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Abstract
To review the implication of CXCR4 for gastrointestinal 
cancer, a “Pubmed” analysis was performed in order 
to evaluate the relevance of CXCR4 and its ligands 
for gastrointestinal cancers. Search terms applied 
were “cancer, malignoma, esophageal, gastric, 
colon, colorectal, hepatic, pancreatic, CXCR4, SDF-
1α, and SDF-1b”. CXCR4 expression correlated with 
dissemination of diverse gastrointestinal malignomas. 
The CXCR4 ligand SDF-1α might act as “chemorepellent” 
while SDF-1b might act as "chemorepellent" for CTLs, 
inducing tumor rejection. The paracrine expression 
of SDF-1α was furthermore closely associated with 
neoangiogenesis. CXCR4 and its ligands influence the 
dissemination, immune rejection, and neoangiogenesis 
of human gastrointestinal cancers. Inhibition of CXCR4 
might be an interesting therapeutic option.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Chemokines and their receptors, such as CXCR4, 
induce chemotaxis of  diverse immune cells [CD4+cells, 
CD8+ cells, macrophages, and dendritic cells (DC)] 
into areas of  inflammation[1]. CXCR4 and CCR5 were 
initially reported to represent co-receptors for human 
immunodeficiency virus (HIV) infection in man. Gp120 
binds CXCR4 and CCR5, mediating fusion of  HIV 
with the host cell membrane. Therefore, CXCR4 was 
previously termed Fusin. However, after viral binding 
to the chemokine receptor CXCR4, HIV induces an 
immunologic T helper (Th) cell response, called a Th1 
to Th2 switch, which clearly supports the immune 
evasion of  HIV-infected lymphocytes[2,3]. In addition, 
in vitro studies on HIV revealed that the chemokine 
receptor CXCR4 ligand SDF-1α induced apoptosis of  
CD8+ cells, again inhibiting strong immune defence 
mechanisms[4]. In HIV therapy, much attention has been 
paid to CXCR4, to which the fusion-mediating and 
migration-inducing chemokine SDF-1α binds selectively. 
However, the sole blockade of  this receptor, which is 
expressed on CD4+ cells, CD8+ cells, and APC, does 
not lead to a sufficient inhibition of  the fusion and, 
therefore, to a persisting HIV infection of  lymphocytes.

During the last 5 years, diverse human cancers were 
reported to express high levels of  CXCR4 multiplying 
the metastasis process via their aggressive-invasive 
and migratory phenotypes[5,6]. We and others recently 
reported that gastrointestinal cancers co-express CXCR4 
and its ligand SDF-1α in an autocrine and paracrine 
fashion, thereby increasing tumor cell dissemination[7-9]. 

IMMUNOLOGICAL RELEVANCE OF THE 
CXCR4/SDF-1 AXIS
The CXCR4/SDF-1 pathway has been reported to 
impact the progression of  various malignomas. However, 
the influence on the immune system was only analyze at 
a basic level, so far. Moreover, only brief  investigations 
have focused on the influence of  SDF-1α in comparison 
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to the splicing variant SDF-1b on “immune escape” 
mechanisms (Figure 1). SDF-1 is the only known ligand 
of  CXCR4 and exists in several splicing variants[10]. Its 
expression is restricted to some cell types, as endothelial 
cells, epithelial thymus cells, bone marrow cells, mucosal 
epithelial cells, and tumor cells[11-13]. Increased expression 
occurs, especial ly in areas of  inf lammation and 
neoangionesis, and thus leads to a fulminate chemotaxis 
of  CXCR4 expressing immune cells, such as CD4+ cells 
and DC along the SDF-1 gradient[14].

Interestingly, SDF-1α exposition of  anti-CD3-
activated CD4+ cells induced Th1-(IFN-γ) as well as 
Th2 (IL-4 and IL-10)-specific cytokine expression[15]. A 
SDF-1α exposition of  activated T cells inhibited CD4+ 
cell apoptosis by reduction of  BCC-2 and activation of  
PI3-K and MAPK[16]. However, this effect was linked to 
the SDF-1α concentration and the activation state of  
the CD4+ cells, as a higher concentration of  SDF-1α 
induced apoptosis of  CD4+ Jurkat cells by up-regulation 
of  CD95 and CD95 ligands[17].

Moreover, SDF-1α induced CD8+ apoptosis after 
up-regulation of  membrane-bound TNF-α on APC and 
TNF-α receptor Ⅱ on CD8+ cells and a consecutive 
interaction of  the ligand with the receptor[4].

Further results implied that SDF-1α expressing 
tumor cells may protect themselves from a cytotoxic 
immune reaction, as SDF-1α promotes apoptosis in 
cytotoxic T cells and might induce a local Th1 → Th2 
shift in the tumor bed. This theory is supported by data 
reporting that SDF-1α induces a chemorepulsion of  
CTL supporting an immune evasion in melnoma[18]. In 
contrast, SDF-1b acts as chemoattractant for CTLs, 
inducing tumor rejection[19]. Interestingly, CXCR4 
blockade not only inhibited dissemination but also 
sensitized tumor cells for immune therapy[20]. However, 

the influence on the immune system and differences 
between the splicing variants SDF-1α and SDF-1b have 
been analysed only marginally. 

ONCOLOGICAL ASPECTS OF THE 
CXCR4/SDF-1α/b AXIS
The presence of  different chemokine/cytokine 
receptors and their ligands, such as IL-8, IP10, Rantes, 
or SDF-1α could be confirmed in the tumor bed of  
diverse malignancies[7]. Current investigations reveal 
an expression by tumor cells, but also by endothelial 
cells[7,14]. Thus, these findings suggest that both tumor-
expressed CXCR4 and SDF-1α play important roles in 
local progression, dissemination, and immune evasion 
of  tumor cells.

SDF-1α binding to the second extracellular loop 
of  CXCR4 induces activation of  classical G-protein-
coupled PI3-K/AKT/mTOR and RAF/MEK/
ERK signalling pathways in the respective cells[7,21]. 
Proliferation, adhesion, migration, and invasion are 
the most relevant consequences. In addition, current 
publications report that CXCR4 activation induces 
EGFR1, HER2neu, and VEGFR transactivation. Most 
interestingly, CXCR4 upregulation was observed after 
EGFR/Her2neu activation, implying a compensatory 
pathway possibly inducing resistance to tyrosine-kinase 
inhibition[11]. 

Autocrine SDF-1α expression has initially been 
described in breast cancer and glioblastoma cell lines, 
where it has been correlated with an increased migratory 
and invasive potential of  the tumor cells[7-9]. These 
effects are closely associated with the receptor affinity 
of  SDF-1α, since a SDF-1α gene polymorphism, which 
is associated with an increased SDF-1α receptor affinity 
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Figure 1  CXCR4 mediates tumor 
dissemination via induction of tumor 
cell migration and invasion and via 
stimulation of neoangiogenesis. 
The CXCR4 ligand SDF-1α might 
act as “chemorepellent” preventing 
tumor rejection.
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occuring in 5% of  the general population[22], can be 
frequently observed in patients with breast cancer and 
HIV-associated non-Hodgkin lymphoma[23,24].

The paracrine expression of  SDF-1α is also closely 
associated with neoangiogenesis. On the one side, SDF-
1α and VEGFB attract endothelial precursor cells 
towards the tumor. On the other side, hemangiocytes 
(VEGFR1+, CXCR4+) are released in the bone marrow 
by VEGFA and directed towards the tumor by a SDF-
1α gradient, where they might differentiate to pericytes  
stabilizing the neo-vasculature[25,26].

In contrast to benign tissues, tumors often reveal a 
significant up-regulation of  CXCR4. A key investigation 
concerning the relevance of  chemokine receptors links 
CXCR4 expression with the localization of  metastases 
in breast cancer [27]. In a variety of  human tumor 
entities, an increased CXCR4 expression correlated with 
hematogenic and lymphogenic metastasis and reduced 
survival times[5,6,28]. In vitro, the activation of  this receptor 
was associated with increased proliferation, migration, 
and invasion. These properties could be efficiently 
inhibited by CXCR4 blockade in tumor models[29,30]. 
The important role of  CXCR4 for dissemination of  
tumor cells was confirmed in animal models. AMD3100, 
a recent ly developed CXCR4-inhibi t ing “smal l 
molecule”, blocked CXCR4 in a glioblastoma model 
with high receptor affinity and induced a massive tumor 
regression in vivo[31]. T22, another CXCR4 antagonist, 
strongly inhibited pulmonal metastasis in a murine B16 
melanoma model[32].

INFLUENCE OF SDF-1α/CXCR4 ON THE 
CLINICAL OUTCOME OF 
GASTROINTESTINAL TUMORS
The relevance of  CXCR4 expression for tumor 
progression has been described in various gastrointestinal 
malignancies. 

Over-expression of  CXCR4 in colorectal cancer 
was significantly associated with advanced UICC tumor 
stages Ⅲ/Ⅳ and with lymphatic or haemotogenic 
metastasis, respectively[28]. Moreover, the CXCR4 ligand 
SDF-1α stimulated migration and invasion in the 
CXCR4-expressing colon carcinoma cells SW480 and 
SW620 in vitro[28]. 

In esophageal cancer, the median overall survival 
of  patients with CXCR4 expressing tumors was 20 
months compared to 76 months for CXCR4 negative 
cases. CXCR4 expression was furthermore significantly 
associated with increased lymph node and bone marrow 
involvement. In multivariable analysis, CXCR4 expression 
was an independent variable and strongly associated with 
reduced disease-specific survival and overall survival. 
In another publication, which discriminated squamous 
cell from adenocarcinoma, a strong CXCR4 expression 
revealed a poorer long-term prognosis following curative 
esophagectomy for both histological subtypes, though 
with lack of  statistical significance[33]. 

In gastric cancer, CXCR4 expressing primary gastric 

carcinomas significantly correlated with the development 
of  peritoneal carcinomatosis and malignant ascites which 
contained high concentrations of  CXCL12[34].

In pancreat ic cancer, an over-express ion of  
CXCR4 correlated with advanced UICC stages Ⅲ/Ⅳ 
and revealed a trend for hematogenous metastasis and 
progressed local tumor stages without affecting survival[35].

In hepatocellular cancer, a high expression of  CXCR4 
or CCR7 was associated with locally advanced primary 
tumors and lymphogenic metastasis[36]. Moreover, high 
expression of  CXCR4 led to a significant increase in 
haematogenic metastasis and to a decreased 3-year 
survival[36]. In Huh7 hepatoma cells, SDF-1α exposition 
induced receptor internalization and perinuclear 
localization as well as an increase of  proliferation and 
invasion. As a result of  a CXCR4 receptor defect, these 
phenomena did not occur in HepG2 cells. While Hep3B 
and Huh7 showed high levels of  autocrine and paracrine 
SDF-1α expression, this effect could barely be observed 
in HepG2 cells.

In summary, CXCR4 increases the metastatic 
phenotype for diverse gastrointestinal malignancies. 
Current analyses are investigating whether CXCR4 
expression might be valuable predictor for tumor 
recurrence.
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Abstract
A number of new hepatitis viruses (G, TT, SEN) were 
discovered late in the past century. We review the 
data available in the literature and our own findings 
suggesting that the new hepatitis G virus (HGV), 
disclosed in the late 1990s, has been rather well 
studied. Analysis of many studies dealing with HGV 
mainly suggests the lymphotropicity of this virus. HGV 
or GBV-C has been ascertained to influence course 
and prognosis in the HIV-infected patient. Until now, 
the frequent presence of GBV-C in coinfections, 
hematological diseases, and biliary pathology gives 
no grounds to determine it as an “accidental tourist” 
that is of no significance. The similarity in properties of 
GBV-C and hepatitis C virus (HCV) offers the possibility 
of using HGV, and its induced experimental infection, 
as a model to study hepatitis C and to develop a 
hepatitis C vaccine.

© 2008 The WJG Press. All rights reserved.
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History of tHe discovery of
Hepatitis G virus
GBV-C, or hepatitis G virus (HGV), was discovered by 
two independent groups of  investigators in the study of  
cases of  hepatitis non-A, non-B, non-E[1,2]. The discovery 
of  a new viral agent associated with liver diseases has 
attracted considerable attention due to the fact that there 
are hepatitides of  unknown etiology. This determined 
the urgency of  investigations aimed at comprehensively 
studying the properties of  the virus, its association with 
liver disease and infection rates in different countries of  
the world.

In 1966, the 34-year-old surgeon G. Barker (GB) fell 
ill with acute hepatitis of  moderate enzymatic activity and 
three-week icteric period. Patient blood taken on icteric 
day 3 was used for intravenous inoculation of  nonhuman 
primates (bare-faced marmosets, the Callithricidae 
family). Hepatitis was recorded in all animals when four 
monkey-to-monkey passages were performed. The 
findings suggested that the cause of  this hepatitis was a 
yet unidentified viral agent that was named GBV.

Investigations of  the GB agent recommenced  
25 years later when new methods for qualitative viral 
analysis and recognition evolved. Serum taken in the 
acute stage of  hepatitis from infected marmosets 
was found to contain two viral genomes: GBV-A and 
GBV-B belonging to closely-related viruses of  the 
Flaviviridae family. Both viruses were able to replicate 
in the marmosets, but only GBV-B caused hepatitis. 
Attempts to detect GBV-A or GBV-B in human beings 
failed. A third virus GBV-C was soon isolated from 
patient material by means of  specially designed primers 
to the conserved part of  the NS3 region of  the viruses 
GBV-A, GBV-B and HCV. GBV-C was assigned to the 
GBV group as it was slightly similar to GBV-B protein 
in immunoassays and largely identical to GBV-A in 
nucleotide sequence. GBV-C proved to be genetically 
related to another independent isolate that had been 
originally called HGV. They are virtually indistinguishable 
in the routine diagnosis by polymerase chain reaction 
(PCR). Since the signs of  GBV-C/HGV became more 
commonly detected in patients with hepatitis and persons 
at risk for parenteral hepatitis, hepatitis G was considered 

www.wjgnet.com



to be an independent hepatotropic entity.
Experiments infecting chimpanzees with the GBV-C 

RNA-containing plasma taken from patients with chronic 
hepatitis G (CHG) yielded rather unexpected results. All 
the infected animals developed persistent and continuing 
(as long as 20 mo) viremia. However, no case showed 
a rise in the levels of  indicator enzymes or detectable 
abnormal liver tissue changes in liver biopsy specimens 
taken weekly throughout the follow-up. Javan macaques 
were also observed to have viremia without signs of  liver 
damage. By contrast, signs of  hepatitis in the form of  
hyperenzymaemia and necrotic and inflammatory changes 
in the liver appeared by day 30 after inoculation of  the 
marmosets that had received the same GBV-C-containing 
materials[3].

Further serological screening-based investigations 
have indicated that the GBV-C isolate is of  widespread 
occurrence; however, there is no evidence for an 
association of  viremia with the development of  some 
known diseases, such as hepatitis[4].

taxonomy and Genotypic variety 
of GBv-c
GBV-C virus, like GBV-A, GBV-B, and HCV, belongs to 
the Flaviviridae family. Comparison of  the genomes of  
GBV-C, GBV-A, GBV-B, and HGV has demonstrated 
that their RNA does not bear a more than 32% similarity, 
thereby supporting the hypothesis that these viruses are 
independent (Figure 1)[5].

Five HGV genomes (the divergence between them 
was 12%) have been described[6,7]. Investigations dealing 
with the classification of  GBV-C were conducted by 
measuring restriction fragment length polymorphisms. 
The isolates from West Africa are referred to as 
genotype 1 wherein 2 subtypes: 1a and 1b are identified. 
Genotypes 2a and 2b are more frequently detected in 
North America and Europe; genotypes 3, 4 and 5 are 
more common in Asia, South-Eastern Asia, and South 
Africa, respectively. Phylogenetic analysis of  genomic 
nucleotide sequences of  the 5' and NS5 regions made 
by Novikov in 2000[8] has established that the GBV-C 

isolate belonging to viral genotype 2 circulates in Russia, 
Kazakhstan, Kyrgyzstan, and Turkmenistan. Analysis 
of  GBV-C 5'-untranslated region sequences revealed a 
new sixth genotype of  virus in Indonesia[9]. In addition 
to genomic variability in different GBV-C isolates, some 
authors propose GBV-C genomic variability within 
one isolate, i.e. they suggest that there are quasispecies, 
thereby emphasizing their similarity with HCV[10]. But, 
the opponents of  this theory argue that based on the 
absence of  a hypervariable region in the E2 gene, the 
presence of  quasispecies is impossible[11,12].

GBv-c structure
The genome of  the virus is represented by single-
chain RNA with positive polarity[13]. The GBV-C 
genome is similar to hepatitis C virus (HCV) RNA in 
its organization, i.e. the structural genes are located at 
the genomic 5' region and non-structural genes are at 
the 3' end (Figure 2)[14]. The untranslated region at the 
5' end may serve as an internal ribosomal embarkation 
site, which ensures translation of  a RNA coding 
region[15]. The extent of  the genome in different viral 
isolates ranges from 9103 to 9392 nucleotides[16,17]. An 
open reading frame carries information on the virus-
specific polypeptide consisting of  2873-2910 amino acid 
residues. GBV-C RNA codes for two structural proteins 
(E1 and E2) which are envelope proteins. Unlike HCV, 
the proportion of  glycosylated E2 is much lower in 
GBV-C. It has a total of  three potential N-glycosylation 
sites as compared with HCV E2, which has eleven sites. 
The complete structure of  viral nucleocapsid is still to 
be determined as the genomic region coding for core 
proteins has not been identified yet[18].

Five non-structural proteins: NS2, NS3, NS4b, NS5a, 
and NS5b with molecular weights of  20, 70, 28, 55, 
and 57 kDa, respectively, have been found[19,20]. These 
proteins perform the function of  protease, helicase, and 
RNA-dependent RNA-polymerase. The sequencing 
of  the E1 and E2 regions has shown that they are not 
hypervariable unlike the respective regions of  HCV[12].
Of  interest are the data obtained while studying the 
buoyant density of  GBV-C particles in a saccharose 
gradient before and after treatment with the nonionic 
detergent Tween-80. These data suggest that there is a 
lipid envelope in the virus whose association with lipids 
reduces antibody formation.

9392 nucleotides (ORF-2873 aa)

Genes
458

315

?    E1     E2     NS2              NS3              NS4 NS5a    NS5b
                        ab                                  ab

5'     3'

Proteins (x
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Coat proteins  Protease  Protease/
                                  Helicase
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Figure 2  Schematic representation of GBV-C RNA structure, coded proteins, 
and their functions (from Kim JP, Frey KE)[14].

GBV-B

HGV 
GBV-C

GBV-A

2b2a
1b

1a
HCV

3

Figure 1  Affinity of HCV, GBV-C, GBV-A, and GBV-B (From Robertson BH, 
2001)[5].
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markers of GBv-c
The basic marker used to diagnose GBV-C is RNA 
that is detectable by the amplification technique with 
a preliminary stage of  reverse transcription in which 
cDNA is synthesized [reverse-transcriptase polymerase 
chain reaction (RT-PCR)]. Data on the sequence of  the 
RNA region coding for helicase (NS3) and the NS5A 
region are used to synthesize oligonucleotide primers. 
This choice is made due to the high (83%-99%) stability 
of  this region in various viral isolates (the sensitivity was 
as high as 200 copies/mL).

Further investigations indicated that there might 
be false negative results in the testing of  some samples 
despite the fact that the latter contained the virus. By 
taking this into account, primers with the information 
coded in the 5'-untranslated region (the sensitivity was 
as high as 100 copies/mL) came into additional use for 
the designing of  diagnostic kits[10]. The above primer 
kits had a high sensitivity, but also a rather high level of  
errors due to the incomplete conservatism of  respective 
viral RNA regions.

An alternate primer kit for the region coding for E2 
has been developed. These primers had 100% specificity 
for this RNA region; however, their sensitivity was not 
greater than 76.6%. Recent investigations propose the 
use of  the two different primer kits (for viral RNA NS3, 
NS5A, 5'UTR, or E2 regions) for the accurate diagnosis 
of  GBV-C RN[21].

GBV-C RNA has been detected in hepatocytes[19,20,22], 
peripheral blood lymphocytes and monocytes[23,24], 
vascular endothelial cells[25], and other tissues[7]. GBV-C 
viremia may persist for a few years. The infection is 
accompanied by the formation of  specific antibodies 
against the envelope protein E2 (anti-E2). These 
antibodies have a long survival and may prevent the 
body from reinfection.

An enzyme immunoassay has been developed to 
detect serum GBV-C antibodies. The envelope E2 
antigen (glycoprotein) was used as a viral antigen. 
Analysis of  the sera from healthy individuals and 
patients with hepatitis demonstrated that most anti-
E2-positive sera were GBV-C RNA negative, which 
enabled anti-E2 to be regarded as a marker of  previous 
infection[8,26-28]. As a rule, GBV-C antibodies and RNA 
are not simultaneously encountered in a patient despite 
the fact that HCV, the nearest relation of  GBV-C, is 

typified by this an inverse correlation between anti-E2 
and viremia. The presence of  serum viral RNA is also 
indicative of  continuing infection so is that of  E2 
protein antibodies for clearance of  viral particles from 
the patient’s body. It has been shown that the production 
of  GBV-C antibodies and the cessation of  viremia in 
most (60%-75%) immunocompetent patients occur 
spontaneously and they are followed by the generation 
of  antibodies to the envelope protein E2[29,30]. Two 
markers (RNA and anti-E2) of  GBV-C have been 
concurrently detected in single studies (in 5% of  cases)[8]. 
The highest detection rates of  GBV-C antibodies are 
observed in individuals aged above 50 years[31,32].

epidemioloGy of GBv-c
Infection with HGV is common in the world. The 
detection rate of  GBV-C in the population averages 1.7%. 
GBV-C, like other parenteral hepatitide viruses, occurs 
universally, but nonuniformly (Table 1)[8,11,33-41].GBV-C is 
detectable in all ethnic groups. Analysis of  the results of  
examining 13 610 blood donors described in 30 reports 
revealed viral RNA in 649 (4.8%) of  cases. These included 
Caucasians (4.5%), Asians (3.4%), and Africans (17.2%)[42]. 
The authors propose to test blood samples due to the 
high risk of  infection with GBV-C[42,43].

An investigation of  the prevalence of  HGV among 
north-eastern Thai blood donors carrying HBsAg 
and anti-HCV revealed the high frequency of  GBV-C 
RNA (10% and 11%, respectively) in the co-infected as 
compared with the controls (0%)[44].

The development of  an anti-E2 detection method 
has promoted a complete definition of  the prevalence 
of  GBV-C. E2 antibodies are several times more 
frequently detectable than RNA in blood donors  
(Table 2)[8,33,38,40,41,45]. 

GBV-C is a parenterally transmitted infection[28-30]. 
The first verification of  this fact were the experiments 
dealing with inoculation of  primates with the blood 
of  the surgeon who fell ill in 1966[2]. Cases of  acute 
posttransfusion hepatitis along with the enhanced 
activity of  serum aminotransferases and the detection 
of  blood GBV-C RNA in the absence of  other markers 
of  viral hepatitides has been documented[3,31,32]. Indirect 
evidence that HGB is parenterally transmitted lies in 
its more frequent detection in the groups at higher risk 
for infection with hepatitis viruses by similar routes 
of  transmission (Table 3)[8,11,34,36,38,41,46-51], as well as the 
increased risk for infection in patients treated with 
multiple hemodialysis procedures and higher units of  
transfused blood products[33-35].

Authors, year, country GBV-C RNA (%)
Jarvis et al, 1996, United Kingdom[33]             3.2
Alter et al, 1997, USA[34]             1.7
Mikhailov, 1997, Russia[11]             3.3
de Lamballerie et al, 1997, Belgium[35]             1.1
Lefrere et al, 1997, France[36]             4.2
Guilera et al, 1998, Spain[37]             3.0
Masuko et al, 1996, Japan[38]             0.9
Novikov, 2000, Russia[8]             3.2
Kalkan et al, 2005, Turkey[39]             4.1
Mastouri et al, 2005, Tunis[40]             5.3
Grabarczyk et al, 2006, Poland[41]             3.2

Table 1  Detection rate of GBV-C RNA in blood donors

Authors, year, country Anti-E2 (%)
Jarvis et al, 1996, United Kingdom[33]        3.0
Masuko et al, 1996, Japan[38]        4.9
Bouchardeau et al, 2000, France[45]      42.1
Novikov, 2000, Russia[8]      13.7
Mastouri et al, 2005, Tunis[40]        4.9
Grabarczyk et al, 2006, Poland[41]      23.6

Table 2  Detection rate of anti-E2 in blood donors
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The use of  infected blood and its products promotes 
the prevalence of  HGV. In the USA, 18%-20% of  all 
blood preparations are infected with GBV-C, of  them 
plasma being in 33%-84%[33]. In the United Kingdom, 
94%-100% of  coagulation factor Ⅷ-Ⅸ preparations 
are infected with this virus[34]. Despite the fact that this 
persistent infection is present in a considerable number 
of  healthy blood donors and in more than 35% of  
the human immunodeficiency virus (HIV)-infected, 
the world food and drug administration considers it 
unnecessary to recommend donor blood to be tested for 
serum GBV-C RNA.

There may be a sexual transmission in hepatitis G, 
as in hepatitis B and C. This is evidenced by the high 
detection rate of  GBV-C RNA in homosexuals and 
prostitutes: 13.4%-63.0%[48,52] and 13.9%-24.8%[48,53], 
respectively. Yeo et al[54] studied sexual transmission 
risk in 161 hemophilic patients. 21% of  the females in 
sexual contact with them were found to be GBV-C RNA 
seropositive. The more frequent detection of  markers 
of  GBV-C in persons at increased risk for sexually 
transmitted diseases is also indirect evidence for its 
sexual transmission. Wachtler et al[31] revealed HGV RNA 
in 27% and anti-E2 in 35% of  the HIV-infected, while 
in the control group these were 2% and 6%, respectively.

The vertical transmission of  GBV-C from infected 
mother to infant may now be considered proven[36,55-57]. 
There may be intranatal infection of  a baby at delivery 
by the maternal passage, as confirmed by the data on a 
significant reduction in the infection rates of  neonates 
after cesarean section of  their mothers[55]. There is also 
postnatal GBV-C infection. On examining 288 mothers, 
Lefrere et al revealed that 89% of  the GBV-C-positive 
babies were infected at 3 mo after birth[36].

The level of  viremia is a factor that is of  importance 
in the transmission of  the virus. By following up 24 babies 
born to mothers with a GBV-C RNA level of  more than 
106 copies/mL, Ohto et al revealed GBV-C in 23 (96%) 
of  them. The viremia index in the mothers whose babies 
proved to be infected was significantly higher than that in 
those whose babies were seronegative (P < 0.001). Most 

babies had no clinical or biochemical signs of  liver disease 
despite one-year HGV persistence[58]. In the opinion of  
Wejstal et al, the vertical transmission of  GBV-C amounts 
to 75%-80% of  cases and that of  HCV is 2.8%-4.2%  
(P < 0.001)[56]. The frequent maternal-infant transmission 
of  GBV-C may account for the high prevalence of  the 
virus among the adult population at low risk of  parenteral 
and sexual transmissions. The detection of  GBV-C 
increases with age. HGV was detectable in 9% and 28.6% 
of  the children under 15 years and above 16 years of  age, 
respectively[59].

