K469 amino acid changes 
in the ICAM-1 gene may influence its functional role, as 
both are located on the Mac-1 binding domain and in the 
immunoglobin-like domain 5, respectively. The relevance 
of  these specific SNPs could be explained by the function-
al alteration of  the gene product[19]. Some of  the inhibitors 
of  HMG-CoA reductase (statins) have also been shown 
to bind to the ICAM-1 binding domain of  LFA-1[43]. The 
regulation of  interaction mediated by adhesion molecules 
may provide a new target for controlling inflammatory and 
immune responses.

In keeping with Landi et al[5], the PPARγ Ala12 vari-
ant is associated with reduced CRC risk. In our study, the 
PPARγ CC genotype (Pro12) had the strongest relative risk 
for CRC among the examined genes. The protective effect 
of  the Ala12 variant of  PPARγ gene has been recently con-
firmed by Gong et al[44] in sporadic colorectal adenomas. 
Similarly the polymorphic allele Ala12 is significantly over-
represented in glioblastoma multiform patients, but such 
an association could not be verified in prostate cancer[25,45]. 
The PPARγ Ala12 is associated with increased tissue sen-
sitivity to insulin, a decrease in insulin plasma level and 
reduced release of  free fatty acids by adipocytes, which in 
turn are associated with reduced CRC risk[46,47]. Other plau-

sible mechanisms accounting for this protective effect may 
lie in PPARγ involvement in regulation and interactions 
with other colonic cell functions. Activation of  PPARγ by 
ligands inhibits the NF-κB and STAT3 pathways attenuat-
ing IBD and related conditions, induces differentiation and 
apoptosis of  CRC cells and decreases DNA synthesis in 
CRC cell lines[23,48-50]. The recently investigated transcrip-
tional regulation of  the tumor suppressor PTEN gene via 
PPARγ may provide a mechanism for phosphatidylinositol 
3-kinase (PI-3kinase)-mediated signaling cascades[51]. Dis-
ruption of  PPARγ expression seems to prevent the up-
regulation of  PTEN leading to resistance of  tumor cells (i.e. 
pancreatic cancer cells) and macrophages to apoptosis[52]. 
The latter may open a new dimension in fully understand-
ing the complex mechanisms involved in the interaction of  
PPARγ and various tumorigenesis elements.   

PPARγ activation can lead to altered expression of  
COX-2, while NSAIDs have been reported to be capable 
of  activating PPARγ[21]. NSAIDs can also alter synthesis of  
eicosanoids that may bind to and act as ligands for PPARγ 
through their effects on COX activity[21,22]. Acetylsalicylic 
acid causes an approximate halving of  risk for sporadic 
CRC[53]. In an era of  ongoing attempts to identify suitable 
target population groups for chemoprevention with anti-
inflammatory agents, such SNP analysis and mapping of  
suitable loci may prove invaluable.

It is noteworthy that other immunology-unrelated 
genes may also carry an increased risk of  developing 
CRC. It was reported that the Harvey ras-1 variable num-
ber tandem repeat (HRAS1-VNTR) polymorphism, the 
methylenetetrahydrofolate reductase (MTHFR) valine/va-
line polymorphism and missense mutations in CDH1 (E-
cadherin) gene all are associated with an increased risk of  
CRC tumorigenesis[2]. Apart from shedding light on the 
mechanisms of  sporadic malignancy initiation and pro-
gression, SNPs may provide appropriate screening recom-
mendations in intermediate-risk patients, such as those 
with family history. Only a limited subset of  our cohort 
consisted of  such patients and no significant differences 
were derived in our analysis. Although rather difficult and 
possibly imprecise during the process of  similar studies, 
taking relevant dietary and lifestyle habits into account is 
of  paramount importance. Simultaneous genotyping and 
combined analysis of  different SNPs in large numbers of  
patients and controls, stratified by ethnicity, gender and 
tumor location may make it possible to describe the exact 
relations between polymorphisms and CRC susceptibility 
with higher power and may open the way for population-
wide genetic screening in the future.    

REfERENCES
1 Tejpar S, Van Cutsem E. Molecular and genetic defects in 

colorectal tumorigenesis. Best Pract Res Clin Gastroenterol 2002; 
16: 171-185 

2 Fearnhead NS, Wilding JL, Bodmer WF. Genetics of colorectal 
cancer: hereditary aspects and overview of colorectal tumori-
genesis. Br Med Bull 2002; 64: 27-43 

3 Allen JI. Molecular biology of colon polyps and colon cancer. 
Semin Surg Oncol 1995; 11: 399-405 

4 Macarthur M, Hold GL, El-Omar EM. Inflammation and Can-
cer II. Role of chronic inflammation and cytokine gene poly-

Theodoropoulos G et al . Polymorphisms in genes related to inflammatory response and CRC                                 5041

www.wjgnet.com



morphisms in the pathogenesis of gastrointestinal malignancy. 
Am J Physiol Gastrointest Liver Physiol 2004; 286: G515-G520 

5 Landi S, Moreno V, Gioia-Patricola L, Guino E, Navarro M, de 
Oca J, Capella G, Canzian F. Association of common polymor-
phisms in inflammatory genes interleukin (IL)6, IL8, tumor 
necrosis factor alpha, NFKB1, and peroxisome proliferator-
activated receptor gamma with colorectal cancer. Cancer Res 
2003; 63: 3560-3566

6 Dranoff G. Cytokines in cancer pathogenesis and cancer ther-
apy. Nat Rev Cancer 2004; 4: 11-22

7 Belluco C, Olivieri F, Bonafè M, Giovagnetti S, Mammano E, 
Scalerta R, Ambrosi A, Franceschi C, Nitti D, Lise M. -174 G>C 
polymorphism of interleukin 6 gene promoter affects interleu-
kin 6 serum level in patients with colorectal cancer. Clin Cancer 
Res 2003; 9: 2173-2176 

8 Rhodes JM, Campbell BJ. Inflammation and colorectal cancer: 
IBD-associated and sporadic cancer compared. Trends Mol Med 
2002; 8: 10-16

9 Nusrat A, Sitaraman SV, Neish A. Interaction of bacteria and 
bacterial toxins with intestinal epithelial cells. Curr Gastroen-
terol Rep 2001; 3: 392-398 

10 Hutchins D, Steel CM. Regulation of ICAM-1 (CD54) expres-
sion in human breast cancer cell lines by interleukin 6 and 
fibroblast-derived factors. Int J Cancer 1994; 58: 80-84 

11 Olomolaiye O, Wood NA, Bidwell JL. A novel NlaIII poly-
morphism in the human IL-6 promoter. Eur J Immunogenet 
1998; 25: 267

12 Bonafè M, Olivieri F, Cavallone L, Giovagnetti S, Mayegiani 
F, Cardelli M, Pieri C, Marra M, Antonicelli R, Lisa R, Rizzo 
MR, Paolisso G, Monti D, Franceschi C. A gender--dependent 
genetic predisposition to produce high levels of IL-6 is detri-
mental for longevity. Eur J Immunol 2001; 31: 2357-2361

13 Hull J, Thomson A, Kwiatkowski D. Association of respira-
tory syncytial virus bronchiolitis with the interleukin 8 gene 
region in UK families. Thorax 2000; 55: 1023-1027

14 Waterston A, Bower M. TNF and cancer: good or bad? Cancer 
therapy 2004; 2: 131-148 

15 Warzocha K, Salles G, Bienvenu J, Bastion Y, Dumontet C, 
Renard N, Neidhardt-Berard EM, Coiffier B. Tumor necrosis 
factor ligand-receptor system can predict treatment outcome 
in lymphoma patients. J Clin Oncol 1997; 15: 499-508

16 Braun C, Zahn R, Martin K, Albert E, Folwaczny C. Polymor-
phisms of the ICAM-1 gene are associated with inflammatory 
bowel disease, regardless of the p-ANCA status. Clin Immunol 
2001; 101: 357-360 

17 Hubbard AK, Rothlein R. Intercellular adhesion molecule-1 
(ICAM-1) expression and cell signaling cascades. Free Radic 
Biol Med 2000; 28: 1379-1386 

18 Vora DK, Rosenbloom CL, Beaudet AL, Cottingham RW. Pol-
ymorphisms and linkage analysis for ICAM-1 and the selectin 
gene cluster. Genomics 1994; 21: 473-477 

19 Yang H, Vora DK, Targan SR, Toyoda H, Beaudet AL, Rotter 
JI. Intercellular adhesion molecule 1 gene associations with 
immunologic subsets of inflammatory bowel disease. Gastro-
enterology 1995; 109: 440-448 

20 Jackson L, Wahli W, Michalik L, Watson SA, Morris T, An-
derton K, Bell DR, Smith JA, Hawkey CJ, Bennett AJ. Potential 
role for peroxisome proliferator activated receptor (PPAR) in 
preventing colon cancer. Gut 2003; 52: 1317-1322 

21 Lehmann JM, Lenhard JM, Oliver BB, Ringold GM, Kliewer 
SA. Peroxisome proliferator-activated receptors alpha and 
gamma are activated by indomethacin and other non-steroidal 
anti-inflammatory drugs. J Biol Chem 1997; 272: 3406-3410 

22 Yu K, Bayona W, Kallen CB, Harding HP, Ravera CP, McMa-
hon G, Brown M, Lazar MA. Differential activation of peroxi-
some proliferator-activated receptors by eicosanoids. J Biol 
Chem 1995; 270: 23975-23983 

23 Wada K, Nakajima A, Blumberg RS. PPARgamma and inflam-
matory bowel disease: a new therapeutic target for ulcerative 
colitis and Crohn’s disease. Trends Mol Med 2001; 7: 329-331 

24 Sarraf P, Mueller E, Smith WM, Wright HM, Kum JB, Aalto-
nen LA, de la Chapelle A, Spiegelman BM, Eng C. Loss-of-
function mutations in PPAR gamma associated with human 

colon cancer. Mol Cell 1999; 3: 799-804 
25 Zhou XP, Smith WM, Gimm O, Mueller E, Gao X, Sarraf P, 

Prior TW, Plass C, von Deimling A, Black PM, Yates AJ, Eng C. 
Over-representation of PPARgamma sequence variants in spo-
radic cases of glioblastoma multiforme: preliminary evidence 
for common low penetrance modifiers for brain tumour risk in 
the general population. J Med Genet 2000; 37: 410-414 

26 Gazouli M, Zavos G, Papaconstantinou I, Lukas JC, Zografidis 
A, Boletis J, Kostakis A. The interleukin-6-174 promoter poly-
morphism is associated with a risk of development of Kaposi’s 
sarcoma in renal transplant recipients. Anticancer Res 2004; 24: 
1311-1314 

27 Klauke S, Schoefer H, Althoff PH, Michels B, Helm EB. Sex 
hormones as a cofactor in the pathogenesis of epidemic Ka-
posi’s sarcoma. AIDS 1995; 9: 1295-1296

28 Wilson AG, di Giovine FS, Blakemore AI, Duff GW. Single 
base polymorphism in the human tumour necrosis factor al-
pha (TNF alpha) gene detectable by NcoI restriction of PCR 
product. Hum Mol Genet 1992; 1: 353

29 Viganò P, Infantino M, Lattuada D, Lauletta R, Ponti E, 
Somigliana E, Vignali M, DiBlasio AM. Intercellular adhesion 
molecule-1 (ICAM-1) gene polymorphisms in endometriosis. 
Mol Hum Reprod 2003; 9: 47-52

30 Matsuzawa J, Sugimura K, Matsuda Y, Takazoe M, Ishizuka 
K, Mochizuki T, Seki SS, Yoneyama O, Bannnai H, Suzuki K, 
Honma T, Asakura H. Association between K469E allele of in-
tercellular adhesion molecule 1 gene and inflammatory bowel 
disease in a Japanese population. Gut 2003; 52: 75-78 

31 Hara M, Alcoser SY, Qaadir A, Beiswenger KK, Cox NJ, Ehr-
mann DA. Insulin resistance is attenuated in women with 
polycystic ovary syndrome with the Pro(12)Ala polymor-
phism in the PPARgamma gene. J Clin Endocrinol Metab 2002; 
87: 772-775

32 El-Omar EM, Rabkin CS, Gammon MD, Vaughan TL, Risch 
HA, Schoenberg JB, Stanford JL, Mayne ST, Goedert J, Blot 
WJ, Fraumeni JF Jr, Chow WH. Increased risk of noncardia 
gastric cancer associated with proinflammatory cytokine gene 
polymorphisms. Gastroenterology 2003; 124: 1193-1201

33 Figueiredo C, Machado JC, Pharoah P, Seruca R, Sousa S, 
Carvalho R, Capelinha AF, Quint W, Caldas C, van Doorn 
LJ, Carneiro F, Sobrinho-Simões M. Helicobacter pylori and 
interleukin 1 genotyping: an opportunity to identify high-risk 
individuals for gastric carcinoma. J Natl Cancer Inst 2002; 94: 
1680-1687

34 Saito S, Kasai Y, Nomoto S, Fujiwara M, Akiyama S, Ito K, Na-
kao A. Polymorphism of tumor necrosis factor in esophageal, 
gastric or colorectal carcinoma. Hepatogastroenterology 2001; 48: 
468-470 

35 Fishman D, Faulds G, Jeffery R, Mohamed-Ali V, Yudkin JS, 
Humphries S, Woo P. The effect of novel polymorphisms in 
the interleukin-6 (IL-6) gene on IL-6 transcription and plasma 
IL-6 levels, and an association with systemic-onset juvenile 
chronic arthritis. J Clin Invest 1998; 102: 1369-1376 

36 Terry CF, Loukaci V, Green FR. Cooperative influence of ge-
netic polymorphisms on interleukin 6 transcriptional regula-
tion. J Biol Chem 2000; 275: 18138-18144 

37 Vickers MA, Green FR, Terry C, Mayosi BM, Julier C, Lathrop 
M, Ratcliffe PJ, Watkins HC, Keavney B. Genotype at a pro-
moter polymorphism of the interleukin-6 gene is associated 
with baseline levels of plasma C-reactive protein. Cardiovasc 
Res 2002; 53: 1029-1034 

38 Olivieri F, Bonafè M, Cavallone L, Giovagnetti S, Marchegiani 
F, Cardelli M, Mugianesi E, Giampieri C, Moresi R, Stecconi 
R, Lisa R, Franceschi C. The -174 C/G locus affects in vitro/
in vivo IL-6 production during aging. Exp Gerontol 2002; 37: 
309-314

39 Park KS, Mok JW, Rho SA, Kim JC. Analysis of TNFB and 
TNFA NcoI RFLP in colorectal cancer. Mol Cells 1998; 8: 
246-249

40 Machado JC, Figueiredo C, Canedo P, Pharoah P, Carvalho R, 
Nabais S, Castro Alves C, Campos ML, Van Doorn LJ, Caldas C, 
Seruca R, Carneiro F, Sobrinho-Simões M. A proinflammatory 
genetic profile increases the risk for chronic atrophic gastritis 

www.wjgnet.com

5042       ISSN 1007-9327     CN 14-1219/ R      World J Gastroenterol       August 21, 2006     Volume 12    Number 31



and gastric carcinoma. Gastroenterology 2003; 125: 364-371 
41 McCarron SL, Edwards S, Evans PR, Gibbs R, Dearnaley DP, 

Dowe A, Southgate C, Easton DF, Eeles RA, Howell WM. In-
fluence of cytokine gene polymorphisms on the development 
of prostate cancer. Cancer Res 2002; 62: 3369-3372  

42 Park KS, Mok JW, Ko HE, Tokunaga K, Lee MH. Polymor-
phisms of tumour necrosis factors A and B in breast cancer. 
Eur J Immunogenet 2002; 29: 7-10 

43 Nishibori M, Takahashi HK, Mori S. The regulation of 
ICAM-1 and LFA-1 interaction by autacoids and statins: a 
novel strategy for controlling inflammation and immune re-
sponses. J Pharmacol Sci 2003; 92: 7-12 

44 Gong Z, Xie D, Deng Z, Bostick RM, Muga SJ, Hurley TG, He-
bert JR. The PPAR{gamma} Pro12Ala polymorphism and risk 
for incident sporadic colorectal adenomas. Carcinogenesis 2005; 
26: 579-585

45 Paltoo D, Woodson K, Taylor P, Albanes D, Virtamo J, Tan-
grea J. Pro12Ala polymorphism in the peroxisome proliferator-
activated receptor-gamma (PPAR-gamma) gene and risk of 
prostate cancer among men in a large cancer prevention study. 
Cancer Lett 2003; 191: 67-74

46 Altshuler D, Hirschhorn JN, Klannemark M, Lindgren CM, Vohl 
MC, Nemesh J, Lane CR, Schaffner SF, Bolk S, Brewer C, Tuomi 
T, Gaudet D, Hudson TJ, Daly M, Groop L, Lander ES. The com-
mon PPARgamma Pro12Ala polymorphism is associated with 
decreased risk of type 2 diabetes. Nat Genet 2000; 26: 76-80 

47 Kaaks R, Toniolo P, Akhmedkhanov A, Lukanova A, Biessy C, 

Dechaud H, Rinaldi S, Zeleniuch-Jacquotte A, Shore RE, Riboli 
E. Serum C-peptide, insulin-like growth factor (IGF)-I, IGF-
binding proteins, and colorectal cancer risk in women. J Natl 
Cancer Inst 2000; 92: 1592-1600 

48 Sarraf P, Mueller E, Jones D, King FJ, DeAngelo DJ, Partridge 
JB, Holden SA, Chen LB, Singer S, Fletcher C, Spiegelman BM. 
Differentiation and reversal of malignant changes in colon 
cancer through PPARgamma. Nat Med 1998; 4: 1046-1052

49 Kitamura S, Miyazaki Y, Shinomura Y, Kondo S, Kanayama 
S, Matsuzawa Y. Peroxisome proliferator-activated receptor 
gamma induces growth arrest and differentiation markers of 
human colon cancer cells. Jpn J Cancer Res 1999; 90: 75-80 

50 Toyota M, Miyazaki Y, Kitamura S, Nagasawa Y, Kiyohara T, 
Shinomura Y, Matsuzawa Y. Peroxisome proliferator-activated 
receptor gamma reduces the growth rate of pancreatic can-
cer cells through the reduction of cyclin D1. Life Sci 2002; 70: 
1565-1575

51 Patel L, Pass I, Coxon P, Downes CP, Smith SA, Macphee CH. 
Tumor suppressor and anti-inflammatory actions of PPARga-
mma agonists are mediated via upregulation of PTEN. Curr 
Biol 2001; 11: 764-768 

52 Farrow B, Evers BM. Activation of PPARgamma increases 
PTEN expression in pancreatic cancer cells. Biochem Biophys 
Res Commun 2003; 301: 50-53 

53 Dubois RN. Review article: cyclooxygenase--a target for colon 
cancer prevention. Aliment Pharmacol Ther 2000; 14 Suppl 1: 
64-67 

S- Editor  Wang J   L- Editor  Wang XL    E- Editor  Bai SH

Theodoropoulos G et al . Polymorphisms in genes related to inflammatory response and CRC                                 5043

www.wjgnet.com



PO Box 2345, Beijing 100023, China                                                                                                                  World J Gastroenterol  2006 August 21; 12(31): 5044-5047
www.wjgnet.com                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                       © 2006 The WJG Press. All rights reserved.

Polymorphisms of interleukin-1R receptor antagonist genes 
in patients with chronic hepatitis B in Iran

Mitra Ranjbar, Amir Houshang Mohammad Alizadeh, Mehrdad Hajilooi, Seyed Mohsen Mousavi

Mitra Ranjbar, Hamadan University of Medical Sciences and 
Health Services, Sina Hospital, Infectious ward, Hamedan, Iran
Amir Houshang Mohammad Alizadeh, Seyed Mohsen 
Mousavi, Research Center for Gastroenterology and Liver 
Diseases, Shaheed Beheshti University of Medical Sciences, 
Tehran, Iran
Mehrdad Hajilooi, Hamadan University of Medical Sciences and 
Health Services, Sina Hospital, Infectious ward, Hamedan, Iran
Correspondence to: Mitra Ranjbar, Infectious disease specialist, 
Hamedan University of Medical Sciences and Health Services, 
Sina Hospital, Infectious ward, Hamedan, 
Iran. ahmaliver@yahoo.com 
Telephone: +98-912-5049951  Fax: +98-811-8267043
Received: 2005-12-10               Accepted: 2006-01-14

Abstract
AIM: To invest igate the re lat ionships between 
polymorphisms of interleukin-1R receptor antagonist 
genes and susceptibility to chronic hepatitis B in Iran 
population. 

METHODS: Genomic DNA was extracted from the 
peripheral blood of 80 patients with chronic hepatitis B 
(57 males, 23 females) aged 12-77 years (mean 36.1 
± 13.8 years) and 147 normal controls (96 males, 51 
females) aged 6-75 years (mean 41 ± 18.7 years) who 
referred  to a liver clinic of Tehran and then subjected 
to polymerase chain reaction (PCR) amplification. PCR 
products were resolved on a 3% agarose gel and stained 
with ethidium bromide. 

RESULTS: Only three of the five kinds of polymorphism 
(2/2, 2/4, and 4/4) were found in this study. The 
frequencies of 2/2, 2/4, and 4/4 were 12.5%, 17.5%, 
70% respectively in chronic hepatitis B patients and 6.8%, 
24.5%, and 68.7%  respectively in controls. IL-1 R allele 
2 was detected in 30% of chronic hepatitis B patients 
and in 31.3% of controls, while IL-1 R allele 4 was 
detected in 87.5% of chronic hepatitis B patients and in 
93.2% of controls. The frequency of IL-1R alleles 2 and 
4 was detected in 21.25% and 78.75% of the patients 
and 19.04% and 80.96% of the controls, respectively.

CONCLUSION: Our results suggest that the carriage 
of IL-1R receptor antagonist alleles 2, 4, 6 may not play 
any role in the development of HBV infection. Large 
population-based studies are needed to investigate 
the role of IL-1 polymorphisms in the pathogenesis of 
developing chronic hepatitis B. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION 

Hepatitis B virus (HBV) infection is one of  the most 
important chronic viral diseases in the world. An estimated 
400 million people worldwide are carriers of  HBV, 
and approximately 250 000 deaths occur each year as a 
consequence of  fulminant hepatic failure, cirrhosis, and 
hepatocellular carcinoma[1]. According to the last health 
and disease survey held in Iran in1999[2], the prevalence 
of  HBV carriers is 1.7%. Therefore over one million 
people in Iran are HBV carriers. When HBV is acquired 
in adulthood, the majority of  infections are cleared, with 
chronic infection occurring in 5%-10% of  cases. However, 
the dynamic interaction of  the host inflammatory response 
to HBV and the subsequent impact of  this interaction 
on the clinical outcome of  HBV infection, are not yet 
fully understood, nor are the underlying mechanisms for 
persistence of  the virus. 

Cytokines play an important role in defense against 
viral infection, indirectly through determination of  the 
predominant pattern of  the host response and directly 
through inhibition of  viral replication[3]. Interleukin (IL)-1 
is one of  the most pro-inflammatory agents and has a 
central role in inflammation and destruction[4]. The most 
important members of  the IL-1 family are the IL-1α, IL-
1β, and IL-1 receptor antagonists (ra). IL-1ra is an IL-1 
natural competitive inhibitor, acting by occupancy of  cell 
surface receptor without triggering signal transduction[5]. 
IL-1ra p lays a ro le as an impor tant regulator of  
inflammation and is currently evaluated in clinical trials. 
Genes encoding IL-1 are located on the 430 kb region of  
chromosome 2q13-21, consisting of  three homologous 
genes: IL-1A, IL1B and IL-1ra (IL-1RN)[6]. Biallelic 
polymorphisms at positions IL-1A -889, IL-1B -511, and 
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Table 1 Comparison of IL-1R intron 2 polymorphism between chronic hepatitis B patients and controls

+ 3953 have been described, all representing a C/T single 
nucleotide polymorphism (SNP). IL-1RN contains an 86 
bp variable number tandem repeat (VNTR) polymorphism 
in intron 2[7]. These polymorphisms are located within 
the regulatory regions of  the genes and have a potentially 
functional importance by modulating IL-1 protein 
production, and are related with the development of  some 
diseases[8]. 

This study was to discuss the relationship between 
polymorphisms of  IL-1R gene and susceptibility to HBV 
in the Iranian population, and to reveal the correlation 
between the genotype and phenotype distributions, in 
order to provide a certain scientific basis for prevention 
and treatment of  chronic hepatitis B. 

MATERIALS AND METHODS 

Subjects 
A total of  80 patients with chronic hepatitis B (57 males, 
23 females) aged 12-77 years (mean 36.1 ± 13.8 years) 
were recruited in a liver clinic of  Tehran. The diagnosis 
of  all the patients was confirmed according to the criteria 
for chronic hepatitis B, and the patients did not have 
other viral hepatitis. One hundred and forty-seven control 
subjects (96 males, 51 females) aged 6-75 years (mean 41 ± 
18.7 years) were selected in a liver clinic of  Tehran (HBsAg 
negative, anti-HBe negative, and anti-HBc negative). 
Liver, renal, endocrine and cardiovascular disorders were 
excluded. There was no statistical difference in sex between 
case and control groups, and we also saw a statistically 
significant difference in age between two groups (P = 0.026) 
but it was not clinically important. AST was over 40 U/L 
in 24.1% of  cases and none of  controls, and over 40 U/ L 
in 31.6% of  cases and none of  controls, respectively.

PCR preparation 
Two microliter peripheral venous blood was collected 
in an EDTA tube. Genomic DNA was extracted from 
peripheral blood leukocytes as previously described[9]. Each 
PCR was carried out in 25 μL reaction mixture containing 
100-200 ng genomic DNA, 100 μmol/L dNTP, 25 mmol/
L MgCl2, 20 pmol/L primers and 1U TaqDNA polymerase 
(DNA Technology)[10]. 