GBv-c tropism
GBV-C predominantly replicates in peripheral blood 
mononuclear cells, mainly in B and T (CD4+ and CD8+) 
lymphocytes and bone marrow[23-25,60]. The mechanism 
responsible for the development of  GBV-C-induced 
hepatitis is not clear so far. Despite the described cases of  
acute and chronic hepatitis G, its hepatotropicity remains 
controversial. Table 4[11,27,28,61-74] shows data that both 
confirm and rule out viral tropism to liver tissue.

Viral hepatotropicity is supported by the detection of  
GBV-C RNA in hepatocytes and by the development of  
acute and fulminant hepatitis following the transfusion 
of  infected blood and its products. Lang et al reported 
interesting data on the immunohistochemical detection 
of  GBV-C NS5 Ag in the liver biopsy specimens taken 
from patients with various liver diseases[68]. Like RNA-
containing HCV, GBV-C does not integrate into the 
genome of  an infected cell, but it is located in its 
cytoplasm and the “positive” cells are diffusely arranged. 
The indirect evidence for the liver tissue GBV-C 
replication is a considerable reduction in the serum 
content of  viral RNA after liver transplantation (12.4 ± 
3.9 × 107 copies/mL vs 2.8 ± 0.7 × 107 copies/mL)[69].

Primary replication of  HGV in the hepatocytes 
has been questioned. Thus, the level of  GBV-C RNA 
in the serum was higher than that in the liver tissue 
(there is an inverse correlation for HCV). In a third 
of  serum-positive patients, RNA was undetectable in 

Authors, year, country Risk group GBV-C RNA (%)

Mazuko et al, 1996, Indonesia[38] Patients on hemodialysis             55
Alter et al, 1997, USA[34] Patients on hemodialysis             20
Miklhailov, 1997, Russia[11] Drug abusers             35
Karayiannis et al, 1997, United Kingdom[46] Patients with hemophilia             14

Recipients of immunoglobulins               5.4
Drug abusers             13.5

Martin et al, 1999, USA[47] Patients on hemodialysis             17.1
Rubio et al, 1997, Germany[48] Patients on hemodialysis               5

Renal or hepatic posttransplantation patients             14-20
Patients on hemodialysis               5

Lefrere et al, 1997, France[36] Patients on hemodialysis             57.5
Miyakawa et al, 1997, Japan[49] Patients on hemodialysis               3.1

Patients on intravenous drug injection             16
Novikov, 2000, Russia[8] Patients with hemophilia             28
Kumar et al, 2005, India[50] Patients on hemodialysis               6
Kachko et al, 2005, Russia[51] Drug abusers             25
Grabarczyk et al, 2006, Poland[41] Patients on hemodialysis             23.7

Table 3  Detection rate of HGV RNA in high infection-risk groups

www.wjgnet.com

4728    ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol    August 14, 2008    Volume 14     Number 30



the hepatocytes despite the fact that tissue had been 
repeatedly taken from different lobes of  the liver[73]. A 
study of  liver biopsy specimens from 12 GBV-C-positive 
patients revealed no RNA “minus” strand responsible 
for replication and a RNA “plus” strand only in half  
the patients with low titers, which may be indicative of  
GBV-C contamination from blood. Laskus et al reported 
similar results investigating liver tissue and sera from 10 
patients co-infected with HCV and GBV-C[74].

After establishing that the hepatotropicity of  GBV-C 
was low, the next stage of  elucidating the pathogenicity 
of  the virus was to study its tropism to other tissues. 
Handa et al determined the presence of  a RNA-“minus” 
strand in the vascular endotheliocytes[25]. In the authors’ 
opinion, isolation of  GBV-C RNA from a liver biopsy 
specimen may reflect viral replication in the endothelium 
of  the vessels located in the liver[25]. Tucker et al reported 
the detection of  RNA “plus” strands in all 23 study 
organs taken for analysis from GBV-C-infected patients 
who had suddenly died[7]. However, both RNA strands 
were found only in the spleen and bone marrow.

The comparison of  nucleotide sequences in the E2-
region and the lack of  occurrence of  mutant viral forms 
during antiviral therapy with interferons suggested 
that the mechanisms that are responsible for persistent 
infection are different from those for HCV. Thus, during 
2-year follow-up, the average amino acid sequence 
replacement in the E2-region was 100 times lower in 
GBV-C than in HCV[75]. Investigations indicated that 
viremia in GBV-C-infected patients was low and equal to 
103-104 copies/mL[76]. It has been suggested that the viral 
particles that are present in the blood use low-density 
lipoprotein receptors for penetration into the target cell 
and generate lipid complexes similar to those seen for 
HCV particles. An experiment was made on cultured 
peripheral blood mononuclear cells (PBMC)[60,77].

GBV-C may replicate in PBMC and interferon-
resistant Daudi cells[60]. Experiments were carried out 
to inoculate human PBMC lines and hepatocytes with 
GBV-C RNA in vitro. The same lines were infected with 
HCV as a control. These experiments demonstrated that 
GBV-C replicates only in CD4+ cells[60,78]. Studies of  
cells from different organs of  GBV-C-infected patients 
were conducted in parallel. They also detected traces of  
RNA “minus” strand virus. Thus, the in vitro and in vivo 
studies provide evidence that PBMC are the primary site 
of  GBV-C replication.

The contribution of  not only the immune system, 

but also genetic predisposition to prolonged viral 
circulation is suggested. HLA typing in GBV-C-
infected patients with hemophilia showed that 22% of  
the RNA-positive patients and 72% of  the anti-E2-
positive patients had HLA DQ7, HLA DR15 and HLA 
DR8. There is also evidence for low content of  CD4+ 
and the high level of  CD8+ lymphocytes in anti-E2-
positive patients, which makes it possible to predict 
GBV-C clearance[79].

HGV replication in peripheral blood monocytes 
and lymphocytes, and the spleen and bone marrow, 
combined with long viral persistence suggest that 
GBV-C replicates predominantly in the hematopoietic 
system. On examining 44 patients with non-Hodgkin’s  
lymphoma, African et al revealed markers of  HCV 
infection in 5% of  cases[80]. None of  them was found to 
have HGV RNA. However, meta-analysis of  178 cases 
of  non-Hodgkin’s lymphoma and 355 healthy volunteers 
indicated GBV-C RNA in 8.4% (15/176) and 0.8% 
(3/355) of  the examinees, respectively, which points 
to the high risk of  HGV in patients with lymphoma[81]. 
There is evidence for the frequent detection of  GBV-C 
RNA in patients with leukemia as compared to those 
with myeloproliferative diseases[82]. Crespo et al reported 
the development of  aplastic anemia in a 24-year-old male 
patient with acute hepatitis G[83]. Frequent transfusions 
in these patients may be one of  the causes of  HGV 
infection.

There are higher detection rates of  GBV-C RNA 
(11%) and anti-E2 (17%) in autoimmune hepatitis than 
in the control group (2%)[84]. Heringlake et al revealed 
serum GBV-C RNA in 6.7%, 10.0% and 12.5% of  the 
patients with types Ⅰ, Ⅱ and Ⅲ autoimmune hepatitis, 
respectively[85]. GBV-C is typified by a long-term (as long 
as 16 years) persistence in human blood[86].

clinical manifestations of GBv-c
The clinical picture of  GBV-C infection is commonly 
similar to that of  the subclinical and anicteric types 
of  hepatitis with normal or low aminotransferase 
act iv i t ies [87].  GBV-C-assoc ia ted hepat i t i s  r uns 
with normal biochemical parameters in 75% of   
patients[80]. There are reports on the occurrence of  acute  
(Table 5)[62-65,88,89], fulminant[61,90,91] and chronic (mild 
and moderate)[32,76,92,93] hepatitis and hepatic fibrosis[27,86]. 
Some author’s note the younger age of  the GBV-C-
infected[28,37,93]. The incubation period of  acute viral 

Hepatotropicity No hepatotropicity 

Detection of GBV-C RNA in the sera of patients with 
acute hepatitis non-A-non-E[61-66] 

The equal detection rate of GBV-C RNA in donors with 
normal and increased alanine aminotransferase activities 
(1.7 and 1.5%, respectively)[70] 

Histological pattern of hepatitis in 
GBV-C infection[27,28,66,67]

Normal aminotransferase activity values in the presence 
of GBV-C RNA[11,71]

Detection of GBV-C RNA and NS5 Ag in the liver tissue[68] No correlation between the level of GBV-C RNA and 
the activity of alanine aminotransferase[72]

A significant reduction in the serum level of GBV-C 
RNA after liver transplantation[69]

The level of GBV-C RNA in the liver tissue is lower than 
that in the serum[73,74]

Table 4  Data on the hepatotropicity of GBV-C
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hepatitis G averages 14-20 d. The outcome of  acute 
hepatitis may be: (1) recovery with the disappearance 
of  serum GBV-C RNA and the emergence of  anti-E2; 
(2) development of  chronic hepatitis (CH) with serum 
GBV-C RNA being persistently detectable; (3) presence 
of  GBV-C RNA without biochemical or histological 
signs of  liver disease.

The alanine aminotransferase (ALT) activity in 
GBV-C unlike HCV, does not correspond to the degree 
of  viremia and the severity of  hepatic histological 
changes. By examining 1075 patients with isolated 
hypertransaminasemia for 6 mo, Berasain et al revealed 
GBV-C RNA in 74 (6.9%) patients[94]. Only one (0.09%) 
patient was monoinfected. There is also evidence for two-
fold increases in the activity of  alkaline phosphatase (AP)  
and γ-glutamyl transpeptidase (γ-GTP) in GBV-C 
positive patients[95].

HistoloGical cHanGes
Fibrosis of  the portal tract without lymphoid-cell 
infiltration[96], steatosis and insignificant inflammatory 
infiltration of  the portal tract[67,97,98] were detectable in 
isolated persistent GBV-C infection. The histological 
activity index in patients infected with GBV-C alone was 
observed to be much lower than that in patients with 
HCV+GBV-C or HCV[37,99,100]. In GBV-C monoinfected 
patients, moderate or mild focal portal hepatitis was 
prevalent with slight periportal infiltration and lobular 
components being found in single cases. The bile tract 
displayed epithelial fragmentary swelling and flattening 
and no nuclei in some epitheliocytes. Some bile ducts 
demonstrated partially desquamated epithelium in the 
case of  higher activities[99,101].

Intraoperative biopsies from GBV-C positive patients 
with cholelithiasis who were monoinfected with GBV-C, 
indicated that they had mild chronic hepatitis and, in 
some cases, viral RNA in the liver tissue and gallbladder 
mucosa. It is suggested that GBV-C may play a role in 
the production of  lithogenic bile and in the development 
of  cholelithiasis[102].

Coinfection of  HGV with hepatitis B, C, and 
D viruses is significantly more frequently detected 
than monoinfection[103]. In patients with acute viral 
hepatitis A (HAV), -B (HBV), -C (HCV), the detection 
rate of  GBV-C RNA was 2.9%-25%, 19%-32%, 
and 20%-48.3%, respectively[88,89]. GBV-C RNA was 
detectable in 8%-16% of  patients with chronic hepatitis 
(CH) B[30,77,100], 5.6%-21% of  CH C[30,77,100], and 58% of  

CH B+D[98]. No differences were found in the clinical 
manifestations (including those in the chronic pattern 
and outcome) of  the disease, biochemical parameters, or 
the severity of  hepatic histological changes in patients 
with HBV and/or HCV as compared in those with 
HBV+GBV-C and/or HCV+GBV-C[104-106]. Patients 
with CHC alone and in combination with HGV have 
been meticulously examined. By examining 420 patients, 
Tanaka et al revealed a higher ALT activity in the group 
of  patients coinfected with HCV and GBV-C than in 
those infected with HCV[107].

By comparing histological changes in the liver 
tissue of  patients with HCV and HCV + GBV-C, 
Moriyama et al detected more significant bile duct 
damages, perivenular and pericellular fibrosis in the latter 
group[108]. These data were supported by the examination 
of  312 patients with CH[99]. Of  them 28 (9%) patients 
were found to have RNA for HCV and GBV-C. 
Complaints and clinical symptoms did not differ in the 
groups of  patients with HCV and HCV+GBV-C. There 
was no evidence for the impact of  HGV on the clinical 
manifestations and the course of  concomitant HCV 
infection. However, analysis of  liver tissue morphological 
changes in patients coinfected with HCV and GBV-C 
revealed slightly more frequent epithelial damage in the 
bile duct (89%) than in those infected with HCV (67%), 
which manifested itself  as lysis of  the epitheliocytic 
nuclei, as well as flattening, destruction, and swelling of  
the epithelium and its lymphocytic infiltration.

Whether GBV-C influences the course of  CHC and 
whether therapy with interferon is effective are currently 
being discussed. Most studies demonstrate no differences 
in the clinical course of  the disease, biochemical 
parameters, or the magnitude of  hepatic histological 
changes in both HCV alone and in combination with 
GBV-C[109-111]. A study for the therapy of  HGV is based 
on the evaluation of  interferon treatment in patients 
coinfected with HCV+GBV-C. HGV was ascertained 
to be sensitive to interferon. Administration of  
α-interferon (α-IFN) to patients at a dose of  3 000 000 
IU thrice weekly for 6 mo resulted in ALT activity 
normalization and serum GBV-C RNA clearance in 
18%-40% of  the patients treated with α-IFN[112,113]. Six 
months after termination of  a course of  therapy, there 
were persistent biochemical and virological responses 
in 55%-57% of  patients[114]. The therapeutic efficiency 
was observed to depend on baseline GBV-C RNA 
levels. The patients who had a low RNA titer (mean,  
3.3 × 105 copies/mL) more frequently responded to 
the therapy than those who had a higher one (mean, 
3.5 × 108 copies/mL)[104,109]. There is now a prevailing 
opinion that GBV-C has no impact on the efficiency 
of  α-interferon treatment for chronic hepatitis C[114,115]. 
At the same time some investigations suggest that 
the therapy causes more frequent adverse reactions 
in patients with HCV+GGV-C and that after its 
termination, this group of  patients has a higher 
histological activity index[116,117]. 

The implications of  HGV for the development of  
chronic liver diseases has not been appraised to date. 

Authors, year, country Number of patients GBV-C RNA (%)

Alter et al, 1997, 
United Kingdom[62] 45 9.0

Romano et al, 2000, Italy[63] 98 3.1
Chu et al, 1999, Taiwan, China[64] 53 3.0
Parana et al, 1999, Brazilia[65] 25 16
Yashina et al, 1997, USA[88] 28 3.6
Uchaikin et al, 2000, Russia[89] 35 5.7

Table 5  Detection rate of GBV-C RNA in acute nonA-nonE 
hepatitis
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As for GBV-C infection, investigators could not trace 
the clinical stages characteristic of  HBV and HCV: 
acute hepatitis-chronic hepatitis-liver cirrhosis (LC)-
hepatocellular carcinoma (HCC). A long-term (less than 
16 years) follow-up of  patients permitted discussion only 
of  the likelihood of  development of  chronic hepatitis. 
GBV-C RNA was detectable in 8%-25.4% of  patients 
with chronic hepatitis non-A-non-E[118], 6%-15% of  
patients with cryptogenic liver cirrhosis[119,120], and 
3.1%-8.3% with HCC[121,122].

The similarity of  the properties of  GBV-C and 
HCV offers a possibility of  using HGV and its induced 
experimental infection as a model to study hepatitis C. 
Unlike hepatitis C, hepatitis G infection may be modeled 
in nonhuman primates, which considerably reduces 
the cost these studies that are in great demand for the 
designing of  hepatitis C vaccine. 

Unexpected results were obtained while studying the 
impact of  GBV-C on the course of  HIV infection[123,124]. 
Co-infection with GBV-C in the HIV-infected was 
established to cause a reduction in mortality rates and 
better clinical parameters of  infection. Furthermore, 
the efficiency of  high-activity antiretroviral therapy 
significantly increased. The positive effect of  GBV-C 
is accounted for by the fact that the envelope proteins 
of  this virus bind CD8l+ on T cells and induce dose-
dependent secretion of  RANTES (regulated on 
activation, normal T-cell expressed and secreted), 
the natural ligand that binds CCR5 on the target cell, 
thereby blocking the penetration of  HIV[21,125]. In vitro 
studies showed an increase in the expression of  the 
chemokines-RANTES, macrophage inflammatory 
proteins (MIP-1α, MIP-1β), and stromal-cell derived 
factor (SDF-1) in the blood of  patients. There was also 
a reduction in the expression of  CCR5 onto the surface 
of  GBV-C-infected cells. All these factors may provide 
indirect evidence for the diminished sensitivity of  GBV-
C-infected cells to HIV[125-127].

A review of  available data in the literature and the 
authors’ own data suggest that the new HGV discovered 
in the late 1990s has been rather well studied. The 
structure of  the virus is almost completely known; 
its genotypes have been ascertained; its prevalence 
(epidemiology) shown and the clinical picture of  the 
disease, routes of  viral transmission, and the types 
of  coinfection described. The predominant site of  
replication of  the virus in the blood mononuclear cells, 
spleen, and bone marrow has been indicated. The lack 
of  hepatotropicity of  virus G (which is rarely detected 
in the the liver), its frequent detection in the body 
and tissues of  a patient without any clinical signs of  
hepatitis, and clinical improvement in the HIV-infected 
patients coinfected with GBV-C cast doubt on the 
appropriateness of  the concept “viral hepatitis G”. The 
interest shown in HGV is likely to be associated with the 
similarity of  its properties to those of  HCV.
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Abstract
Acute pancreatitis (AP) causes release of platelet-
activating factor (PAF), which induces systemic 
effects that contribute to circulatory disturbances and 
multiple organ failure. PAF is a cell surface secretion 
of bioactive lipid, which could produce physiological 
and pathological effects by binding to its cell surface 
receptor called platelet-activating factor receptor 
(PAF-R). Studies showed that PAF participates in the 
occurrence and development of AP and administration 
of platelet-activating factor receptor antagonists  
(PAF-RAs) could significantly reduce local and systemic 
events after AP. PAF has also been implicated as a 
key mediator in the progression of severe AP, which 
can lead to complications and unacceptably high 
mortality rates. Several classes of PAF-RA show PAF-
RAs significant local and systemic effects on reducing 
inflammatory changes. As a preventive treatment, 
PAF-RA could block a series of PAF-mediated  
inflammatory injury and thus improve the prognosis of 
AP. This review introduces the important role of PAF-RA  
in the treatment of AP.
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INTRODUCTION
Acute pancreatitis (AP) is a kind of  inflammatory 
disease that can develop into severe acute pancreatitis 
(SAP). SAP refers to AP associated with organ 
failure and/or local complications such as necrosis, 
pseudocyst or abscess[1]. The overall mortality of  SAP 
has decreased in recent years to around 15%-20%[2]. A 
variety of  inflammatory mediators play a crucial role 
in AP. Synthesis of  platelet-activating factor (PAF) 
is sensitive to biologically active mediators seen in 
many inflammatory processes, which could produce 
physiological and pathological effects by binding to 
its cell surface receptor called platelet-activating factor 
receptor (PAF-RA). PAF significantly potentiates 
pancreatic tissue damage and increases serum amylase 
and lipase levels, causes scattered haemorrhages and 
may serve as a primary mediator of  inflammation. 
Many identified PAF-RAs exhibit varied structures, 
and interact with the PAF-RA in different ways. It has 
been postulated that these differences could be due to 
conformation changes in the receptor protein itself, by 
G-protein coupling or changes on the cell membrane. 
Several classes of  PAF-RA show significant local and 
systemic effects on reducing inflammatory changes. 
PAF-RAs used as a preventive treatment can block a 
series of  inflammatory injury caused by PAF, thereby 
improving AP prognosis[3]. Research on such as a 
potential therapy has helped to elucidate the role of  PAF 
in AP[4]. Progress in treatment of  AP with PAF-RAs is 
summarized below.

BIOLOGICAL ACTIVITY OF PAF
PAF released by various cells including endothelial, 
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polymorphonuclear, gastrointestinal epithelial cells and 
macrophages, is a potent proinflammatory phospholipid 
mediator that belongs to a family of  biologically active, 
structurally related alkyl phosphoglycerides with diverse 
pathological and physiological effects. These bioactive 
phospholipids mediate such diverse processes as wound 
healing, physiological inflammation, angiogenesis, 
apoptosis, reproduction, long-term potentiation and 
immunoregulatory role[5]. The data suggest that PAF 
enhances PAF-R expression[6,7]. PAF activates multiple 
intracellular signaling pathways by binding to PAF-R. In 
the inflammatory process, the primary function of  PAF 
is to activate the interleukin system in endothelial cells 
to surface rolling, adhesion and through endothelial cells 
to stroma cells. PAF has neurological toxicity[8]. It is also 
involved in etiopathogenesis of  type-1 diabetes[9] and 
liver tissue repair post-acetaminophen treatment[10].

RELATIONS BETWEEN PAF AND AP
In the development of  AP, the pancreas and its 
surrounding tissues secrete digestive enzymes to digest 
their own components, causing acute inflammation. 
AP is divided into acute edema and acute hemorrhagic 
pancreatitis according to its histology and clinical 
manifestations. Acute hemorrhagic pancreatitis is also 
called as severe acute pancreatitis (SAP). Studies found 
that SAP is closely related to neutrophil excessive 
activation and cytokines-mediated cascade of  systemic 
inflammatory response syndrome (SIRS)[11]. The 
considerable release of  PAF and direct or indirect 
systemic response facilitates formation of  SIRS and 
causes circulation dysfunction, resulting in multiple organ 
dysfunction syndrome (MODS)[4]. In vitro experiments 
showed that PAF can stimulate a large number of  
trypsin release[12], while in vivo experiments showed that 
PAF could induce and aggravate AP through injection 
into pancreatic arteries[13]. PAF is increased in pancreas, 
ascites, immune complexes, cerulein and AP induced by 
cows iodine acid salt.

PAF-RA 
PAF-RA can successfully repress the effect mediated 
by PAF in AP. PAF-RAs are divided into five categories 
according to their chemical structure and properties: 
nitrogen heterocyclic compounds (such as WEB2086, 
WEB2170, etc), PAF analogues (such as CV3988, 
SDZ63072, etc), dihydropyridines (such as PCV4233, 
PVA4248, etc), natural medicines (such as BN52021, 
Kadsurenone, etc), and others (such as 52 770 RP, 
TCV309, etc).

PAF-RAs exert their effects by inhibiting the 
activity of  neutrophils and depressing pulp peroxidase, 
competing targets with PAF and inhibiting the activity 
of  PAF[14], inhibiting increasing PAF in AP, reducing 
vascular permeability and improving microcirculation 
of  blood flow velocity, reducing plasma cytokines and 
inflammatory mediators, enzyme activity and the role of  
self-digestion of  pancreatic tissue. At present, there are 

several compounds with obvious antagonism of  PAF, 
their chemical codes are BN52021, WEB2170, TCV309, 
WEB2086 and BB882 (1exipafant), which can reduce the 
inflammatory response and significantly affect local and 
systemic status in AP.

WEB2170
WEB2170 is a nitrogen heterocyclic compound. 
Nitrogen binds to the receptor through the hydrogen 
bond, facilitating the activity of  PAF-RAs, thus reducing 
the NO production by liver cells in pancreatitis. PAF is 
likely to be the main contributing factor for endotoxin 
effect. WEB2170 can significantly reduce intestinal 
necrosis mediated by lipopolysaccharide (LPS)[15] and 
WEB2170 does not affect the TNF levels[16]. WEB2170 
can reduce vascular permeability and infiltration of  
neutrophils and macrophages.

WEB2086 (Apafant) can inhibit angiogenesis in 
atherosclerotic plaque[17]. Oral WEB2086 can elevate low 
blood pressure induced by PAF.

TCV309
TCV309 is an important PAF antagonist, which can 
inhibit the biological activity of  PAF both in vivo and 
in vitro. Oral TCV309 can significantly reduce the 
concentration of  neutrophil chemokine, but does 
not lead to significant changes in amylase[18]. TCV309 
has more advantages than PAF analogues in avoiding 
hemolysis and vascular injury when the inhibitory activity 
of  PAF binding to its receptor is higher. In addition to 
injection, TCV309 can be taken orally.

Lexipafant
Lexipafant has entered clinical trials. Lexipafant is a 
molecule specifically designed to bind to PAF-R[4] and 
an imidazole derivative of  heterocyclic sp2 nitrogen 
compounds and has been shown to be considerably 
more potent than other PAF receptor antagonists with 
a much greater affinity than PAF itself  for its binding to 
human platelet PAF-R.

Lexipafant can prevent liver ischemia/reperfusion 
injury[19] and reduce the severity of  inflammatory 
response to liver injury induced by bile duct ligation in 
rats[20], leading to impairment of  AP endothelial barrier 
function, leukocyte accumulation and IL-1 level in the 
pancreas[21]. Treatment of  pancreatitis with lexipafant 
reduces the severity of  pancreatitis-associated intestinal 
dysfunction, systemic IL-1 concentration and local 
leukocyte recruitment[22].

Animal experiments showed that lexipafant improves 
inflammation of  AP[23]. Lexipafant treatment can 
improve acute necrotizing pancreatitis caused by bacteria 
shift[24]. In clinical trails, it was shown that lexipafant could 
reduce the morbidity and mortality of  acute pancreatitis, 
but may not reduce the morbidity and mortality of  severe 
acute pancreatitis. Further investigation is expected about 
the effect of  lexipafant[25].

Vincent et al[26] also claimed that there is no difference 
in survival, hemodynamics, respiratory function and 
MOF score between treatment with lexipafant and 
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placebo. Johnson et al[27] used lexipafant intervention 
therapy to study 290 cases of  AP patients and found that 
the organ failure scores of  AP are significant reduced, 
suggesting that lexipafant cannot change the SAP organ 
failure process in patients. Further study is needed to 
observe the effect of  lexipafant. 

BN52021
BN52021 is a terpenoid extracted from Ginkgo biloba 
leaves. In 1988, Jancar found that treatment of  AP in 
immune-complex-induced mouse model with BN52021 
could significantly relieve edema of  pancreas[28]. Since 
BN52021 competitively inhibits the binding to PAF and 
its platelet receptor, PAF cannot activate phospholipase 
C through G-protein transduction, adenosine cyclase 
and tyrosine protein kinase, thereby blocking the 
PAF receptor signal transduction and the biological 
effects of  PAF. BN52021 exerts its biological effects 
by competitively inhibiting the expression of  PAF and 
PAF-R rather than by decreasing the expression of  PAF 
receptor in pancreatic tissues[29]. BN52021 is a non-
competitive GABA receptor antagonist[30] and inhibits 
gene transcription of  adrenal peripheral benzodiazepine 
receptor and synthesis of  steroids[31].

BN52021, a most promising PAF-R antagonist, can 
effectively inhibit PAF-induced neutrophil chemotaxis, 
adhesion, aggregation and other inflammatory factors, 
thus reducing inflammation injury. BN52021 significantly 
reduces the mortality of  AP, prolongs the average 
survival time, maintains a lower serum amylase activity, 
reduces pancreatic injury as well as Ca2+ content and 
malondialdehyde (MDA) level and superoxide dismutase 
(SOD) activity in pancreatic tissue. Bedirli et al [32] 
reported that BN52021 can inhibit intestinal bacterial 
shift to the pancreas. BN52021 protects the stability 
of  macrophage membrane against lysis[33]. PAF may 
play an important role in liver injury and regeneration. 
Ginkgolide B attenuates liver damage, thus improving 
liver function following acetaminophen intoxication[34].

To sum up, BN52021 has a wide range of  pharma-
cological effects. Currently, pharmacology of  BN52021 
mainly focuses on the PAF-R antagonists. Whether other 
mechanisms of  BN52021 exert effects through different 
pathways is worthy of  further study.

CONCLUSION
Progress has been made in research about the therapy 
for AP, especially for SAP, with PAF-RA. However, 
there is still a long way to go. Further study is needed to 
confirm the encouraging results obtained from animal 
experiments and find other key inflammatory mediators 
in the pathogenesis of  AP.
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Abstract
AIM: To detect the nuclear factor kappa B (NF-
κB) condition in human stage Ⅳ gastric carcinoma 
patients and to explore the correlation between NF-
κB activation and survival of these patients after 
chemotherapy. 
METHODS: Expression of NF-κB-p65 was determined 
by immunohistochemical analysis. Activity of NF-
κB DNA-binding in carcinoma tissue was detected 
by electrophoretic mobility shift assay. Kaplan-Meier 
survival analysis was performed to show the relation 
between NF-κB and progression-free survival (PFS) or 
overall survival (OS) of the patients. 
RESULTS: The positive expression rate of NF-κB-p65 
in 60 gastric cancer tissue samples was 76.7% 
(46/60). The expression of NF-κB-p65 was reduced 
in adjacent carcinoma and normal tissue samples. 
Electrophoretic mobility shift assay (EMSA) analysis 
showed a strong activation of NF-κB in cancer tissue 
samples. A survival difference was found in NF-
κB-p65 positive and negative patients. NF-κB-p65 
expression was negative in cancer tissue samples 
(n  = 14). PFS was 191.40 ± 59.88 d and 152.93 ± 
16.99 d, respectively, in patients with positive NF-
κB-p65 expression (n  = 46) (P  = 0.4028). The 

survival time of patients with negative and positive 
NF-κB-p65 express ion was 425.16 ± 61.61 d 
and 418.85 ± 42.98 d, respectively (P  = 0.7303). 
Kaplan-Meier analysis showed no significant difference 
in PFS or OS. The 46 patient tissue which positive NF-
κB-p65 expression was found in the tissue samples 
from the 46 patients whose PFS and OS were 564.89 
± 75.94 d and s 352.37 ± 41.32 d, respectively (P  = 
0.0165). 
CONCLUSION: NF-κB is activated in gastric carcinoma 
tissue, which is related to the OS after chemotherapy. 

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Nuclear factor kappa B (NF-κB) contributes to cell 
differentiation, proliferation, and death, as well as plays a 
prominent role in the immune response of  mammals[1]. 
It consists of  homodimers or heterodimers of  the 
Rel family members: NF-κB1 (p50), NF-κB2 (p52), 
c-Rel, RelA (p65), and RelB[2]. The ability of  NF-κB 
to suppress apoptosis and regulate cell-cycle transition 
indicates that NF-κB may participate in oncogenesis[3]. 

There is evidence that NF-κB level is higher in gastric 
carcinoma cells than in normal adjacent epithelial cells, 
and activation of  NF-κB in gastric carcinoma is related 
to lymphatic invasion[4]. It was reported that patients 
with high NF-κB activation in carcinoma tissue would 
not survive as long as those with low NF-κB activation[5], 
and p65, but not NF-κB, is a prognostic indicator of  
gastric carcinoma[5]. It was also reported that NF-κB is 
frequently activated in the early-stage gastric carcinoma, 
and negatively associated with lymphatic invasion, but 
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significantly associated with a better prognosis[6]. 
Although NF-κB is activated in human gastric 

carcinoma tissue, there is no evidence that NF-κB 
activation is associated with the clinicopathological 
features of  cancer[6]. Our present study was to detect 
whether NF-κB is activated in human stage Ⅳ gastric 
carcinoma and explore the correlation between its 
activation with the survival of  gastric cancer patients 
after chemotherapy.

MATERIALS AND METHODS
Materials
The criteria for inclusion of  patients in this study were (1) 
those with histologically or cytologically proved gastric 
cancer, (2) those with stage Ⅳ gastric cancer diagnosed 
according to the 2002 American Joint Committee on 
Cancer (AJCC) modified staging criteria, (3) those treated 
in our hospital with follow-up data, (4) those not receive 
chemotherapy prior to admission to our hospital, (5) 
those who received treatment with chemotherapeutics 
FOLFOX or paclitaxel/LV5Fu2 (PLF), (6) those with 
their therapeutic effect divided into complete remission 
(CR), partial remission (PR) and progression of  disease 
(PD). The exclusion criteria for patients from this study 
were those with less than two cycles of  treatment with 
FOLFOX or PLF, those with their therapeutic effect not 
estimate after two cycles of  treatment with FOLFOX 
or PLF, those with stable effect of  chemotherapeutics 
after several cycles of  treatment, those having received 
two cycles of  chemotherapy with FOLFOX and PLF. 
The response evaluation criteria used were the WHO 
and UICC criteria. We collected 60 gastric carcinoma 
samples from the First Affiliated Hospital of  Sun Yat-
Sen University in November 1999-June 2005. The data 
obtained from patients are shown in Table 1. 

Immunohistochemistry for NF-κB-p65 detection  
All samples were fixed with 100 mL/L formalin and 
embedded in paraffin. Each paraffin block was cut into 
5-μm thick sections. Strept Actividin-Biotin Complex 
(SABC) Immunohistochemistr y was perfor med 
according to the manufactures' instructions to detect 
the expression of  NF-κB-p65. Brief ly, the tissue 
sections were deparaffinized in xylene at 37℃ for  
20 min. Endogenous peroxide was blocked by incubating 
the sections with 30 mL/L H2O2 for 10 min at 37℃. 
The sections were incubated with primary antibodies to  
NF-κB-p65 at 4℃ overnight. Staining was visualized 
with diaminobenzidine (DAB) for 10 min at room 
temperature. Finally, the sections were counterstained 
for nuclei with hematoxylin solution. Each section was 
observed microscopically in eight visual fields (× 400 
magnification) and at least 100 cells were counted in 
each field. Positive staining for NF-κB-p65 appeared 
as buffy grains in the nuclei and cytoplasm. A semi-
quantitative method was adopted to judge the results 
as previously described[7]. Immunohistochemistry 
score was calculated by combining an estimate of  the 
percentage of  immunoreactive cells (quantity score) with 

an estimate of  the staining intensity (staining intensity 
score) as follows: no staining as 0, 1%-10% of  cells 
stained as 1, 11%-50% cells stained as 2, 51%-80% cells 
stained as 3, and 81%-100% cells stained as 4. Staining 
intensity was rated on a scale of  0-3, with 0 = negative, 
1 = weak, 2 = moderate, and 3 = strong. The staining 
was evaluated by color intensity and density of  grade 
products as follows: 0-3 = negative (-), > 3 = positive (+). 
All specimens were evaluated by two pathologists without 
any knowledge about the clinical data obtained from the 
patients. Negative control was designed using PBS instead 
of  primary antibody. Adjacent glandular epithelium served 
as an internal positive control of  NF-κB-p65 protein 
expression. 

Electrophoretic mobility shift assay (EMSA) of NF-κB  
Activity of  NF-κB DNA-binding was detected by EMSA 
as previously descried[8] with certain modifications. 
Double-stranded oligonucleotide sequence of  5'-AG
TTGAGGGGACTTTCCCAGGC-3', 5'-GCCTGGG
AAAGTCCCCTCAACT-3', which corresponds to the  
NF-κB binding site, was end-labeled with [γ-32P] ATP 
by T4 polynucleotide kinase (Promega). Labeled probes 
were purified and detected with Whatman DE81（> 
5000 r/min). Nuclear extract (15 μg) was mixed with 5 
× 2 μL binding buffer at room temperature for 10 min, 
then labeled probe (0.0175 pmol) was incubated at room 
temperature for 20 min. The mixture was then subjected 
to electrophoresis on 4% polyacrylamide gel at 150 V in 
0.5 × TBE buffer for 40 min at 4℃. After drying, the 
gel was exposed to an imaging system of  FX P screen 
(Bio-Rad, America) for 24 h. The result was analyzed 
with software Bandscan 4.0 (denary logarithm of  total 
gray value). 

Follow-up methods
All patients were followed up in out-patient clinic, or by 

Table 1  Data obtained from patients in the two treatment 
groups

FOLOFOX  group 
(n  = 44)

PLF group 
(n  = 16)

P  

Sex (male/female)        29/15      11/5 0.547
Age (yr) 51.51 ± 13.10 49.06 ± 12.36 0.521
General state of health 
ECOG patients
   0 score   1   1 0.721
   1 score 32 12
   2 scores 11   4
Primary location
   Cardiac orifice 11   2 0.431
   Stomach 19 12
   Gastric remnant   4   2
Accumulative organs 
   1   3   1 0.1642
   2 23   3
   3 16   8
   > 3   2   4
Pathologic classification
   Moderately-differentiated   9   4 0.691
   Poorly-differentiated 33 12 0.336
   Undifferentiated   2   0 0.132
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telephone or letters, two times each year, until June 4, 
2006. We calculated progression-free survival (PFS) and 
overall survival (OS) rates from the day of  treatment. Life-
table methods were used to estimate PFS and OS[9]. For 
OS, deaths, irrespective of  cause, were coded as events. 
For PFS, an event was defined as relapse, progression, or 
death during the period of  active follow-up. Kaplan-Meier 
curves for PFS and OS were calculated for the subgroups 
with positive or negative NF-κB-p65 staining. In addition, 
other sets of  Kaplan-Meier curves were derived to 
determine the PFS and OS of  patients after FOLFOX 
and PLF therapy when NF-κB-p65 staining was positive. 
To assess variables influencing PFS and OS, univariate 
analysis using log-rank tests and proportional hazards 
models was performed. This study was approved by the 
local human investigation committee. 

Statistical analysis  
Statistical analysis was performed using SPSS 10.0 

software. Significant differences were compared using 
one-way ANOVA test. Chi square test was performed 
for numerical data. Survival analysis was carried out 
using the Kaplan-Meier product-limit method, and 
survival curves were plotted. Differences were evaluated 
by the log rank test. P < 0.05 was considered statistically 
significant.

RESULTS
NF-κB-p65 expression by SABC
The positive expression rate of  NF-κB-p65 in 60 gastric 
cancer tissue samples was 76.7% (46/60). Most positive 
expression of  NF-κB-p65 showed brown-stained signals 
in cell cytoplasm or membrane (Figure 1A-C). Only 
a small amount of  expression was found in the nuclei 
(Figure 1D). The immunohistochemistry score was 7.18 
± 2.72. The expression of  NF-κB-p65 was reduced in 
the carcinoma tissue samples and the expression rate 

A B

C D

E F

Figure 1  Immunohistochemical staining for NF-κB-p65 showing p65 expression in cancer tissue samples but not in adjacent non-neoplastic tissue samples (SABC, × 
100) (A), in gastric adenocarcinoma epithelial tissue samples (SABC, × 200) (B), in intestinal metaplasia samples (SABC, × 200) (C), in nuclei of cancer cells (SABC, 
× 200) (D), and very weak expression of NF-κB-p65 in gastric mucosa samples (SABC, × 200) (E), and in negative control (SABC, × 200) (F).
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was 26.7% (16/60, Figure 1C). Weak expression of  
NF-κB-p65 was observed in normal tissue samples  
(Figure 1E). The immunohistochemistry score was 1.85 
± 1.29 and 0.17 ± 0.38, for carcinoma and normal tissue 
samples, respectively (P < 0.00001). No stained signal was 
detectable in negative control (Figure 1F).

EMSA for NF-κB
Nuclear extracts from normal, moderately- and poorly-
differentiated gastric carcinoma tissue samples were 
analyzed by EMSA, which showed a strong activation of  
NF-κB in cancer tissue samples (Figure 2). 

Different survival time of positive and negative NF-κB-p65
patients
We analyzed PFS and OS using the Kaplan-Meier 
method. The results showed that the expression of  
NF-κB-p65 was negative in cancer tissue samples 
(immunohistochemistry score ranged from 1 to 3 scores, 
n = 14) and PFS was 191.40 ± 59.88 d (95% CI = 74.04 
- 308.76), while it was positive in adjacent and normal 
tissue samples (immunohistochemistry score > 3, n = 
46) and PFS was 152.93 ± 16.99 d (95% CI = 119.62 - 
186.24). The survival time of  patients with negative and 
positive expression of  NF-κB-p65 was 425.16 ± 61.61 d 
(95% CI = 304.41 - 545.92) and 418.85 ± 42.98 d (95% 
CI =  334.62 - 503.08) , respectively.

Different survival time of patients after treatment with
FOLFOX and PLF   
Kaplan-Meier analysis showed that the PFS time 
of  patients after treatment with PLF and FOLFOX 
was 135.79 ± 15.09 d (95% CI = 106.22 - 165.35) 
and 183.08 ± 30.97 d (95% CI = 122.37 - 243.78), 
respectively. The OS time of  patients after treatment 
with PLF and FOLFOX was 539.51 ± 69.82 d (95% 
CI = 402.66 - 676.35) and 363.12 ± 35.70 d (95% CI = 
293.15 - 433.09), respectively. There was no significant 
difference in PFS or OS time of  patients after treatment 
with FOLFOX and PLF (P = 0.2931 and P = 0.0548, 
respectively). The NF-κB-p65 expression was positive 
in the tissue samples from 46 patients. PFS time of  
patients with positive p65 expression was 132.60 ± 16.62 
d (95% CI = 100.03 - 165.17) and 163.64 ± 23.99 d (95% 
CI = 116.62 - 210.65), respectively, after treatment with 

PLF and FOLFOX (P = 0.2407). However, the OS time 
of  patients with negative p65 expression was 564.89 
± 75.94 d (95% CI = 416.04 - 713.74) and 352.37 ± 
41.32 d (95% CI = 271.38 - 433.36), respectively, after 
treatment with PLF and FOLFOX (P = 0.0165). Their 
survival cure is shown in Figure 3. 

DISCUSSION
NF-κB plays a role in oncogenic transformation. v-Rel, 
a highly oncogenic retroviral homologue of  c-Rel, causes 
carcinogenesis in avian lymphoid cells[3,10]. Inhibition of  
NF-κB, by over expression of  a degradation-resistant 
IκB, delays the development of  T-cell lymphomas and 
prolongs the survival of  v-Rel transgenic mice[3,10]. 
Chromosomal alterations in NF-κB family genes 
provide additional evidence for the role of  NF-κB 
in oncogenesis. It has been demonstrated that genes 
encoding c-Rel, NF-κB2 (p100/p52), p65/RelA, and 
Bcl-3 proteins are all located within breakpoint regions 
of  the genome involving oncogenic rearrangements or 
amplifications[3,11]. Indeed, increased NF-κB activity is 
evident in a number of  human cancers, including breast 
cancer, non-small cell lung carcinoma, thyroid cancer, 
T- or B- lymphocyte leukemia, melanoma, colon cancer, 
bladder cancer, and several virus-induced tumors[12]. 

It was reported that NF-κB is constitutively activated 
in gastric carcinoma tissue[4-6,13,14]. The expression rate 
of  NF-κB-p65 in gastric carcinoma is 18%-78.3%, 
which is higher than in normal adjacent epithelial cells. 
Sasaki et al[4] hold that increased NF-κB expression 
is correlated to the clinicopathological features of  
tumor aggression (especially its invasive ability) of  
gastric carcinoma. In the present study, NF-κB-p65 
expression was mainly observed in gastric carcinoma 
cytoplasm with an expression rate of  77.6% (46/60), 
which is consistent with the previously reported 
data[4,14]. Some representative tumor specimens showed 
that p65 staining was increased in nuclei (Figure 1D), 
suggesting that subuint of  NF-κB is translocated 
from cytoplasm to nuclei. We also determined p65 
expression in samples from normal gastric glands and 

1       2        3

NF-κB

Free probe

Figure 2   Images of EMSA. 
Lanes 1-3: NF-κB activity in 
normal, moderately- and poorly- 
differentiated gastric carcinoma 
tissue samples.
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Figure 3  Survival cures for OS time of patients after treatment with PLF and 
FOLFOX. 
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intestinal metaplasia except in cancer tissue samples. 
Weaker staining was found in such tissue samples, 
suggesting that NF-κB activation is associated with cell 
proliferation. EMSA showed that the increased nuclear 
translocation of  NF-κB-p65 showed a higher NF-κB 
DNA-binding activity in differently differentiated 
tumor tissue samples than in adjacent normal tissue 
samples (Figure 2). The NF-κB-p65 expression rate 
is not consistent the previously reported rate[6]. The 
discrepancy might be due to the following reasons. (1) 
The classification reference for positively-stained cells 
might have decreased the expression rate of  NF-κB-p65. 
Lee et al [6] reported that cells showing p65 nuclear 
staining irrespective of  cytoplasmic staining display 
constitutive NF-κB activation. (2) Carcinoma stage 
was different. In our study, the 60 patients had stage 
Ⅳ gastric cancer compared with 15.5% reported in the 
study of  Lee et al[6], who found that NF-κB activation 
is more prominent in early-stage pTNM tumors than in 
late-stage tumors. 

Sasaki et al[4] analyzed the relation between NF-κB 
activation and traditional clinicopathological parameters, 
showing that NF-κB activation is correlated with tumor 
size and lymphatic invasion. However, Lee et al[6] showed 
that NF-κB activation, as a prognostic factor, is not 
correlated with the prognosis of  patients after curative 
resection of  their tumors, but significantly associated 
with a better prognosis of  early-stage gastric carcinoma 
patients, suggesting that NF-κB activity is less reliable 
than TNM criteria as a prognostic biomarker of  gastric 
cancer[6]. In the present study, we selected specimens 
from stage Ⅳ gastric cancer patients to discriminate p65 
positive and negative expression. Sixty samples were 
divided into positive p65 expression group (n = 46) 
and negative p65 expression group (n = 14). When no 
significant difference in age, sex, accumulative organs 
and pathologic classification was found between the 
two groups, we analyzed the PFS and OS time of  the 
patients in the two groups. The PFS time and OS time 
were longer in the group with positive p65 expression 
than in the group with negative p65 expression (P > 
0.05), which is not consistent with previous reports[5,6]. 
We speculate that this discrepancy is caused by (1) 
the different carcinoma stages, (2) different treatment 
modalities, and (3) the number of  tumor cases not taken 
into account.  

In the present study, the 60 patients were treated 
with PLF (n = 16) and FOLFOX (n = 44), respectively 
(Table 1). Their PFS time and OS time had no statistical 
significance (P > 0.05). However, when we divided the 
46 patients into a PLF treatment group (n = 12) and a 
FOLFOX treatment group (n = 12) with positive p65 
expression (n = 34), the OS time of  the patients in the 
two groups was 564.89 ± 75.94 d (95% CI = 416.04 
- 713.74) and 352.37 ± 41.32 d (95% CI = 271.38 - 
433.36), respectively (P = 0.0165), suggesting that NF-κB 
activation is associated with the prognosis of  gastric 
cancer patients. 

In conclusion, NF-κB-p65 is constitutively activated 
in late-stage gastric carcinoma patients and NF-κB 

activation is correlated to the survival time of  gastric 
cancer patients after chemotherapy.
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Research frontiers
As it is known, there is evidence that NF-κB plays a major role in the 
development and progression of various human cancers including gastric 
carcinoma. On the other hand, NF-κB can suppress tumor growth by promoting 
apoptotic signals in response to certain cancer therapeutic agents. However, 
the molecular mechanism of NF-κB underlying cancer development remains to 
be elucidated.
Innovations and breakthroughs
NF-κB was found to be a biomarker of gastric cancer. Further study is needed 
to prove it. 
Applications 
NF-κB activation is correlated to the survival of gastric cancer patients after 
chemotherapy and may affect treatment of choice for late human gastric 
carcinoma.
Peer review 
In the present work, the authors revealed the differential expression of NF-
κB p65 in normal and gastric carcinoma tissue samples, and the potential 
importance of p65 up-regulations was underscored in chemotherapy for human 
gastric carcinoma. Their findings support the theory that p65 functions as a 
tumor promoter in human gastric carcinoma. Therefore, identification of the 
functional and phenotypic characteristics of p65 is essential for designing a 
rational anti-cancer therapy, as suggested by the authors. The study is well 
designed, and the data are reliable. 

REFERENCES 
1 Baldwin AS Jr. The NF-kappa B and I kappa B proteins: 

new discoveries and insights. Annu Rev Immunol 1996; 14: 
649-683

2 Siebenlist U, Franzoso G, Brown K. Structure, regulation 
and function of NF-kappa B. Annu Rev Cell Biol 1994; 10: 
405-455

3 Chen F, Castranova V, Shi X. New insights into the role of 
nuclear factor-kappaB in cell growth regulation. Am J Pathol 
2001; 159: 387-397

4 Sasaki N, Morisaki T, Hashizume K, Yao T, Tsuneyoshi 
M, Noshiro H, Nakamura K, Yamanaka T, Uchiyama A, 
Tanaka M, Katano M. Nuclear factor-kappaB p65 (RelA) 
transcription factor is constitutively activated in human 
gastric carcinoma tissue. Clin Cancer Res 2001; 7: 4136-4142

5 Yamanaka N, Sasaki N, Tasaki A, Nakashima H, Kubo 
M, Morisaki T, Noshiro H, Yao T, Tsuneyoshi M, Tanaka 
M, Katano M. Nuclear factor-kappaB p65 is a prognostic 
indicator in gastric carcinoma. Anticancer Res 2004; 24: 
1071-1075

6 Lee BL, Lee HS, Jung J, Cho SJ, Chung HY, Kim WH, Jin 
YW, Kim CS, Nam SY. Nuclear factor-kappaB activation 
correlates with better prognosis and Akt activation in 
human gastric cancer. Clin Cancer Res 2005; 11: 2518-2525

7 Soslow RA, Dannenberg AJ, Rush D, Woerner BM, Khan 
KN, Masferrer J, Koki AT. COX-2 is expressed in human 
pulmonary, colonic, and mammary tumors. Cancer 2000; 89: 
2637-2645

8 Molloy PL. Electrophoretic mobility shift assays. Methods 
Mol Biol 2000; 130: 235-246

9 Dinse GE, Lagakos SW. Nonparametric estimation of 
lifetime and disease onset distributions from incomplete 
observations. Biometrics 1982; 38: 921-932

10 Carrasco D, Rizzo CA, Dorfman K, Bravo R. The v-rel 

www.wjgnet.com

Ye S et al . NF-κB: A prognostic marker of GC                                                                                             4743



oncogene promotes malignant T-cell leukemia/lymphoma 
in transgenic mice. EMBO J 1996; 15: 3640-3650

11 Liptay S, Seriu T, Bartram CR, Schmid RM. Germline 
configuration of nfkb2, c-rel and bcl3 in childhood acute 
lymphoblastic leukemia (ALL). Leukemia 1997; 11: 1364-1366

12 Calzado MA, Bacher S, Schmitz ML. NF-kappaB inhibitors 
for the treatment of inflammatory diseases and cancer. Curr 
Med Chem 2007; 14: 367-376

13 Yang GF, Deng CS, Xiong YY, Luo J, Wang BC, Tian SF, 
Xu K. [Expression of NFkappaB p65 and its target genes in 
gastric cancer and precancerous lesions.] Zhonghua Zhongliu 
Zazhi 2004; 26: 551-553

14 Wang W, Luo HS, Yu BP. Expression of NF-kappaB and 
human telomerase reverse transcriptase in gastric cancer 
and precancerous lesions. World J Gastroenterol 2004; 10: 
177-181

  S- Editor  Zhong XY    L- Editor  Wang XL    E- Editor  Zhang WB

www.wjgnet.com

4744    ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol    August 14, 2008    Volume 14     Number 30



Alessia Riva, Paola Trombini, Raffaella Mariani, Alessandra Salvioni, Sabina Coletti, Silvia Bonfadini, 
Valentina Paolini, Matteo Pozzi, Rita Facchetti, Giorgio Bovo, Alberto Piperno

Online Submissions: wjg.wjgnet.com                                                                                                     World J Gastroenterol  2008 August 14; 14(30): 4745-4752
wjg@wjgnet.com                                                                                                                             World Journal of Gastroenterology  ISSN 1007-9327
doi:10.3748/wjg.14.4745                                                                                                                                                © 2008 The WJG Press. All rights reserved.
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Abstract
AIM: To re-evaluate the diagnostic criteria of insulin 
resistance hepatic iron overload based on clinical, 
biochemical and histopathological findings.
METHODS: We studied 81 patients with hepatic 
iron overload not explained by known genetic and 
acquired causes. The metabolic syndrome (MS) was 
defined according to ATPⅢ criteria. Iron overload was 
assessed by liver biopsy. Liver histology was evaluated 
by Ishak’s score and iron accumulation by Deugnier’s 
score; steatosis was diagnosed when present in ≥ 5% 
of hepatocytes. 
RESULTS: According to transferrin saturation levels, 
we observed significant differences in the amount of 
hepatic iron overload and iron distribution, as well 
as the number of metabolic abnormalities. Using 
Receiving Operating Curve analysis, we found that the 
presence of two components of the MS differentiated 

two groups with a statistically significant different 
hepatic iron overload (P  < 0.0001). Patients with ≥ 2 
metabolic alterations and steatosis had lower amount 
of hepatic iron, lower transferrin saturation and higher 
sinusoidal iron than patients with < 2 MS components 
and absence of steatosis.
CONCLUSION: In our patients, the presence of ≥ 
2 alterations of the MS and hepatic steatosis was 
associated with a moderate form of iron overload 
with a prevalent sinusoidal distribution and a normal 
transferrin saturation, suggesting the existence of a 
peculiar pathogenetic mechanism of iron accumulation. 
These patients may have the typical dysmetabolic 
iron overload syndrome. By contrast, patients with 
transferrin saturation ≥ 60% had more severe iron 
overload, few or no metabolic abnormalities and a 
hemochromatosis-like pattern of iron overload. 

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION 
Iron overload includes a wide spectrum of  conditions 
from mild to marked tissue iron accumulation and iron-
related organ dysfunctions[1-3]. Apart from the known 
hereditary and acquired conditions of  iron overload[4], 
there are other conditions in which iron overload 
cannot be explained and the pathophysiology of  iron 
accumulation is still obscure. Increased hepatic iron 
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deposits have been frequently described in association 
with overweight and alterations of  lipid or glucose 
metabolism. These abnormalities are part of  the 
metabolic syndrome (MS) that is closely linked to insulin 
resistance, affecting a large number of  adults in Western 
countries, and is associated with non-alcoholic fatty 
liver disease (NAFLD), now considered the hepatic 
manifestation of  MS[5]. This form of  iron overload has 
been variably named dysmetabolic or insulin resistance 
hepatic iron overload syndrome (IR-HIO)[6]. However, 
the etiopathogenetic mechanisms that link metabolic 
abnormalities, insulin resistance and/or NAFLD to 
iron accumulation are still undefined. The fact that only 
a proportion of  subjects with metabolic abnormalities 
are at risk for iron overload[7] suggests that other factors 
may be involved. In addition, the original definition 
of  IR-HIO[6] includes hyperferritinemia with normal 
or high transferrin saturation, presence or absence of  
NAFLD, and even a single metabolic alteration among 
the following: body mass index (BMI) > 25 kg/m2, 
dyslipidemia and abnormal glucose metabolism. These 
criteria are generous compared with those more recently 
established to define the presence of  MS[8,9].

In the present study, we evaluated patients with 
alterations of  serum iron indices and hepatic iron 
overload not explained by mutations in iron related 
genes or by acquired factors that can lead to iron 
overload through known pathogenetic mechanisms[3]. 
We defined this condition as hepatic iron overload (HIO) 
irrespective of  the presence of  metabolic alterations. 
Our aims were to obtain information in order to 
differentiate the variegated phenotypes in patients with 
HIO and to better characterize the dysmetabolic iron 
overload syndrome.