T h e  s e q u e n c e  o f  t h e  f o r w a r d  p r i m e r  i s 
5'-CTCAGCAACACTCCTAT-3'. The reverse primer 
sequence is 5'-TCCTGGTCTGCAGGTAA-3'. PCR 
conditions included an initial denaturing step at 94℃ for 
5 min, followed by 30 cycles at 94℃ for 1 min, at 60℃ for 
1 min, at 70℃ for 2 min, and a final extension at 70℃ for 
4 min. Using this PCR strategy, the common allele (allele 
1) generated a 410-bp band (including four copies of  an 

86-bp repeat). The uncommon alleles generated a 240-bp 
band (two copies of  the same repeat, allele 2), a 500-bp 
band (five copies of  the same repeat, allele 3), and a 325- 
bp band (allele 4). The PCR products were resolved on a 
3% agarose gel and stained with ethidium bromide.

HBV-DNA measurement 
Serum HBV-DNA levels in patients with chronic hepatitis 
B were detected with the real-time fluorescent quantitative 
PCR method (reagents supplied by Sinagen Co. Ltd.). 
Results were considered abnormal when HBV-DNA > 
200 copies/mL.

Statistical analysis 
IL-1R (2-6) allele and genotype frequencies were calculated 
in patients with chronic hepatitis B and control subjects. 
Comparison of  allele and genotype frequencies between 
groups, and association of  IL-1R polymorphisms with 
HBV-DNA replication and other variables were examined 
for statistical significance with chi-square test. Analysis 
was completed with SPSS11.5. P < 0.05 was considered 
statistically significant. 

RESULTS 

IL-1R (2-6) allele frequencies were measured. IL-1R 3, 5, 
6 were negative in all cases and controls. Therefore we 
deleted them in our results.

IL-1R genotypes 
The intron 2 of  IL-1RN polymorphism contained VNTR 
of  86 bp. There were five alleles in humans, including allele 
1 (four repeats, 410 bp), allele 2 (two repeats, 240 bp), 
allele 3 (five repeats, 500 bp), and allele 4 (four repeats, 325 
bp). Only three of  the five kinds of  polymorphism of  IL-
1R (2/2, 2/4, and 4/4) were found in this study. 

Frequencies of IL-1R genotypes in both groups 
The genotype and allele frequencies of  IL-1RN in 
patients with chronic hepatitis B and control subjects 
were determined, and explored with 2 × 2 chi- square test 
(Table 1). 

Only three of  the five kinds of  polymorphism of  IL-
1R (2/2, 2/4, and 4/4) were found in this study. The 
frequencies of  2/2, 2/4, and 4/4 were 12.5%, 17.5%, 
70% respectively in chronic hepatitis B patients, and 
6.8%, 24.5%, and 68.7% respectively in controls. IL-
1R allele 2 was detected in 30% of  chronic hepatitis B 
patients and 31.3% of  controls, while IL-1R allele 4 was 
detected in 87.5% of  chronic hepatitis B patients and 
93.2% of  controls. Allele frequency of  IL-1R alleles 2 and 

                                   n                                      Genotyping (%)                                                        Allele frequency (%)
                    2,2            P      2,4        P        4,4           P             2              P                 4 P
IL-1R
Controls                          147    6.8   0.148      24.5      0.225         68.7           0.840             19.04               0.840              80.96            0.148
Chronic hepatitis      80  12.5                           17.5                              70.0                                  21.25                  78.75 
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4 was detected in 21.25% and 78.75% of  the patients and 
19.04% and 80.96% of  controls respectively. 

There were no significant differences between patients 
and controls in these regards. However, the 2, 2 and 2, 4 
and 4, 4 genotypes were not significantly different between 
patients and controls, which were 6.8% versus 12.5% (P = 
0.148), 24.5% vs 17.5% (P = 0.225), and 68.7% vs 70% (P 
= 0.840) respectively. The genotype distribution in controls 
was also consistent with the Hardy-Weinberg equilibrium (P 
= 0.215). 

DISCUSSION
HBV infection is a major global health problem with 
an estimated 300 million people chronically infected 
worldwide[11,12]. Individuals with an inadequate primary 
immune response to HBV are at increased risk of  
developing chronic hepatitis B. Age is the strongest host 
feature associated with chronic infection with 90% infants 
and 5%-10% of  adults developing chronic hepatitis B 
after exposure to HBV. In addition, people with the same 
age, sex and ethnical group are exposed to the same 
HBV strain, which could cause a broad spectrum ranging 
from no infection to different clinical outcomes[13]. These 
data suggest that host genetic factors are responsible for 
the clinical outcomes of  HBV infection. Clearance of  
HBV requires a coordinated innate and adaptive humor- 
and cell-mediated immune response. Cytokines are 
soluble polypeptide molecules that mediate cell-to-cell 
communication and regulate the intensity and duration of  
the immune response. Previous studies have shown that 
the maximal capacity of  cytokine production varies among 
individuals and correlates with SNP in the promoter region 
of  various cytokine genes[14,15]. Furthermore, cytokine gene 
polymorphisms are associated with liver disease severity 
in patients with viral hepatitis[16]. In the present study, we 
compared the distributions of  interleukin-1R receptor 
antagonist gene polymorphisms between patients with 
chronic B and control subjects. 

Interleukin-1R receptor antagonist gene is one of  the 
IL-1 gene family members, and located in the proximal 
region of  chromosome 2q13-21. Different polymorphisms 
have been described in interleukin-1R receptor antagonist 
genes, and at least two of  them could influence the protein 
production. The IL-1ra gene is also polymorphic due to a 
variable number (2-6) of  tandem repeats of  86 bp (VNTR) 
within its second intron[17]. This polymorphism has been 
shown to be unambiguously functional at the level of  
secreted protein, as monocytes from individuals homo- 
or heterozygous for allele 2 (IL-1Ra A2 1, IL-1RN * 2, 2 
repeats) produce significantly more IL-1ra in response to 
GM-CSF[18].

Pociot et al[19] reported that IL-1B polymorphisms are 
correlated with IL-1β expression. IL-1B allele T carrier has 
higher productions of  IL-1β than IL-1B allele C carrier. 
In the present study, genotype distributions and allele 
frequencies for IL-1B (-511) promoter polymorphisms 
in patients with chronic hepatitis B and control subjects 
were not statistically different. Further analysis of  the 
relationship between IL-1B polymorphism and HBV-DNA 

replication in patients with chronic hepatitis B showed that 
IL-1B (-511) genotype CC was associated with HBV-DNA 
replication. 

IL-1Ra is a naturally occurring anti-inflammatory 
protein, competitively blocks the binding of  IL-1α 
and IL-1β type I and type II IL-1 receptors, but exerts 
no agonist activity, despite sharing 30% amino acid 
sequence homology with IL-1β, and 19% with IL-1α. IL-
1ra has been shown to inhibit the effects of  IL-1 both  
in vitro and in vivo[20]. There is increasing evidence that IL-
1RN polymorphisms are related with susceptibility to 
individual diseases, including psoriasis, systemic lupus 
erthematosus, and inflammatory bowel disease[4]. By the 
study of  interleukin-1R receptor antagonist gene intron 2 
polymorphisms, our results suggested that the distributions 
of  interleukin-1R receptor antagonist gene 2/2, 2/4, 
4/4 genotype in patients with chronic hepatitis B were 
not significantly different from those in control subjects. 
A possible explanation of  this result could be provided 
by the fact that carriage of  Il-1R allele of  each of  these 
polymorphisms may be related with other production of  
IL-1β[21], which may augment the production of  other 
cytokines, such as IL-2, IL-6 and TNF-α, and trigger the 
complex immunological processes to eliminate the virus 
and its complex. It may be also due to the low sample size 
of  our study (The power of  study was 68%).

In summary, our results suggest that the carriage of  IL-
1R receptor antagonist alleles 2, 4, 6 may not play any role 
in the development of  HBV infection. Large population-
based studies are needed to investigate the role of  IL-1 
polymorphisms in the pathogenesis of  developing chronic 
hepatitis B. 
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Abstract
AIM: To assess the possible role of occult HBV infection 
in the pathogenesis of chronic hepatitis in Iranian 
patients.
 
METHODS: After exclusion of autoimmune, metabolic 
and viral etiologies, 104 consecutive adult patients 
with histologic and biochemical features of chronic 
hepatitis and negative HBsAg were enrolled in the study. 
Qualitative PCR with a sensitivity of 150 × 103 copies/L, 
using two primers for Pre-S and core regions was applied 
to measure presence of HBV DNA in serum of the 
patients. 

RESULTS: All 104 patients completed the study. 
Qualitative HBV DNA was positive in two patients (1.9%).

CONCLUSION: Occult HBV infection has negligible role 
in the pathogenesis of cryptogenic chronic hepatitis in 
Iranian patients.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Several lines of  evidence suggest that hepatitis B virus 
(HBV) may persist in the serum many years after clearance 
of  hepatitis B surface antigen (HBsAg). These evidences 
include HBV transmission from liver donors even 
when HBsAg had been negative and the only positive 
serologic test was hepatitis B core antibody (HBcAb)[1-3] 
and appearance of  HBsAg and even overt hepatitis 
in previously HBsAg-negative patients after cancer 
chemotherapy or immunosuppression[4,5]. It appears 
that low-level HBV infection may be the source of  viral 
reactivation that is unmasked by immunosuppression. It is 
speculated that these occult infections may cause chronic 
hepatitis[6,7], increase the rate of  cirrhosis[8,9] and eventually 
hepatocellular carcinoma[10] and may transmit via blood 
transfusion. 
    The causes of  undetectability of  HBsAg in serum (in 
the presence of  persistent HBV infection) may include 
mutations in the pre-S or S regions (mostly in “a” 
determinant region) of  the virus genome[11-14], decrease in 
viral load[15] or insufficient sensitivity of  the tests used to 
detect the HBsAg[15]. In some regions with high endemicity 
(such as China), about 1/3 or more of  cirrhotic patients 
with negative HBsAg may harbor HBV infection[15]. 
    The rate of  HBV infection in Iran is unknown but it is 
the most frequent cause of  chronic hepatitis, cirrhosis and 
hepatocellular carcinoma. It appears that Iran is in a region 
with intermediate or even low endemicity and the rate of  
positivity of  HBsAg and HBcAb in the general population 
is 1.8%-5% and over 35% respectively[16]. 
    The goal of  the present study was to determine whether 
a negative test for HBsAg in the serum is sufficient 
to rule out the possibility of  chronic HBV hepatits in 
Iranian patients with chronic liver disease and to assess 
the possible role of  “a” determinant mutations in Iranian 
patients with chronic HBV hepatitis. We conducted a 
prospective study to determine the presence of  HBV-
DNA in serum of  patients with chronic hepatitis and 
negative HBsAg.

MATERIALS AND METHODS
Patients 
After completion of  a questionnaire and physical 
examination, serum samples were collected from 104 adult 
(> 16 years old) patients (69 males and 35 females) with 
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chronic (6 mo or more) high alanine amino-transferase 
(ALT) and negative HBsAg who were referred for liver 
biopsy to endoscopy wards of  Faghihi and Nemzee 
Hospitals, Shiraz University of  Medical Sciences, Shiraz, 
Fars province, south of  Iran, between February 1997 to 
December 2001. 
    Diagnosis of  chronic hepatitis was based on a minimum 
of  6 mo or more persistent elevation of  ALT (more 
than 60 or 1.5 times of  upper limit of  normal value) and 
grade of  necro-inflammation of  more than 3/18 of  Ishak 
(modified Knodell) classification in liver histology. All 
active alcohol users (drinking of  more than 20 g alcohol 
per day), patients with biliary obstruction, cardiac failure, 
active cancer or chronic infection (such as tuberculosis) 
and cirrhosis (shrunken liver in ultrasonography and 
regenerative nodules in histology and one of  these 
features: history compatible with grade 2 of  hepatic 
encephalopathy, endoscopically confirmed esophageal or 
fundal varices, ascites, hypersplenism), positive HBsAg, 
positive anti-smooth muscle antibody, positive anti-nuclear 
antibody, positive anti-mitochondrial antibody, low titers 
of  alpha-one-anti-trypsin or ceruloplasmin, abnormal 
iron or cupper levels, predominant steatohepatitis, biliary 
duct injury or congestion (Budd-Chiari syndrome) in liver 
histology were excluded from the study.
    Demographic, biochemical and serological data, 
histological findings and results of  PCR of  our patients 
are shown in Table 1.

Serological assays and PCR 
All serological tests including HBsAg, IgG-anti HBcAb, 
second generation of  anti-hepatitis C virus antibody 
(HCVAb), hepatitis B e antigen (HBeAg) and IgG-anti-
body to hepatitis B e antigen (HBeAb) were performed 
using ELISA based on manufacturers’ instructions.

PCR-assay
In order to prevent any contamination, we strictly adhered 
to the standard guideline of  PCR procedure. Fifty micro-
liters of  serum were diluted 1:5 with 250 μL NaOH (50 
mmol/L) for DNA denaturation and RNA inactivation. 
Samples were then heated at 95℃for 20 min to denature 
proteins. Forty microliters of  Tris 1 mmol/L (pH = 7.3) 
was then added and centrifuged at 14 000 r/min for 7 min. 
Forty microliters of  phenols-chloroform (1:1) were added 
and centrifuged at 14 000 r/min for 7 min. Ten microliters 
of  sodium acetate (3 mol/L) and 300 μL absolute ethanol 
were added to each tube. After incubation at -70℃ for 
40-60 min, tubes were centrifuged at 14 000 r/min for 10 
min. Supernatant was removed and 50-100 μL of  TE buf-
fer (pH = 7.8) was added to the pellets. PCR-amplification 
was performed using published oligonucleotide primers[17] 
selected from highly conserved HBV surface gene, where-
by primer 1 and primer 2 flank 597 base-pair fragment.
    Five microliters of  sample were added to 45 μL of  reac-
tion mixture (2.5 U Tag polymerase, 22.5 μmol/L of  each 
primer, 200 μmol/L of  each deoxynucleotide triphosphate, 
5 μL of  reaction buffer [50 mmol/L KCl, 10 mmol/L 
Tris-HCl pH = 8.3 and 1.5 mmol/L MgCl2). Samples were 
denatured for 5 min at 94℃ and then subjected to 40 
cycles of  1 min at 58℃, 1 min at 72℃ and 1 min at 94℃ 

in an Eppendorf  thermal cycler (Master cycler 5330).
    Ten microliters of  reaction product was electrophoresed 
in a 18 g/L agarose gel made in Tris-acetate-EDTA 
(TAE) buffer (pH = 8-8.5) and visualized by ultra-violet 
illumination after ethidium bromide (10 mg/L) staining. 
Positive and negative controls were also treated as samples.
    PCR amplification was also performed using HBV-PCR 
detection kit (Cinna Gen Inc., Teheran, Iran). According 
to manufacturer’s instruction, 5 μL of  extracted DNA 
was added to 20 μL of  a PCR mixture, which contained 
primers amplifying 353 bp of  the region of  the core 
gene. Samples were denatured for 2 min at 94℃ and then 
subjected to 40 cycles of  93℃ for 40 min, 62℃ for 40 
min, 72℃ for 40 min and finally 72℃ for 10 min. The 
sensitivity of  PCR assay was 150 × 103 copies/mL.

RESULTS
Only two pat ients had HBV DNA in the i r sera . 
Demographic, biochemical data, serological data, and 
histological findings of  these patients are shown in Table 2. 
Both patients had major thalassemia and were on regular 
blood transfusion for many years. 

DISCUSSION
There is much controversy and suspicion about the 
possible role of  hepatitis B infection in pathogenesis of  
cryptogenic chronic parenchymal liver diseases especially in 
areas with intermediate or high infection rates of  hepatitis 
B. Although the exact mechanism for active viral infection 
with undetectable HBsAg in the serum is not clear, both 
mutations in S region of  the viral genome as well as low-
titer infections (including possible burned-out infections) 
are proposed as possible explanations. It is however 
obvious with either of  these two mechanisms being true, 
there should be detectable viral genome in serum of  a 
majority of  such patients using sensitive amplification 
techniques. 
    In this study, only less than 2% of  our patients had 
HBV-DNA in their sera and it appears that HBV infection 
had a minimal role in causing chronic hepatitis in HBsAg 
negative Iranian patients with chronic hepatitis. Because 
of  lack of  a control group of  normal individuals to which 

Table 1  Demographic, biochemical and serological data and 
histological findings

Variable Result

Sex (M/F) 69/35
Age (yr) Mean: 34.8 ± 10.3, Min: 17, Max: 71 
Mean AST nkat/L (± SD)1 2312.1 (± 373.4)
Mean ALT nkat/L (± SD)1 2525.5 (± 430.1)
Mean ALK Ph2 nkat/L (± SD)3 6656.3 (± 943.5)
HCV Ab (+/-) 68/36
Serum HBV-DNA (+/-) 2/102
Mean grade of necro-inflammation
(of 18) (± SD)

8.2 (± 3.4)

Mean stage of fibrosis (of 6) (± SD) 3.1 (± 1.7)

1Normal < 667 nkat/L, 2Alk Ph means alkaline phosphatase, 3Normal: 
1084-5251 nkat/L.
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the incidence of  positive HBV DNA in serum can be 
compared, the possible role of  occult HBV infection in 
etiology of  cryptogenic liver disease in this country cannot 
be totally excluded, nevertheless, it can be certainly stated 
that this role if, exist at all will be of  minimal, negligible 
impact.
    This data is the same as that found by western 
researchers but in contradiction with findings in high 
incidence areas of  the world[15]. The possible explanation 
for these different results may lie in the different incidences 
as well as different genotypes of  hepatitis B prevalence in 
these areas.
    It should be further emphasized that two patients 
with positive HBV DNA in this study were both known 
cases of  major thalassemia with a history of  multiple 
transfusions and also had concomitant HCV infection. 
It is therefore can be concluded that the incidence of  
occult HBV infection in those with no history of  high risk 
conditions for blood borne infections will be much lower.
    Based on the findings of  this study, we conclude that 
there is no need for HBV DNA PCR in routine work up 
for the chronic liver disease patients with negative HBsAg 
in Iran.
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Table 2  Demographic, biochemical, serological and histological 
data of patients with positive HBV-DNA

Variable Patient No. 18 Patient No. 47

Age (yr)            21            27
Sex            M              F
AST nkat/L (± SD)1        1617        2917.3
ALT nkat/L (± SD)1        1667        2334
Alk Ph2 nkat/L (± SD)3        2133.8        8568.4
Grade of necro-inflammation (of 18)              4            18
Stage of fibrosis (of 6)              3              5
HBsAb              -              +
HBcAb              +              -
HBeAg              +              +
HBeAb              -               -
HCV-Ab              +              +

1Normal < 667 nkat/L; 2Alk Ph means alkaline phosphatase; 3Normal: 
1084-5251 nkat/L.
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Abstract
AIM: To investigate the differentiation of rat bone mar-
row stem cells in liver after partial hepatectomy. 

METHODS: Bone marrow cells were collected from the 
tibia of rat with partial hepatectomy, the medial and left 
hepatic lobes were excised. The bone marrow stem 
cells (Thy+CD3-CD45RA- cells) were enriched from 
the bone marrow cells by depleting red cells and 
fluorescence-activated cell sorting. The sorted bone 
marrow stem cells were labeled by PKH26-GL in vitro  
and autotransplanted by portal vein injection. After 2 
wk, the transplanted bone marrow stem cells in liver 
were examined by the immunohistochemistry of albumin 
(hepatocyte-specific marker). 

RESULTS: The bone marrow stem cells (Thy+CD3-

CD45RA- cells) accounted for 2.8% of bone marrow cells 
without red cells. The labeling rate of 10 μM PKH26-
GL on sorted bone marrow stem cells was about 95%. 
There were sporadic PKH26-GL-labeled cells among he-
patocytes in liver tissue section, and some of the cells 
expressed albumin. 

CONCLUSION: Rat bone marrow stem cells can dif-
ferentiate into hepatocytes in regenerative environment 
and may participate in liver regeneration after partial 
hepatectomy. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION 
Recent studies indicate that mice and human bone marrow 
cells can differentiate into hepatocytes in normal liver 
and rat bone marrow cells can turn into hepatocytes in 
severely damaged liver with the suppression of  hepatocyte 
proliferation[1-6]. However, whether rat bone marrow stem 
cells can differentiate into hepatocytes in liver after partial 
hepatectomy remains unclear. The aim of  this study was to 
investigate the differentiation of  rat bone marrow cells in 
regenerative environment after partial hepatectomy.

MATERIALS AND METHODS
Animals
Male Sprague-Dawley rats weight 170-190 g were obtained 
from the Animal Center of  Peking University People’s
Hospital. They were allowed to have free access to standard 
laboratory chow and kept in a 12 h light/dark cycle.

Materials
Erythrolysin, phycoerythrin-conjugated mouse anti-rat 
CD45RA and phycoerythrin-conjugated mouse anti-rat 
CD3 were purchased from Becton Dickinson Inc. Fluo-
rescein isothiocyanate-conjugated mouse anti-rat Thy-1.1 
was obtained from Pharmingen Inc. PKH26-GL was pur-
chased from Sigma Inc. Mouse anti- albumin antibody was 
obtained from Dako Inc. FITC-labeled anti- mouse IgG 
was supplied by Zhongshan Inc. RPMI 1640 was from 
Gibco Inc.

Partial hepatectomy rat model
The rats were anesthetized with intraperitioneal injection 
of  sodium pentobarbital (35 mg/kg body weight). Local 
skin was sterilized by routine method. Partial hepatectomy 
rat model was established by resecting medial and left liver 
lobes.

Bone marrow stem cell enrichment
Under general anesthesia, bone marrow was aspirated 
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from tibia with a syringe containing 1 mL heparin with 
an 18-gauge needle. The marrow cells were transferred 
to a sterile tube and mixed with 10 mL culture medium 
(RPM1640 supplemented with 10% fetal bovine serum, 
100 μ/mL penicillin G and 100 μg/mL streptomycin). Red 
blood cells in bone marrow were depleted by erythrolysin. 
After washed three times with phosphate-buffered 
saline (PBS), the cells were incubated at 4℃ for 30 min 
with fluorescein isothiocyanate-conjugated anti-Thy, 
phycoerythrin-conjugated anti-CD3 and phycoerythrin-
conjugated anti-CD45RA. The cells were washed three 
times and resuspended in medium. Labeled cells were 
analyzed and separated with FASC-vantage (Becton 
Dickinson, San Jose, CA). Gating was based on Thy-
positive, CD3-negtive and CD45RA-negtive.

Bone marrow stem cell staining with PKH26-GL
The sorted Thy+CD3-CD45RA- cells were labeled by 10 
μM PKH26-GL. Labeling conditions employed were 
essentially as described by the manufacturer. Briefly, cells 
were suspended in Diluent C at a density of  2 × 106 cells/
mL and mixed with an equal volume of  the PHk26-GL 
dye in Diluent C to give a final dye concentration of  10 
μmol/L. Labeling was carried out at room temperature 
for 3 min. The labeling reaction was terminated by the 
addition of  an equal volume of  fetal bovine serum. 
Labeled cells were diluted with culture medium containing 
serum and washed three times.

Bone marrow stem Cell transplantation 
The PKH26-GL-labeled bone marrow stem cells were sus-
pended in 300 μL of  RPM1640 without serum at a con-
centration of  1 × 106 cells and autotransplanted by portal 
vein injection.

Immunochemistry
The liver tissue was obtained at two weeks after partial 
hepatectomy. Frozen sections were made and incubated 
overnight at 4℃ in 50 μL anti-albumin antibody (1:50), 
then washed three times in PBS and incubated for 1 h 
at 37℃ in 50 μL FITC-labeled second antibody. After 
washed three times with PBS, the slides were occluded by 
glycerin buffer and observed under confocal laser scanning 

microscope.

RESULTS 

Bone marrow stem cell enrichment
After erythrocytes were depleted in tibia bone marrow cells 
from rats after partial hepatectomy. Bone marrow stem 
cells were enriched by sorting the Thy+CD3-CD45RA- 

cells. The sorted cells accounted for about 2.8 % (Figure 1).

Enriched bone marrow stem cell staining with PKH26-GL
The Thy+CD3-CD45RA- cells were labeled with 10 μM 
PKH26-GL. The percentage of  labeled cells was about 
95% (Figure 2). The labeled Thy+CD3-CD45RA- cells were 
red under fluorescence microscope (Figure 3). PKH26-
GL had no obvious effect on bone marrow cell viability. 
Trypan blue staining assay showed that the cell viability of  
PKH26-GL-labeled bone marrow cells was higher than 
85%. 

Immunohistochemistry staining for albumin 
PKH26-Gl could emit red fluorescence at the wavelength 
of  567 nm, while FITC could emit green fluorescence at 
the wavelength of  494 nm. We tested liver tissue sections 
under confocal laser scanning microscope at the two wave-
lengths respectively. There were sporadic cells with red 
fluorescence among hepatocytes in liver sections (Figure 
4A), suggesting that PKH26-GL- labeled bone marrow 

Figure 3  Red Thy+CD3-CD45RA- cells with PKH26-GL under fluorescence 
microscope.

Figure 1  Bone marrow stem cells sorted by flow-cytometry. A: Control; B: 
Percentage of Thy+CD3-CD45RA- cells in bone marrow cells without erythrocytes 
(about 2.8%).
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stem cells could migrate into liver. Hepatocytes showing 
green fluorescence suggested that hepatocytes expressed 
albumin (Figure 4B). Yellow was mixed with red and green. 
Yellow cells derived from PKH26-GL labeled in vitro bone 
marrow stem cells expressed albumin (Figure 4C). The 
findings indicated that bone marrow stem cells could dif-
ferentiate into hepatocytes in regenerative hepatic environ-
ment after partial hepatectomy.