To this end, we carried out the following: (1) 
Analyzed iron status e i ther at biochemical and 
histological levels. We hypothesized that the level of  
transferrin saturation and the cellular distribution 
of  iron deposits in the liver might give insight into 
the mechanism leading to iron accumulation[3,10]; (2) 
Determined the frequency of  abnormalities that are 
part of  the MS (according to the more recent criteria), 
the frequency and severity of  hepatic steatosis and 
their relation with iron indices. We hypothesized that 
the presence and the number of  metabolic alterations 
might be associated with a peculiar iron phenotype; (3) 
Studied a control group of  patients with HFE-related 
hemochromatosis (HFE-HH), taken as the model of  
primary iron overload, in order to compare hepatic iron 
distribution, the frequency of  metabolic alterations 
and hepatic steatosis with those found in the group of  
patients with HIO. 

MATERIALS AND METHODS
Materials
We studied 81 Italian unrelated adult patients (67 males 
and 14 females) with HIO. They were consecutively 
selected, since 1998, from outpatients who were referred 
to us for abnormalities of  serum iron indices. Selection 

criteria are reported in Figure 1. 
To compare patients’ data we also selected from our 

own database 57 patients affected by HFE-HH (51 were 
C282Y homozygotes, two were compound heterozygous 
for C282Y/E168X and four for C282Y/H63D). Criteria 
for selection of  HFE controls were: availability of  liver 
biopsy, semiquantitative iron grading and metabolic 
indices. All patients gave their written consent to liver 
biopsy, which was done for diagnostic and/or prognostic 
evaluation according to international guidelines[11]. 

Methods
All data were recorded at the time of  diagnosis. All 
patients with HIO and HFE-HH underwent liver biopsy. 
Liver sections were stained with standard methods for 
histological evaluation and with Perl’s stain for iron 
grading and assessed by an independent observer (G.B.).

Biochemical and metabolic data
The following data were collected: glucose and insulin, 
total cholesterol, HDL, triglycerides, serum alanine and 
aspartate-aminotransferases, and γ-glutamyl transferase, 
which were measured using commercial kits, BMI, 
waist circumference and blood pressure. Overweight 
was defined by BMI > 25 kg/m2 and < 30 kg/m2 and 
obesity by BMI ≥ 30 kg/m2[12]. Diagnoses of  arterial 
hypertension, diabetes mellitus and glucose intolerance 
were based on the ESH/ESC and American guidelines, 
respectively[13,14]. The presence of  dyslipidemia and MS 
was based on NCEP-ATPⅢ criteria[8]. HOMA index 
was available in 68 patients (84%)[15]. A HOMA index 
of  2.77 was chosen to distinguish insulin resistant and 
insulin sensitive patients according to Bonora et al[16].

Iron status
Serum iron indices were determined using standard 
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Figure 1  Selection criteria of the 81 patients included in the study. HHII: 
Histological Hepatic Iron Index [Total iron score/ Age (years)].  

Liver biopsy
HHII ≥ 0.2 HHII < 0.2

81 cases included in the study Minor iron overload 
(not included in the study)

Hyperferritinemia (serum ferritin > 400 mg/L in men and > 250 mg/L 
in women) with or without increased transferrin saturation (≥ 45%)

Exclude known causes of hyperferritinemia and iron overload
Iron loading anemias (thalassemia major or intermedia, acquired or 
hereditary dyserythropoietic anemia and sideroblastic anemia);
History of blood transfusions or treatment with parenteral iron;
Chronic hepatitis and advanced cirrhosis (CHILD B or C)
Significant alcohol intake (> 40 g/d in men and > 20 g/d in women for
more then 10 yr);
Porphyria cutanea tarda;
Inflammatory or neoplastic disorders;
Hyperferritinemia-cataract syndrome;
Hemochromatosis Type 1, Type 2, Type 3 and 4;
Aceruloplasminemia



methods. Transferrin saturation was calculated as 
follows: serum iron/(serum transferrin × 1.4) × 100[17]. 
A semi-quantitative evaluation of  hepatic iron was 
done according to Deugnier et al[18]. Iron deposits were 
assessed according to size, cellular and lobular locations 
in Rappaport’s acinus, leading to three different scores: 
hepatocytic (HIS; range, 0-36), sinusoidal (SIS; range, 0 
to 12) and portal iron scores (PIS; range, 0-12). The sum 
of  these scores defined the total iron score (TIS; range, 
0-60). Previous studies have shown that age-related 
histological hepatic iron index (the ratio of  TIS to age, 
HHII) is an accurate means of  predicting the genetic 
status of  HH patients (heterozygotes vs homozygotes)[19]. 
Accordingly, all the patients with HIO and HFE-HH 
had a histological hepatic iron index in the range of  
homozygous HH.

Hepatic fibrosis and steatosis
Hepatic fibrosis was graded according to Ishak et al[20]. 
Hepatic steatosis was diagnosed when at least 5% of  
hepatocytes were involved and steatosis was graded as 
follows: absence (≤ 5% of  hepatocytes), mild (> 5% ≤ 
33%), moderate (> 33% and ≤ 66%), severe (> 66%)[21].

Statistical analysis
Data were expressed as median and range due to the 
non-Gaussian distribution of  iron indices. The Student’s 
t test was used for quantitative variables with a normal 
distribution. All the comparisons involving hepatic iron 
distribution according to Deugnier et al[18] and variables 
with non-skewed distributions were performed on 
medians by non-parametric methods (Mann-Whitney 
or Kruskall-Wallis when more than two groups were 
involved). The Fisher’s exact test or the Chi-square 
test was used for qualitative data. Correlations between 
variables were evaluated by the Spearman’s test. The 

receiving operating curve (ROC) was used to evaluate if  
a threshold number of  MS components was associated 
with different hepatic iron overload as defined by the 
HHII. We compared the Area under the curve (AUC) 
of  the ROCs relative to 1, 2, 3, 4 and 5 components 
of  the MS according to HHII. The influence of  age, 
gender, alcohol intake, BMI, serum iron indices and 
hepatic iron distribution (HIS, SIS and PIS) on hepatic 
fibrosis, was evaluated by a logistic regression model. 
All tests were two-sided and with a significance level of   
P ≤ 0.05. 

RESULTS
Iron status
Seven pa t i en t s (8 .6%) were he te rozyg ous the 
C282Y and 27 (33.3%) the H63D mutation. Table 1 
shows the main clinical, biochemical and histological 
data of  patients with HIO (as a whole and according to 
gender) and with HFE-HH. 

Thirty patients (37%) had transferrin saturation 
repeatedly ≥ 45% and 39 patients (48%) had serum 
ferritin >1000 mg/L. All patients showed homogeneous 
hemosiderin deposits in the hepatic lobules and a 
decreasing hepatocytic iron gradient from Rappaport Ⅰ
to Ⅲ. In this series, females had more iron overload and 
a higher frequency of  cirrhosis, lower BMI (P = 0.0007) 
and a number of  MS components more than males. TIS 
correlated with age in males (r = 0.4, P = 0.0007), but 
not in females. TIS significantly correlated with several 
indices, as reported in Table 2, showing an inverse 
correlation with metabolic indices. AT linear regression 
analysis, gender (P = 0.0005), grade of  fibrosis (P = 
0.0005), transferrin saturation (P < 0.0001) and severity 
of  steatosis (P < 0.0001) retained statistical significance 
with TIS.

Table 1  Main clinical, biochemical and histological data of the HIO patients (as a whole and according to gender) and HFE controls

HIO

HIO (n  = 81) P HFE-HH (n  = 57) Men (n  = 67) P Women (n  = 14)

Age (yr) 52 (28-76) > 0.05 50 (26-71) 54 (28-76) > 0.05 51 (29-70)
Transferrin saturation (%) 39 (21-118) < 0.0001 76 (29-100) 38 (21-118) 0.02 56 (28-99)
Serum ferritin (mg/L) 982 (413-5050) > 0.05 1100 (274-10 990) 964 (413-5050) > 0.05 1286 (520-3987)
AST (U/L) 27 (12-174) > 0.05 27 (17-87) 27 (12-174) > 0.05 28 (13-65)
ALT (U/L) 38 (11-271) > 0.05 43 (11-114) 38 (14-271) > 0.05 36 (11-118)
Total Iron Score 19 (12-46) 0.0071 24 (8-49) 18 (12-40) 0.0006 32 (12-46)
Hepatocytic iron score 15 (6-27) 0.001 18 (3-27) 12 (6-27) 0.0022 21 (9-27)
Sinusoidal iron score 5 (3-8) < 0.0001 3 (0-10) 5 (3-7) > 0.05 6 (3-8)
Portal iron score 0 (0-12) 0.0002 2 (0-12) 0 (0-8) < 0.0001 3.5 (0-12)
SIS/TIS 0.25 (0.09-0.5) < 0.0001 0.13 (0-0.63) 0.25 (0.10-0.5) 0.001 0.16 (0.09-0.29)
HHⅡ 0.38 (0.20-1.21) 0.0012 0.53 (0.15-0.97) 0.36 (0.20-1.08) 0.004 0.64 (0.23-1.21)
Hepatic fibrosis (Ishak’s score) 34 (42) > 0.05 33 (57.8) 26 (38.8) > 0.05 8 (57.1)
Hepatic cirrhosis (Ishak’s score) 7 (8.6) 0.027 13 (22.8) 3 (4.5) 0.015 4 (28.6)
Patients with hepatic steatosis 47 (58) 0.015 20 (36.3) 41 (61.2) > 0.05 6 (42.9)
Patients with moderate-severe hepatic steatosis 35 (43.2) < 0.0001 6 (10.5) 31 (46.3) > 0.05 4 (28.6)
Metabolic syndrome 20 (24.7) > 0.05 91 (16.1) 19 (28.4) > 0.05 1 (7.1)

Data are reported as median (range) or number (%). Hepatic steatosis: > 5% of hepatocytes involved by steatosis; Moderate-severe steatosis: ≥ 33% of 
hepatocytes involved by steatosis. 1Not available in one HFE-control. SIS/TIS: Sinusoidal/total iron score; HHII: Histological hepatic iron index (ratio of 
TIS to age).  
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Dividing HIO patients according to transferrin 
saturat ion, we obser ved that TIS, HIS and PIS 
significantly increased with the increasing transferrin 
saturation. By contrast, SIS did not change, whereas the 
SIS to TIS ratio significantly decreased (Figure 2). We 
observed that the higher the transferrin saturation level, 
the lower was the number of  MS components (Figure 3). 
Patients with transferrin saturation < 45% (n = 51) 
had lower amount of  iron overload in hepatocytic (P 
= 0.0004) and portal (P = 0.0007) compartments than 
patients with increased transferrin saturation but with 
a proportionally greater amount of  iron in sinusoidal 
compartment (SIS/TIS: 0.25 ± 0.07 vs 0.2 ± 0.08, P = 
0.003). These patients also had a lower prevalence of  
fibrosis (Ishak’s score ≥ 1: 16/51 vs 18/30, P = 0.019). 
Patients with the highest levels of  transferrin saturation 

(≥ 60%) had a SIS to TIS ratio (median, 0.15; range, 
0.1-0.25) not different than that observed in HFE-HH 
(median, 0.13; range, 0-0.63). They also had a prevalence 
of  hepatic steatosis and hepatic fibrosis comparable 
to that observed in patients with HFE-HH (data not 
shown) but without MS. 

Metabolic alterations
One patient (1.2%) had all five components of  MS, five 
(6.2%) had four components, 14 (17.2%) had three, 27 
(33.3%) had two, 17 (20.9%) had one and 17 (20.9%) 
had none. The frequency and severity of  hepatic 
steatosis and MS prevalence in HIO are reported in 
Table 1 and are compared with those observed in HFE-
HH patients. Thirty-one patients with HIO (45.6%) 
were insulin resistant. Steatosis was more common 
in Rappaport zones 2 and 3 and more prevalent in 
HIO patients with MS than in those without (90% vs 
47.5%, P = 0.0007). The number of  MS components 
correlated positively with age, severity of  steatosis and 
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Figure 2  Total iron score (TIS, P < 0.0001), hepatocytic iron score (HIS, P = 0.0003), sinusoidal iron score (SIS, P > 0.05) and sinusoidal to total iron score ratio (SIS/
TIS, P = 0.0008) according to transferrin saturation. The box includes all the observations between the first and the third quartile, the horizontal bar represents the 
median. Whiskers extend from the edges of the box to the extreme values.  

Table 2  Correlation between total iron score (TIS) and 
several parameters in HIO patients

r P

Hepatocytic iron score    0.94 < 0.0001
Sinusoidal iron score    0.54 < 0.0001
Portal iron score    0.58 < 0.0001
Serum ferritin (mg/L)    0.53 < 0.0001
Transferrin saturation (%)    0.43 < 0.0001
Age (yr)    0.23 0.04
Hepatic fibrosis    0.28   0.012
Body mass index (kg/m2)   -0.48 < 0.0001
Degree of hepatic steatosis   -0.53 < 0.0001
No. of components of MS   -0.33     0.0026
HOMA index -0.3     0.0125

Degree of hepatic steatosis refers to the percentage of hepatocytes involved 
by steatosis. Hepatic fibrosis refers to Ishak’s score.
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Figure 3  Number of MS components by transferrin saturation (P = 0.04).   
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HOMA index, and inversely with transferrin saturation 
and hepatic iron indices, but not with serum ferritin 
(Table 3).

By the ROC analysis (Figure 4), we found that the 
presence of  two MS alterations best differentiates HIO 
patients according to HHII (P < 0.0001). Patients with 
0-1 MS components showed a wide range of  HHII 
from low to very high, whereas in patients with two or 
more MS features the HHII was ≤ 0.50 in all but one  
(Figure 5A). Similar findings were observed when 
patients were divided according to the presence of  
steatosis (Figure 5B). In addition, the percentage of  
hepatocytes involved by steatosis inversely correlated 
with HIS (r = -0.52, P < 0.0001) and with the amount of  
iron removed by phlebotomies (r = -0.45, P = 0.0019). 

Table 4 compares iron indices, in patients according 
to the presence of  ≥ 2 components of  MS or steatosis. 
Figure 6 compares the same data in two subgroups: 
patients with a “metabolic phenotype” (+M/+S, 
patients with ≥ 2 MS alterations and hepatic steatosis) 
and patients without (nM/nS, patients with 0-1 MS 
components and absence of  hepatic steatosis). 

Hepatic damage in HIO patients
Data on hepatic damage in HIO patients are summarized 
in Table 1. TIS correlated with fibrosis (r = 0.28, P = 
0.01), but PIS showed the highest correlation (r = 0.51, 
P < 0.0001) and SIS none. Logistic regression modelling 
indicated that PIS, age, HOMA index and presence of  
steatosis independently correlated with hepatic fibrosis 

Table 3  Correlation between number of MS components and 
several parameters in HIO patients 

r P
Age (yr) 0.3        0.0055
Degree of hepatic steatosis (%)   0.57    < 0.0001
HOMA index   0.59    < 0.0001
Transferrin saturation (%)  -0.25       0.0293
Total iron score  -0.33       0.0053
Histological hepatic iron index  -0.53    < 0.0001
Sinusoidal iron score/Total iron score   0.13    > 0.05

Degree of hepatic steatosis refers to the percentage of hepatocytes involved 
by steatosis.
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Number of MS components Hepatic steatosis
0-1 (n  = 34) P ≥ 2 (n  = 47) Absent (n  = 34) P Present (n  = 47)

Transferrin saturation (%)   44 (28-118)    0.0058    36 (21-99)        39 (23-118) > 0.05      39 (21-76)
Total Iron Score 24 (12-46)    0.0008   17 (12-39)    24.5 (12-46)     < 0.0001      16 (12-39)
HHII           0.51 (0.3-1.21) < 0.0001    0.33 (0.2-0.57)         0.43 (0.23-1.1)        0.0004 0.34 (0.19-1.2)
SIS/TIS          0.21 (0.1-0.5)    0.0185    0.25 (0.11-0.4)       0.22 (0.1-0.5)      0.032 0.25 (0.09-0.4)
MS components ≥ 2 - -  11 (32)     < 0.0001 36 (77)
Degree of hepatic steatosis (%) 0 (0-80) < 0.0001  40 (0-98) - -

Table  4 Iron indices in patients according to the presence of ≥ 2 components of MS or steatosis

Data are reported as median (range) or number (%). HHII: Histological hepatic iron index (ratio of TIS to age); SIS/TIS: Sinusoidal/total iron score. Hepatic 
steatosis, absent when ≤ 5% of hepatocytes are involved; present when at least 5% of hepatocytes are involved.   
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(P < 0.0001, P = 0.004, P < 0.0001 and P = 0.04, 
respectively). 

DISCUSSION
In the present study, we evaluated 81 patients with 
hepatic iron overload not explained by known genetic or 
acquired disorders. HIO as expected, patients showed a 
wide range of  variability in the biochemical iron status, 
in hepatic iron deposits and lobular iron distribution, 
and had a variable number of  metabolic alterations 
that are part of  the MS, with or without NAFLD. 
There was an inverse relationship between transferrin 
saturation and sinusoidal iron. Patients with transferrin 
saturation < 45% had a lower amount of  iron overload 
in the hepatocytic and portal compartments than 

patients with increased transferrin saturation, but have 
a proportionally greater amount of  iron in sinusoidal 
compartment as shown by the higher SIS to TIS ratio. 
Accordingly, when compared to HFE-controls, patients 
with transferrin saturation < 45% had higher SIS and 
SIS to TIS ratios (data not shown). These findings 
indicate that, in HIO patients with normal transferrin 
saturation, the mechanism of  hepatic iron accumulation 
is different than that of  the classical HH[1,2] and suggest 
the existence of  macrophage iron retention and an 
iron recycling defect. By contrast, in patients with 
increased transferrin saturation, hepatic iron distribution 
was comparable to that observed in HFE-HH, thus 
supporting the idea that the pathogenetic mechanism of  
iron overload was due to increased iron absorption[22]. 
The strongest identity with HFE-HH was observed 
in patients with the highest transferrin saturation (≥  
60%), suggesting that between 45% and 60% there is a 
grey zone that includes mixed conditions. In addition, 
patients with transferrin saturation ≥ 60% had the same 
prevalence of  hepatic steatosis and of  organ damage 
as HFE-HH, however, none had MS. Thus, transferrin 
saturation can distinguish, among HIO patients, two 
main subgroups with likely different pathogenetic 
mechanisms of  iron overload. 

Another part of  the study concerns the metabolic 
aspects and their relation with serum and hepatic iron 
indices. First, in agreement with the theory that NAFLD 
is the hepatic manifestation of  the MS, we found that 
the number of  MS components correlated with the 
severity of  hepatic steatosis and hyperinsulinemia and 
that 90% of  the patients with the MS had NAFLD[5]. 
Second, we found that the presence of  metabolic 
abnormalities and/or NAFLD was associated with a 
peculiar iron phenotype characterised by a lower hepatic 
iron overload, a more prevalent iron in the sinusoidal 
compartment and a lower transferrin saturation that 
corresponds to the more typical features of  IR-HIO[6]. 
We demonstrated that this phenotype was common in 
patients presenting at least two of  the MS features and in 
the subgroup with ≥ 2 MS abnormalities and NAFLD.  

An inverse relation between steatosis and hepatic 
iron has been previously obser ved and variably 
explained[23-25]. The significant inverse correlation that we 
found between the degree of  steatosis and the amount 
of  iron removed by phlebotomies provides the strongest 
evidence that the higher the percentage of  hepatocytes 
involved by steatosis, the lower the amount of  iron 
accumulation. Recent studies in severely obese patients[26] 
and in an animal model of  insulin resistance[27] suggest 
that obesity or hyperinsulinemia favour the development 
of  iron deficiency. Increased adipocyte hepcidin 
production has been reported in morbid obesity that 
could result in reduced intestinal iron absorption, 
macrophage iron release and eventually in low iron 
stores[26]. Although these findings need to be further 
elucidated and confirmed, they support the hypothesis 
that metabolic abnormalities associated with insulin 
resistance and MS might protect from iron overload. 
Accordingly, in C282Y homozygous patients, obesity (in 
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Figure 6  Distribution of HHII (histological hepatic iron index), transferrin 
saturation and Sinusoidal/Total Iron Score (SIS/TIS) in patients with 0-1 
MS components and absence of steatosis (nM/nS) and patients with 2 MS 
alterations and steatosis (+M/+S).
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females)[28] and hepatic steatosis[29] were associated with 
a decreased transferrin saturation[28] and hepatic iron 
concentration[28,29]. It was suggested that the overweight-
related chronic inflammatory state may increase hepcidin 
production (likely at extrahepatic sites) and partially 
compensates for the defect of  hepcidin synthesis due to 
the HFE mutation[7,28]. We recently found that urinary 
hepcidin levels, although inappropriate for the iron 
overload, were indeed significantly higher in patients 
with dysmetabolic iron overload than in controls[30]. 
Overall, these findings seem to contradict the hypothesis 
that iron overload and metabolic abnormalities are 
linked by a common pathogenetic mechanism in IR-
HIO, unless a hepcidin-resistance state is hypothesized. 
Another possible explanation is that IR-HIO is a 
multifactorial disease that results from the association of  
a mild-moderate, maybe polygenic, defect of  hepcidin 
production and insulin resistance or MS. This may 
explain some of  the features of  the disease: late-onset 
and mild-moderate iron overload tending to a plateau[31]. 
As observed in subjects carrying the low expressing 
C282Y/H63D HFE genotype[32], these patients may 
retain some ability to increase hepcidin production 
in response to iron load that possibly explains their 
slight phenotype. In patients with dysmetabolic iron 
overload, NAFLD and MS might foster hepcidin 
production leading to the typical IR-HIO phenotype. 
Further studies are needed to clarify this issue and the 
role of  dysmetabolisms in dysregulating iron regulatory 
pathways. This is not unimportant considering that 
the dysmetabolic iron overload syndrome is currently 
the most prevalent iron overload disorder in the adult 
population. 

Based on our findings and in the absence of  a clear 
pathogenetic explanation of  IR-HIO, we suggest a more 
strict clinical definition of  this syndrome characterised 
by the presence of  two or more components of  
the MS, hepatic steatosis and normal transferrin 
saturation. Liver biopsy should confirm the presence 
of  steatosis and iron overload with typical involvement 
of  sinusoidal compartment. In fact, in agreement with 
other studies[23,24,33], we showed that  serum ferritin is 
not a reliable index of  iron overload in patients with 
metabolic abnormalities and might overestimate the 
true amount of  hepatic iron overload due to NAFLD-
related hepatocellular damage, local cytokine activation 
or higher mesenchymal iron retention[7]. Noninvasive 
methodologies, such as magnetic resonance (MR) for 
iron quantification, can be an alternative option when 
liver biopsy is not feasible, provided the MR apparatus is 
calibrated and validated[34]. 

Finally, we showed that a number of  HIO patients 
presented a classical hemochromatosis phenotype 
(high transferrin saturation and prevalent hepatocytic 
iron overload). Some of  them, including a few young 
women, had a severe iron overload that lead to clinical 
complications. We had no etiopathogenetic explanation 
for this form of  iron overload, which may represent 
the severe boundary of  a complex trait due to gene-
gene and gene-environmental interactions, or the result 

of  a still undefined major locus defect. Studies aimed 
to clarify the genetic background and the complex 
pathways causing these forms of  unexplained iron 
overload are needed to improve the diagnostic setting of  
iron overload disorders. 

 COMMENTS
Background 
Hepatic iron overload includes a wide spectrum of conditions from mild to 
marked tissue iron accumulation. In some cases the pathophysiology of iron 
accumulation is still obscure. The association of hepatic iron overload and 
metabolic alterations and/or non-alcoholic fatty liver is common in Western 
population. A new syndrome, named Dysmetabolic Hepatic Iron Overload 
or Insulin Resistance Hepatic Iron Overload was described in 1999, based 
on the presence of hepatic iron overload in association with even a single 
metabolic abnormality. These criteria were generous compared to those more 
recently established for the metabolic syndrome. In addition, the pathogenetic 
mechanisms that link insulin resistance and/or steatosis to iron overload are still 
undefined.
Research frontiers 
To characterize clinical, biochemical and histological features of hepatic iron 
overload not explained by known genetic or acquired disorders, including 
the form associated to metabolic alterations. To understand the pathogenetic 
mechanisms of hepatic iron accumulation. To characterize the phenotype of 
the dysmetabolic iron overload syndrome, according to the more recent criteria 
defyining the metabolic syndrome, and the presence of fatty liver disease. 
Innovations and breakthroughs
We demonstrated that patients with hepatic iron overload, not explained by 
known genetic or acquired disorders, need a systematic diagnostic approach, 
including the evaluation of hepatic iron overload and cellular iron distribution. 
We suggested the existence of two main different pathogenetic mechanisms 
leading to forms of unexplained iron overload: an iron recycling defect and an 
increased intestinal iron absorption. We suggested a new, updated definition of 
the dysmetabolic iron overload syndrome. We speculated on the pathogenesis 
of the iron overload syndrome based on our results and current knowledge of 
iron metabolism.
Applications
This study may improve the diagnostic approach in patients with unexplained 
forms of iron overload including the dysmetabolic iron overload syndrome. This 
is not trivial considering that the latter disorder is currently the most prevalent 
iron overload disease in adult population. In addition, our findings indicate 
simple and valid criteria to better classify these forms of iron overload. This 
will be useful: (a) to better understand the etiopathogenesis of these disorders 
and the dysregulation of iron homeostasis in future studies; (b) to better 
address therapeutical strategies, e.g. iron depletion vs treatment of metabolic 
abnormalities and hepatic steatosis.
Peer review 
In this manuscript authors give a different angle to a problem that has interested 
the scientific world recently. The study is well conducted.
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Abstract
AIM: To evaluate the ability of Curcuma longa  (CL) 
and Tinospora cordifolia  (TC) formulation to prevent 
anti-tuberculosis (TB) treatment (ATT) induced 
hepatotoxicity. 
METHODS: Patients with active TB diagnosis were 
randomized to a drug control group and a trial group 
on drugs plus an herbal formulation. Isoniazid, 
rifampicin, pyrazinamide and ethambutol for first  
2 mo followed by continuation phase therapy excluding 
Pyrazinamide for 4 mo comprised the anti-tuberculous 
treatment. Curcumin enriched (25%) CL and a 
hydro-ethanolic extract enriched (50%) TC 1 g each 
divided in two doses comprised the herbal adjuvant. 
Hemogram, bilirubin and liver enzymes were tested 
initially and monthly till the end of study to evaluate 
the result.
RESULTS: Incidence and severity of hepatotoxicity 
was significantly lower in trial group (incidence: 27/192 
vs  2/316, P  < 0.0001). Mean aspartate transaminase 
(AST) (195.93 ± 108.74 vs  85 ± 4.24, P  < 0.0001), 
alanine transaminase (ALT) (75.74 ± 26.54 vs  41 ± 
1.41, P  < 0.0001) and serum bilirubin (5.4 ± 3.38 vs  1.5 
± 0.42, P  < 0.0001). A lesser sputum positivity ratio 
at the end of 4 wk (10/67 vs  4/137, P  = 0.0068) and 
decreased incidence of poorly resolved parenchymal 
lesion at the end of the treatment (9/152 vs  2/278, P  

= 0.0037) was observed. Improved patient compliance 
was indicated by nil drop-out in trial vs  10/192 in 
control group (P  < 0.0001). 
CONCLUSION: The herbal formulation prevented 
hepatotoxicity significantly and improved the disease 
outcome as well as patient compliance without any 
toxicity or side effects.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
During the first few years of  introduction of  Isoniazid 
(INH), it was considered so safe that in 1963, The 
American Thoracic Society recommended for all 
tuberculin-positive persons to receive a year of  INH 
chemoprophylaxis regardless of  age or duration of  the 
tuberculin positivity[1]. A retrospective study reported 
a 1% incidence of  clinical hepatitis and a 0.1 % death 
in patients taking INH chemoprophylaxis[2]. A large 
multicenter prospective surveillance study by United 
States Public Health Service revealed a 1% incidence 
of  hepatitis and 0.06% deaths from hepatitis due to 
INH[3]. After introduction of  Rifampicin (RMP), several 
reports suggested that hepatitis was more frequent and 
severe in patients receiving both INH and RMP than in 
those receiving INH alone[4]. For preventing acquired 
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resistance and a successful treatment; it is recommended 
to start with a combination chemotherapy containing 
INH, RMP, and Pyrazinamide (PZA)-one more 
hepatotoxic agent- with or without ethambutol for the 
initial 2 mo followed by a continuation phase of  4-6 mo 
of  INH + RMP[5]. It is well known that drug induced 
hepatotoxicity is a potentially serious adverse effect 
of  anti-tuberculosis treatment (ATT) containing INH, 
RMP and PZA[6]. Preventive therapy of  latent TB with 
2-mo course of  RMP and PZA has been associated with 
fatal and severe hepatotoxicity more often than does 
6 mo of  INH therapy or curative treatment of  clinical 
TB[7-9]. Similar high risk was observed with PZA and 
ethambutol or a fluoroquinolone when given to contacts 
of  multi-drug resistant TB patients[10]. Now integrating 
these observations with the fact that about one third 
of  the world’s population has latent TB and roughly  
9 million cases of  active TB emerge annually resulting 
in 2-3 million deaths[11], exemplifies the magnitude and 
importance of  the problem, especially when most new 
cases occur in the most populated nations like India 
and China[12]. Also, a higher risk of  hepatotoxicity has 
been reported in Indian patients (up to 11.5%) than 
in their western counterpart (up to 4.3%)[4]. In a study 
of  European patients, the incidence of  ATT induced 
hepatotoxicity was found to be 18.2% in group having 
risk factors like, old age, extensive TB, malnutrition, 
alcoholism, HIV and chronic viral hepatitis B and C 
infections, as against 5.8% in group without risk factors 
indicating the significance of  risk factors[13]. 

The only measure available for managing ATT 
induced hepatotoxicity in clinical cases is stopping the 
offending agents, once there is an evidence of  liver 
damage and reintroducing the same after normalization 
of  liver enzymes[14,15]. To reduce the incidence of  
hepatotoxicity in latent TB patients, recommendations 
for drugs and patient selection criteria have been revised 
several times by organizations like Center for Disease 
Control, American Thoracic Society, Joint Tuberculosis 
Committee of  British Thoracic Society, and Hong Kong 
Tuberculosis Service etc., but until today no drug has 
been developed for prevention of  hepatotoxicity. 

The pathogenesis of  hepatotoxicity is not entirely 
clear, but INH and RMP induced damage may involve 
oxidative stress[16], l ipid peroxidation[17], choline 
deficiency leading to lowering of  phospholipids protein 
synthesis with alteration in cell wall configuration[18], 
reduced glutathione level[19] and activation of  CYP2E1[20]. 
It is well known that some non-toxic herbs are having 
opposite activities in the form of  membrane stabilizing, 
anti-oxidative and CYP2E1 inhibitory effects[21]. A 
review of  available literature suggests that reduction 
in lipid peroxide content in tissue and increase in 
superoxide dismutase, catalase, glutathione, glutathione-
s-transferase and glutathione peroxidase activities should 
help to maintain liver cell integrity and control the 
increase in level of  liver enzymes.

In a previous preclinical study we found Curcuma 
longa (CL) and Tinospora cord i f o l ia (TC) to offer 
protection in guinea pig model of  ATT induced 

hepatotoxicity[22]. Both these herbs have an excellent 
safe toxicological profile[23,24]. Phase-I clinical trials 
on curcumin showed that it is safe to humans up to  
12 000 mg/d when taken orally[25,26]. Several animal 
experiments for various activities of  TC did not reveal 
any toxicity at dosage as high as 400 mg/kg while no 
adverse reactions have been noted in international adverse 
reaction database in spite of  several clinical trials and 
wide spread usage in Ayurvedic system of  medicine[27]. 
So it was logical and ethical to conduct a randomized 
controlled clinical trial to evaluate the efficacy of  CL 
and TC to control the hepatotoxic episodes in patients 
diagnosed to have TB and undergoing ATT. The primary 
aim of  the present study was to estimate to what extent 
CL and TC addition in the standard regime affects 
hepatotoxicity profile and the secondary being whether 
the well known immunomodulatory and tonic activity 
of  these herbs have any impact on the outcome of  TB 
itself. To the best of  our knowledge, such a clinical trial 
using hepatoprotective herbs as an adjuvant medicine 
to prevent ATT induced hepatotoxicity has not been 
performed anywhere.

MATERIALS AND METHODS
Study population
All the cases between the ages of  15 to 85 years 
having evidence of  pulmonary or extra-pulmonary TB 
requiring a full curative course of  ATT and coming to 
the clinic run by Shree Gurudev Sarvajanik Charitable 
Trust (SGSCT) from April 2005 to March 2007 were 
screened for enrollment in the trial with reservations 
as shown in Table 1. As the six centers of  the mobile 
clinic were attending patients on a weekly basis for any 
illness, catering more than 200 villages of  the District 
Surat and adjoining state Maharashtra, the local primary 
care agencies were advised and allowed to give routine 
treatment for inter-current illnesses and patients were 
advised to inform about the episodes and treatment 
given.

As shown in Figure 1, out of  578 patients screened 
528 were found eligible. Periodic review was done by 
an independent review committee at 48, 100, 148 and 
200 patients’ recruitment in each group. The interim 
analysis of  first 400 patients performed in October, 2006 
revealed zero incidence of  hepatotoxicity in the trial as 
against 22 patients with any grade of  hepatotoxicity and 
16 patients with no improvement in functional status in 
control group. The trial was granted with an intention 
to treat and as the criteria for outcome assessment were 
objective and as the sample size exceeded the WHO 
criteria for adequacy of  sample size with power > 
80%, the control arm was truncated on ethical ground 
and later all the patients were recruited in trial arm 
till March, 2007; only to find out whether any case of  
hepatotoxicity was encountered. 

During their baseline visit, patients underwent a 
review of  symptoms that included history of  nausea, 
vomiting, jaundice, abdominal pain, weight loss, 
arthralgia, headache and neuropathy.
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Herbal formulation
By high performance thin layer chromatography 
(HPTLC) analysis of  different samples, we found that 
Salem types of  turmeric powder contained highest 4% 
of  curcuminoids that are the main active molecules. 
In Ayurvedic literature, the dose for turmeric has been 
described to be 6-12 g/d[28]. Our patient population 
being malnourished with an average wt of  38 kg, we 
preferred equivalent of  6 g/d by enriching the turmeric 
powder curcumin content to 25% so that 1 g dose 
would suffice. The dose of  Tinospora cordifolia is also 
described to be 6-12 g/d[29] and again we preferred to 
make 1 g/d equivalent of  6 g/d by enriching the crude 
Tinospora cordifolia with 10:1 strength hydro-ethanolic 
extract to 50%. The phytochemical groups with active 
principles of  both the herbs are shown in Table 2[30-32] 
and HPTLC fingerprinting of  the formulations used 
were done for standardization purpose and have been 
shown in Figure 2.

Study design
Ninety percent of  all the patients were tribal, either 
working as laborers or owner of  small piece of  

agricultural land, while 10% were belonging to suburban 
area and belonging to other casts and occupations. 
Hence patients were explained in their local language 
about the protocol and those agreeing to comply were 
assigned the group by permuted block randomization for 
a balanced distribution. Because the evaluation criteria 
were fully objective and as the biochemical assessments 
were done in laboratories at a distance by unknown 
technicians, patients were not blinded conventionally 
about the therapy. Being a joint project it was approved 
by both the institutional ethical committee and informed 
consents were obtained from all the patients.

All of  the eligible patients in the control group were 
started with an intensive phase ATT comprising of  
INH 300 mg/d, RMP 450 mg/d and PZA 20 mg/kg 
body wt to the closest 250 mg in two divided doses and 
Ethambutol 800 mg HS for initial 2 mo and than three 
drugs excluding PZA for 4 mo. Similar ATT medications 
supplemented with curcumin enriched (25%) CL and 
a hydro-ethanolic extract enriched (50%) TC 1 g/d 
each in two divided doses started from day one in trial 
group. Other supplemental medications like vitamins, 
iron, H2 blockers, proton pump inhibitors, anti-emetics, 

Table 1  Protocol for selection of patients for recruitment

Protocol for selection of patients for recruitment
Criteria for selection
   Evidence of active pulmonary or extra-pulmonary tuberculosis
   Age between 15 and 85 years
   Readiness to comply with randomization, treatment and follow-up 
   protocols
   Patients giving written informed consent
   Absence of diseases warranting treatment with systemic steroids, 
   antimetabolites or warfarin
Concomitant conditions allowed
   Patients with relapse, multiple relapse, treatment failure of DOTS 
   regimen
   Patients with hypertension, diabetes mellitus, COPD (chronic 
   obstructive pulmonary disease) with continuation of required 
   medications
   Patients with asthma on inhalational steroid
   Skin conditions requiring topical small area steroid application
   Patients with HIV positivity but without symptoms suggestive of 
   AIDS
   Hepatitis B/C virus carrier
Criteria for rejection
   Presumptive diagnosis or lack of evidence of active tuberculosis
   Age < 15 or > 85
   Patients taking other alternative therapies for tuberculosis
   Patients declining to give consent or comply with protocol
   Pregnant females
   Heavy alcoholism history, > 80 g of alcohol/d for males and > 
   20 g of alcohol/d for females[50]

Concomitant conditions not allowed
   Preexisting liver disease with AST, ALT raised > twice upper 
   normal, evidence of portal hypertension.
   Preexisting renal disease with S. Creatinine raised > twice upper 
   normal
   Sickle cell disease with history of crisis, anemia and jaundice
   History of gout
   Recent drop-outs from other TB centers due to complications and 
   side effects
   Patients on steroid and/or antimetabolite for other collagen, auto-
   immune or neoplastic diseases

Table 2  Chemical constituents of formulation

Chemical constituents of formulation with active principles

Chemical constituents of curcuma longa  with active principles
Curcuminoids Desmethoxycurcumin

Bisdesmethoxycurcumin
Curcumin

Turmerones Ar-turmerone
a-turmerone
b-turmerone

Curcumenes g-Curcumene, ar-Curcumene, 
Dehydrocurcumene
zingiberene
b-bisabolene
b-sesquiphellandrene

Miscellaneous Terpinolene, P-Cymene, 1-8-Cineole, Curlone
Chemical constituents of Tinospora cordifolia with active principles
Alkaloids Berberine, Palmatine,Tembetarine,

Magnoflorine, Choline,Tinosporin,
Isocolumbin, Tetrahydropalmatine

Glycosides 18-norclerodane glycoside,
Furanoid diterpene glucoside,
Tinocordiside,Tinocordifolioside,
Syringin, Syringin-apiosylglycoside,
Palmatosides C, PalmatosidesP
Cordifolioside A, Cordifolioside B
Cordifoliside- A, -B, -C, -D and -E 

Diterpenoid 
Lactones

Furanolactone, Clerodane derivatives,

Tinosporon, Tinosporides, Jateorine,
Columbin

Steroids b-sitosterol, d-sitosterol, 20b-hydroxyecdysone
Ecdysterone, Makisterone A, Giloinsterol.

Sesquiterpenoid Tinocordifolin
Aliphatic 
compounds

Octacosanol, Heptacosanol, Nonacosan-15-one

Miscellaneous 
compounds

3, (a, 4-dihydroxy-3-methoxy-benzyl)-4-(4- 
hydroxy-3-methoxy-benzyl)- tetrahydrofuran, 
Jatrorrhizine, Tinosporidine, cordifol, cordifelone
N-trans-feruloyl tyramine as diacetate, Giloin, 
Giloinin
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gut motility enhancers and calcium were also being 
given on an individual basis to patients in any group as 
deemed necessary by the physician. Two weeks quota of  
medications was given for self  administration and patients 
were advised to return to the clinic every two weeks or 
earlier if  any troublesome symptoms mentioned earlier 
were experienced. Blood sample for liver enzymes and 
bilirubin were taken every alternate visit and a prefilled 
requisition form was given with the instruction to get 
it done at nearby center having pathology laboratory 
facility if  patient could not come at time of  appearance 
of  symptoms. At each visit the patients were evaluated 
for signs and symptoms of  adverse events by trained staff  
and adherence to treatment schedule was confirmed for 
both the groups. Sputum examination was repeated at 
fourth week in all sputum AFB positive cases. 

Hepatotoxicity gradation was based on the WHO 
classification and defined by liver enzyme level, however, 
aspartate transaminase (AST) level was preferred instead 
of  alanine transaminase (ALT) level as it is well known 
that AST/ALT ratio > 2 is one important criteria 
for differential diagnosis between drug or chemical 
and viral hepatitis[33]. Grade Ⅰ for any AST level of   
51-125 U/L; grade Ⅱ for any AST level of  126-250 U/L;  
Grade Ⅲ for AST level of  251-500 U/L and grade 
Ⅳ for any level greater than 500 U/L or more than  
250 U/L with symptoms of  fulminant hepatitis. In case 
of  grade Ⅰ or Ⅱ liver injury ATT was continued for 
2 wk and enzymes were repeated. In grade Ⅲ and Ⅳ 

hepatitis ATT was stopped till enzyme level came to 
normal. AST was checked weekly, once its rise beyond 
2 fold was confirmed after initial 2 wk follow-up till it 
came to normal level. Patients were called for monthly 
follow-up visits after completion of  scheduled treatment 
for 3 mo in both the groups.   

Outcomes
Primary endpoints were to observe the development of  
hepatotoxicity in both the groups with assessment of  
severity by biochemical parameters and liver function 
tests if  the hepatotoxicity exceeded Grade Ⅲ parameters. 
Secondary outcome was to assess the impact of  adjuvant 
medicine on the outcome of  TB itself  as defined by 
follow-up investigations, clinical cure and functional 
improvement[34] by the end of  scheduled ATT and follow-
up period. Completion of  the regimen was defined as 
taking > 80% of  scheduled medication for both the 
groups. Occasional breaks of  one or two weeks due to 
some tribal festivals or an episodes of  minor illness were 
not considered to be a break in the treatment.

Statistical analysis
A sample of  approximately 500 patients would provide 
99% power in two sided tests with an a value of  0.05 to 
detect a decrease in expected incidence of  hepatotoxicity 
of  any grade from 15% in control to < 3% in trial group. 

Nominal and ordinal data in patient characteristics 
were described with percentage, median and inter 

316 completed 
the study

12 early dropouts 
5 had severe allergic 
reactions and withdrew 
3 long absences due to 
other illnesses
6 taking unapproved 
Concomitant medication

200 randomized + 128 consecutive = 328 were assigned to 
receive conventional ATT + herbal formulation

200 were assigned to receive 
conventional ATT

400 underwent randomization till Oct-06 128 recruited to trial group till Mar-07

528 selected for study (intension to treat population)

578 subjects were screened between Apr-05 to Mar-07

10 late dropouts
5 with hepatitis denied for 
restarting of ATT
5 with inadequateresponse 
opted for unapproved total 
herbal after 5 mo of ATT

8 early dropouts 
5 had lack of efficacy 
subjectively
3 had allergic reaction 
and withdrew
6 opted for tribal herbal 
remedy

Dropouts were after 
attaining primary or 
secondary end points so 
not excluded from study

192 completed 
the study

Figure 1  Study design and enrollment and follow-up of patients.
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quartile range (IQR) between 25% and 75%, while measurement data by mean ± SD. Significance for each 

-0.11                                0.09                                 0.29                                 0.49                                0.69                                  0.89

300

200

100

0

1

2 3 4 5

6

7
8 9

10

At 254 nm

-0.11                              0.09                                0.29                                0.49                                 0.69                               0.89

300

200

100

0

1 2

3

4

5

6

7
8

9 10
11

12

At 580 nm

-0.15                          0.05                          0.25                           0.45                          0.65                          0.85

500

400

300

200

100

0

Substance 3 @ 366 nm

Substance 4 @ 366 nm
Substance 5 @ 366 nm

Substance 2 @ 366 nm

At 366 nm

Substance 7 @ 254 nm

Substance 3 @ 254 nm
Substance 4 @ 254 nm

Substance 2 @ 254 nm

Substance 

-0.15                       0.05                         0.25                         0.45                         0.65                         0.85                        1.05

500

400

300

200

100

0

At 245 nm

B

A

Figure 2  A: HPTLC finger print of formulation of Curcuma longa. Sample was extracted in MeOH and Solvent system for Mobile phase used was Chloroform: MeOH 
(99.5: 0.5). Note: Before loading the material on TLC plate, it was impregnated with di NaHPO4 (anhydrous)-1.25 g dissolved in 25 mL double distilled water (DDW). 
B: HPTLC finger print of formulation of Tinospora cordifolia. Sample was extracted in-MeOH and NH4OH: MeOH (9:1) and solvent system for mobile phase used was 
-Chloroform: MeOH (8:2).
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characteristic was tested to ensure basic homogeneity 
of  both the groups. Normality test was performed as 
the patients were representative of  a tribal ethnicity and 
belonged to a disease that may have specific propensity 
for a subgroup, so the distribution may not be Gaussian 
despite a large sample. Those parameters failing the 
normality test were further analyzed by Wilcoxon’s  
rank sum test and those passing it were tested by 
unpaired T test with Welch’s modification where 
variance was unequal. Student’s T test and c2 test with 
Yate’s correction were done as needed. P ≤ 0.05 was 
considered significant. Number needed to treat (NNT) 
was decided for the adjuvant as test therapy. Finally more 
common outcomes including completion of  treatment 
and response to treatment were analyzed by Fisher 
Exact test. Analyses were done by using KyPlot Version 
2 beta 15, GraphPad InStat Version 3.06 and GraphPad 
StatMate 2 version 2.00.

RESULTS
Clinical and demographic characteristics at baseline
As shown in Figure 1, 528 patients were enrolled at six 
centers of  SGSCT mobile clinic. A high proportion of  
patients were of  tribal ethnicity from Chaudhari, Gamit, 
Vasava and Bhil community known to carry sickle cell 
trait in up to 30% of  population[35] and disease in 1.5%[36], 
as reported by different governmental agencies. Eight 
patients from control and 12 patients from trial group 
were excluded from study due to violation of  the protocol, 
hence control had 192 and trial had 316 patients for final 
analysis. As seen in Table 3 the median age and IQR for 
both the groups were quite similar. Also the two groups 
were similar in sex, body weight, habits, disease profile, 
baseline hematologic means and liver function except 
that trial group contained significantly higher number of  
patients with Cavitary Koch’s than the control group.

Hepatotoxicity 
Tables 4 and 5 depict the effects of  herbal adjuvant on 
primary outcome in the form of  significantly decreased 
incidence of  hepatotoxicity (2/316 vs 27/192) in the 
trial group as compared to control group. Mean onset 
of  asymptomatic hepatitis was delayed in trial group 
and none in the trial group suffered from symptomatic 
hepatitis as against 63% of  control group hepatitis 
patients. Grades Ⅱ and Ⅲ hepatotoxicity were observed 
in control group only. Serum AST, ALT and bilirubin 
level were raised in control group much significantly 
when compared with trial group hepatotoxicity cases.

Disease outcome
As shown in Table 6, the number of  sputum-positive 
cases after 1 mo of  treatment in the trial group (2.9%) 
was significantly lower than control group (14.93%). 
Incidence of  poorly resolved parenchymal lesion by 
roentgenogram and failure to improve functional 
status by ECOG score[34] being significantly lower and 
treatment dropouts nil in the trial group proved the 
efficacy of  herbal adjuvant formulation.

Weight and hematologic outcome
As seen in Table 3 and Table 6, the mean weight in 
control increased to 39.17 ± 5.5 kg from 37.61 ± 5.94 kg 
before ATT (P = 0.0063) and in trial group mean weight 
was 40.65 ± 6.22 kg from 38.32 ± 6.08 kg before ATT 
and herb treatment (P < 0.0001). While comparing the 
weight gain, trial group showed significantly higher 
weight gain than control group. Mean Hb of  control 
and trial groups increased significantly after therapy; 
however, the inter group difference was nonsignificant. 
Erythrocyte sedimentation rate (ESR) in both groups 
decreased significantly compared from start to end of  
the treatment period; however, inter group comparison 

Table 3  Baseline demographic and disease characteristics in 
the intention-to-treat population

Characteristics of patients Control Trial P
Sex
   Male (%) 104 (54) 169 (53) 0.934
   Female (%)   88 (46) 147 (47) 0.927
Age-yr median(IQR 25th & 5th) 35 (23.75-45) 35 (27-45) 0.229
Weight (kg, mean ± SD) 37.61 ± 5.94 38.32 ± 6.08 0.199
Ethnicity (%)1

   Tribals  171(89)  287(91) 0.883
   Others    21(11)  29(9) 0.559
Habits (%)
   Smoking      58 (30.2)    103 (32.6) 0.685
   Alcohol   23 (12)      33 (10.4) 0.633
   Both      26 (13.5)      53 (16.7) 0.403
Socio-Economic status (%)
   Upper-Middle 20 (10.4)      40 (12.6) 0.499
   Middle 30 (15.6)      52 (16.4) 0.833
   Lower 142 (74) 224 (71) 0.763
Pulmonary (%)2

   Open cases (sputum +ve)   67 (35) 137 (43.4) 0.214
   Parenchymal    152 (79.2) 258 (81.6) 0.822
   Cavitary    18 (9.4)   66 (21) 0.003
   Effusion      9 (4.6)    20 (6.3) 0.464
   Fibrosis   27 (14)      68 (21.5) 0.081
Extra pulmonary (%)2

   Cervical lymph node    18 (9.4)    31 (9.8) 0.883
   Abdominal      4 (2.1)   6 (2) 0.886
   Laryngeal      7 (3.6)    11 (3.5) 0.925
   Central nervous system      6 (3.1)   6 (2) 0.389
   Bones/Joints    10 (5.2) 19 (6)    0.72
   Skin           0   3 (1) 0.598
   Genito-Urinary        2 (1.04)      1 (0.3) 0.304
Type of case (%)
   New 140 (73)    195 (61.7) 0.245
   Relapse      43 (22.4)      97 (30.7) 0.122
   Chronic 9 (4.7) 24 (7.6) 0.225
Hematology
   Hb (%)   8.84 ± 1.93   8.95 ± 1.95 0.808
   Total leucocyte count/mm3 10 179 ± 4 680   9575 ± 4075 0.478
   ESR   66.79 ± 30.64   70.49 ± 27.91 0.517
Liver Function (mean, 95%CI)
   Serum bilirubin   1.07 (0.7-1.3)  1.09 (0.8-1.4) 0.952
   AST 34.35 (17-63)   32.4 (11-61) 0.658
   ALT 27.45 (9-57) 31.15 (6-52) 0.655
   ALP    100 (50-260)    107 (50-260) 0.092

Unless stated otherwise, P values were calculated with the use of a two 
sided t-test with Welch’s modification (when unequal variance) for 
continuous data and a c2 test for categorical data. 1Ethnic group was 
assessed by investigation on screening. Tribal consists of Chaudhari, 
Gamit, Vasava, Bhil, Valvi, Nayka and Halpati. 2Patients may belong to 
more than one category. ALP: Alkaline phosphatase.

www.wjgnet.com

4758    ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol    August 14, 2008    Volume 14     Number 30



that was nonsignificant at the start showed a significantly 
more decrease in trial group at completion.

Non-hepatotoxic adverse events (data not shown)
Non-hepatotoxic adverse events occurred occasionally 
in both the groups and included nausea, vomiting, skin 
rash, epigastric pain and discomfort, malaise, dizziness, 

arthralgia, peripheral neuropathy, anorexia and insomnia 
and sickle crisis. They were treated symptomatically with 
appropriate medications by the physician. Early dropouts 
occurred in both groups due to allergic reactions to ATT 
and they were excluded from the analysis as shown in 
Figure 1.

DISCUSSION
The present clinical trial was based on unpublished 
results of  previous preclinical studies at our center. 
As the conventional ATT has been well established 
and the Ayurvedic herbs have excellent safety profile 
as described previously, a phase Ⅰ trial omission was 
granted. As the efficacy of  the herbs was shown in 
concurrent administration design in an animal model 
of  ATT induced hepatotoxicity[22], it was considered 
scientific, as well as ethical, to try a similar model for a 
human clinical trial, hence herb treatment was started 
along with ATT at the same time and continued until 
completion of  ATT. 

Curcumin has anti-inf lammatory, free radical 
scavenging and hepatoprotective activities tested in vitro. 
It suppresses production of  superoxide by macrophages, 
exerts potent anti-inflammatory action that inhibits 
production of  tumor necrosis factor alpha (TNF-a), 
interleukin (IL) 1-b and the activation of  NF-κB in 
human monocytic derived cells[37,38]. Also, it has a strong 
antioxidant property and it inhibits lipid peroxidation 
in rat liver microsomes, erythrocyte membranes and 
brain homogenates, by maintaining the activity of  SOD, 
catalase and glutathione peroxidase at a higher level[39]. 
These properties clearly explain the hepatoprotective 
activity of  CL in preclinical studies and present trial as 
well. Curcumin has antiviral, antiprotozoal, antibacterial, 
anti inflammatory, and antioxidant actions, in addition to 
its hepatoprotective activity, making it a suitable adjuvant 
agent that actually enhanced efficacy of  ATT in present 
study.

In preclinical studies, TC has been shown to induce 
enzymes of  drug metabolism and antioxidant system 
and to inhibit lipid peroxidation in mice. Cytochrome 
P450, NADP-Cytochrome (P sub 450) reductase, 
glutathione-s-transferase, DT diaphorase, SOD and 
catalase are enhanced. These effects improve liver 
function, protect against toxic assaults and increase 
protein synthesis by liver[40]. These activities can 
account for its hepatoprotective potential. It is a 
known immunostimulant enhancing cell mediated as 
well as humoral immune response in mice. Treatment 
of  mice with dried stem crude extract prevented 
cyclophosphamide induced myelosuppression as well as 
immunosuppression[41]. Improved humoral immunity, 
enhanced macrophage and Kupffer cell function, 
enhanced neutrophil function, antioxidant activity and 
excellent hepatoprotective potential might explain the 
result of  present clinical trial. Since many years the 
concept of  classical phytotherapy using herbal drug 
combinations with superior efficacy and lesser side 
effects in comparison with single isolated constituents 

Table 4  Effects of herbal formulation on incidence, onset, 
duration and severity of hepatitis

ATT induced hepatitis 
outcome (Table 2)

Control 
(n  = 192) 

Trial 
(n  = 316)

P

Patients with raised AST (%)     27 (14) 2 (0.63) < 0.0001
Patients with raised S 
bilirubin (%)

  17/27 (63) 0 < 0.0001

Mean onset of hepatitis 
symptomatic 

49.12 ± 17.22 - < 0.0001

Mean onset of hepatitis 
asymptomatic

  29.9 ± 17.63 3 9 ± 11.31  0.443

Mean onset of any hepatitis      42 ± 19.48 39 ± 11.31  0.776
Mean duration of raised AST 27.5 ± 7.25          21 < 0.0001
Hepatitis gradation
Grade-Ⅰ 10 2 < 0.0001
Grade-Ⅱ   9 0 < 0.0001
Grade-Ⅲ   8 0 < 0.0001
Grade-Ⅳ   0 0
Reinstitution of ATT in 
patients (%)

22/27 (81.5) NA

P calculated by c2 (categorical data) and two-sided Student’s t-test with 
Welch’s procedure (continuous data with unequal variance). NA: Not 
applicable.