DISCUSSION 

Seventy percent hepatectomy rat model is a classical animal 
model to study liver regeneration. The remaining hepatic 
lobes of  the model rat can restore the liver mass at 2 wk 
after partial hepatectomy. It has been considered that the 
regeneration process is due to the proliferation of  residual 
mature hepatocytes. Recently, important developments 
have been achieved in the field of  stem cell study. Petersen 
et al[3] used 3 separate approaches to follow transplanted 
bone marrow cells and found an extrahepatic source for 
the liver cells. In a careful histological analysis of  irradiated 
female mice that received male donor cells, the Y chromo-
some could be detected in some hepatocytes 2 to 6 mo 
after transplantation in the absence of  any intentional liver 
injury[7]. In human female recipients of  male bone marrow, 
some hepatocytes contain the Y chromosome[8]. These 
findings suggest that there is a linkage between bone mar-
row cells and liver. It is hypothesized that, similar to other 
organ systems, the liver has 3 levels of  cells: “mature” he-
patocyte, original tissue-determined stem cells represented 
in the adult organ by cells in the terminal bile ductules 
(canals of  Hering), and a multipotent stem cells in the liver 
derived from circulating bone marrow stem cells[9]. How-
ever, whether circulating bone marrow stem cells can dif-
ferentiate into hepatocytes in regenerative liver after partial 
hepatectomy remains unclear.
    PKH26-GL shows little or no toxicity except for some 

phototoxicity following prolonged exposure of  PKH26-
GL labeled cells to excitation light and can be used to track 
lymphocyte migration for weeks to months[10,11]. It is the 
dye of  choice for cell migration and proliferation studies. 
PKH26-GL has been used to in situ label mouse spleen 
cells and peripheral blood neutrophils, and is particularly 
effective in monitoring the in vivo homing and proliferation 
of  haemopoietic stem cells[12-14]. Our study showed that 
10 μmol/L PKH26-GL could effectively label rat bone 
marrow cells and has no obvious effect on cell viability. 
PKH26-GL-labeled bone marrow cells were autotrans-
planted in rats during partial hepatectomy. After 2 wk, 
there were PKH26-GL-labeled cells in liver, and the cells 
expressed hepatocyte-specific marker albumin. The result 
showed that bone marrow cells could differentiate into 
hepatocytes in regenerative hepatic environment. Bone 
marrow cells consist of  white cells, erythrocyte, a few stem 
cells, etc. Only stem cells could differentiate into other type 
cells. As a result, the experiment indicated that circulating 
bone marrow stem cells could differentiate into hepato-
cytes in liver after partial hepatectomy and bone marrow 
stem cells might participate in hepatic regeneration. Fu-
jii[15] examined the differentiation of  mice bone marrow 
cells in liver regeneration after partial hepatectomy and 
found that bone marrow cells participate in liver sinusoid. 
They believe the bone marrow cells participation in liver 
regeneration after hepatectomy, where the majorities were 
committed to sinusoidal endothelial cells probably through 
endothelial progenitor cell mobilization.
    It has been accepted that the hepatocyte regeneration 
process after partial hepatectomy is associated with the 
proliferation of  remaining hepatocytes. We hold that 
the mechanism of  hepatocyte regeneration after partial 
hepatectomy includes at least two ways. That is, the 
remaining mature hepatocytes proliferate and circulating 
bone marrow stem cells migrate into residual liver and 
differentiate into hepatocytes. With the development 
and application of  stem cell technique, it is possible 
to obtain stem cells from bone marrow or blood and 
to make the stem cells proliferate in a great deal. Stem 
cell autotransplantation may become a new method to 
promote liver regeneration. 
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INTRODUCTION
Orthotopic liver transplantion(OLT) is an accepted 
mode of  therapy for selected patients with advanced liver 
diseases, however, the early mortality after OLT remains 
relatively high due to the poor selection of  candidates 
with serious conditions. The immediate outcome of  OLT 
is dependent on many factors including pre-transplantion 
conditions such as renal function and some other organ 
functions, which indicate that the better preparation for 
stability or improvement of  the previous OLT support, the 
better immediate outcome for the OLT. It is now widely 
accepted that the artificial liver support can be of  the 
optional therapy to stabilize patients with liver failure and 
to gain time for recovery or re-compensation of  the liver 
or to get a suitable donor available[1]. Although the hybrid 
biologic method seems theoretically rational, criticism of  
and arguments against the concept in fear of  rejection, 
transmission of  porcine viruses and inducing release of  
cytokines such as TNF-α and IL-10 probably hinder these 
methods from gaining a prominent role in future liver 
support strategies[2]. A new innovated blood purification 
system based on hemodialysis named molecular adsor-
bent recycling system (MARS) has been applied to a wide 
variety of  hepatic failure patients and represents positive 
effects, the method was shown to be efficient in removing 
both hydrosoluble substances and strongly albumin-bound 
substances. The remarkable removal of  strongly albumin-
bound substances and kinds of  metabolic toxins during 
MARS could therefore reduce the toxic effects and higher 
concentrations of  these compounds exert on liver and kid-
ney, thus could contribute to improvement in encephalop-
athy, renal and hepatic function and probably survival[3,4].

The aim of  this study is to assess the value of  
pre-transplant artificial liver support in reducing the 
preoperative risk factors relating to early mortality after 
OLT. 
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Abstract
AIM: To assess the value of pre-transplant artificial liver 
support in reducing the pre-operative risk factors relating 
to early mortality after orthotopic liver transplantation 
(OLT). 

METHODS: Fifty adult patients with various stages 
and various etiologies undergoing OLT procedures were 
treated with molecular adsorbent recycling system 
(MARS) as preoperative liver support therapy. The 
study included two parts, the first one is to evaluate 
the medical effectiveness of single MARS treatment 
with some clinical and laboratory parameters, which 
were supposed to be the therapeutical pre-transplant 
risk factors, the second part is to study the patients 
undergoing OLT using the regression analysis on 
preoperative risk factors relating to early mortality (30 d) 
after OLT. 

RESULTS: In the 50 patients, the statistically significant 
improvement in the biochemical parameters was 
observed (pre-treatment and post-treatment). Eight 
patients avoided the scheduled Ltx due to significant 
relief of clinical condition or recovery of failing liver  
function, 8 patients died, 34 patients were successfully 
bridged to Ltx, the immediate outcome of this 34 
patients within 30d observation was: 28 kept alive and 6 
patients died. 

CONCLUSION: Pre-operative SOFA, level of creatinine, 
INR, TNF-α, IL-10 are the main preoperative risk 
factors that cause early death after operation, MARS 
treatment before transplantion can relieve these factors 
significantly.

© 2006 The WJG Press. All rights reserved.
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MATERIALS AND METHODS
Patients and design
Fifty adult pat ients undergoing OLT procedures 
with MARS preoperative liver support therapy in our 
transplantation institute from September 2002 to June 
2003 were studied. The study population consisted of  28 
men and 22 women with a mean age of  52.24 years (range 
46-68). The indications for liver transplantation were post-
hepatitic cirrhosis (n = 11), fulminant hepatic failure (n = 
6), alcoholic cirrhosis (n = 5), primary liver cancer (n = 7), 
primary biliary cirrhosis (n = 12), Wilsons disease (n = 6) 
and post-operative rejection (n = 3).

The study contains two parts, the first one is to 
evaluate the medical effectiveness of  single MARS therapy 
with some clinical and laboratory parameters which were 
supposed to be the therapeutical pre-transplantation risk 
factors, the second part is to study the patients undergoing 
OLT using the regression analysis in preoperative risk 
factors relating to early mortality (30 d) after OLT.

Our trial was approved by the Ethical Committee of  
Human Experimentation in China, and was in accordance 
with the Helsinki Declaration of  1975. All procedures 
were performed after informed and written consent had 
been obtained from the patients or their kins.

Treatment and monitoring of clinical and laboratory 
parameters
Initially, patients were given conventional medical therapy 
and intensive monitoring or supportive treatment. They 
were evaluated biochemically and clinically with the 
prognostic scoring systems including Sequential Organ 
Failure Assessment (SOFA) score, Glascow coma score 
and Hepatic encephalopathy (HE) grade before and after 
the treatment, no sedatives were administered during 
treatment, the laboratory variables as Tumor Necrosis 
Factor α (TNF-α), and Interleukin-10 (IL-10) levels were 
detected with the flow cytometer (FACSCalibur, Becton, 
Dickinson and Company, USA).

Those patients who were bridged to OLT were divided 
into two groups: survival group (survival time ≥ 30 d) 
and death group (survival time ≤ 30 d). There were dif-
ferent possible risk factors relating to early mortality after 
liver transplant including pre-operative, inter-operative 
and post-operative ones. Pre-operative information con-
sisted of  age, SOFA, mean artery pressure (MAP), serum 
Aspartate Transaminase (AST), serum albumin, Inter-
national Normalized Ratio (INR), serum creatinine level 
(Cr), serum total bilirubin level, bile acid, serum ammonia, 
TNF-α, and IL-10. 

The extracorporeal liver support system (MARS)
The MARS system (MARS monitor, Teraklin AG, Rostock, 
Germany) was used with a continuous veno-venous hemo-
filtration (CVVH) machine (GAMBRO AK 200), The 
MARS treatment was performed according to the recently 
published guidelines[3], a vascular access via a double-lumen 
jugular central vein line was created, low molecular weight 
heparine (LMWH) was used for blood anticoagulation for 
the maintenance of  the extracorporeal circuit. The blood 

flow from the dialysis machine and the albumin dialysate 
circuit flow were equal at a rate of  80-120 mL/min, while 
the dialysate flow was set accordingly. The time length of  
each therapeutic session was 6-8 h.

Statistical analysis
Experiment data were presented as mean ± SD, indepen-
dent 2-tailed t tests were used to determine whether there 
were significant differences between the survival and dead 
group of  OLT patients. Pearson′s Chi-square statistics 
were used to test differences in all frequencies. Data with 
significant difference were entered into a stepwise logistic 
regression analysis.

RESULTS
In the 50 patients, 80 MARS treatments were performed. 
Patients who underwent the intended MARS treatment 
were all remarkably stable without any adverse events 
or complications except slight chill. All patients showed 
positive response to the therapy, with respect to remarkable 
release of  severe meteorism, active diet, and significant 
improvement of  liver and kidney functions. SOFA, GSH, 
MAP, TNF-α and IL-10 were improved significantly, the 
total bilirubin (TBIL), total bile acid (TBA), ammonia and 
creatinine (Cr) were shown decreased markedly, however, 
no difference was found in the markers of  alanine-amino-
transferase (ALT), albumin and INR before and after the 
MARS treatments (Table 1). Eight patients avoided the 
scheduled Ltx due to significant relief  of  clinical condition 
or recovery of  failing liver function, 8 patients died, 34 
patients were successfully bridged to Ltx, the immediate 
outcome of  these 34 patients within 30d observation was: 
28 kept alive and 6 patients died.

Comparison between the survival group and the 
death group showed significant differences in terms of  
age, SOFA, GSH, MAP, TNF-α, IL-10, INR and serum 
creatinine level (P < 0.05, Table 2). The stepwise logistic 
regression was used to create the best statistical model 

Table 1  Comparison of clinical and biochemical data pre-and 
post MARS treatment

Parameter Pre-treatment Post-treatment P   value

Prognostic scores
SOFA score (points)     9.72 ± 1.89     6.98 ± 2.34 < 0.01
Glasgow coma score (points)     7.23 ± 1.21   13.34 ± 2.33 < 0.01

Clinical and biochemical 
parameters
MAP (mmHg)     70.5 ± 12.1     85.1 ± 10.4 < 0.001
TNF-α (pg/mL)     2.83 ± 1.7     1.80 ± 1.39 < 0.01
IL-10 (pg/mL)     7.80 ± 6.0       4.5 ± 4.5 < 0.05
ALT   295.7 ± 1125.4 237.14 ± 91.82 < 0.036
TBIL (μmol/L) 341.16 ± 94.93 232.74 ± 169.29 < 0.04
TBA (mmol/L)      162 ± 104        73 ± 51 < 0.001
Albumin (g/L)     35.5 ± 35.7     35.7 ± 6.8 > 0.05
INR     4.66 ± 3.35     3.98 ± 3.16 > 0.05
Cr (μmol/L) 128.67 ± 87.73   33.21 ± 22.26 < 0.045
Ammonia (mmol/L) 151.31 ± 88.99   28.28 ± 20.19 < 0.028
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relating to early mortality after transplantation. The 
factors that had significant independent associations with 
early mortality after the stepwise procedure were serum 
creatinine level, INR, SOFA, TNF-α and IL-10, with 
regression coefficients of  0.315, 0.309, 0.224, 0.192 and 
0.188, respectively (Table 3). 

DISCUSSION
OLT is a treatment for end-stage liver disease. Early 
post-operative mortality was below 10% in the world. 
The mortality remains high in our country. The serious 
preoperative condition of  recipient and the late timing 
for operation may account for this result. The serious 
preoperative conditions are due to the poor detoxification 
ability of  the liver, the accumulation of  large amounts of  
toxic substances including hydro-soluble and lipid soluble 
and various metabolic products, which causing further 
damage to the heart, brain, kidney and vessels leading to 
MODS. The accumulation will increase the mortality of  
OLT[5]. So, in order to increase the successful rate of  OLT, 
the toxic substances shall be removed as much as possible 
before operation. The removal of  the toxins will help 
block the vicious cycle and benefit the organ function.

The albumin dialysis MARS is currently the novelest 
cell-free liver support system which enables the selective 
removal of  water-soluble and albumin-bound substances, 
in which human serum albumin serves as a shuttle based 
on facilitated diffusion between a blood-sided dialysis 
membrane on one side and a remove set of  sorbent col-
umns and a conventional dialysis unit on the other[2,3]. 
MARS has avoided the drawbacks of  conventional and 
bio-artificial liver. It combines the functions of  molecular 
adsorption, hemo-filtration and hemo-dialysis, and can 
remove the albumin combined toxins quickly and selec-
tively. The hemo-filtration can do nothing to the albumin 
combined toxins. The hemo-perfusion, whose adsorbents 
such as carbon or resin will contact with blood directly, 
cause fibrolysis or activation of  complements and systemic 

inflammation due to the bio-incompatibility, and also, 
cause the loss of  hepatic cytokines and a large amount 
of  hormones such as T3, T4 and insulin. The plasma ex-
change has very weak ability to remove toxins and causes 
loss of  useful substances. Attempts to develop an artificial 
liver were started in the 1950s, today both mechanical 
devices and hybrid biologic-mechanical devices such as 
cell-free detoxification methods, whole organ perfusion, 
hepatocytes transplantation and bioreactor approaches us-
ing hepatocytes, however, are with inherent defectiveness 
and limitations respectively. Although the hybrid biologic 
methods seem theoretically rational, criticism of  and argu-
ments against the concept in fear of  rejection, transmis-
sion of  porcine viruses and inducing release of  cytokines 
as TNF-α and IL-6 probably hinder these methods from 
gaining a prominent role in future liver support strategies. 
Many randomized, controlled trials were performed, all 
reported with statistically significant increases in survival in 
the MARS group compared with standard care, indications 
for treatment were hepato-renal syndrome, decompensated 
chronic disease with intrahepatic cholestasis, post-opera-
tive liver failure after heart surgery and cirrhosis with su-
perimposed acute liver injury. The laboratory data of  pre- 
and post-treatment in the 80 sessions on the 50 patients 
has proved the conclusion of  some other researchers. The 
conclusion is that MARS can remove various toxins and 
cytokines caused by liver failure, decrease SOFA score and 
improve multi-organ function.

In this study, we are trying to explore the effects of  
MARS treatment in post-operative early survival rate. 
Aiming at this purpose, we analyzed multiple factors 
which may be related to the post-operative mortality rate. 
It is different with the bygones. We only analyzed some  
pre-operative factors which are operable, measurable 
and curable although the factors are related to the post-
operative mortality comprise of  not only post-operative 
factors, but also intra- and post-operative ones such 
as ischemia time, ahepatic time, bleeding volume and 
rejection or various complications. Some factors, though 
very important, can’t be controlled or cured, which are not 
drawn into our study, such as the pathology, former related 
operation or former transplantion history, ABO blood 
group, etc. The early mortality rate is 17% in the 34 patients 
in this study. We adopts Logistic regression analysis. The 
results show that preoperative SOFA, levels of  creatinine, 
INR, TNF-α and IL-10 are the main preoperative risk 
factors causing early death after operation.

Re n a l d y s f u n c t i o n i s a c o m m o n d a n g e r o u s 
complication in patients with end-stage liver disease. 
It results from acute tubular necrosis and caused by 

Table 2  Risk factors relating to early mortality after liver transplantation

Group n Agea SOFAb GSHa MAPa TNF-αa IL-10a INRa Creatinineb

Survival 28 34.34 ± 2.45 8.18 ± 1.23 12.45 ± 2.26 83.7 ± 10.01 1.99 ± 1.4 5.5 ± 2.0 3.34 ± 1.89   45.45 ± 12.12

Death  6 45.56 ± 2.36 9.88 ± 1.09  9.88 ± 2.43 75.0 ± 12.46   2.34 ± 1.05 6.2 ± 2.9 4.77 ± 2.07 110.34 ± 23.65

aP < 0.05, bP < 0.01.

Table 3  Stepwise logistic regression analysis

Variables B SE Wald Df Sig R

SOFA 2.638 0.879 5.879 1 0.018 0.224
Creatinine 5.822 1.351 8.345 1 0.002 0.315

TNF-Α-α 2.131 0.775 5.664 1 0.019 0.192
IL-10 2.014 0.766 4.784 1 0.025 0.188
INR 3.455 1.335 8.025 1 0.002 0.309
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hepatorenal syndrome. Literature shows a significant 
decrease of  43% in glomerular filtration rate (GFR) 
during transplantation in patients with normal renal 
function. Both high pre-operative serum creatinine level 
and inter-operative veno-venous bypass can lead to renal 
hemodynamic unstability during operation. The post-
operative nephrotoxic immuno-suppressants can also 
contribute to the irreversible renal insufficiency, leading to 
renal failure after liver transplantation. In our study, 2 of  
10 patients died of  renal failure, who were all along with 
high preoperative serum creatinine level and hepatorenal 
syndrome before transplantation. A significant difference 
found between the survival group and the death group 
was shown in serum creatinine level (P < 0.001), with 
a mean of  45.45 ± 12.12 and 110 ± 23.65, respectively.  
The stepwise logistic regression analysis also showed a 
statistical independent association with early mortality 
after liver transplantation, with a regression co-efficient 
of  0.315. It is also a main risk factor which predicts early 
mortality after OLT. It is very important to improve renal 
malfunction before transplantation. If  there are indications 
for hemodialysis, it should be performed without delay, 
trying to relieve the renal function before operation[6]. The 
MARS is a recommended strategy for this kind of  case. 
Because, not only can MARS lower the level of  blood 
creatinine, but also raise mean artery pressure (MAP) and 
systemic vascular resistance (SVR), for it can lower the 
blood level of  NO which is a vessel dilator to the liver 
failure patients [7].

SOFA is currently a popular system applied in ICU for 
the assessment of  multi organ function. SOFA covers the 
function of  multi-system completely including respiratory, 
hemostastics, hepatic, circulatory, and of  brain and kidney. 
Comparing with the widely used Acute Physiology and 
Chronic Health Evaluation (APACHE), SOFA has the 
advantage of  daily sequential assessment, and is better than 
APACHE which is not specific enough to liver function 
and also better than Child-Turcotte-Pugh (CTP) system 
which is too specific to liver function[8]. In this study, the 
SOFA score is 9.88 ± 1.09, which is significantly higher 
than 8.18 ± 1.23 in the survival group (P < 0.001). Logistic 
regression analysis showed that SOFA is related to early 
mortality in certain extent, its regression coefficient is 0.224.   
SOFA is one of  the main risk factors. It can be regarded as 
a reference index in choosing operation time.

 Though the association between pre- and post-
operative level of  TNF-α and IL-10 is not so significant as 
the other risk factors, it still deserves much consideration.   
A lot of  studies show that the systemic inflammatory  
responses syndrome (SIRS) caused by TNF-α and IL-10 
is an important tache to the aggravation of  liver failure 
leading to MODS. Not only does SIRS play an important 
role in the development of  liver failure, but also makes 
a hormone-like effect, causing hypotension, lung injury, 
brain edema etc. So SIRS may be the common body fluid 
causing multi-organ injury. If  we can remove these factors, 
theoretically, the MODS caused by the strike of  the 
operation can be relieved, which is benefitial to increasing 
the success rate of  operation. In this study, three patients 
died of  MOF (multi-organ failure). The study showed that 

the values of  preoperative parameters were lower in the 
survival group, which may be due to being removed of  the 
cytokine and being blocked of  injury to organs by SIRS. 
The relief  of  oxygenation of  the body will also do benefit 
to preventing MODS[9]. Recent studies show that the 
TNF-α and IL-10 play important roles in mediating the 
inflammation and immune response caused by rejection. 
The variability of  the cytokine initiator is a risk factor 
which is related to rejection. Whether the removal of  
preoperative TNF-α and IL-10 will be of  benefit to relieve 
post-operative rejection is awaits further studies[10]. 

In this study, we find that MARS can improve multi-
organ function both before and after operation. The 
improvement is presented as the decreased SOFA score. 
This is in agreement with some reports in the world. The 
mechanism may be that MARS has selectively removed a 
large amount of  albumin bound toxins and hydrosoluble 
toxins including cytokines such as TNF-α, IL-10 and 
endo-toxin, and repressed or relieved the pathological 
progress, and also improved the body blood circulation, 
organ blood dynamics and tissue oxygenation, benefiting 
the intervention on MODS. Regarding the risk factors, 
this preoperative MARS treatment will ensure a low post-
operative MODS rate and increase the success rate of  
operation.

Furthermore, INR is an important risk factor related 
to post-operative early mortality. High preoperative 
INR is related to disfunction of  blood clotting, leading 
to interoperative bleeding. Large amounts of  blood 
transfusion may develop hemodynamic unsteadiness or 
even DIC. The long-term hypotention will aggravate the 
renal failure which has already existed before operation. 
INR acts as the medium of  blood clotting mechanism. 
Abnormal INR accompanied with previous upper 
abdominal surgery, or extensive abdominal adhesions, 
portal hypertension and hypersplenism may develop 
severe bleeding. It is reported that intra-operative 
bleeding quantity is related to early mortality after liver 
transplantation[11,12]. In this study, INR is not significantly 
improved by single MARS treatment, possibly because 
single MARS treatment is not enough to significantly 
improve of  the synthesizing ability of  the liver. But it will 
be improved after sequential treatment. Unlike the other 
artificial liver treatment, MARS is featured by high bio-
compatibility and stable hemo-dynamics. It will not do 
harm to or initiate the disorder of  blood clotting. MARS 
is very useful in stabilizing INR which is related to the 
prognosis. 

Some other factors such as Glascow Score (GSH) 
and mean artery pressure (MAP) showed associations 
with early mortality after liver transplantation, but the 
significance is not as high as SOFA and creatinine. 

CONCLUSION
After studying the laboratory data of  pre- and post-
treatment in the 80 sessions on the 50 patients, we think 
that MARS can be used in transition to OLT. Preoperative 
SOFA, level of  creatinine, INR, TNF-α and IL-10 are the 
main preoperative risk factors that cause early death after 
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operation. MARS treatment before transplant operation 
can relieve these factors significantly.
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effect of TACE and RFA is better than that of TACE, and 
the effect of TAI is minimal.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Transcatheter arterial interventional therapy is extensively 
used in treating hepatocellular carcinoma (HCC). To 
reduce the intra-hepatic recurrence and improve the 
protective efficacy after treatment for HCC, some scholars 
have proposed combined interventional therapy as a choice 
of  treatment for HCC[1]. We analyzed the therapeutic 
effectiveness of  different combined interventional 
therapies for HCC according to the survival rate, liver 
function, image data and indications of  tumor.

MATERIALS AND METHODS
Patients
A total of  1126 patients were retrospectively studied 
from January 1994 to October 2003. Of  them, 873 were 
males and 253 were females (aged 32-76 years, mean 
56.2 years). The patients were treated following the HCC 
Clinical Diagnosis and Staging Standard stipulated at the 
8th National Academic Conference of  Liver Cancer in 
September 2001. Among these patients, 78 had a family 
history of  liver cancer, 985 had a medical history of  
serum hepatitis, 48 had a medical history of  hepatitis C, 
342 had cardinal symptoms of  right upper quadrant pain, 
336 felt epigastric distention after dinner or suffered from 
anorexia, 162 had low fever accompanied with progressing 
wasting, 286 exhibited no overt symptoms. Prior to the 
treatment, AFP was greater than 20 ng/mL in 735 cases, 
greater than 400 ng/mL in 521, negative in 227, unknown 
in 164. A total of  874 patients were followed up for 2 
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Abstract
AIM: To verify the effect of combined interventional 
therapy for hepatocellular carcinoma (HCC). 

METHODS: The clinical data of 1126 HCC patients 
who received combined interventional therapy for 
transcatheter arterial chemoembolization (TACE) before 
or after hepatectomy, TACE and radio-frequency ablation 
(RFA), Chinese medicine treatment and biotherapy 
after TACE or transcatheter arterial infusion (TAI), were 
reviewed according to the results of their liver function, 
alpha-fetoprotein, image data, color-ultrosonography 
finding and survival rate. 

RESULTS: A total of 874 patients were followed up 
for a period of 2 to 63 mo. The overall 1-, 3- and 5- 
year survival rates were 67.8%, 28.7% and 18.8% 
respectively. The 1- 3- and 5- year survival rates of 
patients who received TACE were 74.7%, 41.4%, 
36.9% before hepatectomy and 78.9%, 40.4%, 37.5% 
after hepatectomy. The effective rate (PR + NC) after 
TACE and RFA was 93.4%, the 1- and 3- year survival 
rates were 74.5% and 36.8% after TACE and RFA. The 
effective rate of PR + NC after TACE was 83.2%. The 1-, 
3- and 5- year survival rates were 69.3%, 21.7%, 8.4% 
after TACE. The effective rate of PR + NC after TAI was 
27.5%, the 1- and 2- year survival rates were 11.6% and 
0% after TAI. The liver function, color-ultrosonography 
finding and alpha-fetoprotein after TACE + RFA, TACE 
and TAI were compared. There was no significant 
difference in each index between TACE and RFA or TACE 
as well as in liver function between TACE and RFA or 
between TACE and TAI. 

CONCLUSION: The therapeutic effectiveness of TACE 
before or after hepatectomy is most significant, while the 
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to 63 mo (averaged 26.3 mo). Combined interventional 
therapy was given, including transcatheter arteria hepatica 
chemoembolization (TACE) before or after hepatectomy, 
radio-frequency ablation (RFA) after TACE, Chinese 
medicine treatment and biotherapy after TACE or 
transcatheter arteria hepatica infusion (TAI). The clinical 
data of  various kinds of  combined interventional therapy 
for HCC are shown in Tables 1 and 2.

TACE 
Twelve mg mitomycin (MMC) and 1.0 g 5-FU were diluted 
in 60 mL sodium chloride solution respectively and infused 
through a catheter. Then 50 mg epirubicin (EPI) and 
iodinated oil were compounded into a mixed emulsifier 
and infused into the blood-supply artery of  the tumor 
through a catheter. Then, the artery was embolized with 
granules of  spongia gelatinosa. 

TAI 
Fifty mg EPI, 12 mg MMC, and 1.0 g 5-FU were diluted in 
60 mL sodium chloride solution respectively and infused 
through a catheter into the blood-supply artery of  tumor. 
HCC patients treated 3-4 times with TACE at 1-2 mo in-
tervals after hepatectomy, if  pathological report showed 
remnant cancer cells on the cutting edge or AFP > 20 
ng/mL or the image showed remnant tumor. Those who 
lost the chance of  one-stage operation were treated with 
TACE and underwent re-examination of  CT after 1-2 mo. 
If  iodinated oil deposited in the tumor was reported to be 
coarctate, the volume of  tumor was decreased or the nor-
mal liver had compensatory hyperplasia, the patients un-
derwent hepatectomy after their recuperation. Those who 
did not recuperate or rejected hepatectomy were treated 
with RFA 3-4 wk after TACE. On the first day after TACE 
or TAI, the patients were treated with the following Chi-
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nese herbal medicines: 30 g Milkvetch Root, 20 g Dang-
shen, 15 g Largehead Atractylodes Rhizome, 15 g Indian 
Bread, 30 g Huaishan, 15 g Finger Citron, 15 g Bupleurum 
chinense, 15 g Danshen Root, 3 g Radix Notoginseng, 15 
g Virgate Wormwood Herb, 20 g Tianjihuang, 20 g Canton 
Love-Pea Vine, 5 g Radix Glycyrrhizae. The herbal medi-
cines were decocted in water for oral dose once daily for 
3-4 wk as a course of  treatment. After 3-5 d, the patients 
received intramuscular injection of  1000 U interferon once 
a day for 20 d as a course of  treatment. 

Follow-up 
The liver and renal function, AFP, blood RT, KPS scores 
were re-examined, and sonography, CT, chest X-Ray were 
performed once a month, and then every 3 mo during the 
follow-up period. The date on which the patients lost their 
follow-up was regarded as the date of  death. According 
to the WHO evaluation standard of  therapeutic effect of  
solid tumor (1981), the patients who were treated with 
TACE + RFA, TACE and TAI were categorized into 
4 degrees: complete remission (CR), partial remission 
(PR), no change (NC) and progression (PD). The first 3 
degrees were considered efficient and the last degree was 
considered inefficient.

Statistical analysis
SPSS12.0 was used for statistical analysis. The survival rate 
was evaluated by adopting probability ratio multiplication 
theorem, and chi- square test was used for comparison 
between the 2 groups. P < 0.05 was considered statistically 
significant.

RESULTS
A total of  874 cases were followed up for 1-7 years. 
Comparison of  the accumulated survival rate after various 
kinds of  combined interventional therapy is shown in 
Table 3. The therapeutic effect of  interventional therapy 
in 562 patients is shown in Table 4. Changes of  liver 
function, tumor blood-supply and AFP in 562 cases after 
interventional therapy were compared. Fifteen days after 
combined interventional therapy, color Doppler was used 
to detect the blood flow around and inside the tumor. The 
change in recovery rate of  AFP before and after TACE 
+ RAF, TACE and TAI was compared. The results are 
shown in Table 5.

Table 1  Clinical data of 1126 patients

Group Cases 

 (n )

Size of tumor (cm)

< 5  5-10  > 10

Clinical staging

  Ⅰ    Ⅱ     Ⅲ

Liver function level

  A     B     C

Preop. TACE   258   20    145       93 104    154      0 155   103       0
Postop.TACE   154     9      76       69   16    138      0   83     71       0
TACE + RFA   126     3      57       66   48     57     21   92     34       0
TACE   469   31    239     199 156   251     62 252   197     20
TAI   119   11      47       61   28     47     44   14     73     32
Total 1126   74    564     488 352   647   127 596   478     52

Table 2  Clinical data of 1126 patients

Group Cases

 (n)

Karnofsky scores

0-80  80-100

HBsA 

(+)

AVF

HV    PV

Embolus in PV

Right   Left

Preop. TACE   258    172           86 221     9      19   67       73
Postop.TACE   154      98           56 124     4      10   21       16
TACE + RFA   126      83           43 107   12     27   32       26
TACE   469    291         178 412   76   125 106       92
TAI   119      78           41 101   22     34   32       28
Total 1126    722         404 965 123   215 258     235

Table 3  Accumulated survival rate for 874 HCC patients after 
various kinds of interventional therapy

Group Cases
(n)

1 yr 3 yr 5 yr

Cases
(n)

Survival 
rate (%)

Cases
(n)

Survival 
rate (%)

Cases
(n)

Survival 
rate (%)

Preop. TACE 198 148/198 74.7   82/198 41.4   58/157 36.9

Postop.TACE 114   90/114 78.9   46/114 40.4 33/88 37.5

TACE + RFA 106   79/106 74.5   39/106 36.8 - -

  TACE 387 268/387 69.3   84/387 21.7   26/309  8.4

  TAI   69   8/69 11.6   0/69       0     0/69       0

  Total 874 593/874 67.8 251/874 28.7 117/623 18.8
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DISCUSSION
At present, hepatectomy remains the preferred method 
to treat primary liver cancer. Second-stage hepatectomy 
after TACE is a great breakthrough in the field of  liver 
cancer treatment after hepatectomy of  marco-hepatoma 
in the 1950-1960s and micro-hepatoma in the 1970s[3]. 
TACE after radical excision of  hepatoma can efficiently 
kill remnant cancer cells, decrease recurrence and increase 
survival rate remarkably[4,5]. However; it was reported that 
TACE can damage hepatic and immunologic function, thus 
deceasing the survival rate[6]. Zheng et al[4] retrospectively 
analyzed the therapeutic results of  420 HCC patients 
after combined therapy, and found that the 1- and 3-year 
survival rates of  non-angioencroached HCC patients after 
treated with TACE are 100% and 60% before radical 
excision, 77.8% and 22.2% before palliative excision, 
respectively, higher than those of  the patients not treated 
with TACE before hepatectomy, and there is no significant 
difference between TACE before and after hepatectomy. 
Wang et al[7] reported that the 1-, 3-, 5- year survival rates 
of  20 HCC patients after treated with combined therapy 
are 95.0%, 63.5%, 32.9% after second-stage hepatectomy, 
suggesting that the 1-, 3-, 5- year survival rates after TACE 
before or after hepatectomy are the highest. The reasons 
may be as follows: some of  the 1126 cases treated with 
TACE before or after hepatectomy had hepatic AVF and 
embolus of  hepatic portal vein, only interventional therapy 
was given before hepatectomy, and TACE treatment 
did not continue with double-chemoembolization or 
internal radiation. All these indicate that cancer cells 
can extend to distal ramulus along homonymous portal 
vein during operation procedures. Though macroscopic 
circumscription of  hepatectomy is satisfactory, there are 
remnant cancer cells on the cutting edge, and liver cancer 

complicating hepatic cirrhosis limits circumscription of  
hepatectomy. The above-mentioned factors are the major 
reasons for recurrence which is an important reason for 
the low survival rate after hepatectomy. For this reason, it 
is necessary to treat HCC patients with TACE combined 
with Chinese medicine and biotherapy to increase their 
immunologic function after hepatectomy. To effectively 
increase the survival rate, HCC patients should be treated 
with double-chemoembolization or internal radiation 
before hepatectomy.

Combined interventional therapy including TACE, TAI, 
RAF, percutaneous intra-tumor absolute alcohol injection 
(PEI), percutaneous intra-tumor acetic acid injection 
(PAAI), percutaneous intra-tumor hot saline water injection 
(PSI), percutaneous cryotherapy (PCT), is dominantly used 
in non-surgical treatment of  HCC. Except for TACE and 
TAI, extra-hemal and circumscriptus “interstitial substance 
therapy”[8] can treat HCC through different mechanisms. 
It was reported that chemoembolization can reduce the 
number of  newly generated tumor vessels and the remnant 
tumor may generate new vessels through various ways[9]. 
To increase the life span, we believe that HCC patients 
should be treated with RFA, PEI, PAAI, PSI, and PCT 
on the basis of  TACE to kill remnant cancer cells. Liu  
et al[10] reported that the 1-, 2-, 3- year survival rates of  
HCC patients after treated with TACE are 59.52%, 
22.06% and 14.34% , while the 1- and 3- year survival 
rates of  HCC patients after treated with TAI are 27.94% 
and 0%. In our study, the 1-, 2-, 3- year survival rates of  
387 patients after treated with TACE were 69.3%, 21.7% 
and 8.4% respectively, and the 1- and 3- year survival 
rates of  69 after treated with TAI were 11.6% and 0%, 
suggesting that combined interventional therapy for HCC 
is influenced by many factors. 
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with gamma radiometry. One patient died two weeks 
after diagnosis, two patients lost follow-up, two patients 
who received chemotherapy survived 49 and 37 mo, and 
the remaining patient is still alive 21 mo, after diagnosis 
and treatment. 

CONCLUSION: PPL is a rare form of extranodal lympho-
ma originating from the pancreatic parenchyma. Clinical 
and imaging findings are otherwise not specific in the 
differentiation of pancreatic lymphoma and pancreatic 
cancer, which deserves attention. EUS-guided fine-needle 
aspiration (EUS-FNA) of the pancreas requires experi-
enced cytopathologists as well as advanced immunohis-
tochemical assays to obtain a final diagnosis on a small 
amount of tissue. Surgery and adjuvant chemotherapy 
or radiotherapy can produce fairly good outcomes. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Lymphoma includes Hodgkin’s and non-Hodgkin’s 
forms. Hodgkin’s lymphomas rarely disseminate to extra-
lymphatic organs, while non-Hodgkin’s lymphomas often 
invade extra-lymphatic organs. Most primary pancreatic 
lymphomas (PPL) are non-Hodgkin’s Lymphomas. More 
than 25 percent of  non-Hodgkin’s lymphomas originate 
from extra-lymphatic organs, about 30 percent of  which 
may involve the pancreas[1] . Isolated PPL is quite rare, less 
than 1 percent[2]. In a review of  207 cases of  malignant 
pancreatic tumors, there were only three cases (1.5%) of  
pancreatic lymphoma[3]. In fine-needle aspiration (FNA) of  
1050 cases of  pancreatic lesions, Volmar et al[4] only found 
14 cases (1.3%) of  PPL. Clinically, PPL is most likely to be 
misdiagnosed as pancreatic cancer. The present article is a 
retrospective review of  six cases of  PPL, based on which 
the clinical presentation, imageologic characteristics and 
pathologic features of  PPL are discussed in the context 
of  the world literature in an attempt to heighten clinicians’ 
awareness of  the condition.
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Abstract
AIM: To heighten recognition of primary pancreatic lym-
phoma (PPL) in clinical practice.  

METHODS: A retrospective review of the clinical presen-
tation, imaging characteristics and pathological features 
of PPL patients were presented, as well as their diagno-
sis and treatment, in combination with literature review.

RESULTS: Histological diagnosis was made in four pa-
tients by surgery and in two patients by EUS-FNA. The 
six PPL patients (5 males and 1 female; age range, 
16-65 years; mean age, 46 years) had the duration of 
symptoms for two weeks to three months. The primary 
presenting symptoms, though not characteristic, were 
abdominal pain, abdominal masses, weight loss, jaun-
dice, nausea and vomiting. One of the patients devel-
oped acute pancreatitis. In one patient, the level of se-
rum CA19-9 was 76.3 μg/L. Abdominal CT scan showed 
that three of the six tumors were located in the head of 
pancreas, two in the body and tail, and one throughout 
the pancreas. Diameter of the tumors in the pancreas in 
four cases was more than 6 cm, with homogeneous den-
sity and unclear borders. Enhanced CT scan showed that 
only the tumor edges were slightly enhanced. The pan-
creatic duct was irregularly narrowed in two cases whose 
tumors were located in the pancreatic head and body, in 
which endoscopic retrograde cholangiopancreatography 
(ERCP) showed that the proximal segment was slightly 
dilated. Two patients underwent Whipple operation, one 
patient underwent pancreatectomy, and another patient 
underwent operative biliary decompression. PPL was in 
stageⅠE in 2 patients and in stage Ⅱ E in 4 patients 
according to the Ann Arbor classification system. The di-
agnosis of B-cell non-Hodgkin’s lymphoma was made in 
all patients histopathologically. All six patients underwent 
systemic chemotherapy, one of whom was also treated 
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MATERIALS AND METHODS
Patients
Six cases of  PPL were identified and treated in Depart-
ment of  Gastroenterology, Changhai Hospital, Second 
Military Medical University, Shanghai, China, during a 
15-year period from January 1990 to June 2005. The clini-
cal characteristics of  all the patients were consistent with 
the criteria for the diagnosis of  PPL defined by Behrns 
et al[1]. On physical examination, no enlarged superficial 
lymph nodes were found; no enlarged diaphragmatic 
lymph nodes on chest X-ray films were found either. There 
was no change of  WBC classification on hemograms; there 
were no significant hepatic and splenic focuses. However, 
there was evidence of  a pancreatic mass on laparotomy, 
and the lymph nodes involved were confined to areas 
around the pancreas. 

Methods
A retrospective review of  the clinical data revealed that 
malignant lymphoma was unanimously the initial diagnosis 
of  all the six cases. Immunohistochemical analysis by 
EnVision-methods included leukocyte common antigen 
(LCA), CD20, CD34, CD68, Chr, CD45RO and Ki-67, 
of  which LCA indicates that tumor cells come from 
lymphocytes, CD20 is the marker of  B-cell, and CD45RO 
is the marker of  T-cell. 

All patients were staged according to the Ann Arbor 
staging system for non-Hodgkin's lymphomas, stageⅠ: 
invasion of  lymphoma is confined to the pancreas; stage 
Ⅱ: apart from pancreatic invasion, there is also invasion 
of  local lymph nodes; stage Ⅲ: apart from pancreatic 
invasion, the focus also infiltrates the upper diaphragm; 
and stage Ⅳ: apart from pancreatic invasion, there is 
generalized infiltration[5].

RESULTS
Clinical presentation  
The six PPL patients included five males and one female 
who ranged in age from 16 to 65 years with a mean of  46 
years, and whose duration of  symptoms ranged from two 
weeks to three months. The primary presenting symptoms 
were abdominal pain, an abdominal mass, weight loss, 
jaundice, nausea and vomiting, which were similar to what 
were reported in the overseas literatures[6-9] , except that 
there were no lower back pain, fever and chill, ascites and 
hemorrhage of  the upper digestive tract (Table 1).

Laboratory and imaging findings
WBC count was within the normal range in all six cases. In 
four patients aspartate aminotransferase (ALT) was 80-265 
U/L and alkaline phosphatase (AKP) was 120-216 U/L; 
in three patients, the level of  serum  bilirubin  was 42-216 
μmol/L and  CA19-9 was 76.3 μg/L. Liver function was 
otherwise normal. Abdominal CT scan demonstrated that 
the tumor was located in the head of  pancreas in three 
cases, in the body and tail in two cases, and in the whole 
pancreas in the remaining case. The tumors were larger 
than 6 cm in four cases, with almost homogeneous density 
and unclear edges. Enhanced CT scan only enhanced 
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the edges slightly. ERCP in two cases revealed that the 
pancreatic duct at the body of  the head was irregularly 
narrowed, the proximal segment of  which was slightly 
dilated. 

Histopathologic study
The specimens were obtained from pancreatic resection 
in fours cases, and from EUS-guided f ine-needle 
aspiration (EUS-FNA) in the remaining two cases. 
Microscopic examination showed that the lymphoma 
cells were round or elliptic, and arranged diffusely, with 
little plasma, thick karyotheca, thick chromatin and clear 
nuclei. Immunohistochemical analysis showed LCA (+), 
CD20 (+), CD34 (-) and CD68 (-). Histopathological 
examination confirmed the diagnosis of  the six cases as B 
cell pancreatic lymphoma (Figures 1-3). 

Diagnosis, treatment and prognosis
Of  the s ix pat ients, d iagnosis was conf ir med by 
pathological study of  the pancreatic tissue resected 
by EUS-FNA in two patients, by my cytological study 
in one patient, and by general skeleton ECT scan in 
another patient. One patient underwent biliary-intestinal 
anastomosis. According to Ann Arbor classification, two 
cases belonged to Ⅰ E stage, and the remaining four cases 
to Ⅱ E stage. All six patients underwent chemotherapy, 
one of  whom also underwent linear accelerator radio-

Table 1  Clinical presentation of PPL n  (%)

Data            This report     Overseas report[5]       Overseas CDI[9]

Case number                 6                             11                                     85
Abdominal  pain           5 (83)                     9 (82)                             62 (73)
Weight loss                    3 (50)                   4 (36)                             43 (51)
Abdominal mass          2 (33)                      -                                      -
Jaundice                         2 (33)                   2 (18)                             36 (42)
Nausea                           2 (33)                   2 (18)                             29 (34)
Vomiting                        1 (17)                     -                                   15 (18)
Lower backache                -                           3 (27)                                 -
Fever                                   -                          2 (18)                               6 (7)
Ascites                                -                           1 (9 )                                  -
Hemorrhage of UDT        -                             -                                     2 (2)

CDI: Compositive details index; UDT: Upper digestive tract.

Figure 1  Cytologically, lymphoma cells are round, oval, with prominent and large 
nucleus, arranged diffusely with obvious heterogeneity (Hematoxylin-eosin stain; 
original magnification × 200).
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therapy, and another underwent stereotaxic γ-knife 
radiotherapy. One patient died two weeks after the 
diagnosis was confirmed; two patients were lost to follow-
up; two patients survived for 49 and 37 mo, and the 
remaining one patient is still being followed up. 

DISCUSSION
Primary pancreatic lymphoma(PPL) is an extremely rare 
disease which occurs in pancreatic situ, with or without 
involvement of  peripancreatic lymph nodes. The clinical 
manifestation and imaging result of  PPL resemble other 
pancreatic occupying lesions like pancreatic carcinoma. 
However, unlike carcinomas, PPLs are potentially treatable 
even if  not found at early stage. PPL only accounts for 
fewer than 2% of  extra-nodal malignant lymphomas and 
0.5% of  cases of  pancreatic masses[10,11]. To date, only 
fewer than 150 and 20 cases of  PPL have been reported 
in English literature[12] and Chinese medical literature, 
respectively. In China, from 1995 to 2003 there were totally 
16 cases of  PPL reported[13]. The data show a strong male 
predominance (male to female ratio of  13:3) and increased 
trend with age (median age of  57.5 years), which is similar 
to the present study. However whether the mean age of  
PPL is older than that of  pancreatic carcinoma remains 
controversial.

Although the clinical presentation of  PPL is varied, 
some findings may support PPL rather than pancreatic 

cancer. Bellyache and abdominal mass are two major 
symptoms which present in 83% and 58% of  PPL cases, 
respectively[12]. Two of  six of  our patients (33%) presented 
abdominal mass while Yu et al reported that only 1.3% 
of  patients with adenocarcinoma presented abdominal 
mass[14]. The other symptoms are jaundice, reflux, weight 
loss, bowel obstruction and diarrhea[6,15]. Interestingly there 
are almost 12% of  PPL mimicking acute pancreatitis. It is 
noticeable that one in six of  our patients presented acute 
pancreatitis. Obstructive jaundice was found to be less 
frequent than in pancreatic cancer[16]. While the common 
symptoms in non-Hodgkin’s lymphoma like fever, chills 
and night sweats were rare in PPL, making it hard to 
diagnose only depending on the signs[17]. The majority 
PPLs occur in the head of  pancreas, though tumor 
could also be found in the body and tail regions[7]. It was 
reported that over half  of  PPL patients presented with 
an epigastric mass and the diameter was bigger than 6 cm 
in 70% of  patients of  PPL[18]. The laboratory test is non-
specific for diagnosis of  PPL. Our data reveal that serum 
carbohydrate antigen 19-9 (CA19-9) level in PPL patients 
was normal or slightly elevated. This is different from 
pancreatic adenocarcinoma, in which almost eighty percent 
of  patients get a higher CA19-9 level. The abnormality of  
serum ALT, AKP, and bilirubin was secondary to the bile 
duct obstruction. 

Imaging results play a key role in diagnosis of  
PPL. Percutaneous u l t rasound(US) , endoscopic 
ultrasonography(EUS), computed tomography(CT) and 
MRI are well-established procedures to evaluate pancreatic 
masses[19,20]. Previously 16 Chinese PPL cases could all be 
found pancreatic masses by CT or US before therapy, with 
or without signs of  peripancreatic lymph node invasion. 
CT is by far the most common imaging technique used in 
the detection and characterization of  pancreatic tumors. 
The picture of  PPL on CT resembled that of  pancreatic 
carcinoma, including enlargement of  pancreatic head 
and density changes. However, there are fewer signs of  
invaded large vessel and metastasis of  the liver and spleen. 
There are fewer chances to find pancreatic duct dilation 
in PPL when compared with pancreatic cancer. Merkle  
et al[9] reported the combination of  a bulky localized tumor 
in the pancreas without significant dilation of  the main 
pancreatic duct strengthens a diagnosis of  pancreatic 
lymphoma over adenocarcinoma. Furthermore, if  enlarged 
lymph nodes are encountered below the level of  the renal 
veins, virtual exclusion of  adenocarcinoma is possible. 
While Arcari et al[17] insisted that imaging techniques could 
suggest the suspicion of  PPL but are unable to distinguish 
PPL from pancreatic adenocarcinoma. Therefore, the 
final diagnosis of  PPL should depend on histopathologic 
examination. In four of  six PPL patients in current study 
the tissue was obtained during operation and in the other 
two cases the tissue was obtained by EUS- FNA. Most 
reported Chinese PPL cases were finally diagnosed by 
surgeons while there will be more studies using FNA in 
the future. However, when compared with surgery, it is 
difficult to obtain enough specimen by FNA to perform 
immuno-histochemical analysis and may lead to false-
negative result[7]. Di Stasi et al[21] reported that CT or 
US guided FNA is a safe and rapid technique to make 

Figure 2  Immunohistochemical analysis showing CD20 (+) (EnVision's stain; 
original magnification × 200).

Figure 3  Immunohistochemical analysis showing Ki-67 (+) (EnVision’s stain; 
original magnification × 200). 

www.wjgnet.com

5066       ISSN 1007-9327     CN 14-1219/ R      World J Gastroenterol       August 21, 2006     Volume 12    Number 31



histological diagnosis by which we could get more tissues 
than by EUS. However during CT scan it is difficult for 
operators to supervise the needle path. EUS-guided tissue 
sampling of  pancreatic masses is the superior method 
because it is dynamic and real-time. EUS can clearly 
reveal the boundary of  tumor and color doppler flow 
imaging(CDFI) can show the vein path, sequentially guide 
the needle aspiration and avoid the vessel damage[22,23]. O’ 
Toole et al[24] reported the complication rate of  EUS-FNA 
was as low as 1.6%, indicating it is a safe method. Most 
importantly, FNA depending methods should be further 
applied because it is helpful to avoid unnecessary surgery.

Totally four in six of  our patients underwent operation. 
Among them two cases were treated with Whipple surgery, 
one by distal pancreatectomy and another by operative 
biliary decompression. The reason for operation is that the 
definitive diagnosis was not made before surgery. If  these 
patients had been detected using FNA, the exploration 
could have been skipped. Thus the treatment strategy 
could have been direct chemotherapy or radiotherapy. 
Unfortunately, all published 16 Chinese PPL cases were 
treated with surgery, which made the final diagnosis. It 
can be predicted that the more frequent usage of  FNA, 
including either CT or EUS guided-FNA may minimize 
the number of  operations for PPL. Bouvet e t a l [8] 
reported ten in eleven PPL patients, have been performed 
explorative surgery, only in three of  them the tumor could 
be fully resected. Among eight unresected cases, seven 
cases were treated with combined CHOP chemotherapy 
and radiotherapy with dosage of  30 to 45 Gy. The 
median survival time was 67 mo (11-191 mo). Behrns 
et al[1] reported that the median survival time for single 
chemotherapy and radiotherapy-treated PPL patients was 
13 and 22 mo, respectively. While the survival time could 
be improved to 26 mo if  combining medication with 
radiotherapy. Therefore, the first choice for PPL treatment 
should be combination of  chemotherapy and radiotherapy, 
rather than surgery. With the advancement of  techniques, 
surgery seems to be only effective when FNA is not 
available or diagnosis can not be made on histology. It has 
already been proved that single pancreas resection could 
not improve the survival rate of  PPL but cause more 
complications. However, the PPL patient with biliary tract 
or gastrointestinal obstruction should be performed biliary 
or gastric bypass to relieve the symptoms. 