Table 5  Comparison of liver enzymes and bilirubin in patients 
developing hepatitis

Control (n  = 27) Trial (n  = 2) P

AST 195.93 ± 108.74    85 ± 4.24 < 0.0001
ALT 75.74 ± 26.54    41 ± 1.41 < 0.0001
AST/ALT 2.35 ± 0.74 2.08 ± 0.18  0.207
ALP 241.74 ± 140.96 147.5 ± 45.96  0.118
Serum bilirubin 5.4 ± 3.4   1.5 ± 0.42 < 0.0001

Two-sided Student’s t-test with Welch’s procedure for continuous data 
with unequal variance. ALP: Alkaline phosphatase.

Treatment outcome for ATT Control Trial P
Number of sputum +ve case at 
start (%)

  67/192 (35) 137/316 (43)    0.03

Number of sputum +ve case 
after 1-month of  treatment (%)

   10/67 (14.93)     4/137 (2.9)    0.0068

Poorly resolved parenchymal 
lesion (%)

   9/152 (5.92)   2/258 (0.78)    0.0037

Failure to improve functional 
status (%)

 19/192 (10)     6/316 (2) 0.00013

Treatment dropouts (%)  10/192 (5.2) 0    0.0001
Weight (kg) 39.17 ± 5.5 40.65 ± 6.22    0.0016
Hb (%)   10.92 ± 2.01 11.17 ± 1.97    0.176
ESR mm in 1st hour     45.96 ± 18.52 38.84 ± 22.37    0.0001

P calculated by c2 (categorical data) and two-sided Student’s t-test with 
Welch’s procedure (continuous data with unequal variance).

Table 6  Effects of herbal formulation addition on disease 
outcome
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of  plant extracts has been repeatedly assessed clinically 
as well as pharmacologically. The exact mechanisms of  
action underlying these synergy effects are unknown. It 
could be explained by a multitarget action of  compounds 
on a molecular level or partly by an improved resorption 
rate and a change of  pharmacokinetics[42]. Hence, a 
formulation of  CL and TC was used with an idea to 
enhance the potency due to synergistic action that was 
backed by promising results of  a small preclinical pilot 
study (unpublished). As such, many standard Ayurvedic 
preparations also contain both of  these herbs, albeit in a 
lower dose along with other multiple herbs.

Regarding the design of  the trial, the strength lied 
in the base line characteristics which were remarkable 
similar and all the parameters for hepatotoxicity were 
objective and being tested by laboratory technicians 
at different places and totally unaware about the trial 
or outcome, so there could not be any chance for a 
bias in the detection and gradation of  hepatotoxicity. 
In many complex clinical situations adaptive random 
allocation methods are implemented to maintain 
balance between stratification variables[43]; however, 
per iodic evaluat ion revealed acceptably s imilar 
distribution among groups even with permuted block 
randomization. When one treatment or an intervention 
is expected to be superior ; a Bayesian adaptive 
randomization (BAR) method is considered desirable 
to conventional randomization because it utilizes 
the accruing data in a “learn-as-you-go” fashion that 
arguably makes more sense than ignoring the trial’s 
data until it is completed[44]. BAR would allocate more 
numbers of  patients to the potentially advantageous 
group without compromising the randomization, but 
making the trial design very complicated. Instead the 
control arm was truncated for ethical reasons with 
caution at periodic evaluations so that no dissimilarity in 
favor of  the trial group should occur.

Though sickle cell disease patients were excluded 
from the study, persons having sickle cell traits are 
prone to have anemia, repeated chest infection and 
theoretically sickle cell crisis in extremes of  situations 
with dehydration and acidosis. In the present trial two 
events of  sickle cell crisis occurred in the control group. 
They might have phenotypic sickle cell disease[45]. 

The average weight of  the study population was 
around 38 kg in both the groups confirming malnutrition 
in addition to effect of  TB alone. The significance of  
this characteristic could not be overemphasized because 
a low weight would culminate in to a higher per kg 
dosage of  the hepatotoxic ATT. Considering the average 
weight to be 38 kg, the per kg dose of  INH, RFM, PZA 
and EMB would come to 7.9, 11.84, 26.31 and 21 mg,  
respectively. Comparing this dose with a previous study[46] 
in which the per kg doses for INH, RFM and PZA 
were 5, 10 and 25-30 mg, respectively, and the period 
for observation was 59 d with reported hepatotoxicity 
to be 11%; it is apparent that the chances of  developing 
hepatotoxicity would be definitely more for the patients in 
present study. In addition to malnutrition as a known risk 
factor, a higher per kg dose could also play some role.

With all these background, the results of  present trial 
carried utmost importance that hepatotoxicity did not 
occur in the trial group despite a slightly unfavorable 
profile in the form of  significantly higher number of  
patients with Cavitary pulmonary TB. Only two instances 
of  raised AST were detected during monthly surveillance 
of  liver enzymes and ATT was not stopped as it was 
asymptomatic grade I hepatotoxicity. Extensive disease, 
relapse cases, multiple relapse cases, miliary TB cases 
and cases with malnutrition, HIV carrier, and hepatitis B 
and C carrier, sickle cell trait, other back ground illnesses 
like COPD, hyper-eosinophilic syndrome, MB leprosy, 
diabetes mellitus, asthma, rheumatoid arthritis were all 
recruited in the control as well as the trial group and 
yet no incidence of  clinically significant hepatotoxicity 
occur red in tr ia l g roup, sug gest ing that regular 
administration of  adjuvant herbs had taken care of  all 
the known, hypothesized and unknown risk factors 
predisposing to ATT induced hepatotoxicity in clinical 
cases of  TB. 

Though with a power of  99% and highly significant 
out-come, this was a pi lot s tudy and much has 
remained to be done to exploit the full potential of  the 
hepatoprotective ability of  these herbs in cost-effective 
manner with defined recommendation for different 
subclasses of  patients including latent TB cases and 
different high risk groups of  clinical cases. A separate 
study with a low risk control, a high risk control and a 
high risk trial would serve both the purposes of  testing 
the efficacy of  herbs in high risk group as well as the 
validity of  the hypothesis that low risk group has lower 
incidence of  hepatotoxicity in the same population 
having similar ethnicity. The answer to the question 
whether low risk patients should be subjected to 
adjuvant medication or not, could also be answered from 
the results of  study with such a design.

As latent TB cases on different preventive regimes 
have been shown to be at a greater risk for developing 
hepatotoxicity[7-9], a separate well-designed trial for this 
class of  patients could not be over-emphasized. The 
efficacy of  these herbs may also be tested in patients 
showing liver enzyme increase detected by surveillance 
to decide whether ATT could be continued without risk 
of  it to progress to higher grade hepatotoxicity as it is 
observed that sooner the detection, lesser the risk and 
later the appearance of  hepatitis, greater the chances of  
fulminant failure[47].  

The NNT analysis of  the study with a single 
outcome of  hepatoprotection would come to eight. This 
is because the herbs were given to all as an adjuvant 
medicine where the possibility of  developing hepatitis 
itself  was expected to be between 11% and 15%. 
Looking to the result on disease profile it is clear that 
the sputum conversion to negativity was significantly 
superior in herb treated group despite an unfavorable 
sample, reso lut ion of  parenchymal l es ion was 
significantly higher, failure to improve functional status 
was significantly lower and dropout rate came to nil. 
If  these treatment factors are added then NNT would 
surely come lower.
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Weight and hemoglobin both increased and ESR 
reduced significantly on intra group pre- and post- 
treatment comparison in both the groups proving the 
efficacy of  conventional ATT alone too. The inter 
group comparison post treatment showed a significant 
advantage in weight gain and reduction in ESR, but 
not in hemoglobin level in trial group suggesting the 
superiority of  ATT plus adjuvant herbs over ATT alone. 
It is apparent that iron and vitamin supplements were 
being given to anemic patients as per diagnosis and role 
of  ATT must be supportive only in rising the Hb. Tumor 
necrosis factor alpha (TNF) has been shown to cause 
hypoferremia and reduced intestinal iron absorption in 
mice and Curcumin inhibits TNF thereby having the 
potential to enhance iron absorption and help alleviate 
anemia[48,49]. Rise in Hb was not a direct function of  both 
modalities and effects of  curcumin on iron absorption 
in humans has not yet been tested; so the only valid 
comment would be that the theoretical advantage of  CL 
was not observed practically in present study.

In conclusion CL and TC given as an adjuvant to 
standard ATT to any kind of  TB patients prevented 
hepatotoxicity very significantly in terms of  incidence, 
duration and severity and also helped improve outcome 
in terms of  quicker and more efficient achievement of  
sputum negativity in open, potentially infectious cases; 
better response in parenchymal lesion resolution and 
helped improve patient compliance. Treated cases had 
better weight gain and significantly more reduction in 
ESR. A prospective trial for latent TB and MDR TB 
contacts can further exemplify its usefulness. Post-
treatment design on detection of  hepatotoxicity and 
concurrent administration design for different subgroups 
may clarify its efficacy in different clinical situations and 
provide a basis for evidence based recommendation for 
different sub groups of  TB patients.
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 COMMENTS
Background
Isoniazid, rifampicin and pyrazinamide, three major drugs of intensive phase 
of conventional anti-tuberculosis (TB) treatment (ATT), are hepatotoxic and the 
incidence varies between 4%-11%. Healthy contacts of TB patients (latent TB 
cases) are more prone to develop hepatotoxicity by presently recommended 
regimes. There is no established drug therapy to cure or prevent hepatotoxicity 
except stopping the treatment for a while and restoring it gradually at a later date 
when liver enzymes come to a normal level. Stopping the therapy may increase 
morbidity or prolong disability, while shifting to suboptimal non-hepatotoxic regime 
for time being poses the risk of emergence of resistant strains.
Research frontiers
Search for non-toxic and highly effective new compounds for treating 

tuberculosis or an effective vaccine conferring sustained protective immunity 
have largely failed. In literature there are many published preclinical studies 
showing herbs to prevent CCl4, and paracetamol induced liver damage in 
rodents. Recently, four Ayurvedic herbs were shown to prevent ATT induced 
hepato-toxicity and immunosuppression in Guinea pigs. (http://www.wjgnet.
com/1007-9327/13/3199.asp). But no clinical trial of hepatoprotective compound 
has ever been carried out in patients taking conventional ATT.
Innovations and breakthroughs
The present study is the first of its kind and the results are encouraging for the 
prevention of hepato-toxicity and improving the disease outcome by greater 
sputum clearance in Cavitary lesions and better resolution of parenchymal 
lesions. Thus, addition of two simple herbs makes the conventional ATT much 
safer and efficacious. 
Applications
Incorporation of such a formulation in current conventional ATT at a mass 
level may contribute a lot to minimize the risk of liver injury, improve patient 
compliance and disease outcome that might ultimately help to control 
emergence of MDR strains of AFB. If similar protection is observed in latent 
tuberculosis by a prospective trial, it would be a boon for the latent TB cases 
subjected to a serious risk by preventive ATT.
Peer review
The manuscript is well written. This is an interesting trial. The study is nicely 
designed and the analytical data appear to be technically and scientifically 
sound. The outcome is remarkable and clearly shows beneficial effect of the 
herbal formulation in hepatic injury by ATT.
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Abstract
AIM: To evaluate the effect of propolis administration 
on the healing of colon anastomosis with light and 
transmission electron microscopes. 
METHODS: Forty-eight Wistar-Albino female rats 
were divided into two groups and had colon resection 
and anastomosis. In group Ⅰ, rats were fed with 
standard rat chow pre- and postoperatively. The rats 
in group Ⅱ were fed with standard rat chow and 
began receiving oral supplementation of propolis  
100 mg/kg per day beginning 7 d before the operation 
and continued until they were sacrificed. Rats were 
sacrificed 1, 3, 7 and 14 d after operation, and 
anastomotic bursting pressures measured. After the 
resection of anastomotic segments, histopathological 
examination was performed with light and transmission 
electron microscopes by two blinded histologists and 
photographed. 
RESULTS: The colonic bursting pressures of the 
propolis group were statistically significantly better 
than the control group. Ultrastructural histopathological 
analysis of the colon anastomosis revealed that 
propolis accelerated the phases of the healing process 
and stimulated mature granulation tissue formation 
and collagen synthesis of fibroblasts. 
CONCLUSION: Bursting pressure measurements and 
ultra structural histopathological evaluation showed 

that administration of propolis accelerated the healing 
of colon anastomosis following surgical excision. 
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INTRODUCTION
Despite the use of  optimal surgical techniques 
and medical treatments, the integrity of  intestinal 
anastomosis may be compromised, resulting in wound 
dehiscence[1]. The frequency of  this complication, which 
carries a high morbidity and mortality rate, increases if  
surgery has to be performed in the presence of  high-
risk situations, such as surgeries performed in emergency 
settings, on infected and necrotic stumps, in unsafe 
anatomical areas (rectum, esophagus), or in patients with 
metabolic derangements[2,3]. If  we consider these high-
risk situations annihilated, there are several factors in the 
etiology of  colon anastomotic leakage. These factors 
can be separated into two groups, as systemic (advanced 
age, malignancy, malnutrition, anemia, hypovolemia, 
hypoproteinemia) and local (colonic perfusion disorders, 
septic colonic contents, perfusion impairment at 
anastomotic line, anastomotic tension, haematoma, 
inadequate surgical technique, type of  preparation 
prior to surgery and primary colonic pathology)[4,5]. 
Many studies focused on the detrimental effects of  
these local and systemic factors. However, in the last 
century researchers have drawn attention to the cellular 
mechanisms of  the healing and suggested many agents 
to decrease anastomotic insufficiency and leakage. This 
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experimental study was performed to investigate the 
cellular ultrastructure of  the anastomotic healing process 
besides to examine the effects of  propolis.

Propolis is a resinous material collected by bees 
from various plants. Bees use material actively secreted 
by plants or exuded from wounds. Once collected, 
this material is enriched with salivary and enzymatic 
secretions of  bees. Propolis is used by bees to cover 
hive walls, fill cracks or gaps, and embalm killed invader 
insects[6]. It also found its way into a wide spectrum 
of  applications from scolicidal efficacy to cosmetic 
products such as face creams, ointments, lotions, and 
solutions[7]. Propolis contains a variety of  flavonoids, 
phenols, alcohols, terpenes, sterols, vitamins, and amino 
acids[8]. Chemical composition of  propolis samples was 
detected by gas chromatography mass spectrometry 
(GC-MS) and high-performance liquid chromatography 
(HPLC)[9]. Antimicrobial properties of  propolis seem 
attributable mainly to the flavonoids, pinocembrin, 
galangin, and pinobanksin. Pinocembrin also exhibits 
antifungal properties. Other active compounds are 
esters of  coumaric and caffeic acids. Prenylated 
p-coumaric and diterpenic acids possess antibacterial 
and cytotoxic activities. Caffeoylquinic acid derivates 
show immunomodulatory and hepatoprotective actions 
and furofuran lignans inhibit the growth of  some 
bacteria. It also has antioxidative, immunostimulative 
and regenerative properties[6].

According to these properties, we planned to use 
propolis for determining the effects on the healing of  
colonic anastomoses in the rats after colonic resection 
and anastomosis.

MATERIALS AND METHODS
Animals
Forty-eight Wistar-Albino female rats, weighing 225 ± 
25 g were included in this study. Twelve hours before 
anesthesia, animals were deprived of  food, and had free 
access to water until two hours before anesthesia. No 
enteral or parenteral antibiotics were administered at 
all. Rats were housed under constant room temperature 
(21 ± 2℃) individually in wire cages with a 12-h light-
dark cycle. The rats, which died during the experimental 
period, were excluded from the study and were not 
replaced with new rats. Additionally, 6 sham-operated 
rats (no surgery performed on colons) were used to 
measure basal bursting pressure. The procedures in 
this experimental study were performed in accordance 
with the National Guidelines for the Use and Care of  
Laboratory Animals and approved by the Animal Ethics 
Committee of  Ankara Research and Training Hospital.

Study groups
Rats were randomly divided into two groups each 
including 24 animals. Colon resection and anastomosis 
were performed on all animals. In group Ⅰ, rats were 
fed with standard rat chow pre- and postoperatively. 
The rats in group Ⅱ were fed with standard rat chow 
and began receiving oral supplementation of  propolis  

100 mg/kg per day beginning 7 d before the operation 
and continued until they were sacrificed. Propolis was 
given by nasogastric tube everyday at 8 am. 

Surgical procedure
Animals were anesthetized by intramuscular injection 
of  30 mg/kg ketamine hydrochloride (Ketalar®; Parke-
Davis, Istanbul, Turkey) and 5 mg/kg xylazine (Rompun®;  
Bayer, Istanbul, Turkey). Under sterile conditions, 
midline laparotomy was performed. The left colon was 
transected 3 cm proximal to the peritoneal reflection 
and a 1 cm-long colon segment was resected. End-to-
end anastomosis was performed by one-layer, inverted, 
interrupted sutures by using 6-0 polydioxanone (PDS, 
Ethicon, UK). The same surgeon, who was unaware of  
the grouping of  each rat, performed all anastomoses. 
The fascia and skin layers of  the abdomen were closed 
separately with continuous 3-0 silk sutures. Animals had 
free access to food after the operation. The rats were 
sacrificed on postoperative day 1, 3, 7, and 14 by high-
dose diethyl ether inhalation. The abdominal cavity was 
inspected through a U-shaped incision.

Measurement of bursting pressure
The anastomotic segment was separated from the 
surrounding organs. The tissues that adhered to the 
anastomosis too tightly were not forced away. A colon 
segment including the anastomosis with 2.5 cm proximal 
and distal parts was removed. One end of  the segment 
was tied by a 3-0 silk suture. The cannula was inserted 
into the proximal colonic segment. A catheter was 
inserted into the other end and tied by 3-0 silk suture 
to avoid air leaks; it was connected to an infusion pump 
and to the computer for pressure readings (Logger 
computer program). Air was pumped into the colon 
segment at a constant rate of  8 mL/min. The maximum 
pressure reading before the pressure declined suddenly 
was recorded as the bursting pressure.

Histological examination
The histopathological analysis of  this study was carried 
out in the Histology and Embryology Department 
of  Ankara University Faculty of  Medicine. For light 
microscopic analyses, a colonic anastomosis-site segment 
was removed from each rat and the specimens were 
fixed in 10% neutral buffered formalin solution for 2 d. 
Tissues were washed in flowing water and dehydrated 
with increasing concentrations of  ethanol (50%, 75%, 
96%, and 100%). After dehydration, specimens were put 
into xylene to obtain transparency and then infiltrated 
with and embedded in paraffin. Embedded tissues were 
cut into sections of  5-μm thickness using a Leica RM 
2125 RT. Systematically randomly selected sections were 
stained with hematoxylin and eosin and mallory-azan 
dyes. Histopathological examinations were performed 
by two histologists blinded to the study design and 
photographed with a Nikon eclipse E 600.

For the transmission electron microscope (TEM) 
analyses, samples were fixed with phosphate buffered 
(pH 7.3) 2.5% glutaraldehyde and a 2% PFA mixture 
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solution for 2 h at room temperature. They were washed 
with phosphate-buffered saline solution (PBS, pH 7.3) 
and fixed with 1% osmium tetraoxide for 2 hours as the 
secondary fixative. After washing, they were embedded 
in Araldite 6005 and cut with a Leica EM FCS (Vienna-
Austria) ultramicrotome. One micrometer semi-thin 
sections were stained by toluidine blue-Azur Ⅱ to select 
the region of  interest for the following procedures. 
Sixty-seventy nm thin sections were stained with uranil 
acetate and lead citrate. The sections were examined 
and photographed using a LEO 906 E TEM (80 kV, 
Oberkochen, Germany) microscope.

Statistical analysis
Data analysis was performed using the SPSS (Statistical 
Package for Social Science, version 11.5) software 
package. Whether the bursting pressure measurements 
were normally distributed or not was determined 
by using the Shapiro Wilk test. Descriptive statistics 
were shown as mean ± standard deviation (SD). The 
differences among groups and days were evaluated by 
one-way ANOVA post-hoc Tukey test or Kruskal Wallis 
test, where appropriate. When the P-value from the 
Kruskal-Wallis test statistics was statistically significant, 
Bonferroni adjusted Mann Whitney U test was used to 
know which groups or days differ from which others. 
Bonferroni correction was applied for all possible within 
group or day comparisons. A P value less than 0.05 was 
considered statistically significant.

RESULTS
Surgical results
The rats were sacrificed on postoperative day 1, 3, 
7, and 14. One rat from each group died in the early 
postoperative period, probably due to anesthesia. On 
gross evaluation, no signs of  anastomotic leakage, 
intraabdominal abscess, peritonitis, or ileus were 
detected. 

Anastomotic wound healing was evaluated by means 
of  bursting pressure and histopathological assessment. 
The biggest P value among the P values as P < 0.001 was 
found as 5.6E-6. To obtain a standardized projection 
the notation was prefered as P < 0.001 for most of  the 
P values. The colonic bursting pressures of  the propolis 
group were significantly better than the control group 
(Table 1). 

Histopathological results
On the first postoperative day of  the control group, 
healing began with a strong influx of  polymorphonuclear 

leucocytes (PMNL), most prominent in the anastomotic 
line. There was a massive infiltration of  neutrophils, 
eosinophils, and histiocytes in the lamina propria, 
submucosa, and the area surrounding the suture material. 
The subepithelial region of  the mucosal layer and the 
submucosa were highly congested and edematous. The 
subepithelial edema was expanded to the wide adjacent 
area of  the anastomotic line (Figure 1A-D). In the 
propolis group, the subepithelial edema was not striking 
and not expanded very far from the anastomotic line. 
Congestion and infiltration of  PMNL was also present; 
additionally the fibroblasts’ migration became apparent 
in the wound edges and around the suture material. The 
thing to note was that angiogenesis became visible in 
focal areas of  the submucosa (Figure 1E-H). 

On the third postoperative day, edema of  the control 
group was persistent. The existence of  PMNL and a 
slight increase in the lymphocyte infiltration was seen. 
The hemorrhage, inflammation and the intensity of  
eosinophils in the lamina propria were recognizable. The 
granulation tissue formation and the resorption of  the 
suture material were observed. The reticular connective 
tissue formation by fibroblasts and the wrapping of  this 
tissue around the suture line were evident (Figure 2A-D). 
In the propolis group, the edema and the swelling of  the 
tissue ends regressed. The fibroblastic activity and the 
synthesis of  new collagen were observed. Angiogenesis, 
a component of  granulation tissue formation, was 
prominent. The spatial ar rangement of  collagen 
fibers in the submucosal layer and inclining towards 
the anastomotic line to form bridging of  the gap was 
recognizable (Figure 2E-H). 

On the seventh postoperative day, edema of  the 
control group had almost disappeared. The granulation 
tissue was well organized and wrapped around the 
suture material particles. The collagen formation with 
increased fibroblastic activity was present but irregular. 
The macrophage infiltration removing the debris was 
observed (Figure 3A-D). In the propolis group, a very 
small tissue defect was still visible in the mucosal layer. 
Many bands of  collagen fibers and well-developed 
capillary vessels were distinguished. The collagen 
bundles were well arranged to form the bridging between 
mucosal and submucosal layers. The macrophage 
cells clearing off  the debris and the mature cells of  
the connective tissue as fibrocytes were easily viewed  
(Figure 3E-H).

On the fourteenth postoperative day for the control 
group, the mucosal integrity was still not gained. There 
was a very small (< 1 mm) tissue defect between the 
anastomotic ends. The regeneration of  the epithelium 

Table 1  The colonic bursting pressures

Time Sham group Control group Propolis group Sham vs  Control Sham vs  Propolis Control vs  Propolis

1st  day 214.7 ± 5.50   33.8 ± 2.99   43.3 ± 1.51 P = 0.002 P = 0.002 P = 0.002
3rd day   43.7 ± 1.86    52.7 ± 3.33 P = 0.002 P = 0.002 P = 0.002
7th day 146.5 ± 6.53 179.8 ± 6.71 P < 0.001 P < 0.001 P < 0.001
14th day 176.7 ± 4.41  200.8 ± 7.19 P < 0.001 P = 0.002 P < 0.001
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4 μm

and the mucosa only partially covered by simple 
squamous and cuboidal epithelium was observed. The 
apoptotic cells and the macrophages clearing the debris 
were still remarkable. The granulation tissue and the 
epithelium of  the anastomotic ends were very close 
(Figure 4A-D). In the propolis group, the mucosa had 
completely healed. The regeneration of  epithelium 
was with glandular columnar epithelium. The lamina 
propria of  the anastomotic line under the restored 
epithelium was cleaned out from the debris. There was 

a dense collagen deposition in the submucosal layer. 
The collagen bundles were regular and harmoniously 
organized (Figure 4E-H).

DISCUSSION
Leakage of  anastomoses is a very serious and severe 
complication in gastrointestinal surgery. Morbidity and 
mortality rates are still high despite advances in operative 
techniques and suture materials. Therefore, basic 

*

* Eo

Eo

Cv

Lp

Hi

Hi
Neu
Neu

5.56 μm4 μm20 μm

e

Eo

Eo e e

F

FF

A

F

AC

AC
LP

SM

5.56 μm

Neu

Eo

Neu e

e

*

*

*

DC

100 μm

s ss
PMNL

← ←
A

HGF

100 μm

SM

SM

←←

E

Figure 1  An overview of healing at day 1 after operation. The micrographs “A-C, E-G” represent hematoxylin-eosin stained sections and “D, H” T.E.M. images of the 
control (upper panels) and propolis (bottom panels) group. Arrow: the anastomosis cite; Asterisk: Edema; PMNL: Polymorphonuclear leucocytes; s: Suture material; C: 
Congestion; Cv: Capillary vessel; LP: Lamina propria; Eo: Eosinophil; Neu: Neutrophil; Hi: Histiocyte; e: Eritrocyte; SM: Submucosa; AC: Apoptotic cell; F: Fibroblast; A: 
Angiogenesis. 

s

PMNL

C

C
20 μm

*
*

*
*

B

C

www.wjgnet.com

4766    ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol    August 14, 2008    Volume 14     Number 30

GT

←

←

s

RCT

10 μm

F

4 μm  5.6 μm

1.56 μm

F

N

10 μm

GT

100 μm

←

←

DCBA

HGFE

Figure 2  An overview of healing at day 3 after operation. The micrographs “A, E” represent mallory-azan stained sections, “B, C, F” hematoxylin-eosin stained 
sections and “D, G, H” T.E.M. images of the control (upper panels) and propolis (bottom panels) group. Arrow: The anastomosis site; Arrowhead: Collagen; Asterisk: 
Edema; GT: Granulation tissue; s: Suture material; RCT: Reticular connective tissue; F: Fibroblast; Eo: Eosinophil; Neu: Neutrophil; C: Congestion; A: Angiogenesis; N: 
Nucleus.