In conclusion, PPL is a rare disease with non-specific 
symptoms, laboratory tests and imaging examination 
results. Cytology or tissue histology is fundamental for 
diagnosis and chemo- or radiotherapy is preferred for 
treatment. FNA technique is recommended as a routine 
examination, while total pancreatectomy is considered 
to have no impact on survival and with its associated 
morbidities, is not generally recommended for diagnosis 
and treatment of  PPL. As a result, PPL will not be such a 
disease with poor prognosis in the future.

REFERENCES
1 Behrns KE, Sarr MG, Strickler JG. Pancreatic lymphoma: is it a 

surgical disease? Pancreas 1994; 9: 662-667
2 Freeman C, Berg JW, Cutler SJ. Occurrence and prognosis of 

extranodal lymphomas. Cancer 1972; 29: 252-260
3 Reed K, Vose PC, Jarstfer BS. Pancreatic cancer: 30 year review 

(1947 to 1977). Am J Surg 1979; 138: 929-933
4 Volmar KE , Routbort MJ, Jones CK, Xie HB. Primary 

pancreatic lymphoma evaluated by fine-needle aspiration: 
findings in 14 cases. Am J Clin Pathol 2004; 121: 898-903

5 National Cancer Institute sponsored study of classifications 
of non-Hodgkin’s lymphomas: summary and description of 
a working formulation for clinical usage. The Non-Hodgkin’s 
Lymphoma Pathologic Classification Project. Cancer 1982; 49: 
2112-2135

6 Nayer H, Weir EG, Sheth S, Ali SZ. Primary pancreatic 
lymphomas: a cytopathologic analysis of a rare malignancy. 
Cancer 2004; 102: 315-321

7 Islam S, Callery MP. Primary pancreatic lymphoma--a 
diagnosis to remember. Surgery 2001; 129: 380-383

8 Bouvet M, Staerkel GA, Spitz FR, Curley SA, Charnsangavej 
C, Hagemeister FB, Janjan NA, Pisters PW, Evans DB. Primary 
pancreatic lymphoma. Surgery 1998; 123: 382-390

9 Merkle EM, Bender GN, Brambs HJ. Imaging findings in 
pancreatic lymphoma: differential aspects. AJR Am J Roentgenol 
2000; 174: 671-675

10 Zucca E, Roggero E, Bertoni F, Cavalli F. Primary extranodal 
non-Hodgkin’s lymphomas. Part 1: Gastrointestinal, cutaneous 
and genitourinary lymphomas. Ann Oncol 1997; 8: 727-737

11 Boni L, Benevento A, Dionigi G, Cabrini L, Dionigi R. Primary 
pancreatic lymphoma. Surg Endosc 2002; 16: 1107-1108

12 Saif MW. Primary pancreatic lymphomas. JOP 2006; 7: 
262-273

13 Zhu KL, Wang RB, Xu M, Guo YH, Gong HY, LI JL, Sun HY. 
One case report of primary pancreatic lymphoma and litera-
ture review. Zhonghua Xiandai Neikexue Zazhi 2006; 3: 104-107

14 Yu ZL, Li ZS, Zhou GZ, Zou XP, He J, Cai QC，Hu XG，
Wang Q．Analysis of clinical symptoms of pancreatic cancer: 
a report 1027 cases. Jiefangjun Yixue Zazhi 2002; 27: 286-288

15 Nishimura R, Takakuwa T, Hoshida Y, Tsujimoto M, Aozasa 
K. Primary pancreatic lymphoma: clinicopathological analysis 
of 19 cases from Japan and review of the literature. Oncology 
2001; 60: 322-329

16 James JA, Milligan DW, Morgan GJ, Crocker J. Familial pan-
creatic lymphoma. J Clin Pathol 1998; 51: 80-82

17 Arcari A, Anselmi E, Bernuzzi P, Bertè R, Lazzaro A, Moroni 
CF, Trabacchi E, Vallisa D, Vercelli A, Cavanna L. Primary 
pancreatic lymphoma. Report of five cases. Haematologica 2005; 
90: ECR09

18 Tuchek JM, De Jong SA, Pickleman J. Diagnosis, surgical in-
tervention, and prognosis of primary pancreatic lymphoma. 
Am Surg 1993; 59: 513-518

19 McNulty NJ, Francis IR, Platt JF, Cohan RH, Korobkin 
M, Gebremariam A. Multi--detector row helical CT of the 
pancreas: effect of contrast-enhanced multiphasic imaging on 
enhancement of the pancreas, peripancreatic vasculature, and 
pancreatic adenocarcinoma. Radiology 2001; 220: 97-102

20 Kelekis NL, Semelka RC. MRI of pancreatic tumors. Eur Radiol 
1997; 7: 875-886

21 Di Stasi M, Lencioni R, Solmi L, Magnolfi F, Caturelli E, De 
Sio I, Salmi A, Buscarini L. Ultrasound-guided fine needle 
biopsy of pancreatic masses: results of a multicenter study. Am 
J Gastroenterol 1998; 93: 1329-1333

22 Mallery JS, Centeno BA, Hahn PF, Chang Y, Warshaw AL, 
Brugge WR. Pancreatic tissue sampling guided by EUS, CT/
US, and surgery: a comparison of sensitivity and specificity. 
Gastrointest Endosc 2002; 56: 218-224

23 Ribeiro A, Vazquez-Sequeiros E, Wiersema LM, Wang KK, 
Clain JE, Wiersema MJ. EUS-guided fine-needle aspiration 
combined with flow cytometry and immunocytochemistry 
in the diagnosis of lymphoma. Gastrointest Endosc 2001; 53: 
485-491

24 O’Toole D, Palazzo L, Arotçarena R, Dancour A, Aubert 
A, Hammel P, Amaris J , Ruszniewski P. Assessment 
of complications of EUS-guided fine-needle aspiration. 
Gastrointest Endosc 2001; 53: 470-474

S- Editor  Wang J    L- Editor  Zhu LH    E- Editor  Ma WH

Lin H et al. Primary pancreatic lymphoma                                                                  5067

www.wjgnet.com



© 2006 The WJG Press. All rights reserved.

Key words: Fulminant acute pancreatitis; Abdominal 
compartment syndrome; Indwelling catheter; Disposable 
central venous catherization; Celiac drainage; Intra-
abdominal pressure monitoring; Combined treatment

Sun ZX, Huang HR, Zhou H. Indwelling catheter and con-
servative measures in the treatment of abdominal compart-
ment syndrome in fulminant acute pancreatitis. World J 
Gastroenterol 2006; 12(31): 5068-5070

 http://www.wjgnet.com/1007-9327/12/5068.asp

INTRODUCTION
There are certain guidelines for treatment of  severe acute 
pancreatitis (SAP). However, about 11% of  SAP patients 
suffer from the complication of  abdominal compartment 
syndrome (ACS), and about 25% of  SAP patients are ful-
minant acute pancreatitis (FAP). Incidence rate of  ACS 
is higher in FAP, and its mortality rate is as high as 60%. 
Up till now, there have been no standard treatments for 
ACS[1,2]. In the present study, we used combination of  ce-
liac indwelling catheter drainage and intra-abdominal pres-
sure monitoring, several short veno-venous hemofiltration 
(SVVH), respiration support and gastrointestinal TCM ab-
lution for treatment and predicting patient’s conditions of  
ACS in FAP. Through comparison with the control group, 
we demonstrate that the combined therapy is effective for 
treatment of  ACS. 

MATERIALS AND METHODS
Patients  
A total of  110 FAP patients were received and treated in 
First Aid Center and Hepato-biliary Surgery Department 
of  Affiliated Hospital of  Guiyang Medical College[3,4]. 
When they were hospitalized, the cumulative scorings of  
CT serious index (CTSI), APACHE Ⅱ and SAP were 7.85 
± 1.10, 17.51 ± 4.51 and grade Ⅱ respectively. 

Methods
Patients were divided randomly into groups of  indwell-
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Abstract
AIM: To study the effect of combined indwelling cath-
eter, hemofiltration, respiration support and traditional 
Chinese medicine (e.g. Dahuang) in treating abdominal 
compartment syndrome of fulminant acute pancreatitis.

METHODS: Patients with fulminant acute pancreatitis 
were divided randomly into 2 groups of combined in-
dwelling catheter celiac drainage and intra-abdominal 
pressure monitoring and routine conservative measures 
group (group 1) and control group (group 2). Routine 
non-operative conservative treatments including hemofil-
tration, respiration support, gastrointestinal TCM ablution 
were also applied in control group patients. Effectiveness 
of the two groups was observed, and APACHE Ⅱ scores 
were applied for analysis.

RESULTS: On the second and fifth days after treatment, 
APACHE Ⅱ scores of group 1 and 2 patients were signifi-
cantly different. Comparison of effectiveness (abdomi-
nalgia and burbulence relief time, hospitalization time) 
between groups 1 and 2 showed significant difference, 
as well as incidence rates of cysts formation. Mortality 
rates of groups 1 and 2 were 10.0% and 20.7%, respec-
tively. For patients in group 1, celiac drainage quantity 
and intra-abdominal pressure, and hospitalization time 
were positively correlated (r = 0.552, 0.748, 0.923, P < 
0.01) with APACHE Ⅱ scores.

CONCLUSION: Combined indwelling catheter celiac 
drainage and intra-abdominal pressure monitoring, short 
veno-venous hemofiltration (SVVH), gastrointestinal TCM 
ablution, respiration support have preventive and treat-
ment effects on abdominal compartment syndrome of 
fulminant acute pancreatitis.
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ing catheter celiac drainage and intra-abdominal pressure 
monitoring and routine non-operative conservative treat-
ment measures (Figure 1) group (group 1, 45 cases) and 
control group (group 2, 65 cases). There was no significant 
difference (P > 0.05) in gender, age, cumulative scor-
ings of  CTSI and APACHE Ⅱ between the two groups. 
Routine non-operative conservative treatment measures, 
including SVVH, gastrointestinal TCM ablution, respira-
tion support and drug therapy, were conducted in group 2 
patients. For group 1 patients centesis in right side or two 
sides of  abdominal cavity, installation of  indwelling cath-
eter for continuous drainage (drain quantity was recorded 
daily) were conducted on the first day of  hospitalization, 
and intra-abdominal pressure was monitored and recorded 
on the first, second and fifth days since installation of  in-
dwelling catheter. The decision of  time for hemofiltration 
was based on the indications of  systemic inflammatory 
response syndrome (SIRS). On the day of  hospitalization 
Dahuang or Qingyitang was infused by gastric canal or 
anus drip (3 times daily). 
Observation of  clinical effectiveness: Abdominalgia, 
burbulence time, hospitalization time for groups 1 and 
2 were observed. Celiac drainage and intra-abdominal 
pressure were monitored for group 1; APACHE Ⅱ 
cumulative scores before treatment, on the second and 
fifth days after treatment in groups 1 and 2 were recorded. 

Statistical analysis 
Data are expressed as mean ± SD. SPSS 12.0 was used for 
statistical analysis. P < 0.05 means significant. 

RESULTS
Patients’ conditions
During hospitalization and treatment period, there was 
no significant difference in the two groups for cumula-
tive scorings of  CTSI and APACHE Ⅱ. On the second 
and fifth days after treatment with combined indwelling 
catheter drainage, gastrointestinal TCM ablution, SVVH, 
respiration support and drugs, the cumulative scorings of  
APACHE Ⅱ in group 1 were significantly lower than in 
group 2 (P < 0.01); cumulative scorings of  APACHE Ⅱ 
were significantly decreased compared with before treat-
ment (P < 0.01, Table 1).
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Celiac drainage and intra-abdominal pressure  
Drains of  45 cases in group 1 were all dematiaceous 
bloody liquid. Drainage period was 3.5 ± 0.85 d; drain 
quantity was positively correlated (r = 0.552, P < 0.01) 
with intra-abdominal pressure (IAP) (r = 0.552, P < 0.01). 
While IAP was positively correlated with cumulative scor-
ings of  APACHE Ⅱ (r = 0.748, P < 0.01, Table 2).

Relief time for abdominalgia and burbulence, and hospita-
lization time 
The relief  time of  abdominalgia, burbulence, and hospi-
talization time in group 1 were significantly shorter than 
those in group 2 (P < 0.01). Mortality rates in group 1 
were decreased compared to group 2, with no significant 
difference. Incidence rates of  cysts in group 1 were signifi-
cantly decreased compared to group 2 (P < 0.01, Table 3). 

DISCUSSION
FAP is characterized by rapid deterioration of  patient’s 
conditions. Multi-organ (specially pancreas and gastroin-
testinal tract) dysfunction appeared in early stage. 

ACS in FAP is divided into four grades according to 
IAP: first grade is 10-14 cm H2O, second grade is 15-24 
cm H2O, third grade is 25-35 cm H2O, and fourth grade is 
> 35 cm H2O. In group 1 of  our experiment, celiac intra-
abdominal pressure of  45 cases was 29.29 ± 5.53 cm H2O, 
diagnosed as ACS clinically[4-6]. Currently, ACS is detected 
mainly by bladder manometry method, which is an indirect 

Figure 1  Indwelling catheter. (
→

) Celiac drainage; ( →)Intra-abdominal 
pressure detection.

Table 1  Patient’s conditions of severity transformation 
(mean ± SD)

              State of illness when hospitalized    Change of APACHEⅡ during treament
Group　
             CTSI scoring  APACHEⅡ scoring     2 d after treament   5 d after treament

1              7.61 ± 0.67        16.44 ± 2.28               9.66 ± 1.88b           4.63 ± 1.46b

2              7.59 ± 0.86        15.74 ± 1.91             13.46 ± 1.93           10.78 ± 2.01

bP = 0.000 vs group 2.

Table 2  Celiac drainage and intra-abdominal pressure 
(mean ± SD)

                        1st             2nd             3rd             P

Drain quantity (mL)         1817 ± 639         815 ± 423a         85 ± 40a          0.000
IAP (cmH2O)                     29.29 ± 5.53     13.95 ± 4.05b     6.71 ± 1.68b      0.000
APACHE Ⅱ scorings       16.44 ± 2.28       9.66 ± 1.88       4.63 ± 1.46         0.000

ar = 0.55 vs IAP , br = 0.92 vs APACHE Ⅱ scorings.

Table 3  Local symptoms and treatment effect (mean ± SD)

                          Relief time                                 Treament effect  
Group　
              Abdominalgia  Burbulence       Hospitalization   Mortality rate  Rate of cyst 
                     (d)               (d)                     (d)                (%)                 (%)

1              3.27 ± 0.87b   6.90 ± 1.18b     15.59 ± 3.89b         10.0b              8.9b

2            14.13 ± 2.14   23.36 ± 3.76      28.28 ± 4.61           20.7             37.9

bP < 0.01 vs  group 2.
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method. However, there are certain influencing factors. 
Therefore we used indwelling catheter celiac laying canal 
to directly detect intra-abdominal pressure, and performed 
canal drainage. It could prevent celiac dropsy ACS, avoid 
disturbance of  celiac function when operating, and the ef-
fect of  anesthesia on laparotomy and celiac operation, and 
consequently prevent ACS[7-12]. In our study, the combined 
approach of  indwelling catheter drainage, SVVH and gas-
trointestinal TCM ablution, respiration support and use of  
other drugs was employed to treat ACS in FAP. We found 
that drain quantity was positively correlated with intra-ab-
dominal pressure (r = 0.55), and intra-abdominal pressure 
was correlated with hospitalization time and APACHE 
Ⅱ cumulative scorings (r = 0.75, 0.92). In comparison of  
effectiveness, that of  the group 1 was significantly better 
than that of  group 2 regarding abdominalgia disappearing 
time, burbulence relief  time, and hospitalization time (P = 
0.000); mortality rates were 10% and 20.7% in group 1 and 
2, respectively; incidence rates of  cysts between the two 
groups were significantly different (P = 0.001). The rea-
sons for the better effect of  group 1 might be that: (1) in-
dwelling catheter drainage eliminated ACS caused by celiac 
dropsy; (2) hemofiltration or drainage improved paralysis 
of  gastrointestinal tract caused by a variety of  inflammato-
ry cytokines, inflammation mediators, all kinds of  enzymes 
and necrosis materials (including large, moderate and small 
molecular weight materials). As a consequence, damage 
of  tissues and organs in dropsy (mesentery, epiploon, 
gastrointestinal and parietal peritoneal membrane) type 
of  ACS was greatly reduced; (3) It was eliminated that the 
celiac disturbance and the effect on systemic multi-organs 
(especially gastrointestinal tract) caused by laparoscopic 
operation or laparotomy and anesthesia; (4) TCM, eg. Da-
huang could effectively reduce intestinal tract endotoxin 
and bacterial shift, alleviate intestinal mucosal membrane 
damage, and facilitate gastrointestinal movement and emp-
tying[9,13-16]. As far as we know, such study has not been 
reported. 

In summary, combined indwelling catheter celiac drain-
age, intra-abdominal pressure monitoring, multi-SVVH, 
gastrointestinal TCM ablution, respiration support and 
use of  drugs can prevent and treat ACS in FAP effectively. 
However, the problem of  slow speed of  indwelling cath-
eter celiac drainage has still to be resolved[13].
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Abstract
A 66-year-old woman underwent part ia l splenic 
embolization (PSE) for hypersplenism with idiopathic 
portal hypertension (IPH). One week later, contrast-
enhanced CT revealed extensive portal vein thrombosis 
(PVT) and dilated portosystemic shunts. The PVT was not 
dissolved by the intravenous administration of urokinase. 
The right portal vein was canulated via  the percutaneous 
transhepatic route under ultrasonic guidance and a 4 
Fr. straight catheter was advanced into the portal vein 
through the thrombus. Transhepatic catheter-directed 
thrombolysis was performed to dissolve the PVT and a 
splenorenal shunt was concurrently occluded to increase 
portal blood flow, using balloon-occluded retrograde 
transvenous obliteration (BRTO) technique. Subsequent 
contrast-enhanced CT showed good patency of the 
portal vein and thrombosed splenorenal shunt.

Transhepat ic catheter-directed thrombolys is 
combined with BRTO is feasible and effective for PVT 
with portosystemic shunts.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Acute portal vein thrombosis (PVT) after partial splenic 
embolization (PSE) in portal hypertension is a rare 
event[1-3]. Stagnant splenic blood flow after PSE appears to 
result in PVT[4,5]. Surgical treatment is generally ineffective 
and yields poor results. Consequently, direct percutaneous 
intervention is increasing in popularity as a therapeutic 
alternative. Portal systemic shunts (PSS) are frequently 
formed due to portal hypertension in patients with chronic 
liver diseases such as liver cirrhosis or idiopathic portal 
hypertension (IPH). Balloon-occluded retrograde trans-
venous obliteration (BRTO) is an effective treatment for 
gastric varices and encephalopathy with PSS[6-8].

We report a patient with portal vein thrombosis after 
PSE in IPH with extensive portal systemic shunts treated 
with transhepatic catheter-directed thrombolysis combined 
with BRTO restoring portal blood flow.

CASE REPORT
A 66-year-old woman with a medical history of  IPH was 
hospitalized with continuously bloody stool (melena). The 
HBV and HCV markers were all negative. IPH was diag-
nosed by liver biopsy and CT scan. Upper endoscopy was 
performed after admission and small esophageal varices 
without bleeding were pointed out. Telangiectasia was 
found in the transverse colon by colonoscopy and hemo-
stasis was accomplished by endoscopic high-frequency co-
agulation. Despite repeated transfusion of  red blood cells 
and platelets, laboratory examination revealed significant 
pancytopenia, with a white blood cell count of  1.1 × 109/L, 
red blood cell count of  2.71 × 1012/L, and  platelet count 
of  2.5 × 1010/L. US and CT revealed splenomegaly. 

The patient underwent PSE to reduce hypersplenism 
and portal hypertension. The splenic artery was catheter-

 CASE REPORT
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ized selectively via the femoral route, and the tip of  micro-
catheter was inserted in a peripheral branch of  the splenic 
artery. Small particles (1 mm × 1 mm × 1 mm) of  gelatin 
sponge soaked in antibiotics were injected to achieve PSE. 
The platelet count rose to 14 × 1010/L on the 7th d after 
PSE. Plain CT revealed a low-density area in the spleen 
and high-density thrombus in the main portal vein and 
the 1st right and left branches (Figure 1A), and contrast-
enhanced CT revealed no enhancement of  the portal vein 
indicating extensive portal thrombosis (Figure 1B). Porto-
systemic shunts including a dilated left gastric vein to the 
paraesophageal vein and splenorenal shunt draining into 
the left renal vein were also visualized. Thrombolytics and 
anticoagulants were initiated, urokinase (240 000 U/d) and 
heparin (10 000 U/d) were given intravenously for 3 d. 
However, CT after systemic thrombolysis revealed that the 
thrombosis did not resolve. 

It was therefore decided to attempt catheter-directed 
thrombolysis. With the patient under local anesthesia, a 
branch of  the right portal vein was punctured with an 
18-gauge needle under ultrasonic guidance. A 0.035-inch 
guidewire was advanced into the portal vein through the 
thrombus. A 4 Fr. straight catheter (Cook, Bloomington, 
IN) was advanced into the splenic vein and portography 
was performed. Percutaneous transhepatic portography 
(PTP) yielded no visualization of  the main portal vein but 
did show large collaterals of  the dilated gastric vein and 
splenorenal shunt (Figure 2). Urokinase at a dosage of  
320 000 U was initially infused directly into the thrombus 
for 30 min. However, because immediate resolution of  
the thrombus was not observed, an hourly dose of  20 000 
U of  urokinase and a daily dose of  10 000 U of  heparin 

were continuously infused into the thrombus. Two days 
later, PTP revealed total resolution of  the thrombus in the 
portal vein and recirculation of  portal blood flow to liver 
parenchyma (Figure 3A). However, there was still marked 
hepatofugal flow into the dilated PSS, inducing stagnation 
of  portal blood flow (Figure 3B). BRTO was then attempt-
ed to occlude the splenorenal shunt in order to increase 
portal blood flow. An 8 Fr. J-type sheath (J Sheath; Me-
dikidt, Tokyo, Japan) was inserted into the left renal vein 
via the right femoral vein. A 7 Fr. balloon catheter (Selecon 
Cobra-shape MP catheter with 13 mm diameter balloon; 
Clinical Supply, Gifu, Japan) was advanced through the 
sheath into the outflow pathway of  the splenorenal shunt 
(Figure 4). Balloon-occluded retrograde venography was 
carried out to identify the splenorenal shunt and the other 
outflowing vessels. The amount of  sclerosing solution was 

Figure 1  Abdominal CT one week 
after PSE. A: Plain CT showing high 
density lesions in the main portal 
vein and the 1st right branch (narrow 
arrow); B: Contrast-enhanced CT 
revealing no enhancement of portal 
vein indicating portal thrombosis 
(thick arrow) and portosystemic 
shun ts  (a r row  head) .  Sp len i c 
in fa rc t ion  a f te r  PSE was a lso 
visualized.

→

▲
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Figure 2  No visualization 
of main portal vein due to 
extensive thrombosis (narrow 
arrow) and visualization of 
portosystemic shunts such as 
dilated left gastric vein and 
splenorenal shunt draining into 
left renal vein (thick arrow) on 
percutaneous transhepatic 
portography.

→
→→

A B

Figure 3  Percutaneous transhepatic portography after catheter-directed 
thrombolysis. A: Dissolution of the thrombus in portal vein (narrow arrow); B: 
Hepatofugal flow into dilated portosystemic shunts (thick arrow: left renal vein).

Figure 4  PTP after BRTO. 
B RTO  w a s  a t t e m p t e d  t o 
occlude splenorenal shunt in 
order to increase portal blood 
flow. A 7Fr balloon catheter 
(arrow)  was advanced into 
the outflow pathway of the 
splenorenal shunt. A total of 10 
mL of 5% ethanolamine oleate 
iopamidol (EOI) was injected 
and remained stagnant for a 
day during balloon occlusion.

→
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determined from the volume of  contrast material needed 
to fill these vessels. Preoperatively, 4000 U of  haptoglobin 
(Mitsubishi Pharma, Osaka, Japan) was administered intra-
venously by drip infusion for the purpose of  preventing 
a renal damage by hemolysis. A total of  10 mL of  5% (50 
g/L) ethanolamine oleate iopamidol (EOI) was injected 
and remained stagnant in these vessels for a day during 
balloon occlusion. The following day, the balloon catheter 
was withdrawn after thrombosis of  the splenorenal shunt 
was confirmed on contrast-enhanced CT (Figures 5A and 
B). The transhepatic catheter was subsequently removed 
using hemostatic microcoils for the transparenchymal tract 
without hemorrhagic complications. Six-month follow-up 
CT revealed good patency in the main portal vein.

DISCUSSION
Maddison[9] first reported splenic embolization for hyper-
splenism in 1973. Spigos et al[10] advocated partial splenic 
embolization (PSE) as an alternative method for the treat-
ment of  portal hypertension in 1979. PSE has been widely 
used for the treatment of  portal hypertension and hyper-
splenism caused by IPH and liver cirrhosis since then[1-3,9-11]. 
The aim of  PSE is to decrease splenic blood flow and pre-
vent platelet destruction in the spleen. An optimal increase 
in platelet count could be observed if  a single procedure 
induces an infarct size of  at least 60%-80% of  the total 
spleen volume[2,11]. Complications of  PSE listed in the lit-
erature include local pain, ascites, pleural effusion, splenic 
abscess and also portal vein thrombosis (PVT) secondary 
to reduced blood flow in the splenic vein[1-3]. Romano et al[2] 
reported that no cases of  PVT have been observed after 
PSE in patients with IPH. N’Kontchou et al[3] reported that 
the incidence of  PVT after PSE is 6.3% in patients with 
cirrhosis. Eguchi et al[4] reported that the incidence of  PVT 
after splenectomy is 25.0% in patients with IPH. PVT can 
occur with a higher incidence after splenectomy than after 
PSE.

PVT can occur due to other conditions including liver 
cirrhosis, IPH, direct invasion of  neoplasm, hypercoagu-
lable states, and inflammatory diseases such as pancreatitis 
and ulcerative colitis[5,12,13]. PVT can result in intestinal 
ischemia and venous infarction in the acute stage. In the 
chronic stage, signs of  portal hypertension such as esopha-
geal varices, ascites, intestinal bleeding, liver atrophy, and 
liver failure become prominent[12,13]. Management of  acute 

portal vein thrombosis is thus important. In our case, re-
duction of  splenic blood flow due to PSE and outflow of  
the superior mesenteric vein (SMV) into the dilated PSS 
caused portal vein thrombosis.

The standard treatment for PVT is systemic thrombol-
ysis with anticoagulants and local thrombolysis using inter-
ventional radiology (IVR) procedures[13]. Urokinase (UK) 
has been used as a thrombolytic agent for PVT, but an 
enormous amount of  UK is required for systemic use[14], 
and often has no effect, as in our case. There are two IVR 
procedures to treat PVT: trans-arterial thrombolysis via the 
superior mesenteric artery (SMA) and catheter-directed 
thrombolysis[15]. The angiographic method of  trans-arterial 
thrombolysis is easy and involves only placement of  a 
catheter into the SMA via the femoral artery[16-18]. However, 
in our patient with remarkable portosystemic collaterals, 
UK would drain into hepatofugal collaterals and would 
not reach PVT easily. Local thrombolysis should be more 
effective for patients with PSS, since high concentrations 
of  UK are directly infused into the PVT through a cath-
eter. Access to catheter-directed thrombolysis is divided 
into two routes: the transhepatic route[19-21] and the tran-
sjugular route[22-24]. Uflacker[24] emphasizes the advantages 
such as reduction of  the possibility of  intraabdominal 
bleeding and creation of  adequate portal vein outflow 
by transjugular intrahepatic portosystemic shunt (TIPS) 
procedure. However, in our patient with complete portal 
vein occlusion and large PSS, additional and new creation 
of  a portosystemic shunt can cause complications such 
as hepatic encephalopathy and hepatic failure[25,26]. We 
therefore decided to use a transhepatic approach to treat 
PVT. The transhepatic approach is technically simpler 
than transjugular approach. This approach allows direct 
guidewire recanalization of  the occluded portion and in-
stillation of  high concentrations of  UK directly into the 
thrombus, and reduces the risks of  systemic fibrinolysis. In 
this transhepatic approach there is a risk of  uncontrollable 
bleeding through the transparenchymal tract after removal 
of  the catheter especially in patients with coagulopathy[27]. 
Avoiding such complications, complete transparenchymal 
tract embolization with microcoils or gelatin sponge after 
removal of  the catheter is necessary to overcome intraab-
dominal bleeding. In our case, the transparenchymal tract 
was embolized with microcoils, and PVT was dissolved 
completely by transhepatic catheter-directed thrombolysis 
without hemorrhagic complications. We believe that local 

Figure 5  Contrast-enhanced 
CT 1 wk after catheter-directed 
thrombolysis and BRTO. A: 
Good patency of the portal vein 
(narrow arrow); B: Thrombosed 
splenorenal shunt (thick arrow).
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thrombolytic therapy via transhepatic route should be con-
sidered as a feasible, efficacious and safe treatment.

In the present case, even after recanalization of  the 
portal vein, the patient had stagnancy of  portal blood flow 
with outflow of  the SMV into the large PSS. Unless the 
blood flow to PSS is decreased to increase the portal blood 
flow, PVT may recur after dissolution. Concurrent BRTO 
was therefore performed to occlude the splenorenal shunt 
in our patient, and achieved long-term patency of  the por-
tal vein. There is no previous report describing the neces-
sity for concurrent occlusion of  portosystemic shunt after 
recanalization of  PVT.

In conclusion, catheter-directed thrombolysis com-
bined with BRTO is feasible and useful for recanalizing 
PVT and maintaining stable patency of  the portal vein in 
patients with PVT.
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Abstract
Even lipomas are the most common mesenchymal 
benign tumors of the gastrointestinal tract, symptomatic 
colonic presentation is rare. Herein, we evaluated four 
patients suffering from various size of colonic lipomas 
and approached by different therapeutic modalities.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Lipomas are the most common nonepithelial benign 
tumors of  the gastrointestinal tract. Nevertheless symptoms 
of  a colonic lipoma are rare generally with a silent clinical 
course. When colonic lipomas achieve a proper size, they 
have manifestations such as change in bowel habits, rectal 
bleeding, abdominal pain or more disastrous consequences 

like obstruction and intussusception requiring urgent 
interventions. Herein, we report four patients suffering 
from various sizes of  colonic lipoma who were treated 
with different theraupatic modalities.

CASE REPORT 
The first patient was a 77-year old female who presented 
with recurrent episodes of  right upper quadrant abdominal 
cramping. Her physical examination and previous medical 
history were unremarkable except for a cholecystectomy. 
Standard laboratory values were within normal ranges. 
Abdominal computed tomography (CT) revealed a 
regular contoured 4 cm × 3 cm mass lesion with fatty 
density localized in the midportion of  ascending colon 
causing a luminal narrowing defect (Figure 1A). In 
double contrast enema, a filling defect of  the protruded 
polypoid lesion was detected at the same location (Figure 
1B). Colonoscopy demonstrated a mass lesion with a 
broad base and normal overlying mucosa (about 4 cm in 
diameter) adjacent to the hepatic flexura. The patient was 
diagnosed having a symptomatic colonic lipoma during 
surgery. Following colotomy, mucosa overlying the mass 
lesion was dissected and a tumor with a macroscopic 
appearance similar to lipoma was enucleated (Figure 1C). 
Histopathologic examination verified the diagnosis of  
lipoma localized in the submucosal layer and the patient 
remained asymptomatic through a 2-year follow-up period.   

The second patient was a 41-year old male admitted 
to our clinic with similar complaints of  the first patient. 
Physical and laboratory examinations were natural only 
with a positive fecal occult blood test. He denied any 
significant medical or surgical history. Abdominal CT 
demonstrated a regular contoured 3 cm × 2 cm mass lesion 
with fatty density localized in the hepatic flexura causing 
a filling defect which was confirmed by double contrast 
enema (Figure 2A). A segmental resection was performed 
with the diagnosis of  lipoma, pathological evaluation of  
the specimen showed that it was a benign submucosal 
lipoma (Figure 2B).

The third patient was a 77-year old female presented 
with recurrent abdominal pain in the left lower quadrant 
for a year, bloody defecation for 6 mo and constipation 
for 4 wk. Physical examination revealed no pathological 
change except for left lower quadrant distention. Blood 
biochemical analysis, sedimentation rate and complete 
blood count were normal. Colonoscopy revealed a broad-
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based giant mass acquiring spontaneous hemorrhagic 
areas and obstructing more than 75% of  the colonic 
lumen (Figure 3A). Punch biopsy exhibited benign colonic 
mucosa showing inflammatory granulation. Abdominal 
CT showed diffuse thickening of  the sigmoid colon wall, 
invagination and an intraluminal mass with a size of  
approximately 6 cm × 7 cm having density values equal 
to fat (Figure 3B). An evident sigmoid redundancy and a 
mass lesion nearly obliterating colonic lumen were detected 
during surgery. A segmenter resection of  the sigmoid 
colon was the operative procedure of  choice (Figure 3C). 
Microscopic examination confirmed that the lesion was a 
submucosal lipoma with a size of  6 cm × 7 cm.

The fourth patient was a 44-year old male presented 
with tenesmus. Physical examination revealed nothing sig-
nificant. A pedinculated polypoid mass lesion projecting 
into the lumen with an approximate diameter of  2.5 cm 
was discovered at the 15th cm of  the rectum by colonos-
copy. An endoscopic snare polypectomy and rectal biopsy 
were performed during the same intervention. The histo-
pathologic examination revealed normal rectal mucosa and 
underlocated lipoma.

DISCUSSION
Lipoma of  the gastrointestinal tract was first described by 

A B C

Figure 1  Computed tomography (CT) scan showing a regular contoured 4 cm x 3 cm lesion with fatty density localised in midportion of ascending colon causing a luminal 
narrowing defect (A), double contrast barium enema showing a filling defect of the protruded polipoid lesion at the hepatic flexura of colon (B), and appearance of the 
colonic submucosal lipoma during the operation (C).

Figure 2  A mass lesion located in the hepatic flexura causing 
filling defect shown by double contrast enema (A), resected 
biopsy specimen showing a submucosal benign lipoma 
composed of mature lipocytes by hematoxylin and eosin staining 
(B) (x 400).

A B

A B C

Figure 3  Colonoscopic appearance of a broad- based giant mass acquiring spontaneous hemorrhagic areas and obstructing more than  75% of the lumen of sigmoid colon 
(A); abdominal computed tomography scans showing the diffuse thickening of sigmoid colon wall, invagination and a distal intraluminal giant mass with fat density with a 
size of approximately 6 cm x 7 cm (B); macroscopic appearance of the giant sigmoid colon lipoma (C).

↓
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Bauer et al[1] in 1757. Lipoma is the second most common 
benign colonic tumor following adenomatous polyps and 
the incidence has been reported to range between 0.2% 
and 4.4%[2,3]. Colonic lipoma is more common in elderly 
women and tends to derive from right hemicolon with a 
decreasing frequency from cecum to sigmoid colon[2-5]. 
Approximately in 90% of  cases,  lipoma is defined to arise 
from the submucosal layer and the subserosal or intermu-
cosal layer accounting for the remaining 10%[1,6]. They are 
usually solitary with varying sizes and may be sessile or 
pedunculated. Although the majority of  these lesions are 
asymptomatic and detected incidentally during the exami-
nation of  symptoms like abdominal pain, change in bowel 
habits, and rectal bleeding or in surgical specimen removed 
for various other reasons, on rare occasions colonic lipo-
ma may present with massive hemorrhage, obstruction, 
perforation, intussusception, or prolapse[7-11]. Severity of  
the signs and symptoms is attributed to the size of  the 
lesions. Lipomas larger than 2 cm in diameter may cause 
symptoms such as constipation, diarrhea, abdominal pain, 
or rectal bleeding[1,3,5]. Colicky pain may be due to inter-
mittent intussusception whereas rectal bleeding can occur 
as a result of  ulceration of  the overlying mucosa. One of  
the greatest clinical significances of  lipoma is its potential 
to be confused with colonic malignancies according to the 
similarity in both symptomatology, fortunately sarcoma-
tous changes in colonic lipomas have not been reported 
yet[1]. Colonoscopy, CT and barium enema are considered 
to be the diagnostic tools, but pyhsicians should be aware 
that colonoscopic biopsies usually possess no histopatho-
logic value as the lesion is beneath the normal mucosa and 
biopsy often can not promote diagnosis[12]. The radiog-
raphic appearance of  colonic lipomas may resemble that 
of  carcinomas. The “squeeze sign” is told to be pathog-
nomonic for colonic lipomas, and is characterized by the 
elongation of  a spherical filling defect during peristalsis on 
barium enema examination[1,13]. Despite recent diagnostic 
innovations in radiology, histopathologic evaluation is the 
gold standard in precise diagnosis. However, most colonic 
lipomas are asymptomatic incidental entities, the decision 
of  removal is based on the criteria including those with 
suspicion of  malignancy, and symptomatic lipomas. A 
wide range of  treatment modalities have been suggested. 
The way of  removal depends on the presentation of  the 
case as an elective or an emergency. Surgical intervention 
is mandatory in surgical emergencies such as obstruction, 
intussusception, perforation, or very rarely massive hemor-
rhage. Elective endoscopic removal of  submucosal lipoma 
up to 2 cm in diameter is reported to be safe and app-
ropriate, however in larger lesions the risk of  associated 
complications like uncontrolled hemorrhage and perforati-
on makes the procedure controversial[1,14-16]. Conventional 
laparotomy including enucleation, colotomy and excision, 
and segmental colonic resection has been described as a 
choice of  treatment as well as minilaparotomy or transanal 
resection of  lesions mimicking rectal prolapse[1,7,16]. Mini-
mally invasive surgeries such as laparoscopy -assisted rese-

ction under colonoscopic guidance has also been defined 
for selected cases[15,17].

In the literature, the general consensus on colonic lipo-
mas is that local enucleation is an appropriate and effective 
procedure of  choice for the management of  these lesions 
possessing no malignant potantial. Colonoscopic removal 
can be safely performed for submucosal lipomas smaller 
than 2.5 cm in diameter, however larger or subserosal tu-
mors associated with complication risks of  obstruction, 
intussusception, hemorrhage and even perforation deserve 
extended interventions. Surgical approach should be es-
tablished through the features of  each case on individual 
basis.
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drug, calcium carbimide is less frequently prescribed 
and not on the market in many European countries, 
being commercialized in Australia, Canada, South Africa, 
Austria, Netherlands, Sweden and Spain, among others. 
These drugs produce physiological changes after ethanol 
consumption, which are sufficiently unpleasant to dissuade 
most alcoholics from further drinking. However, there 
exist great concerns over their safety. Both agents share a 
similar profile of  adverse effects including dermatological 
and haematological reactions[1]. Reports on hepatotoxicity, 
mainly related to disulfiram therapy and leading in some 
cases to fulminant liver failure, have been described[2,3]. 
Indeed, in a recently published study by Björnsson & 
Ollson (2005) aimed to analyse the outcome of  patients 
with severe drug-induced liver injury, disulfiram stood out 
as the second most commonly reported drug associated 
with mortality[4]. Conversely, the hepatotoxic potential 
of  the less prescribed calcium carbimide is not well 
recognized. We describe four cases of  liver damage related 
to this therapeutic group that were submitted to a Registry 
of  hepatotoxicity in work since 1994. The operational 
structure of  the Registry, data recording and case ascer-
tainment have been summarily reported elsewhere[5]. 
Only cases considered drug-related by experts’ clinical 
judgment were assessed by the Council for International 
Organizations of  Medical Sciences scale (CIOMS scale)[6], 
that provides a standardized scoring system according to 
the type of  liver injury and based on six axes of  decision-
taking.

CASE REPORT
A 23-year-old man (patient 1) was prescribed calcium 
carbimide (120 mg/d) in July 1997. He was admitted to 
the hospital in August 1997 because of  a week’s history 
of  fatigue, dark urine, and pruritus. Physical examination 
showed a pruriginous exanthema, marked jaundice, with-
out any signs of  chronic liver disease although he admitted 
an alcohol consumption of  80-100 g/d, and laboratory 
findings at presentation are shown in Table 1. Serology 
ruled out viral causes, screening for autoantibodies was 
negative and findings of  an abdominal ultrasonographic 
examination were normal. A liver biopsy showed perive-
nular cholestasis and mild hepatobiliary damage. Liver 
tests were normal on 49 d after drug withdrawal. This case 
yielded 11 points when applying the CIOMS scale which 
fell into the category of  highly probable.

A 39-year-old man (patient 2) on chronic alcohol con-
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Abstract
Disulfiram and calcium carbimide are two alcohol 
deterrants widely used in alcoholism treatment, however, 
there exist great concerns over their safety. Reports on 
hepatotoxicity, mainly related to disulfiram therapy, have 
been published. The hepatotoxic potential of calcium 
carbimide is less well characterized. Here, we describe 
four cases of liver damage related to this therapeutic 
group that were submitted to a Registry of hepatotoxicity 
and point out the l imitat ions that we face when 
prescribing these compounds. A reassessment of the 
role of these compounds in the management of alcohol 
dependence is clearly needed.
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INTRODUCTION
Disulfiram (tetraethylthiuram disulphide), an alcohol 
deterrent, is widely used in alcoholism treatment. Another 
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sumption (110 g/d) was prescribed calcium carbimide (75 
mg/d) for aversion therapy in February 1995. After 25 wk 
of  treatment he was admitted to hospital because of  an 
increase in serum transaminases, with a ratio of  alanine as-
partate and alanine aminotransferase of  1.05 (62/59, UL) 
(Table 1). The patient admitted alcohol abstinence for the 
previous 6 mo and during the course of  the medical treat-
ment. Physical examination disclosed hepatomegaly with-
out any signs of  chronic liver disease. Serology tests ruled 
out viral causes. Screening for autoantibodies produced 
negative results, and the results of  an abdominal ultrasono-
graphic examination were normal. A liver biopsy elicited 
ground-glass inclusion bodies in the hepatocytes associated 
with portal inflammation and fibrosis. The patient did not 
attend any further appointments.

A 42-year-old woman (patient 3) was prescribed 
venlafaxine (75 mg/d) and alprazolam (1.5 mg/d) for 
depression, and calcium carbimide (75 mg/d) since 
December 2002. Mean daily alcohol ingestion was 120 
g/d that was stopped 45 d prior to admission. The results 
of  prior liver function tests were normal. After 75 d of  
treatment she was admitted to hospital because of  asthenia 
and fever, and a diagnosis of  spontaneous bacterial 
peritonitis was made. Physical examination showed a 
jaundiced patient without stigmata of  chronic liver disease. 
Serum chemistry indicated hepatocellular injury (Table  1) 
without evidence of  viral causes. Over the next days 
she developed fulminant hepatic failure unresponsive to 
molecular adsorbent recirculating system (MARS) therapy 
which was unsuccessfully instituted three times and died 
on d 31 after hospitalization. This case yielded 6 points 
when applying the CIOMS scales which fell into the 
category of  probable.

A 48-year-old man (patient 4) was admitted to hospital 
in August 2003 because of  a five-day history of  fatigue 
and dark urine one month after automedication with 
disulfiram (1000 mg/d). He had been taking phenytoin 
200 mg/d for epilepsy for 5 years. He was a heavy alcohol 
drinker (> 80 g/d) and although he denied alcohol intake 
in the previous month he was actually an active consumer. 
Physical examination showed marked jaundice with 
signs of  chronic liver disease. Serum chemistry indicated 
hepatocellular injury (Table 1). Screening for viral disease 
was negative and abdominal ultrasonographic examination 
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showed normal biliary ducts and moderate ascites. Liver 
biopsy revealed a chronic active hepatitis and septal 
fibrosis. Laboratory findings returned to previous baseline 
values 9 mo after drug withdrawal.

We described four cases of  adverse liver reactions 
related to the use of  calcium carbimide (3 cases) 
and disulfiram (1 case) because there was a temporal 
relationship between the administration of  the drugs and 
the onset of  hepatic abnormalities as well as between 
withdrawal of  the drugs and improvement in liver 
dysfunction, the only exception being patient 3 who 
developed fulminant liver failure. In patient 2 de-challenge 
could not be ascertained because the patient was lost to 
follow up. Indeed, in this patient the increase in alanine 
aminotransferase was less than two times the upper limit 
of  normal and since the biochemical expression of  liver 
injury according to the International consensus criteria[7] 
was a biological damage, causality assessment with the 
CIOMS scale was not performed. However, he presented 
in the liver specimen the hepatocyte inclusions seen only 
with calcium carbimide therapy along with fibrosis and 
lymphocyte portal inflammation characteristic of  a chronic 
form of  liver damage[2,8].

On the other hand, causes of  liver damage (viral, 
inmunologic and metabolic) were ruled out. In patient 4, 
liver biopsy ruled out a diagnosis of  alcoholic hepatitis. 
Patient 3 was prescribed venlafaxine which has been 
associated with non fatal cases of  hepatotoxicity[9].

The mechanism of  aversion therapy-induced hepa-
totoxicity is presumed to be idiosyncratic. The absence of  
clinical features of  hypersensitivity in these cases suggests 
that a toxic metabolite may be responsible, although an 
immune mechanism has been implicated in some cases[3]. 
Both compounds are extensively metabolized in the liver 
and block the oxidation of  alcohol at acetaldehyde stage 
increasing acetaldehyde blood levels. Therefore, their 
administration requires the agreement of  the patient to 
stop drinking. In our series patient 4 self  administered 
disulfiram while continuing drinking which could have 
rendered him at risk of  severe medical complications. 
Furthermore, another concern related to the use of  
alcohol deterrents is the possibility of  drug interactions. 
Actually, they may inhibit the metabolism of  drugs 
such as phenytoin (CYP 2C19) and an interaction with 
the antidepressant venlafaxine cannot be discarded. 
Coadministration of  aversive therapy with other drugs 
(antibiotics, amitryptiline, etc.) could aggravate/precipitate 
the disulfiram-alcohol reaction. It is not yet known 
whether associate medications might contribute to the 
hepatotoxic effect of  these drugs[1]. It is also important to 
highlight that since these compounds may be prescribed 
to patients with underlying alcoholic liver disease such as 
liver cirrhosis and alcoholic hepatitis (although they should 
be cautiously prescribed if  at all in this population), the 
diagnosis of  hepatotoxicity may go unrecognised. 

In summary, these cases exemplify the main limitations 
of  use that these two principal alcohol-sensitizing drugs 
present. Furthermore, since the efficacy of  aversive 
therapy remains to be proved[10], a reassessment of  the 
role of  these compounds in the management of  alcohol 
dependence is clearly needed.

Table 1  Serum concentrations at time of presentation with 
calcium carbimide or disulfiram induced liver damage

           Bilirubinbin (mg/L)  ALT (U/L)  AP (× ULN)  Type of liver injury
Patient
            Total     Direct

1              22.4          14.4              553              × 3.4            Cholestatic hepatitis1

2                0.9            0.2                59              × 0.56          PAS-positive ground  
                glass hepatitis1

3              11.8            8.43            713              × 1.4            Hepatocellular
4              27.1          16.72          1288              × 1.49          Septal fibrosis and 
                active Chronic 
                hepatitis1

1 Liver biopsy findings. Abbreviations: ALT, alanine aminotransferase (n 
< 40 U/L); AP, alkaline phospaatase; ULN, upper limit of normality; total 
bilirubin (n < 1.2 mg/dL). The ALT and AP values are these at presentation 
where as bilirubin values are the hightest recorded.
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of  the embryonic postanal gut[1-3]. It almost exclusively oc-
curs within the retrorectal or presacral space[4] and rarely in 
the perirenal area[2,3,5], the subcutaneous tissue in the ano-
rectal region[6-9] and anterior to the rectum[4,10]. The prerec-
tal location of  a tailgut cyst is extremely rare. To the best 
of  our knowledge, only three cases have been reported in 
the English literature. Here we report an additional case of  
tailgut cyst arising in the prerectal and retrovesical space 
and review the relevant literature. 

CASE REPORT
A 14-year-old boy presented with abdominal pain and 
dysuria for 2 d. Physical examination revealed suprapubic 
pain and tenderness. Routine laboratory tests including a 
complete blood count, electrolytes, and routine urine anal-
ysis were within normal limits. Abdominal computerized 
tomography demonstrated a well-demarcated oval-shaped 
cystic mass which was located at the prerectal and retroves-
ical space (Figure 1). He underwent explorative laparotomy 
for the definite diagnosis and treatment. Intra-operative 
finding showed that the cyst did not communicate with the 
prostate, bladder or rectum. Complete mass excision was 
performed. Macroscopic examination revealed an unilocu-
lar cyst measured 5 cm × 3 cm in cross diameter. The cyst 
showed a thickened fibrous wall and focal adhesion to the 
adjacent fibroadipose tissue. The cyst contained yellow-
ish inspissated mucoid material. Microscopically, the cyst 
showed a variety of  the lining epithelia including glandular, 
cuboidal, transitional and squamous epithelia (Figure 2). 
The cyst wall contained disorganized bundles of  smooth 
muscle cells. The underlying stroma showed mild infiltra-
tion of  chronic inflammatory cells. On immunohistochem-
ical staining, prostate specific antigen (PSA) and neuroen-
docrine markers including chromogranin A were negative 
in the lining of  the epithelial cells. The patient’s recovery 
remained uneventful for 10 mo postoperation.

DISCUSSION
Tailgut cyst or retrorectal hamartoma, is a rare congenital 
multicystic lesion and is believed to originate from the 
remnant of  the tailgut which is a primitive gut temporarily 
present at the caudal portion of  the embryo[2,3,8]. During 
its development the embryo possesses a true tail, reaching 
its largest diameter on the 35th d of  gestation. The anus 
develops above the tail on the 56th d of  gestation, by which 
time the latter has completely regressed. Remnants of  the 
tailgut or neuroenteric cord may be the origin of  tailgut 
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Abstract
Tailgut cyst is a rare congenital cystic lesion arising from 
the remnants of the embryonic postanal gut. It occurs 
exclusively within the retrorectal space and rarely in the 
perirenal area or in the subcutaneous tissue. A prerectal 
and retrovesical location of tailgut cyst is extremely rare. 
To the best of our knowledge, only three cases have 
been reported in the English literature. We experienced 
an unusual case of tailgut cyst developed in the prerectal 
and retrovesical space in a 14-year-old boy. Abdominal 
computed tomography demonstrated a prerectal cyst 
which was located at the anterolateral portion to the 
rectum. The cyst contained yellowish inspissated 
mucoid material. Microscopically, the cyst was lined by 
squamous, columnar, cuboidal and transitional epithelia 
and the wall was fibrotic with dispersed smooth muscle 
cells. Although tailgut cyst arising in prerectal area is 
extremely rare, its possibility should be considered in 
differential diagnosis of a prerectal and retrovesical cystic 
mass.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Tailgut cyst, known as a retrorectal cystic hamartoma, is a 
rare congenital multicystic lesion arising from the remnants 
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cysts[3,11].
Tailgut cyst can affect at any age but predominantly 

middle aged women. The female to male ratio is about 3:1. 
Half  of  them are asymptomatic and are frequently found 
on routine physical examination[1,4]. Symptomatic patients 
present with abdominal pain, rectal bleeding, and rectal 
fullness[2]. Complete surgical excision is necessary for accu-
rate diagnosis and treatment, and prevents complications 
of  the tailgut cyst, including infection, recurrence, and 
malignant transformation[1]. Tailgut cyst is usually a well-
circumscribed, soft, and multicystic or multilocated mass 
with adherent surrounding fibroadipose tissue. The vary-
ing-sized cysts contain clear serous or translucent mucoid 
fluids. Microscopically, the cysts are lined by a wide variety 
of  epithelia varying from cyst to cyst, or even within the 
same cyst. Epithelia can be divided into the following 
types, such as the stratified squamous type, transitional 
and cuboidal type, stratified columnar type, ciliated pseu-
dostratified columnar and gastric type. In most cases the 
cyst wall contains well-formed disorganized focal bundles 
of  bland smooth muscle cells[2,3]. 