40 μm

F
F

F
F

F

*

* Eo
Eo

Eo
Neu

F

A

1.21 μm

A C

A

A

S



research on the mechanisms of  intestinal healing and 
the factors affecting it is very crucial[10]. Even though 
wound healing is a complex and dynamic process, it 
can be divided into three distinct, but at the same time 
overlapping phases of  (1) hemostasis and inflammation, 
(2) proliferation, and (3) maturation and remodeling[2]. 
Intestinal anastomotic healing differs slightly from the 
general healing process, as it is a controlled full-thickness 
injury, followed by reconstitution of  luminal integrity 
with artificial sutures. During this period, an organized 

and complex cascade of  cellular and biochemical events 
take place, and many disturbances in any phase of  this 
healing process may result in complications[11].

The first phase of  the healing, described as the 
inflammatory phase is seen on the first 3 d of  the 
healing process. As Steed and Portera et al reported, this 
is the essential phase in which the polymorphonuclear 
leucocytes (PMNL) migrate from the circulation to 
the wound[12,13]. It is really an essential phase because 
of  the large microorganism content of  the colonic 
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lumen. During the first three-day period, we found the 
regressive effect of  propolis on edema might be by 
decreasing the level of  IL-5 as Leticia et al reported[14]. 
The cellular content on the first day were supporting 
the regression of  edema with the rare number of  
eosinophils. Marcucci and later Krol et al studied the 
antiinflammatory activity of  propolis and 19 phenolic 
compounds[15,16]. Also supporting these observations, we 
found in our study that, while in the control group the 
PMNLs were leading on the first and third postoperative 
days, in the propolis group proliferation of  fibroblasts 
began immediately following the decrease in the amount 
of  PMNLs. 

Extensive bacterial invasion was well known to 
impair healing at anastomotic sites. This is most likely 
secondary to increased PMNLs invasion and activation 
by microorganisms. Granulocyte collagenase activity 
of  PMNLs’ has been implicated at increasing collagen 
breakdown and delaying the anastomotic healing 
process. The potential protective effect of  propolis may 
be suggested by our findings of  early decreased number 
of  PMNLs and less inf lammatory reaction at the 
anastomotic line and further away during first and third 
day[17,18].

Propolis has a constructive antibacterial effect besides 
antiinflammatory properties on bacterial invasion, which 
plays a crucial role in the healing process. There are 
a number of  studies documenting the antimicrobial 
functions of  propolis, its extracts, and constituents. This 
is a broad-spectrum activity against Gram-positive and 
Gram-negative rods and cocci, and viruses[19]. Park et al 
tested antimicrobial activity on oral microorganisms[20]; 
and Sosa et al observed that propolis samples inhibited 
the growth of  some gram-positive bacteria and Candida 
albicans[21]. Kujumgiev et al further examined the 
antibacterial, antifungal, and antiviral activity of  propolis 
from different geographical origins. All the propolis 
samples were active against the fungal and gram-
positive bacterial test strains, and most showed antiviral 
activity. The antibacterial activities of  these samples 
were very similar, despite differences in their chemical 
composition[22]. We had also shown its protective effect 
on ileal mucosa and reduced bacterial translocation in an 
experimental obstructive jaundice model in our previous 
researches[23]. Although the chemical composition of  
propolis varies depending on the site of  its collection, 
antimicrobial properties seem attributable mainly to the 
flavonoids pinocembrin, galangin, and pinobanksin[24]. 
Other active compounds are esters of  coumaric acid 
and caffeic acids. Phenylated p-coumaric and diterpenic 
acids possess antibacterial and cytotoxic activities. 
Caffeoylquinic acid derivatives show immunomodulatory 
and hepatoprotective actions and furofuran lignans 
inhibit the growth of  some bacteria[25]. 

Propolis has been used in the treatment of  cutaneous 
lesions such as burns, wounds, and ulcers. Morales et al[26] 
used a hypoallergic formula of  propolis and obtained a 
very satisfactory evolution and cicatrisation in cases of  
wounds with and without infection. A fast cure, shorter 
treatment period, and less septic complications were 

also obtained. The cicatrisation was evident between the 
4th and 5th day by the early formation of  granulation 
tissue. The antimicrobial capacity was evident with a fast 
regression of  the septic component of  the suppurated 
wound. Claus et al reported that, propolis also exhibits 
immunostimulatory and immunomodulatory effects in 
vitro on macrophages[27], while Kimoto et al reported it 
increases the ratio of  CD4/CD8 T cells in vivo in mice[28]. 
An intact cellular immune response, particularly of  T 
lymphocytes, is not necessary for the initial phase of  
wound healing but seems to be essential for a normal 
outcome of  tissue repair. In our study, the propolis 
group indicated that lymphocytes appear earlier in 
contrast with the control group. Propolis exerts a wound 
healing effect by minimizing acute inflammatory exudate 
and stimulating macrophage and CD4 T lymphocyte 
activity.

In this study, angiogenesis was remarkable in the 
propolis group beginning on the third postoperative 
day; unfortunately, the capillaries were poor in the 
control group. We know that oxygen is critical for 
anastomotic wound healing[2]. The exact cellular and 
molecular mechanisms caused by hypoxia, which 
results in impaired anastomotic healing, are not well 
understood. While hypoxia may act as an early stimulus 
for neovascularization, it is unlikely to sustain it. The 
process of  angiogenesis, whereby new capillaries are 
formed from pre-existing blood vessels, is essential for 
wound healing[29]. At the molecular level of  angiogenesis, 
vascular endothelial growth factor (VEFG) and nitric 
oxide (NO) are the two key factors that are relevant[30]. 
Tan-no et al reported the anti-inflammatory effect of  
propolis through inhibition of  nitric oxide production[31] 
and also Attard et al reported the expression of  both 
VEGF and inducible nitric oxide synthase (iNOS) 
significantly increased at the anastomotic site exposed 
to a hypoxic environment but the healing was not 
enhanced[32]. These two hypotheses above warrant 
further evaluation. The molecular mechanisms of  
angiogenesis and the reflection of  it to the healing 
process are not clearly understood yet; however, we 
definitely observed new capillary formation in the early 
period of  the propolis group.

Propolis mostly contains flavonoids and phenolic 
compounds, which have been repor ted to have 
antioxidative properties. Due to its antioxidative effects, 
propolis may protect humans from deleterious oxidative 
processes. Several groups of  authors thus studied the 
antioxidative properties of  propolis and their active 
constituents[33-35]. Propolis may also act as a scavenger 
against oxygen radicals. Recent studies indicate that 
propolis is able to inhibit the formation of  superoxide 
anion, which is produced during autooxidation of  
β-mercaptoethanol[25].

I n the hea l i ng p roce s s , t h e f i r s t pha s e o f  
inf lammation is fol lowed by the second phase, 
fibroblastic proliferation. Fibroblasts are normally found 
in the later phases of  normal wound healing. They are 
responsible for the production of  collagen and for 
establishing the structural extracellular matrix. Although 
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the healing process can be divided into phases as we 
mentioned before, they are overlapping. The maturation 
and remodeling phase following the fibroblastic 
proliferation are very close to each other. Because 
remodeling of  tissue requires the deposition of  adequate 
amounts of  extracellular matrix components, particularly 
collagen fibers, in the wound area. As comprehended, 
fibroblasts have a key position. Graham et al reported, in 
contrast to dermal tissue, both smooth muscle cells and 
fibroblasts manufacture collagen in the gastrointestinal 
tract[36]. We know that the bulk of  collagen within the 
intestinal tract is contained within the submucosa since 
intestinal smooth muscle cells in the lamina propria 
produce and maintain intestinal collagen. As a result, 
most of  the strength of  the intestine is found in the 
submucosal layer. Furthermore, it is responsible for 
anchoring the sutures that hold anastomosed bowel ends 
together[11]. 

Simpson and Ross reported that, as early as 3 d after 
wounding, immature fibroblasts could be identified 
within the wound exudate[37]. We observed the fibroblasts 
on the third postoperative day of  the control group, but 
interestingly, they were present on the first postoperative 
day of  the propolis group. On the first day, possibly 
they were immature fibroblasts, but on the third day 
as these cells matured, they acquired the characteristic 
ultrastructural features of  actively synthetic fibroblasts. 
By day 5, small collagen fibers were observable by 
electron microscopy within the extracellular spaces; 
the collagen fibers were distinguishable on the third 
postoperative day of  the propolis group. The collagen 
fibers were in a spatial arrangement and inclining 
towards the anastomotic line.

Although healing in the gastrointestinal tract 
essentially follows the same phases as skin wound 
healing, our understanding of  these events is much 
more limited. Just as with dermal reepithelialization, if  
the mucosa is the only injured layer, it can be reformed 
by migration and proliferation. Full-thickness injury 
provokes a fibroblastic response resulting in scar 
formation[38]. During the first few postoperative days, 
anastomotic strength is low, as collagen is degraded 
secondary to collagenase activity at the site of  the injury. 
Early anastomotic strength is therefore dependent on 
the suture-holding capacity of  existing collagen until 
large amounts of  new collagen can be synthesized by 
both fibroblasts and smooth muscle cells. The final 
phase of  healing involves maturation of  newly formed 
anastomosis by the transformation of  collagen into thick 
bundles and contractile units[39]. In the propolis group, 
the proliferation, activation, and synthesis capacity of  
fibroblasts were much better than the control group. 
As expected, the bridging of  the gap between the 
anastomotic edges as the means of  remodeling was 
completed.

All of  the bee products, especially honey, have had 
a valued place in traditional medicine for centuries. 
In the last century, researchers rediscovered this old 
remedy and honey has been of  proven value in many 
pathologies and also in the surgical wound. Honey is 

a supersaturated sugar solution which the half  of  it’s  
content is fructose and glucose with other chemical 
compounds in small quantities like flavonoids and 
phenolics. Consequently as a bee product, propolis  
(100 mg/kg per day) is recommended in this study 
because it is more effective than the same doses of  
honey (10 g/kg per day)[7,40]. 

In conclusion, the results of  this study clearly 
demonstrate that, according to the histopathological 
parameters, administration of  propolis, as an additional 
strategy to surgical excision, accelerated the healing 
of  colon anastomosis. Propolis, a beehive product, 
possesses a broad spectrum of  biological activities 
including hepatoprotective, antitumour, antioxidative, 
antimicrobial, and antiinflammatory effects. Current 
opinion is that the use of  standardized preparations 
of  propolis is safe and less toxic than many synthetic 
products. Our results suggest that propolis enhances not 
only the early phase of  colon anastomotic healing by 
inhibiting the inflammatory response, but also stimulates 
the collagen synthesis of  f ibroblasts. The exact 
mechanisms of  improved anastomotic wound healing by 
propolis administration are not known, although increase 
of  neoangiogenesis, mononuclear cell infiltration, and 
the stimulation of  collagen synthesis are all involved. 
These findings may provide insight into potential 
therapeutic approaches to improve and promote healing 
of  colonic anastomosis and to minimize the morbidity 
and mortality associated with anastomotic leaks. We 
conclude that propolis should be further investigated 
for its capacity to enhance anastomotic healing and to 
reduce the incidence of  the anastomotic dehiscence.

 COMMENTS
Background
Inadequate healing of colon anastomosis may still be a cause of postoperative 
morbidity and mortality despite the use of optimal surgical techniques. 
Research frontiers
This study was to evaluate the effect of propolis administration on the healing of 
colon anastomosis with light and transmission electron microscopes.
Innovations and breakthroughs
The achievement of this article is to show the stages of anatomotic healing with 
clear light and electron micrographs without any doubt and draw attention to the 
cellular mechanisms of the healing. The breakthrough of our experience from 
the present study is that: propolis which is a natural, cheap and easily obtained 
material can be used safely in colonic anastomosis. 
Applications 
Administration of propolis, as an additional strategy to surgical excision, might 
be used to accelerate the healing of colon anastomosis and to prevent the 
anastomotic leakage, in clinical settings.
Peer review
Our results suggest that propolis enhances not only the early inflammatory 
phase of colon anastomotic healing but also stimulates the collagen synthesis of 
fibroblasts. These findings may provide a new insight into potential therapeutic 
approaches to improve and promote healing of colonic anastomosis.
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Abstract
AIM: To evaluate the prevalence of metabol ic 
syndrome (MS), obesity and type 2 diabetes mellitus 
(T2DM) in a group of Mexican Mestizo patients with 
cryptogenic cirrhosis (CC) and to compare this group 
with patients with cirrhosis secondary to other causes 
(disease controls). 
METHODS: Patients with CC, diagnosed between 
January, 1990 and April, 2005, were included in a 
retrospective study. Patients with cirrhosis caused 
by chronic hepatitis C, alcohol abuse or autoimmune 
hepatitis (AIH) served as disease controls. 
RESULTS: A total of 134 patients with CC were 
analyzed. Disease controls consisted of 81 patients 
with chronic hepatitis C, 33 with alcohol abuse and 
20 with AIH. The median age of patients with CC was 
57 years (range, 16-87); 83 (61.9%) patients were 
female; 53 (39.6%) were Child A, 65 (48.5%) Child B, 
and 16 (11.9%) were Child C cirrhosis. The prevalence 
of MS (29.1% vs  6%; P  < 0.001), obesity (16.4% vs  
8.2%; P  = 0.04) and T2DM (40% vs  22.4%; P  = 0.013) 
was higher in CC patients than in disease controls. 
There were no differences in sex, age or liver function 
tests between the two groups. 
CONCLUSION: The prevalence of MS, obesity 

and T2DM were higher in patients with CC than in 
patients with cirrhosis secondary to others causes. 
Our findings support the hypothesis that non-alcoholic 
steatohepatitis (NASH) plays an under-recognized role 
in CC.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
The diagnosis of  ‘‘cryptogenic’’ cirrhosis is made after 
an extensive evaluation has excluded recognizable 
etiologies[1]. The prevalence of  cryptogenic cirrhosis 
(CC) ranges from 5% to 30% in cirrhotic patients[1]. 
In Mexico, the etiology of  cirrhosis remains unclear in 
10% patients despite an extensive evaluation[2]. Several 
etiological possibilities are offered in such patients. 
These include occult alcohol abuse, silent autoimmune 
hepatitis (AIH), occult viral (non-B, non-C) hepatitis, and 
progression of  nonalcoholic steatohepatitis (NASH)[3].

The prevalence of  clinically silent autoimmune 
hepatitis in patients with CC is unknown; however, 
several studies have suggested that a significant number 
of  patients with CC may have burnt-out AIH[4-6]. Occult 
virus disease (Non-B, non-C hepatitis) is considered to 
account for about 15% of  post-transfusion hepatitis[7] 
and may exist in a silent form for several years[8]. Obesity 
and non-insulin dependent diabetes mellitus are the 
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two most common conditions associated with NASH[9], 
which is frequently asymptomatic[10] and can progress 
silently to cirrhosis with definitive histological features[10]. 

The aim of  the present study was to characterize 
the metabolic disturbances [prevalence of  metabolic 
syndrome (MS), obesity and type 2 diabetes mellitus 
(T2DM)] in a group of  Mexican Mestizo patients with 
CC. In particular, we compared the prevalence of  
metabolic disturbances in the cryptogenic group with 
patients with cirrhosis due to other causes: hepatitis C 
without prior alcoholism, alcohol abuse and AIH.

MATERIALS AND METHODS
In a retrospective manner, we examined the medical 
records (paper and electronic-based records) of  all 
patients with CC diagnosed from January, 1990 to April, 
2005. We also included in a random fashion, disease 
controls consisting of  patients with cirrhosis caused by 
chronic hepatitis C, alcohol abuse and AIH. 

Diagnosis of  CC was made after an exhaustive 
evaluation failed to provide a specific etiology. The 
data collected included the hepatologic diagnosis, co-
morbid conditions, complications of  portal hypertension 
if  present, and major forms of  treatment. Additional 
information was obtained from clinical charts, hospital 
records, the clinic and hospital laboratory databases, 
and by personal or telephone interview. Patients were 
included in the study if  sufficient data was available 
and if  the diagnosis was confirmed on review of  all the 
available information. 

The diagnosis of  cirrhosis was made on the basis 
of  clinical, laboratory and imaging data. In addition, 
histological findings were available in 56 (42%) CC 
patients. Biopsy was not performed in 78 patients, 
either because of  refusal by the patient or their in-
charge physician. Data collected included gender, age at 
diagnosis of  cirrhosis, presenting symptoms, potential 
occupational exposure to hepatotoxins, family history 
of  liver disease, and family or personal history of  
autoimmune diseases. Risk assessment for viral hepatitis 
included history of  exposure to intravenous drugs, 
blood transfusions, tattoos, other known percutaneous 
needle exposures, and high-risk sexual behavior. 
All patients underwent extensive serological testing 
including hepatitis B and C screening [hepatitis B surface 
antibody, surface antigen, and anticore antibody, and 
hepatitis C enzyme-linked immunosorbent assay (Abbott 
Laboratories, Abbott Park, IL)], iron studies (ferritin, 
iron, iron binding capacity, and tissue assessment if  the 
diagnosis was questionable), ceruloplasmin, antinuclear 
antibody (ANA), antimitochondrial antibody, and α1-
antitrypsin. Quantitative immunoglobulin levels (IgG, 
IgM, IgA) were obtained in all patients. Assessment of  
α1-antitrypsin level was performed using isoelectric 
focusing (pH range, 4.0-5.0).

Patients with CC who had a positive antinuclear 
antibody (positive > 1:80) test, an index of  autoimmune 
hepat i t i s, were eva lua ted by the Inter nat iona l 
Autoimmune Hepatitis (IAH) score, based on clinical 

and laboratory parameters as previously described[11]. 
None of  the patients received steroid therapy, and thus 
the IAH score was calculated using the Minimal Required 
Parameters, wherein a score of  10 to 15 is suggestive 
of  autoimmune hepatitis, and a score of  greater than 
15 is considered definitive. The term overweight was 
defined as body mass index (BMI) greater than 25, while 
obesity was defined as a BMI greater than 30. BMI was 
calculated by dividing the patients’ body weight by the 
square of  their height expressed as kg/m2. BMI was 
calculated using the average adult weight reported by 
the patient and the patient’s height. In all cases, type 2 
DM was diagnosed by the presence of  recurrent fasting 
hyperglycemia (≥ 126 mg/dL), requiring treatment with 
dietary management, oral hypoglycemic agents, or insulin 
therapy. Dyslipidemia was considered in the presence 
of  high serum triglycerides (> 150 mg/dL) and/or low 
high-density lipoproteins (< 50 mg/dL in women and 
< 40 mg/dL in men). The diagnosis of  MS was made 
according to the NCEP (ATP) Ⅲ consensus[12,13]. 

The absolute and relative frequencies were used for 
summary. The data is presented as mean ± SD. The one-
way ANOVA test or Kruskal-Wallis was used to compare 
parametric or nonparametric variables, respectively. 
The c2 test was used for categorical variables. A 
P value (α) of  < 0.05 was considered significant. 
Bonferroni correction for P-value was applied for 
multiple comparisons, calculated as α/n. For multiple 
comparisons a P value of  < 0.016 was considered 
significant. All statistical analyses were conducted using 
the statistics program SPSS/PC version 12.0 (Chicago, 
IL, USA). 

RESULTS
After careful review of  the medical records, 50 patients 
who were originally classified as CC in the hospital registry 
were found to have other causes of  liver disease. The main 
reason for this discrepancy was incomplete investigation 
or erroneous interpretation of  the test results when the 
patients were referred to our center. These patients were 
initially listed as CC, but the diagnosis was not corrected in 
the registry when the new information became available. 
Other less common reasons for patient exclusion were 
incomplete medical information and indeterminate test 
results. For the final analysis, a total of  134 patients with 
CC were included in the study. In addition, EIGHTY 
ONE patients with chronic hepatitis C, thirty-three with 
alcohol abuse and twenty with AIH were evaluated as 
disease controls. The demographic, clinical, and laboratory 
characteristics of  the study subjects are summarized in 
Table 1. In patients with CC, the median age was 57 years 
(range 16-87); 83 (61.9%) were female; and 53 (39.6%) 
had Child A cirrhosis, 65 (48.5%) were Child B and 16 
(11.9%) were Child C.

Five patients were determined to have moderate 
alcohol consumption (< 2 drinks/d), but this was not 
considered to be the cause of  their liver disease, either 
by the hepatologist or their primary care physician. 
None of  the patients had a history of  intravenous drug 

www.wjgnet.com

4772    ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol    August 14, 2008    Volume 14     Number 30



use. Seven patients had a history of  blood transfusions, 
but none of  them had hepatitis C or hepatitis B virus 
infections. Seven patients had a positive family history 
of  liver disease. A positive antinuclear antibody test was 
present in 13 patients (10%), but a definite score for 
autoimmune hepatitis was not present in any patient. 
Serum α1-antitrypsin deficiency was assessed in 6 
patients. However, none of  the patients had biochemical 
or histological evidence of  α1-antitrypsin deficiency. 
Serum ferritin and iron saturation tests were measured 
in all patients and were within normal/non-diagnostic 
limits. Genetic testing for hemochromatosis was not 
performed, and thus carriage of  abnormal alleles 
cannot be excluded. There was no difference in the liver 
function tests or the Child Pugh score between patients 
with CC who had a liver biopsy (n = 56, 42%) and those 
did not (n = 78, 58%). However, patients without liver 
tissue examination had higher prevalence of  metabolic 
disturbances (Table 2).

The prevalence of  MS, obesity and T2DM were 
greater in CC patients compared to patients without 
CC (Table 1). When patients without CC were classified 
by etiology (hepatitis C, alcohol, and AIH), significant 
differences in MS prevalence were observed: 6.2% 
in hepatitis C, 6% in patients with alcohol abuse, and 
5% in AIH vs 29.1% in CC patients (P < 0.001). The 
differences in the prevalence of  T2DM persisted, but 
when Bonferroni correction for multiple-comparison 
was used, only obesity showed a statistical trend  
(Table 3). The prevalence of  the different components 
of  MS were analyzed separately; Dyslipidemia (P < 0.001) 
and abnormal glucose (P = 0.01) were more common in 
CC patients than in disease controls, while high blood 
pressure (HBP) showed a trend towards significance 
(P = 0.08). Hyperuricemia was more frequent in CC 
patients (10% vs 1.5%, P = 0.003). 

DISCUSSION
The present study shows a high prevalence of  MS, 

obesity, and T2DM in Mexican Mestizo population 
with CC. The relationship between T2DM, obesity, and 
cirrhosis has been much debated[14-17]. To our knowledge, 
this is the first study that shows an association between 
MS and CC. There is less controversy regarding an 
association between MS, obesity, T2DM, and NASH[18], 
and several previous studies have shown a relationship 
between components of  MS and NASH as well as 
the severity of  liver fibrosis[19-21]. MS is a worldwide 
problem with a high prevalence rate[22], and in agreement 
with our data this abnormality, along with some of  its 
components, is more frequent in CC than in patients 
with cirrhosis caused by other etiologies. This finding is 
very important because it provides further evidence to 
support the theory that NAFLD/NASH can progress to 
cirrhosis in some patients. 

The prevalence of  MS was 500% higher in patients 
with CC compared to patients without CC. When the 
prevalence of  each of  the MS components in patients 
with and without CC was analyzed, only abnormal glucose 
values and Dyslipidemia showed statistically significant 
differences between the two groups (Table 1). There was 
no difference between the two groups with respect to the 
prevalence of  HBP and being overweight. This may be 
related to the hemodynamic changes and malnutrition, 
seen commonly in cirrhotic patients. The mean ± SD of  
HDL and triglyceride levels in CC patients were similar 
in women (43.4 ± 10.9 mg/dL and 92.4 ± 49 mg/dL) 
and men (39.5 ± 8.5 mg/dL and 111.3 ± 59 mg/dL). 
Both of  these test values were abnormal when the NCEP 
guidelines were taken into consideration (abnormal HDL 
serum levels < 50 mg/dL for women and < 40 mg/dL 
for men); prevalence of  low HDL levels was seen in 
76.7% women and 41.5% men. An observation not 
previously reported is the finding of  higher prevalence 
(statistically significant) of  hyperuricemia in CC compared 
to disease controls. Hyperuricemia is not accepted as 

Table 1  Demographic, clinical and laboratory parameters 
of patients with cryptogenic cirrhosis and non-cryptogenic 
cirrhosis

Variable Cryptogenic 
(n  = 134, %)

Non-cryptogenic 
(n  = 134, %)

P

Sex (female) 83 (62) 75 (56) 0.32
DM 53 (40)    30 (22.4)   0.013
HBP 24 (18)    14 (10.4) 0.08
Hyperuricemia 13 (10)    2 (1.5)   0.003
Dyslipidemia 72 (54) 8 (6)    < 0.001
Overweight (BMI > 25)          103 (77)         106 (79) 0.65
Obesity (BMI > 30)    22 (16.4)  11 (8.2) 0.04
MS    39 (29.1) 8 (6)    < 0.001
Age (yr, mean ± SD) 54.6 ± 14.3        56.8 ± 11.4 0.15
BMI (mean ± SD)   27 ± 4.6           26 ± 4 0.22
ALT (U/L, mean ± SD)        52.5 ± 59        57.5 ± 33 0.72
AST (U/L, mean ± SD)        67.1 ± 60        77.8 ± 46 0.19

DM: Diabetes mellitus; HBP: High blood pressure; BMI: Body mass index 
(calculated as patient’s body weight divided by the square of the height 
expressed in kg/m2); MS: Metabolic syndrome. 

Table 2  Comparison of patients with cryptogenic cirrhosis 
with and without liver tissue examination

Variable Liver biopsy 
(n  = 56, %)

No liver biopsy 
(n  = 78, %)

P

Sex (female) 37 (66) 46 (59) 0.47
DM 13 (23) 40 (51)   0.001
HBP   7 (13) 17 (22) 0.18
Hyperuricemia  3 (5)           10 (13) 0.03
Dyslipidemia 21 (38) 51 (65)    0.002
Overweight (BMI > 25) 46 (82) 57 (73) 0.29
Obesity (BMI > 30) 4 (7) 18 (23)    0.017
MS 10 (18) 29 (37) 0.02
Child-Pugh A 29 (52) 24 (31) 0.02
Age (yr, mean ± SD)    55.8 ± 14.5 53.7 ± 14 0.42
BMI  (mean ± SD)  26.2 ± 4.6  27.3 ± 4.6 0.28
ALT (U/L, mean ± SD) 51.8 ± 38 52.9 ± 70 0.91
AST  (U/L, mean ± SD)    66 ± 48    68 ± 69 0.86
Albumin (g/dL, mean ± SD)    3.3 ± 0.7    2.9 ± 0.6 0.01
Alkaline Phosphatase (U/L, 
mean ± SD)

 150 ± 72  154 ± 74    0.7

Child-Pugh  score (mean ± SD)    6.9 ± 2.7    7.7 ± 1.8 0.06

DM: Diabetes mellitus; HBP: High blood pressure; BMI: Body mass index 
(calculated as patient’s body weight divided by the square of the height 
expressed in kg/m2); MS: Metabolic syndrome.  
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a criterion of  MS; however, it is a common metabolic 
disturbance in this group of  patients. We believe that the 
higher prevalence of  hyperuricemia in CC may be another 
piece in the puzzle in the relationship between MS, NASH 
and cirrhosis. 