Tailgut cyst occurs almost exclusively in the retrorectal 

or presacral space. Infrequently, the cysts extend from the 
presacral space to involve the rectal wall and rarely extend 
laterally from the mid-line or into the postsacral space or 
lateral and anterior to the rectum[4], but occur rarely in the 
perirenal area, the subcutaneous tissue in the anorectal 
region and anterior to the rectum[2-10]. The prerectal loca-
tion of  tailgut cyst was noted in our patient. To the best of  
our knowledge, only three cases have been reported in the 
English literature[4,10]. 

The main differential diagnoses of  the prerectal tail-
gut cyst include the utricle cyst in the prostate, the rectal 
duplication and the simple cyst in the seminal vesicle. The 
prostatic utricle cyst, known as mullerian duct remnant, is 
a midline cyst of  the prostate and also occurs in the pre-
rectal or retrovesical area. Histologically, the cyst is lined 
with stratified columnar or cuboidal epithelium and con-
tinuous with the utricular wall. Immunohistochemically, 
the cyst lining epithelial cells show immunoreactivity for 
PSA and the neuroendocrine cells show immunoreactivity 
for chromogranin A[12]. Duplication cyst is lined by epithe-
lium similar to that of  the gastrointestinal and respiratory 
tracts. The epithelium simulates normal mucosa of  the 
gut. The main distinctive feature is a well-formed muscular 
wall overlying two layers of  muscular bundles containing 
a nerve plexus[2,3]. The simple cyst in the seminal vesicle is 
an unilocular cystic lesion located at lateral to the midline 
in the retrovesical area. The cyst is lined with a cuboidal or 
flattened epithelium with a fibrous wall of  variable thick-
ness. Characteristically, the fluid within the cyst contains 
sperm or sperm fragments[13]. 

In conclusion, we report an unusual case of  tailgut cyst 
arising in prerectal and retrovesical area in a 14-year-old 
boy. Although tailgut cyst arising in prerectal area is ex-
tremely rare, its possibility should be considered in differ-
ential diagnosis of  a prerectal and retrovesical cystic mass. 
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Figure 1  Abdominal computed tomography revealing an oval-shaped cyst with a 
thickened wall in anterolateral to the rectum.
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Abstract
Cytomegalovirus enteritis is most usually associated 
with patients positive for human immunodeficiency 
virus or immunosuppressed transplant patients. The 
gastrointestinal tract may be affected anywhere from the 
esophagus to the colon, but the small bowel involvement 
is rare. We report a case of cytomegalovirus ileitis in 
an immunocompetent adult, which was confirmed by 
histopathologic findings through colonoscopic biopsy.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Cytomegalovirus (CMV) is a β-group herpes virus and 
produces latent infection like other herpes viruses. Clinically 
significant CMV infection usually occurs in patients 
with immunosuppression, transplantations and acquired 
immune deficiency syndrome[1]. In immunocompetent 
subjects, active infection is apparently rare, and the virus 
exhibits relatively low pathogenicity[2]. We here describe 
a case of  CMV ileitis without colon involvement in an 
immunocompetent subject.

CASE REPORT
A 63-year-old woman, with a one-day history of  epigastric 
pain, was hospitalized at Ewha Womans University 
Hospital on Feb 16, 2006. She is a non-smoker and denied 
any medication or drug abuse.
    On physical examination, the patient appeared to be 
acutely ill, with a blood pressure of  130/80 mmHg, heart 

rate of  70 beats/min, respiratory rate of  20 breaths/min, 
and temperature of  37℃. The abdominal examination was 
notable for the presence of  pain on the epigastric and the 
right lower quadrant areas with mild guarding but bowel 
sounds were normal. Laboratory values on admission were 
in normal range except elevated C-reactive protein.
    The chest X-ray was normal. Abdominal computed 
tomography showed layering appearance of  bowel wall 
and luminal dilatation from the distal jejunum to the pelvic 
ileal loop (Figure 1). The colonoscopy revealed scattered 
regions of  geographic deep ulcerations and hyperemic 
edematous mucosa upon a background of  normal mucosa 
in terminal ileum (Figure 2). We made differential diagnosis 
including nonspecific ileitis, Crohn’s disease, tuberculosis 
induced ileitis and ischemic ileitis. Histological examination 
showed mild inflammation with lymphocytic infiltration 
without specific feature.
    After the initial clinical and laboratory evaluation, the 
patient began therapy with intravenous antibiotics and 
fluids for the most probable diagnosis of  nonspecific ileitis. 
During the admission, her clinical condition improved, 
and abdominal pain disappeared. Two weeks later, the 
follow up colonoscopy was performed. The ulcerations 
and hyperemic edematous lesions, which were previously 
noted on the terminal ileum, were much improved 
(Figure 3). The histological findings showed intranuclear 
and intracytoplasmic inclusions. Immunohistochemical 
stain for CMV showed scattered positive cells at the ulcer 
base (Figure 4). She was discharged without medication on 
March 7, 2006. 

DISCUSSION
CMV is a member of  the herpes virus family and is a 
prevalent pathogen, with 40 to 90 percent of  the general 
population showing prior exposure by serology[3]. Human 
CMV infection can be seen at all stages of  life but most 
often affects those who are immunosuppressed and can 
commonly cause retinitis, pneumonitis or enteritis[4]. Most 
primary CMV infections in immunologically healthy adults 
do not cause symptoms or are associated with a mild 
mononucleosis like syndrome[5].
    Gastrointestinal involvement in CMV infection is well 
known among immunocompromised patients. It is usually 
seen in advanced acquired immune deficiency syndrome 
with CD4 lymphocyte count less than 50 cells/mm3 and 
among transplant recipients as a reactivation of  latent 
infection or rarely during primary infection[6]. CMV colitis 
in immunocompetent individuals has been reported 
mainly in older patients, particularly those with other 
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comorbidities, and is mostly community-acquired. This 
is likely a reflection of  a weakened immune system, as a 
consequence of  aging. Age-related dysfunctions of  B and 
T cell lymphocytes, impaired cytokine, and perturbation of  
mucosal immunity are thought to contribute to a relative 
immunodeficiency in the elderly, predisposing them to 
various infectious and inflammatory diseases[7].
    Gastrointestinal tract may be affected anywhere from 
the mouth to the anus with the esophagus and colon 
being most common and small bowel relatively rare. The 
clinical manifestations of  gastrointestinal CMV infection 
include gastrointestinal bleeding, abdominal pain, vomiting 
and diarrhea[1,8]. Endoscopic findings of  gastrointestinal 
CMV disease include erosions, ulceration and mucosal 
hemorrhage. The prototypical ulceration has a well-defined 
punched out appearance. The pathogenesis of  CMV-
induced ulceration is thought to involve ischemic mucosal 
injury secondary to infection of  the vascular endothelial 
cells[8,9].
    CMV enteritis is remarkable for its ability to mimic 
many diseases, such as colitis caused by C. diffile, ischemia, 
malignant diseases of  the colon and inflammatory bowel 
diseases. The diagnosis is made by the demonstration of  
the presence of  CMV by routine histologic examination, 
culture or staining for CMV antigen or DNA[10,11].
    The primary therapy for clinically significant CMV 

infection is use of  the antiviral drugs such as ganciclovir 
and foscarnet[6,12]. Galiastsatos et al [7] reported that 
spontaneous resolution occurred mainly in patients 
younger than 55 years of  age, with no other comorbidities. 
They suggested that young, otherwise healthy, well-selected 
patients can improve without the need for antiviral therapy 
but immunocompromised patients and patients older 
than 55 years of  age with comorbidities need antiviral 
therapy. Sakamoto et al[13] thought that the administration 
of  the antiviral agents is not always necessary for 
immunocompetent individuals. 
    In conclusion, we report a case of  CMV ilieitis not 
involving colon in an immunocompetent elderly adult who 
recovered without antiviral therapy.

Figure 1  Abdominal computed tomography on admission revealed layering 
appearance of bowel wall and luminal dilatation from the distal jejunum to the 
pelvic ileal loop.

Figure 2  Colonoscopy, performed on admission, revealed scattered regions of 
geographic ulcers and hyperemic edematous mucosa on the terminal ileum.

Figure 3  Follow up colonoscopy was performed. The previously noted ulcers and 
hyperemic edematous lesion were improved.

Figure 4  Pathologic findings. A: Enlargement of infected cells and intranuclear 
inclusions were noted (HE stain, × 100); B: Immunohistochemical stain for CMV 
showed scattered positive cells.
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INTRODUCTION
Pseudoachalasia is a disease entity usually associated 
with tumors causing obstruction at the gastroesophageal 
junction and producing abnormal esophageal motility 
mimicking an idiopathic achalasia[1]. Idiopathic achalasia 
is a motility disorder of  the esophagus characterized by 
aperistalsis and failure of  the lower esophageal relaxation, 
resulting in symptoms such as dysphagia, regurgitation, 
chest pain and weight loss. The pathogenesis of  idiopathic 
achalasia is due to the selective loss of  inhibitory neuron 
of  the myenteric plexus which produces vasoactive 
intestinal polypeptide (VIP), nitric oxide and inflammatory 
infiltration and is responsible for the unopposed excitation 
of  lower esophageal sphincter (LES)[2-4], thereby causing 
dysfunction or failure of  the LES relaxation in response 
to each swallow[4,5]. The pathogenesis of  pseudoachalasia 
is different from idiopathic achalasia. In pseudoachalasia, 
the proposed pathogenesis is considered as a mechanical 
obstruction of  the distal esophagus or an infiltration of  
the malignancy that affects the inhibitory neurons of  the 
meyenteric plexus. Endoscopy and radiologic tests are 
often important in distinguishing between them, although 
the eventual diagnosis is made only by surgical explorations 
in the most cases. These both types of  achalasia share 
the same manometric phenomenon of  aperistalsis of  the 
esophageal body and incomplete LES relaxation. However, 
one report suggested that patients with achalasia have 
autonomic nerve dysfunction in the vagal nerve outside 
the esophagus[6]. Trauma to the gastroesophageal junction 
may potentially damage the vagus nerve, thereby leading to 
secondary achalasia. Most case reports on pseudoachalasia 
were tumor related, but implicated vagal nerve injury 
following surgery as a cause of  achalasia[8-10] still occurred. 
We report herein a reversible pseudoachalasia following 
the truncal vagotomy for pyloric obstruction, which was 
successfully treated by pneumatic dilations.

CASE REPORT
A 70-year-old male, suffered from repeated peptic ulcer 
bleeding for at least 10 years, developed progressive 
symptoms of  post-prandial vomiting in October 1996. 
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Abstract
Pseudoachalasia is a difficult condition for the clinician 
to differentiate from idiopathic achalasia even by 
manometry, radiological studies or endoscopy. Its 
etiology is usually associated with tumors. In most 
cases, the diagnosis is made after surgical explorations. 
The proposed pathogenesis of the disease is considered 
as mechanical obstruction of the distal esophagus or 
infiltration of the malignancy that affects the inhibitory 
neurons of the meyenteric plexus in the majority 
of cases. Surgery has been reported as a cause 
of pseudoachalasia. We report a 70-year-old man 
who suffered from deglutination disorder caused by 
pseudo-achalasia after truncal vagotomy. The patient 
was symptom-free after a nine-year follow-up and 
complete recovery of esophageal motility status from 
pseudoachalasia after pneumatic dilations. We also 
reviewed the literature of pseudoachalasia. 
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A barium esophagogram and upper gastrointestinal 
series demonstrated an intact gastroesophageal junction 
(Figure 1A) and good esophageal peristalsis, but deformed 
gastric antrum and a deep ulceration. Malignancy was 
excluded by endoscopy biopsy. Under the condition 
of  pyloric obstruction, he received a truncal vagotomy 
and pyloroplasty surgery. The month following surgery, 
the patient developed dysphagia, regurgitation of  food. 
Endoscopy revealed food retention in the esophageal 
lumen and a tight gastroesophageal junction, thereby 
suggesting an achalasia. Barium esophagography showed 
a dilated distal esophageal lumen with food retention 
and narrowing of  gastroesophageal junction (Figure 
1B). Achalasia was confirmed using manometric findings 
of  esophageal aperistalsis and incomplete relaxation of  
the lower esophageal sphincter during wet swallowing 
(Figure  2). Although the residual pressure was about 12 
mmHg but the basal LES pressure was only about 25 
mmHg. Achalasia caused by tumors was excluded by 

computed tomography and endoscopic ultrasonography. 
The patient received two episodes of  pneumatic dilatation. 
The symptoms gradually resolved within 4 mo after 
dilatation and the manometric studies showed restoration 
of  esophageal peristalsis and normal swallowing relaxation 
(Figure 3). Barium esophagography showed a non-dilated 
esophageal lumen with smooth passage of  contrast 
medium through gastroesophageal junction (Figure 1C). 
After nine years, the patient still remains symptom-free 
with a normal esophageal motility studies.

DISCUSSION
Pseudoachalasia or secondary achalasia is a motility 
disorder of  the esophagus, and usually cannot be 
distinguished from primary achalasia[1]. Approximately 
2-4% of  achalasia patients who fulfill the manometric 
criteria may develop in a malignant disease[11]. The 
clinical spectrum of  psudoachalasia is almost the same 

Figure 1  A: Barium esophagography and 
upper gastrointestinal series showing an intact 
gastroesophageal junction; B: dilated distal 
esophageal lumen with food retention and 
narrowing of gastroesophageal junction after 
truncal vagotomy; C: barium esophagography 
showing a non-dilated esophageal lumen with 
smooth passage of contrast medium through 
gastroesophageal junction after pneumodilations.
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Figure 2  Confirmation of achalasia by manometric findings 
of esophageal aperistalsis and incomplete relaxation of the 
lower esophageal sphincter during wet swallowing.

Figure 3   Manomter ic  studies 
showing restoration of esophageal 
motility with normal peristalsis as a 
healthy subject after dilations.
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as idiopathic achalasia; both have progressive dysphagia, 
retrosternal pain, food regurgitation and weight loss. 
While the radiological findings show a dilated esophagus 
with ”beak-like” distal end, there is aperistalsis of  the 
esophageal body with an incomplete or non-relaxing 
lower esophageal sphincter on manometry studies in 
both groups of  patients. Therefore, it is difficult for the 
clinician to distinguish pseudoachalasia from idiopathic 
achalasia. Pseudoachalasia has many etiologies, including 
tumor. Most of  the patients with pseudoachalasia reported 
in the literature suffered from a primary or metastatic 
malignancy around the esophagogastric junction. Some 
are from benign diseases, such as pancreatic pseudocysts, 
mesenchymal tumors of  the esophagus and mediastinal 
fibrosis[11-15]. In rare instances, pseudoachalasia may be a 
complication of  various surgeries, the majority being anti-
reflux procedures, gastric banding and gastrectomy[9,16,17]. 
Our case resulted as a complication from truncal vagotomy 
for pyloric obstrction.

The mechanisms of  esophageal motor dysfunction 
in pseudoachalasia have been proposed as follows[17]: 
(1) circumferential obstruction of  the lower esophagus 
and/or LES; (2) infiltration of  inhibitory neurons of  
the esophageal myenteric plexus by tumor cells; (3) 
neuronal degeneration distant from the primary tumor 
site with reduction in ganglion cells in the dorsal nucleus 
of  the vagal nerve or in the vagal nerve itself; and (4) an 
interaction of  tumor factors with the esophageal neuronal 
plexus without a direct infiltration of  the esophagogastric 
junction (paraneoplastic).

 Achalasia has been described following fundoplication 
and was attributed to vagal nerve damage during surgery[18]. 
In patients who are found to have an achalasia-type motor 
dysfunction following anti-reflux surgery, Poulin et al[7] 
suggested three additional explanations. In type 1, primary 
achalasia had been misdiagnosed, and dysphagia became 
obvious only after surgery. An alternative explanation for 
this type of  achalasia may be the assumption of  Spechler 
et al [19] that achalasia may occasionally develop from 
underlying gastroesophageal reflux disease. Type 2 may 
be due to extensive development of  scar tissue and/or 
an overly tight fundic wrap. In most instances, the motor 
abnormality disappears following dilation therapy or 
reconstruction of  the fundoplication, as in our patient. 
Finally, in type 3, achalasia follows anti-reflux surgery 
after a more prolonged interval. In contrast to type 2, 
there is no stenosis or fibrosis of  the esophagus or the 
periesophageal tissue, and myotomy is always an effective 
therapeutic strategy. 

Shah et al[20] reported that 25% of  patients diagnosed 
with achalasia had a history of  operative or non-operative 
trauma to the chest and/or upper gastrointestinal tract, 
compared with 9.5% of  patients with dysphagia and 
normal manometry, thereby suggesting that, in some cases, 
operative and non-operative trauma may result in vagal 
disruption and lead to neuropathic dysfunction with the 
resultant development of  achalasia[20]. The mechanism 
of  damage may not be the same as vagal transaction. 
Vagal efferent fibers, with their cell bodies in the dorsal 
motor nucleus of  the vagus nerve, have a crucial role in 
initiating and modulating esophageal peristalsis and lower 

esophageal sphincter relaxation. Pathological analyses 
of  operative and postmortem specimens from patients 
with achalasia have demonstrated abnormalities of  both 
extrinsic and intrinsic innervations of  the esophagus and 
LES. The majority of  studies revealed a loss of  ganglion 
cells from the dorsal motor nucleus of  the vagus and 
demyelination of  the vagal afferent fibers suggesting 
denervation[21,22].

Neural control of  the LES includes cholinergic and 
noncholinergic (or nonadrenergic) inhibitory pathways 
involving the presentation of  nitric oxide, acetylcholine, 
and VIP. Nitric oxide plays an important role in mediating 
LES relaxation. Nitrergic neurons are present in the dorsal 
motor nucleus of  the vagus, as the source of  preganglionic 
motor neurons to the LES[23]. Experimental inhibition of  
nitric oxide may produce a picture mimicking achalasia 
on manometry. An alternative explanation for post-
traumatic achalasia may involve nitrergic pathways. By 
some mechanisms, trauma may impair the generation of  
nitric oxide, resulting in decreased inhibition of  the lower 
esophageal sphincter and an abnormality in sequential 
relaxation of  the body of  the esophagus[24]. 

Pneumatic dilation provides a safe, effective and 
relatively inexpensive option for achalasia treatment[25,26]. 
The major adverse event caused by pneumatic dilations 
is esophageal perforation, with a 2%-6% cumulative 
rate[25-27]. Less common complications are intramural 
hematoma, diverticula at gastric cardia, mucosal tears, 
reflux esophagitis, prolonged post-procedure chest pain, 
hematemesis without change in hematocrit, fever and 
angina[25,26,28]. Pneumatic dilation for a malignancy-induced 
pseudoachalasia stenosis not only provides an ineffective 
treatment, but also delays adequate therapy of  the 
underlying disorder. Surgery is the best treatment modality 
but the use of  metallic stents is another therapeutic option 
for the unresectable ones[29].However, pneumatic dilation 
may improve the pseudoachalasia caused by benign 
etiology and may provide a complete recovery from 
stenosis as in our patient. 

In summary, implicated vagal nerve injury following 
surgery can cause pseudoachalasia. The motor normality 
usually resolved following a therapeutic procedure, such 
as pneumatic dilation on the gastroesophageal junction. 
Further studies on comparing esophageal manometry and 
vagal integrity before and after surgery are required.
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Abstract
Hepatic infarction rarely occurs due to the double 
supply of arterial and portal inflow. A 53-year-old man 
with diabetes mellitus developed multiple hepatic 
infarctions after an episode of fever and diarrhea. The 
infarction was documented by pathology after partial 
liver resection. Several causes of hepatic infarction may 
present in this patient: dehydration and hypotension 
caused by fever and diarrhea, type 2 diabetes and 
administration of glibenclamide, diabetic ketoacidosis 
and widespread atherosclerosis. We suggest that diabetic 
patient with elevated liver enzyme should be considered 
the possibility of hepatic infarction.  

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatic infarction is a rare event because of  the dual blood 
supply of  the portal vein and hepatic artery, and extensive 
hepatic arterial collateral system. It is characterized by 
parenchymal necrosis involving at least two entire lobules, 
companied by a local circulation insufficiency[1]. 
    Case reports of  hepatic infarction in diabetes mellitus 
(DM) involved ketoacidosis[2] and nephrotic syndrome[3], in 
which upper abdominal pain was developed. We report a 
case of  multiple hepatic infarction in diabetic patient, who 

was misdiagnosed with hepatic carcinoma.

CASE REPORT
A 53-year-old man was admitted to the hospital because 
of  fever complicated with diarrhea for 4 d. There was a 
4-year history of  diabetes mellitus without proper control, 
although he was treated with glibenclamide 2.5 mg bid. His 
past medical history included hypertension for 2 years with 
the highest blood pressure of  150/100 mmHg. The patient 
did not complain of  upper abdominal pain. 
    At first, he was admitted to the emergency ward. Blood 
routine examinations showed: hemoglobin 142 g/L, red 
blood count 4.58 × 1012/L, white blood count 11.7 × 
109/L with neutrophils 93.1%, platelet count 71 × 109/L, 
mean corpuscular hemoglobin concentration 402 g/L; 
urine tests: ketone (+), protein (±), glucose (++++); stool 
routine examination: white blood cell 2-4/HP. He was 
treated with antibiotics because of  suspicion of  intestinal 
infection. After his condition became relative stable, he 
was transferred to the general ward. 
    On admission, physical examination revealed no 
abnormalities except for a slight fever (37.3℃). A second 
blood routine examination revealed: hemoglobin 144 
g/L, white blood count 8.4 × 109/L, platelet count 77 
× 109/L; urine routine examination: ketone and protein 
were negative, glucose (++++); stool routine examination: 
white blood cell 2-4/HP; liver and renal function tests 
and blood lipid were normal; blood glucose 13.9 mmol/L; 
blood potassium 3.1 mmol/L, blood sodium 127.8 mmol/
L, blood chlorine 98.9 mmol/L, CO2 19.7 mmol/L; 
coagulation function was normal. The chest X-ray and 
electrocardiogram showed normal. 
    Treatment was instituted with insulin, antibiotics, and 
other drugs to correct microcirculation and electrolyte 
disturbance. After admission into the general ward for 3 
d, the patient had a normal temperature and stool. But 
abnormalities of  liver function tests were found: aspartate 
aminotransferase 50 U/L (normal value, < 40 U/L) and 
alanine aminotransferase 65 U/L (normal value, < 40 
U/L). Doppler ultrasound disclosed an enhanced echo 
in the liver, suggesting angioma or carcinoma. Liver 
computerized tomography showed an abnormal signal in 
the right lobe (Figure 1). On the ninth day, right hepatic 
wedge resection was performed and the pathologic 
diagnosis was multiple hepatic infarction with infection 
(Figure 2). One month after the operation, the patient had 
a good recovery.
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DISCUSSION
The hepatic artery supplies about 35% of  hepatic blood 
flow and 50% of  the oxygen required by the liver, while 
the portal vein supplies the remainder[3]. In addition, an 
extensive collateral system with 26 possible collateral 
arteries, and the hepatic arteries do not appear to be end 
arteries. These factors may explain why hepatic infarction 
is rare and usually requires impairment of  both hepatic 
arterial and portal venous systems.
    Hepatic infarction usually occurs when the hepatic 
artery or its branches are occluded or when the portal 
vein is thrombosed. Common cause of  hepatic infarction 
is portal venous thrombosis, and hepatic infarction 
induced by isolated hepatic artery thrombosis is rare. 
Apart from vascular occlusion, other factors such as 
shock, sepsis, anaesthesia, biliary disease and diabetic 
ketoacidosis may result in hepatic infarction. Surgical 
factors, including abdominal surgery, laparoscopic surgery, 
liver transplantation, intra-arterial invasive procedures, 
transjugular intrahepatic portosystemic shunt, may be 
common causes of  hepatic infarction in clinic[3,4].  
    The mechanism of  hepatic infarction in this case 
is unclear. The following factors may contribute to 
infarction: (1) An episode of  fever and diarrhea should be 
considered to induce dehydration and hypotension, which 
further decreased both portal and hepatic arterial inflows. 
(2) Elevated level of  catecholamine in diabetic ketoacidosis 

might induce vasoconstriction causing ischemia and 
infarction[2]. (3) Oral antidiabetic agent glibenclamide taken 
by the patient exerted splanchnic vasoconstricting effects, 
which might reduce portal venous inflow or impair hepatic 
arterial buffer response[1]. (4) Widespread atherosclerosis 
is commonly seen in diabetic and hypertensive patients, 
and it may cause the thickening of  blood vessels and 
ar teriostenosis. Abnormalit ies of  hemodynamics, 
endothelial dysfunction and hypercoagulable state possibly 
leading to increased thrombosis and decreased fibrinolysis 
have been found in diabetic patients with angiopathy. 
These factors could contribute to the hepatic infarction in 
diabetes.
    Hepatic infarction is usually companied by the outbreak 
of  sudden upper abdominal pain, fever, elevated white 
blood cell count, and markedly elevated liver enzymes[5]. 
Hyperglycemia may result in visceral automatic nerve 
lesion and contribute to the insensitiveness to ischemic 
pain. This may explain why the patient did not feel 
abdominal pain.
    Computerized tomography scan of  upper abdomen 
in patients with hepatic infarction usually show a well-
marginated peripheral zone without any contrast capture 
in the corresponding hepatic lobe, wedge-shaped and 
extending to the liver capsule[4]. But in this case, liver 
computerized tomography scan exhibited untypical 
presentations, which led to the misdiagnosis of  hepatic 
carcinoma and surgical operation and the diagnosis of  
hepatic infarction was finally established by liver pathology. 
MRI is the perfect method for the diagnosis of  hepatic 
infarction because of  its high resolution. In the early stage, 
the lesion shows slight long T1 and slight long T2 intensity. 
In the middle and late stages, it shows long T1 and long 
T2 intensity. The intensity is heterogenous due to various 
degrees of  ischemia and infarction in the lesion. Generally 
speaking, the center of  lesion is more apparent than the 
rim and shows prominent abnormal intensity as in the 
present case. The lesion shows no apparent enhancement 
and slight mass effect, which is the primary differentiation 
feature from hepatic mass.
    In summary, we suggest that the diabetic patient 
with elevated liver enzymes should be suspected much 
of  hepatic infarction and further liver computerized 
tomography scan should be considered to exclude the 
diagnosis. 

Figure 1  A : Between the Ⅴ and Ⅷ
segments, the right hepatic lobe near the 
surface has an abnormal signal which 
seems ellipse. In T1WI, its center shows long 
T1 and slight long T1 intensity in row; B: In 
T2WI, its center shows long T2 and slightly 
long T2 intensity in a row. It shows slight 
mass effect.

A B

Figure 2  Pathologic section shows hepatic cell necrosis. Vasodilatation and 
infiltration of inflammatory cells are seen at the junction of necrosis and normal 
tissues (HE × 100). 
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Abstract
Oxidized low density lipoprotein (ox-LDL) molecule is one 
of the most important modified lipoproteins produced 
during the oxidative stress. Modified lipoproteins have 
been defined as being part of the immune inflammatory 
mechanisms in association with oxidant stress. We have 
reported the accumulation of ox-LDL in Balb/c mice liver 
after bile duct ligation previously. Here, we investigated 
this finding in human beings with obstructive jaundice. 
Our study demonstrates that obstructive jaundice results 
in tremendous accumulation of ox-LDL in the liver tissue 
of patients.

© 2006 The WJG Press. All rights reserved.
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TO THE EDITOR
Oxidized low density lipoprotein (ox-LDL) molecule is 
one of  the most important modified lipoproteins. Its 
popularity has arisen after our understanding about its 

key role in the pathogenesis of  atherosclerosis[1]. These 
molecules have been defined as being part of  the immune 
inflammatory mechanisms in association with oxidant 
stress[2]. Hepatocyte injury during obstructive jaundice is 
involved in such pathways associated with oxidant stress. 
This association has been testified also by us in Balb/c 
mice. Moreover, our study demonstrated that tremendous 
ox-LDL is accumulated in the liver after bile duct ligation 
in mice[3]. Furthermore, we have investigated this finding 
in human beings with obstructive jaundice. 
    The study was composed of  two groups. One group 
enrolled 11 patients with various causes of  obstructive 
jaundice, 5 percutaneous and 6 intraoperative wedge-
resection liver biopsies were taken from these patients. 
The other group included 7 patients undergoing elective 
abdominal operations without primary hepatobiliary 
pathologies. Wedge-resection type liver biopsies were 
taken from all these patients. Routine liver biochemical 
parameters including cholestatic liver enzymes were 
studied. In liver biopsies stained with hematoxylin and 
eosin, we investigated cholestatic findings. Moreover, 
a special immunofluorescent staining was done for 
investigation of  ox-LDL in the liver tissue by fluorescent 
microscopy. All patients in group 1 demonstrated various 
degrees of  cholestasis. The patients in group 2 showed 
neither cholestasis nor any histopathologic abnormality in 
the liver biopsy samples. First anti-ox-LDL antibody and 
fluorescence - stained anti-anti ox-LDL antibody were 
applied on liver tissue samples as previously described[3]. 
The patients in group 1 were found to have enormous 
accumulation of  ox-LDL in the liver (Figure 1A). No 
patient in group 2 demonstrated ox-LDL deposition (Figure 
1B). 
    In this investigation, we clearly demonstrated retention 
of  ox-LDL molecules in the liver tissue of  human beings 
with obstructive jaundice, which was also found in our 
mice study. As demonstrated in our mice study, enhanced 
lipid peroxidation in the liver due to oxidative stress in 
association with obstructive jaundice has been clearly 
notified by many authors[4,5]. A major and early lipid 
peroxidation product is ox-LDL which is mainly filtered by 
liver macrophages and Kupffer cells[6]. During the jaundice 
period after biliary obstruction, ox-LDL accumulates in 
the liver either because of  its decreased secretion into 
the bile or because of  enhanced production due to lipid 
peroxidation as the filtration capacity of  Kupffer cells 
becomes insufficient. It is well known that ox-LDL 
molecules have specific receptors on hepatocytes, Kupffer 
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and stellate cells[2,7]. The interaction of  ox-LDL with these 
cells can lead to apoptosis of  hepatocytes, enhancement 
of  tumor necrosis factor-a lpha and secret ion of  
transforming growth factor-beta by Kupffer cells, as well 
as transformation of  stellate cells into collagen secreting 
myofibroblasts[2,7,8]. Thus, it seems theoretically possible 
that the main lipid peroxidation byproduct, ox-LDL, may 
have important roles in liver consequences of  biliary 
jaundice. Our study results indicate a concrete fact that ox-
LDL accumulates in human liver tissue during obstructive 
jaundice. Nevertheless, further investigation should be 
done for more detailed analysis of  such accumulation and 
its role in liver outcomes of  obstructive jaundice. 
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Figure 1  Enormous accumulation of oxidized low-density lipoprotein in patients of 
group 1 (A) and no oxidized low-density lipoprotein deposition in patients of group 
2 (B) (x 100).
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www.infomedweb.com

7th World Congress of the International 
Hepato-Pancreato-Biliary Association  
3-7 September 2006  
Edinburgh  
Edinburgh Convention Bureau  
convention@edinburgh.org
www.edinburgh.org/conference

13th International Symposium on Pancreatic 
& Biliary Endoscopy  
20-23 January 2006  
Los Angeles - CA   
laner@cshs.org

2006 Gastrointestinal Cancers Symposium 
26-28 January 2006  
San Francisco - CA  
Gastrointestinal Cancers Symposium 
Registration Center   
giregistration@jspargo.com

Society of American Gastrointestinal 
Endoscopic Surgeons 
26-29 April 2006  
Dallas - TX
www.sages.org

Digestive Disease Week 2006  
20-25 May 2006
Los Angeles 
www.ddw.org

Annual Postgraduate Course  
25-26 May 2006  
Los Angeles, CA  
American Society of Gastrointestinal 
Endoscopy  
www.asge.org/education

American Society of Colon and Rectal 
Surgeons  
3-7 June 2006 
Seatlle - Washington  
www.fascrs.org

71st ACG Annual Scientifi c  and 
Postgraduate Course  
20-25 October 2006  
Venetian Hotel, Las Vegas, Neveda  
The American College of Gastroenterology 

AASLD 57th Annual  - The Liver MeetingTM 

27-31 October 2006  
Boston, MA  
AASLD  

New York Society for Gastrointestinal 
Endoscopy   
13-16 December 2006  
New York
www.nysge.org

EVENTS AND MEETINGS IN 
2007
9th World Congress on Gastrointestinal 
Cancer
20-23 June 2007  
Barcelona  
Imedex  
meetings@imedex.com

Gastro 2009, World Congress of Gastro-
enterology and Endoscopy London, United 
Kingdom 2009
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Prague Hepatology  2006  
14-16 September 2006  
Prague  
Foundation of the Czech Society of 
Hepatology   
veronika.revicka@congressprague.cz
www.czech-hepatology.cz/phm2006

12th International Symposium on Viral 
Hepatitis and Liver Disease  
1-5 July 2006  
Paris  
MCI France   
isvhld2006@mci-group.com
www.isvhld2006.com/

Falk Seminar: XI Gastroenterology Seminar 
Week  
4-8 February 2006  
Titisee  
Falk Foundation e.V.  
symposia@falkfoundation.de

European Multidisciplinary Colorectal 
Cancer Congress 2006  
12-14 February 2006  
Berlin  
Congresscare    
info@congresscare.com
www.colorectal2006.org

Falk Symposium 152: Intestinal Disease  
Part I, Endoscopy 2006 - Update and Live 
Demonstration  
4-5 May 2006  
Berlin  
Falk Foundation e.V. 
symposia@falkfoundation.de
 
Falk Symposium 153: Intestinal Disease  
Part II, Immunoregulation in Infl ammatory 
Bowel Disease - Current Understanding 
and Innovation  
6-7 May 2006  
Berlin  
Falk Foundation e.V. 
symposia@falkfoundation.de

14th United European Gastroenterology 
Week  
21-25 October 2006  
Berlin  
United European Gastroenterology 
Federation
www.uegw2006.de

World Congress on Controversies in 
Obesity, Diabetes and Hypertension 
25-28 October 2006  
Berlin  
comtec international   
codhy@codhy.com
www.codhy.com

Asia Pacifi c Obesity Conclave  
1-5 March 2006  
New Delhi
info@apoc06.com
www.apoc06.com/
 
ILTS 12th Annual International Congress 
3-6 May 2006  
Milan  
ILTS
www.ilts.org

XXX Panamerican Congress of 
Gastroenterology  
11-16 November 2006  
Cancun   
www.panamericano2006.org.mx

Internal Medicine: Gastroenterology  
22 July 2006-1 August 2006  
Amsterdam  
Continuing Education Inc  
jbarnhart@continuingeducation.net

6th Annual Gastroenterology And 
Hepatology  
15-18 March 2006  
Rio Grande  
Offi ce of Continuing Medical Education  
cmenet@jhmi.edu
www.hopkinscme.net

Hepatitis 2006  
25 February 2006-5 March 2006  
Dakar    
hepatitis2006@mangosee.com
mangosee.com/mangosteen/
hepatitis2006/hepatitis2006.htm

MAJOR MEETINGS COMING 
UP
First Biennial Congress of the Asian-Pacifi c 
Hepato-Pancreato-Biliary Association
March, 2007
Fukuoka, Japan
http://www.congre.co.jp/1st-aphpba

American College of Gastroenterology 
Annual Scientifi c  
20-25 October 2006 
Las Vegas, NV  

14th United European Gastroenterology 
Week, UEGW 
21-25 October 2006 
Berlin, Germany   

APDW 2006: Asian Pacifi c Digestive Week 
2006 
26-29 November 2006 
Lahug Cebu City, Philippines  

EVENTS AND MEETINGS IN THE 
UPCOMING 6 MONTHS
Falk Symposium 151: Emerging Issues in 
Infl ammatory Bowel Diseases  
24-25 March 2006  
Sydney - NSW  
Falk Foundation e.V.  
symposia@falkfoundation.de
 
10th International Congress of Obesity  
3-8 September 2006  
Sydney  
Event Planners Australia   
enquiries@ico2006.com
www.ico2006.com

Easl 2006 - the 41st annual   
26-30 April 2006  
Vienna, Austria  
Kenes International  

Prague hepatology  2006  
14-16 September 2006  
Prague  
Foundation of the Czech Society of 
Hepatology  
veronika.revicka@congressprague.cz
www.czech-hepatology.cz/phm2006

12th International Symposium on Viral 
Hepatitis and Liver Disease  
1-5 July 2006  
Paris  
MCI France  
isvhld2006@mci-group.com
www.isvhld2006.com

Falk Symposium 152: Intestinal Disease  
Part I, Endoscopy 2006 - Update and Live 
Demonstration  
4-5 May 2006  
Berlin  
Falk Foundation e.V.  
symposia@falkfoundation.de

Falk Symposium 153: Intestinal Disease  
Part II, Immunoregulation in Infl ammatory 
Bowel Disease - Current Understanding 
and Innovation  
6-7 May 2006  
Berlin  
Falk Foundation e.V.  
symposia@falkfoundation.de

ILTS 12th Annual International Congress 
3-6 May 2006  
Milan  
ILTS
www.ilts.org

Internal Medicine: Gastroenterology  
22 July 2006-1 August 2006  
Amsterdam  
Continuing Education Inc   
jbarnhart@continuingeducation.net
6th Annual Gastroenterology And 

Hepatology  
15-18 March 2006  
Rio Grande  
Offi ce of Continuing Medical Education  
cmenet@jhmi.edu
www.hopkinscme.net
 
World Congress on Gastrointestinal Cancer
28 June 2006-1 July 2006  
Barcelona, Spain   
c.chase@imedex.com

International Conference on Surgical 
Infections, ICSI2006  
6-8 September 2006  
Stockholm  
European Society of Clinical Microbiology 
and Infectious Diseases   
icsi2006@stocon.se
www.icsi2006.se/9/23312.asp
 
7th World Congress of the International 
Hepato-Pancreato-Biliary Association  
3-7 September 2006  
Edinburgh  
Edinburgh Convention Bureau  
convention@edinburgh.org
www.edinburgh.org/conference

Society of American Gastrointestinal 
Endoscopic Surgeons
26-29 April 2006  
Dallas - TX
www.sages.org
 
Digestive Disease Week 2006  
20-25 May 2006
Los Angeles  
www.ddw.org

Annual Postgraduate Course  
25-26 May 2006
Los Angeles, CA  
American Society of Gastrointestinal 
Endoscopy  
www.asge.org/education

American Society of Colon and Rectal 
Surgeons  
3-7 June 2006 
Seatlle - Washington  
www.fascrs.org
 

EVENTS AND MEETINGS IN 
2006
10th World Congress of the International 
Society for Diseases of the Esophagus  
22-25 February 2006  
Adelaide 
isde@sapmea.asn.au
www.isde.net

Falk Symposium 151: Emerging Issues in 
Infl ammatory Bowel Diseases  
24-25 March 2006  
Sydney - NSW  
Falk Foundation e.V.   
symposia@falkfoundation.de

10th International Congress of Obesity  
3-8 September 2006  
Sydney  
Event Planners Australia   
enquiries@ico2006.com
www.ico2006.com

Easl 2006 - the 41st annual   
26-30 April 2006  
Vienna, Austria  
Kenes International  

VII Brazilian Digestive Disease Week  
19-23 November 2006 
www.gastro2006.com.br

International Gastrointestinal Fellows 
Initiative  
22-24 February 2006  
Banff, Alberta  
Canadian Association of Gastroenterology 
cagoffi ce@cag-acg.org
www.cag-acg.org

Canadian Digestive Disease Week  
24-27 February 2006  
Banff, Alberta  
Digestive Disease Week Administration  
cagoffi ce@cag-acg.org
www.cag-acg.org

Meetings
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MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be submitted 
using a word-processing software. All submissions must be typed in 1.5 
line spacing and in word size 12 with ample margins. The letter font is 

Tahoma. For authors from China, one copy of  the Chinese translation of  the 
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our house format. Required information for each of  the manuscript sections 
is as follows:

Title page
Full manuscript title, running title, all author(s) name(s), affiliations, 
institution(s) and/or department(s) where the work was accomplished, 
disclosure of  any financial support for the research, and the name, full 
address, telephone and fax numbers and email address of  the corresponding 
author should be included. Titles should be concise and informative (removing 
all unnecessary words), emphasize what is new, and avoid abbreviations. 
A short running title of  less than 40 letters should be provided. List the 
author(s)’ name(s) as follows: initial and/or first name, middle name or 
initial(s) and full family name.

Abstract
An informative, structured abstract of no more than 250 words should 
accompany each manuscript. Abstracts for original contributions should be 
structured into the following sections: AIM: Only the purpose should be 
included. METHODS: The materials, techniques, instruments and equipments, 
and the experimental procedures should be included. RESULTS: The 
observatory and experimental results, including data, effects, outcome, etc. 
should be included. Authors should present P value where necessary, and the 
signifi cant data should accompany. CONCLUSION: Accurate view and the 
value of  the results should be included.

The format of  structured abstracts is at: http://www.wjgnet.com/wjg/
help/11.doc

Key words
Please list 6-10 key words that could refl ect content of  the study mainly from 
Index Medicus.

Text
For most article types, the main text should be structured into the 
following sections: INTRODUCTION, MATERIALS AND METHODS, 
RESULTS and DISCUSSION, and should include in appropriate Figures 
and Tables. Data should be presented in the body text or in Figures and 
Tables, but not in both. 

Illustrations
Figures should be numbered as 1, 2, 3 and so on, and mentioned clearly in 
the main text. Provide a brief  title for each fi gure on a separate page. No 
detailed legend should be involved under the fi gures. This part should be 
added into the text where the fi gures are applicable. Digital images: black 
and white photographs should be scanned and saved in TIFF format at a 
resolution of  300 dpi; color images should be saved as CMYK (print fi les) 
but not as RGB (screen-viewing fi les). Place each photograph in a separate 
fi le. Print images: supply images of  size no smaller than 126 mm × 76 mm 
printed on smooth surface paper; label the image by writing the Figure 
number and orientation using an arrow. Photomicrographs: indicate the 
original magnifi cation and stain in the legend. Digital Drawings: supply fi les 
in EPS if  created by freehand and illustrator, or TIFF from photoshops. 
EPS fi les must be accompanied by a version in native fi le format for editing 
purposes.  Existing line drawings should be scanned at a resolution of  1200 
dpi and as close as possible to the size where they will appear when printed. 
Please use uniform legends for the same subjects. For example: Figure 1 
Pathological changes of  atrophic gastritis after treatment. A: ...; B: ...; C: ...; D: 
...; E: ...; F: ...; G: ...

Tables
Three-line tables should be numbered as 1, 2, 3 and so on, and mentioned 
clearly in the main text. Provide a brief  title for each table. No detailed 
legend should be included under the tables. This part should be added into 
the text where the tables are applicable. The information should complement 
but not duplicate that contained in the text. Use one horizontal line under the 
title, a second under the column heads, and a third below the Table, above 
any footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP<0.05, 
bP<0.01 should be noted (P>0.05 should not be noted). If  there are other 
series of  P values, cP<0.05 and dP<0.01 are used. Third series of  P values 
can be expressed as eP<0.05 and fP<0.01. Other notes in tables or under 
illustrations should be expressed as 1F, 2F, 3F; or some other symbols with 
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a superscript (Arabic numerals) in the upper left corner. In a multi-curve 
illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc. in a 
certain sequence.
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Coding system
The author should code the references according the citation order in text 
in Arabic numerals, put references codes in square brackets, superscript it 
at the end of  citation content or the author name of  the citation. For those 
citation content as the narrate part, the coding number and square brackets 
should be typeset normally. For example, Crohn’s disease (CD) is associated 
with increased intestinal permeability[1,2]. If  references are directly cited in the 
text, they would be put together with the text, for example, from references 
[19,22-24 ], we know that...
      When the authors code the references, please ensure that the order in 
text is the same as in reference part and also insure the spelling accuracy of  
the fi rst author’s name. Do not code the same citation twice. 

PMID requirement
PMID roots in the abstract serial number indexed by PubMed (http://www.
ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed). The author should supply 
the PMID for journal citation. For those references that have not been 
indexed by PubMed, a printed copy of  the fi rst page of  the full reference 
should be submitted. 
     The accuracy of  the information of  the journal citations is very 
important.  Through reference testing system (http://www.wjgnet.com/cgi-
bin/index.pl), the authors and editor could check the authors name, title, 
journal title, publication date, volume number, start page, and end page. We 
will interlink all references with PubMed in ASP fi le so that the readers can 
read the abstract of  the citations online immediately. 

Style for journal references
Authors: the fi rst author should be typed in bold-faced letter. The surname 
of  all authors should be typed with the initial letter capitalized and followed 
by their name in abbreviation (For example, Lian-Sheng Ma is abbreviated 
as Ma LS, Bo-Rong Pan as Pan BR). Title of  the cited article and italicized 
journal title (Journal title should be in its abbreviation form as shown in 
PubMed), publication date, volume number (in black), start page, and end 
page [PMID: 11819634]
     Note: The author should test the references through reference testing 
system (http://www.aushome.cn/cgi-bin/index.pl)

Style for book references
Authors: the fi rst author should be typed in bold-faced letter. The surname 
of  all authors should be typed with the initial letter capitalized and followed 
by their name in abbreviation (For example, Lian-Sheng Ma is abbreviated as 
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number. Publication 
place: Publication press, Year: start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where applicable)
1       Grover VP, Dresner MA, Forton DM, Counsell S, Larkman DJ, Patel N, 

Thomas HC, Taylor-Robinson SD. Current and future applications of  
magnetic resonance imaging  and spectroscopy of  the brain in hepatic 
encephalopathy. World J Gastroenterol 2006; 12: 2969-2978  [PMID: 
16718775]

Chinese journal article (list all authors and include the PMID where applicable)
2     Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of  

Jianpi Yishen decoction in treatment of  Pixu-diarrhoea. Shijie Huaren 
Xiaohua Zazhi 1999; 7: 285-287

In press
3     Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature of  

balancing selection in Arabidopsis. Proc Natl Acad Sci U S A 2006; In 
press 

Organization as author
4     Diabetes Prevention Program Research Group. Hypertension, 

insulin, and proinsulin in participants with impaired glucose tolerance. 
Hypertension 2002; 40: 679-686 [ PMID: 12411462 ]

Both personal authors and an organization as author 
5     Vallancien G, Emberton M, Harving N, van Moorselaar RJ; Alf-One 

Study Group. Sexual dysfunction in 1, 274 European men suffering 
from lower urinary tract symptoms. J Urol 2003; 169: 2257-2261 [PMID: 
12771764]

No author given
6      21st century heart solution may have a sting in the tail. BMJ 2002; 325: 

184 [PMID: 12142303]
Volume with supplement
7     Geraud G, Spierings EL, Keywood C. Tolerability and safety of  

frovatriptan with short- and long-term use for treatment of  migraine 
and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 
[PMID: 12028325]

Issue with no volume
8     Banit DM, Kaufer H, Hartford JM. Intraoperative frozen section 

analysis in revision total joint arthroplasty. Clin Orthop Relat Res 2002; 
(401): 230-238 [ PMID: 12151900 ]

No volume or issue
9      Outreach: bringing HIV-positive individuals into care. HRSA Careaction 

2002; 1-6 [PMID: 12154804 ]
Books 
Personal author(s)
10    Sherlock S, Dooley J. Diseases of  the liver and billiary system. 9th ed. 

Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11     Lam SK. Academic investigator’s perspectives of  medical treatment for 

peptic ulcer. In: Swabb EA, Azabo S. Ulcer disease: investigation and 
basis for therapy. New York: Marcel Dekker, 1991: 431-450

Author(s) and editor(s)
12   Breedlove GK, Schorfheide AM. Adolescent pregnancy. 2nd ed. 

Wieczorek RR, editor. White Plains (NY): March of  Dimes Education 
Services, 2001: 20-34

Conference proceedings
13   Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ Cell Tumour Conference; 2001 Sep 
13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14     Christensen S, Oppacher F. An analysis of  Koza's computational effort 

statistic for genetic programming. In:  Foster JA, Lutton E, Miller J, 
Ryan C, Tettamanzi AG, editors.   Genetic programming. EuroGP 
2002: Proceedings of  the 5th European Conference on Genetic 
Programming; 2002 Apr 3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 
182-191

Electronic journal (list all authors)
      Morse SS. Factors in the emergence of  infectious diseases. Emerg 

Infect Dis serial online, 1995-01-03, cited 1996-06-05; 1(1): 24 screens. 
Available from: URL: http//www.cdc.gov/ncidod/EID/eid.htm

Patent (list all authors)
16    Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flexible 

endoscopic grasping and cutting device and positioning tool assembly. 
United States patent US 20020103498. 2002 Aug 1

Inappropriate references
Authors should always cite references that are relevant to their article, and 
avoid any inappropriate references. Inappropriate references include those 
that are linked with a hyphen and the difference between the two numbers at 
two sides of  the hyphen is more than 5. For example, [1-6], [2-14] and [1, 3, 
4-10, 22] are all considered as inappropriate references. Authors should not 
cite their own unrelated published articles.

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 coeffi cient 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 defi ned in the abstract and on fi rst 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.

SUBMISSION OF THE REVISED MANUSCRIPTS AFTER ACCEPTED
Please revise your article according to the revision policies of  WJG. The 
revised version including manuscript and high-resolution image fi gures (if  
any) should be copied on a fl oppy or compact disk. Author should send the 
revised manuscript, along with printed high-resolution color or black and 
white photos, copyright transfer letter, the fi nal check list for authors, and 
responses to reviewers by a courier (such as EMS) (submission of  revised 
manuscript by e-mail or on the WJG Editorial Offi ce Online System is NOT 
available at present).

Language evaluation 
The language of  a manuscript will be graded before sending for revision. 
(1) Grade A: priority publishing; (2) Grade B: minor language polishing; 
(3) Grade C: a great deal of  language polishing; (4) Grade D: rejected. The 
revised articles should be in grade B or grade A.
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data, or acquisition of  funding, or administration, technology and materials 
support, or supervision, or supportive contributions. Authors should meet at 
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