In 1999, Caldwell et al[17] described the prevalence 
of  obesity and T2DM in 70 patients with CC, and 
compared the findings with three patient groups: NASH, 
cirrhosis with hepatitis C, and primary biliary cirrhosis 
(PBC). The prevalence of  these risks factors (obesity and 
T2DM) were similar between patients with NASH and 
patients with CC, both of  which had a higher prevalence 
compared to patients with hepatitis C and PBC. In 
another study by Poonawala et al[16], the prevalence of  
obesity and T2DM in patients with CC was compared 
with the prevalence in control patients. The various 
causes of  cirrhosis in the control group were alcohol, 
chronic viral hepatitis, AIH, PBC and primary sclerosing 
cholangitis. Similar to the findings by Caldwell et al[17], 
the prevalence of  obesity (55% vs 24%) and T2DM (47% 
vs 22%) were significantly higher in patients with CC 
compared with disease controls. Both authors concluded 
that their data supported the hypothesis that NASH 
may be an etiological factor in some of  the patients with 
CC[16,17]. We obtained similar results, but in a different 
population (Mexican Mestizo) and with a bigger sample 
size. When we classified the patients as CC vs no CC, 
important differences in the prevalence of  obesity and 
T2DM were observed (16.4% vs 8.2% and 40% vs 22.4%, 
respectively). However, when patients without CC were 
classified by etiology, only the prevalence of  T2DM was 
statistically significant (Table 3). With respect to obesity, 
the prevalence between CC and patients with cirrhosis 
secondary to alcohol abuse was similar, and both showed 
a higher frequency than patients with cirrhosis due to 
hepatitis C and AIH.

An interesting finding in the present study was that 
patients with CC without a liver biopsy had greater 
prevalence of  MS, obesity and T2DM compared with 
patients with CC who had a liver biopsy, despite similar 
liver function tests. This finding may be related to the 

presence of  metabolic disturbances, suggesting to the 
physician the diagnosis of  CC secondary to NASH; 
thus creating a different situation from patients with CC 
without metabolic disturbances. 

The present study suffered from some limitations. 
First, the study design. Second, we did not record the 
waist circumference for the diagnosis of  MS, but used 
BMI as a substitute for waist circumference. The use 
of  BMI may have had a small impact on the number 
of  cases diagnosed with MS, since there is a strong 
correlation between these parameters (r = 0.8)[23,24]. We 
recognize that this may have resulted in underestimating 
the number of  cases that fulfilled the NCEP definition. 

In conclusion, the prevalence of  MS, obesity and 
T2DM in patients with CC is higher than that seen 
in patients with cirrhosis secondary to others causes. 
Moreover, the prevalence of  hyperuricemia was higher 
in patients with CC compared to patients with cirrhosis 
secondary to others causes, a finding not reported 
previously. Our results support the hypothesis that 
NASH plays an under-recognized role in some patients 
with CC.

 COMMENTS
Background
Nonalcoholic steatohepatitis (NASH) is the main etiology suspected in patients 
with Cryptogenic Cirrhosis (CC). The association of NASH with Metabolic 
Syndrome (MS) is well-known; however, the association of CC with MS has not 
been well examined.  
Research frontiers
The possible association of MS and CC remains unknown.
Innovations and breakthroughs
This study shows an association between MS with CC, and raises the possibility 
of an under-recognized role of NASH in CC.
Applications
Further prospective studies may clarify the association between MS and CC.
Peer review
The findings in the present study imply that non-alcoholic steatohepatitis is 
frequently associated with cryptogenic cirrhosis. This paper is well written 
and the results suggest an under-recognized role of NASH in patients with 
cryptogenic cirrhosis.

Table 3  Comparison of patients with cryptogenic cirrhosis and disease controls 
separated by the etiology of cirrhosis

Variable Cryptogenic 
(n  =134, %)

CHC 
(n  = 81, %)

Alcohol 
(n  = 33, %)

AIH 
(n  = 20, %)

P

Sex (female) 83 (62)    54 (66.7)      7 (21.2) 14 (70)      < 0.001
DM 53 (40) 17 (21)    10 (30.3)   3 (15)   0.013
HBP 24 (18)   8 (10)      4 (12.1)   2 (10) 0.36
Hyperuricemia 13 (10)    1 (1.2) 0 (0) 1 (5)   0.027
Dyslipidemia 72 (54) 5 (6) 1 (3)   2 (10)      < 0.001
Overweight (BMI > 25)       103 (77) 63 (78)    27 (81.8) 16 (80) 0.93
Obesity (BMI > 30)         22 (16.4)    5 (6.2)      5 (15.2) 1 (5) 0.10
MS         39 (29.1)    5 (6.2) 2 (6) 1 (5)      < 0.001
Age (yr, mean ± SD) 54.6 ± 14.3    56.8 ± 11.4       58 ± 12.6    55.6 ± 14.1 0.48
BMI (mean ± SD)  27 ± 4.6  26 ± 4  26.4 ± 3.5  26.1 ± 5.1 0.65
ALT (U/L, mean ± SD)      52.5 ± 59 57.5 ± 33    52.6 ± 47.9    46.2 ± 27.7 0.79
AST (U/L, mean ± SD)      67.1 ± 60 77.8 ± 46 73.1 ± 52 73.5 ± 69 0.59

CHC: Cirrhosis by hepatitis C virus; AIH: Autoimmune hepatitis; DM: Diabetes mellitus; HBP: High 
blood pressure; BMI: Body mass index (calculated as patients’ body weight divided by the square of the 
height expressed in kg/m2); MS: Metabolic syndrome. 
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Abstract
AIM: To evaluate a new technique of temporary ileal 
anastomotic stoma, following small bowel resection, in 
patients where the anastomosis is anticipated to have 
borderline margins with dubious viability.
METHODS: Five patients underwent enterectomy 
and partially anastomosed end-loop ileostomy at the 
University Hospital of Larissa between 2000 and 2006. 
Enterectomy was performed because of conditions 
such as mesenteric vascular occlusive disease, 
radiation entritis and small bowel injury.
RESULTS: Postoperatively, none of the patients 
deve loped any stoma-re lated or anastomot ic 
complications. There were no major complications. All 
patients were discharged between the 8th and 15th 
day after the procedure, and the stoma was closed  
3 wk to 4 wk later.
CONCLUSION: We bel ieve that our proposed 
modification of end-loop ileostomy is a simple, quick 
and safe technique with minimal stoma-related 
morbidity, and with simple and safe reversion. This 
technique can be considered as a useful option in the 
treatment of ischemic or radiation-induced enteritis, 
and in the management of severe intestinal trauma.
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Key words: Anastomotic stoma; Loop ileostomy; 
Ischemic enteritis; Radiation enteritis

Peer reviewers: Paul E Sijens, PhD, Associate Professor, 
Department of Radiology, UMCG, Groningen 9713GZ, the 
Netherlands; Alessandro Fichera, MD, FACS, FASCRS, Assistant 
Professor, Department of Surgery, University of Chicago, 5841 S. 
Maryland Ave, MC 5031, Chicago IL 60637, United States

Tepetes K, Liakou P, Balogiannis I, Kouvaraki M, Hatzitheofilou 
K. Modification of end-loop ileostomy for the treatment of 
ischemic or radiation enteritis. World J Gastroenterol 2008; 
14(30): 4776-4778  Available from: URL: http://www.wjgnet.
com/1007-9327/14/4776.asp  DOI: http://dx.doi.org/10.3748/
wjg.14.4776

INTRODUCTION
Fecal diversion by colostomy or ileostomy represents 
an important treatment in colorectal surgery. Fecal 
diversion may be either temporary for decompression, 
or permanent for pall iation. The indications for 
fecal diversion include inflammatory bowel diseases, 
familial adenomatous polyposis, colorectal carcinoma, 
nongastrointestinal obstructing tumors, pelvic sepsis, 
trauma, diverticulitis, fistulas, ischemic bowel disease, 
radiation enteritis, pseudomembranous enterocolitis, 
fecal incontinence and paraplegia[1].

An ileostomy may be performed as an end stoma, or 
as a loop stoma constructed either for decompression of  
the gastrointestinal tract or for the protection of  a distal 
colonic anastomosis. The majority of  loop ileostomies 
are performed as a temporary treatment, except for 
those performed for palliation (i.e. non-respectable 
tumors in patients with low expected survival)[2-5]. 
Occasionally, a small bowel stoma is required in patients 
with high risk of  small intestinal anastomosis.

In this report, we present a new technique of  ileal 
anastomotic stoma, following small bowel resection, in 
patients in whom the anastomosis is anticipated to have 
borderline margins with dubious viability. These include 
patients with mesenteric ischemia, radiation induced 
stenosis or fistulas, bowel necrosis due to hernias or 
adhesions, intestinal trauma and necrotizing enterocolitis 
in children[6].

METERIALS AND METHODS
Five patients underwent enterectomy and partially 
anastomosed end-loop ileostomy at the University 
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Hospital of  Larissa between 2000 and 2006. The patient’
s mean age at stoma formation was 66 years (range, 
52-74 years). There were three female and two male 
patients, and all were Caucasian. Enterectomy was 
performed secondary to mesenteric vascular occlusive 
disease, radiation entritis and small bowel injury. The 
clinical characteristics of  patients are shown in Table 1.

Following resection of  the diseased intestinal segment, 
the afferent and efferent limbs were anastomosed side-
to-side using a GIA 100-38 linear stapler (Autosuture, 
Norwalk, Connecticut, USA; Figure 1). The common 
blind end remained open and was brought out as a stoma 
(Figure 2). Using this technique the integrity and the 
viability of  both limbs could be inspected and both the 
proximal and distal bowel loops were vented. 

Closure of  the enterostomy is a simple procedure 
that can be performed under local anesthesia and 
sedation. The common blind end-stoma was mobilized 
from the skin, subcutaneous tissue and fascia and was 
closed just below the fascia level using a TA-55 stapler 
(Autosuture, Norwalk, Connecticut, USA).

The short amputation of  the common limb (4-5 cm) 
enabled side-to-side anastomosis to restore anatomic 
continuity without sacrificing any length of  the intestines 
(Figure 3).

Closure of  the stoma was accomplished in 3 wk to 
4 wk. Direct inspection of  both limbs of  the already 
fashioned side-to-side anastomosis was possible during 
that period.

RESULTS
Postoperatively, none of  the patients developed any 
stoma-related or anastomotic complication. There 
were no major complications. Two of  the five patients 
developed a mild wound infection which was managed 
conservatively with local measures. All patients were 
discharged between the 8th and 15th day after the 
procedure and the stoma was closed 3 wk to 4 wk later.

DISCUSSION
Small bowel enterostomies are occasionally required 
following emergent small bowel resection in conditions 
such as bowel ischemic, and inflammatory or traumatic 
disorders. The clinical setting of  these patients requires 
a quick and safe procedure preserving as much of  the 
intestinal length as possible. A small intestinal diverting 
stoma, however, carries significant morbidity, mostly due 
to fluid, electrolyte and nutrient imbalance. Furthermore, 
the restoration of  intestinal continuity usually requires 
meticulous dissection of  the afferent and efferent 
segments and the formation of  a new anastomosis, 
usually under general anesthesia.

 Even a loop or “end loop” stoma requires an 
anastomosis for its closure, as well as peritoneal breaching 
for the intraabdominal position of  the anastomotic 
segment.

Because of  the aforementioned reasons, closure itself  
is associated with complications such as small bowel 
obstruction (0%-15%), anastomotic leak (0%-8%), fistula 
formation (0%-7%), wound infection (up to 18%) and 
development of  hernia at the stoma site (1%-12%)[7,8].

Finally, morbidity related to general anesthesia should 
also be taken into consideration, because the majority of  
these patients have poor general health and nutritional 
status secondary to the underlying medical disorders[9].

Table 1  Clinical characteristics of the study patients

Patient Age/Sex Diagnosis Procedure Time of stoma 
closure (wk)

1 65/F Radiation enteritis 
ileal obstruction

50 cm small 
bowel resection

4

2 71/F Radiation enteritis 
ileal obstruction

60 cm small 
bowel resection

4

3 74/F Intestinal ischemia 60 cm small 
bowel resection

3

4 72/M Intestinal ischemia 80 cm small 
bowel resection

4

5 52/M  Blunt abdominal     
injury, ileal rupture

50 cm small 
bowel resection

3

Figure 1  Afferent and efferent limbs brought out together.

Figure 2  Side-to-side anastomosis 
performed, with the blind end 
forming a stoma.

Figure 3  Closure of the blind end stoma results in a patent side-to-side 
anastomosis.

Closure level



A special variant of  ileal stoma was first described 
by Bishop, in 1957, for the treatment of  meconium 
ileus, and shortly afterwards by Santuli, in 1961, for 
the treatment of  congenital atresia of  the intestines 
in pediatric patients. After resection of  the diseased 
bowel, either the distal (Bishop) or the proximal (Santuli) 
limb is brought out as a stoma, while the remaining 
limb is anastomosed end-to-side to the former, a few 
centimeters below the abdominal wall, in order to avoid 
creating a blind loop. These stomas provide satisfactory 
decompression of  the proximal bowel, along with the 
passage of  some amounts of  intestinal content into the 
distal limb. Although the construction of  such stomas 
is rather demanding, they have the advantage of  easy 
closure, even under local anesthesia.

However, the presence of  an intrabdominal 
anastomosis carries several risks such as obstruction, 
breakdown, leakage and sepsis. Nevertheless, the Santuli 
enterostomy, the mirror image of  the Bishop procedure, 
has been reported to be efficacious in adult patients as 
well, in conditions such as mesenteric ischemia, bowel 
necrosis due to an incarcerated hernia and trauma[10-12].

In the present study, we modified the anastomotic 
stoma, a “partially anastomosed end-loop ileostomy” 
for the treatment of  adult patients, who presented 
with conditions such as small intestinal necrosis due 
to extended mesenteric vascular occlusive disease, 
radiation-induced stenosis, and intestinal trauma with 
macroscopically borderline margins with respect to 
the viability of  the intestinal wall after extended bowel 
resection. In order to preserve as much length of  the 
small intestine as possible, and also to protect the terminal 
ileum, we constructed a side-to-side anastomosis between 
the remaining bowel limbs and fastened the common 
blind end as a stoma. Thus, spontaneous decompression 
was achieved along with the ability to easily inspect the 
bowel integrity through the stoma. Furthermore, both 
limbs were vented, and the distal limb received bowel 
contents within 48 h, minimizing massive intestinal 
fluid loss. Thus, we created a low output ileo-cutaneous 
fistula. The formation of  the anastomosis in a side-to-
side fashion provides richer blood supply, augmenting 
the viability of  its intrabdominal portion. Moreover, 
the procedure requires less time than an end-to-side 
anastomosis. The formation of  such a stoma was simple 
and quick, with no risk of  stenosis or kinking. We believe 
that the short duration of  our technique is an important 
advantage since operative time is a critical factor in the 
survival of  these patients (urgent cases, unstable patients, 
“damage control” in trauma)[6]. 

In addition, closure of  the stoma can be performed 
easily and quickly under local anesthesia, by mobilizing 
the common limb from the abdominal wall and stapling 
it just below the fascia without entering the abdominal 
cavity. Moreover, it can be performed within 4 wk, since 
the integrity of  the intestine can be assured by direct 
inspection of  both limbs.

We believe that our proposed modification of  end-
loop ileostomy is a simple, fast and safe technique 

with minimal stoma-related morbidity, and with simple 
and safe reversion. It should be considered as a useful 
treatment option in patients with ischemic and radiation-
induced enteritis, and in the management of  severe 
intestinal trauma. 
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the endothelial cells (EC) of the radiation group than 
in the control and thalidomide groups (P  < 0.001). 
The number of capillaries expressing vWF in the EC 
was higher in the radiation group (15.3 ± 6.8) than 
in the control group (3.7 ± 1.7), and the number 
of capillaries expressing vWF was attenuated by 
thalidomide (10.8 ± 3.5, P  < 0.001). The intensity 
of VEGF expression in capillaries was greater in the 
radiation group than in the control group and was also 
attenuated by thalidomide (P  = 0.003).
CONCLUSION: The mechanisms of acute radiation-
induced proctitis in the rats are related to endothelial 
cell injury of microvessel, which may be attenuated 
with thalidomide.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Radiation therapy is performed widely in the suppression 
of  the growth of  malignant tumors, but it is occasionally 
accompanied by acute or late complications. Acute 
radiation injury to the intestine induces mucosal 
inflammation and damage to the endothelial cells (EC) 
of  microvessels[1,2]. In radiation enteropathy, there may 
be a causal relationship between EC apoptosis and crypt 
cell apoptosis[3]. In addition to EC damage, increased 
chemotaxis and thrombogenesis of  damaged vessels are 
the main mechanisms causing radiation enteropathy[1,3-6]. 
These events are related to complex molecular 
mechanisms involving many kinds of  cytokines in 
the coagulation system, including thrombomodulin 
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Abstract
AIM: To determine whether thalidomide prevents 
microvascular injury in acute radiation proctitis in white 
rats.
METHODS: Fourteen female Wistar rats were used: 
six in the radiation group, six in the thalidomide 
group, and two in normal controls. The radiation 
and thalidomide groups were irradiated at the pelvic 
area using a single 30 Gy exposure. The thalidomide  
(150 mg/kg) was injected into the peritoneum for 
7 d from the day of irradiation. All animals were 
sacrificed and the rectums were removed on day 8  
after irradiation. The microvessels of resected 
specimens were immunohistochemically stained with 
thrombomodulin (TM), von Willebrand Factor (vWF), 
and vascular endothelial growth factor (VEGF).
RESULTS: The microscopic scores did not differ 
significantly between the radiation and thalidomide 
groups, but both were higher than in the control 
group. Expression of TM was significantly lower in 



(TM) [1,3,4]. In inflammatory bowel disease (IBD), 
microvascular inflammation also plays a crucial role in 
the pathogenesis[7].

In studies of  IBD, thalidomide has been used to treat 
both animal models of  colitis and human refractory 
Crohn’s disease. Thalidomide suppresses the production 
of  many kinds of  cytokines including tumor necrosis 
factor-α (TNF-α) and it also suppresses angiogenesis[8-12]. 
Angiogenesis, or new vessel formation, is considered 
a novel target of  therapy for IBD[7,13-15]. The factors 
promoting angiogenesis in IBD are tissue hypoxia 
and many kinds of  cytokines secreted by infiltrating 
inflammatory cells[13]. We investigated the expression of  
von Willebrand factor (vWF), TM and vascular endothelial 
growth factor (VEGF) in acute radiation-induced proctitis 
and the response to thalidomide treatment.

MATERIALS AND METHODS
Experimental animals
Fourteen 10-wk-old female Wistar rats (body weight, 
220-300 g) were used as the experiment subjects. White 
rats were purchased from Charles River Japan (Kanagawa, 
Japan), maintained in a standard steel net cage for 7 d 
(12-h light and dark cycle) at 24℃, and fed with standard 
animal feed and water. Three groups were assigned 
randomly: six animals were assigned to the radiation 
group, six animals to the thalidomide group, and two 
animals to the control group. Both the radiation group 
and thalidomide group were irradiated in the pelvic 
area with 30 Gy as a single dose. For the thalidomide 
group, thalidomide was dissolved in dimethyl sulfoxide 
at 10 mmol/L, and 150 mg/kg thalidomide was injected 
intraperitoneally for 7 d from the day of  irradiation. 
On day 8 after irradiation, all animals were killed under 
anesthesia by injecting pentobarbital (40 mg/kg) and the 
rectum was removed from each animal.

Microscopic examination
The rectum was resected and examined macroscopically 
and then fixed in 10% formalin. The sample was 
dehydrated with ethanol, 7 µm-thick paraffin sections 
were cut, paraffin removed with xylene, and the sections 
stained with hematoxylin-eosin and examined. For 
microscopic examination, the hematoxylin-eosin-
stained samples were evaluated by a pathologist who 
was unaware of  the groups or treatment. Each sample 
was scored into one of  five stages[16] as 0 = normal; 
1 = slight radiation damage, mild inflammation or 
slight crypt change; 2 = mild damage, more significant 
inflammation, or crypt change; 3 = moderate damage, 
loss of  epithelium, degree of  inflammation variable; and 
4 = severe damage (ulcers, necrosis).

Immunohistochemical staining
Tissue samples were immunohistochemically stained 
according to the manufacturer’s protocols for TM using 
a polyclonal antibody (1:100; Santa Cruz, CA, USA), 
for vWF using a polyclonal antibody (1:600; Abcam 
PLC, Cambridge, UK), and for VEGF using a rabbit 

polyclonal IgG (1:300; Santa Cruz, CA). The intensity 
of  VEGF and TM expression in endothelial cells of  
microvessels was measured separately at the mucosa and 
submucosa, and it was scored into one of  four grades 
(none, weak, moderate, strong). Expression of  vWF was 
measured quantitatively by observing five random areas 
of  stained microvessels under the light microscope in 
both the mucosa and the submucosa, and is presented as 
the mean ± SD[17,18].

Statistical analysis
Parametric data were analyzed by Student’s unpaired  
t test, and nonparametric data were analyzed by F test.  
P value less than 0.05 was considered significant.

RESULTS
Histological findings
All rats in the radiation and thalidomide groups showed 
grade 2-3 pathology, and this differed noticeably from 
the control group. The pathology (i.e. the change of  
crypt, the level of  mucosal inflammation, and the 
infiltration of  inflammatory cells) was more severe 
in the radiation and thalidomide groups than in the 
control group. The scores of  the microscopic findings 
did not differ significantly between the radiation group  
(2.3 ± 0.5) and the thalidomide group (2.5 ± 0.4).

TM expression
The EC of  normal controls showed only strong (3/4) 
and moderate (1/4) expression of  TM. In the radiation 
group, there was weak (58%, 7/12) or no (42%, 5/12) 
TM expression with no samples of  strong or moderate 
TM expression. The thalidomide-treated group showed 
moderate TM expression in 50% (6/12) of  samples 
and strong expression in 50% (6/12) of  samples. TM 
expression was significantly greater in the control 
and thalidomide groups than in the radiation group  
(P < 0.001, Table 1, Figure 1).

Intensity of vWF expression
The mean number of  capillaries expressing vWF in both 
the mucosa and submucosa was 3.7 ± 1.7 in the control 
group, 15.3 ± 6.8 in the radiation group, and 10.8 ± 3.5 in 
the thalidomide group (P < 0.001). The radiation-induced 
capillary damage was significantly greater in the radiation 
group than in the control group, and the damage was 
reduced by thalidomide treatment (Figure 2).

Intensity of VEGF expression
VEGF expression was weak in all capillaries (4/4, 100%) 
of  the control group. Most capillaries of  the radiation 
group (11/12, 92%) had moderate expression except 
one severe case. Capillaries of  the thalidomide group 
had weak (7/12, 58%) or moderate expression (5/12, 
42%, P = 0.003; Table 1, Figure 3).

DISCUSSION
Acute radiation injury induced histological changes 
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including edema, hyperemia, crypt abscess, ulcers, and 
necrosis of  the intestine. It is thought that both acute 
and chronic radiation injury results from tissue ischemia 
secondary to thrombogenesis induced by thrombin 
formation in microvessels[1,6]. This loss of  endothelial 
thromboresistance in radiation enteropathy may be 
related to the actions of  many kinds of  molecular 
markers such as tissue factor, vWF, platelet activating 
factor, TM, and prostacyclin 1[1,3-6].

In this study, the expression of  TM in the EC 
was significantly lower in the radiation group than 
in the control group. These findings are consistent 
with previous studies suggesting that the mechanism 
of  radiation-induced injury is related to endothelial 
thrombogenesis[1,6,19,20]. This reduced expression of  
TM in radiation group was restored by treatment with 
thalidomide. It is known that thalidomide treatment 

          Control group        Radiation group      Thalidomide group    P

0     +     ++     +++ 0     +     ++     +++ 0     +     ++     +++

TM 0        0          1              3 5        7          0              0 0        0           7              5 < 0.001
VEGF 0        4          0              0 0        0        11              1 0        7           5              0     0.003

Table 1  The intensity of TM and VEGF expression in EC in the mucosa and submucosa

0: None; +: Weak; ++: Moderate; +++: Strong expression.

A

B

C

Figure 1  Immunohistochemical staining of TM (thrombomodulin) expression 
in the endothelial cells of the mucosa and submucosa. The intensity of TM 
expression in capillaries is significantly higher in the control group (A) and 
thalidomide group (C) than in the radiation group (B) (× 200).

A

B

C

Figure 2  Immunohistochemical staining of vWF expression in the endothelial 
cells of the mucosa and submucosa. Both the total number of microvessels 
and the number of vWF expressing microvessels are markedly higher in the 
radiation group (B) than in the control group (A), which are attenuated in the 
thalidomide group (C) (× 200).
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suppresses the increase in myeloperoxidase activity 
and production of  TNF-α ,  interleukin-1β ,  and 
intercellular adhesion molecule-1 in an animal model 
of  dinitrobenzene sulphonic acid-induced colitis and in 
vitro model via nuclear factor-κB signaling[10,12,21,22]. We 
found here that thalidomide treatment increased the TM 
expression in the EC of  acute radiation proctitis. This 
finding might be due to the suppression of  inflammatory 
cytokines including TNF-α by thalidomide. However, 
thalidomide may rarely cause thrombogenesis as a side 
effect when used in the treatment of  multiple myeloma, 
although the underlying mechanism is not clear[23-26]. 
In our study, thalidomide seemed to contribute to 
thromboresistance rather than to thrombogenesis. 
If  thalidomide is used to prevent radiation injury in 
the future, the clinician should consider that it can 
unintentionally cause aggravated enteropathy.

Because increased vWF expression in the EC is 

regarded as a marker of  endothelial damage[27,28], we 
counted the number of  vessels expressing vWF in the 
mucosa and submucosa of  rats with radiation-induced 
proctitis. The number of  vWF-expressing vessels was 
much higher in the radiation group than in the control 
group, but was reduced by thalidomide treatment. In 
the normal EC, the expression of  vWF is low because 
high TM levels on EC surface degrade coagulation 
factor V and vWF[5]. Also in our study, some decrease 
of  vWF expression in the EC of  the thalidomide group 
might be explained by degradation of  vWF by elevated 
TM.

We also found greater VEGF expression in the EC 
from the radiation group compared with the control 
group. It is thought that two factors induced by radiation 
injury contribute to elevated VEGF expression in 
EC. First, radiation-induced thrombus formation and 
ischemia of  microvessels contribute to the increased 
production of  angiogenic factors such as VEGF[29-32]. 
Secondly, inflammatory cytokines induce angiogenesis, 
and this may contribute to increased VEGF expression, 
as in other forms of  IBD. This suggests that VEGF 
expression might be a candidate marker of  radiation 
injury in radiation enteropathy, as in other IBD[13,15,33]. 
The effect of  thalidomide on VEGF expression in 
the EC may be related to either direct inhibition of  
the EC, as shown in a study of  human EC lines, or 
to inhibition by inflammatory cytokines of  colitis, as 
in another colitis model[12,13]. In addition, it is thought 
that thalidomide might contribute to decreased VEGF 
expression by inhibiting thrombus formation by 
elevating TM production, as shown in our data. In 
other words, thalidomide may enhance the endothelial 
thromboresistance in radiation enteropathy, suggesting 
that thalidomide may help prevent radiation injury. We 
found no histological differences between the radiation 
and thalidomide groups, probably because of  the near-
complete denuding of  all crypts in both the radiation 
and thalidomide groups. It is likely that the radiation 
dosage (30 Gy) was too high for thalidomide to salvage 
the radiation toxicity.

 COMMENTS
Background
Tissue hypoxia or ischemia secondary to the microvessel damage and 
coagulopathy has been considered as a main mechanism of radiation injury 
in various organs including intestine. Thalidomide as anti-angiogenic or anti-
TNF-α agent, has been used for the treatment of malignant disease and 
inflammatory bowel disease (IBD). Several studies about thalidomide therapy 
support that it might be useful to prevent radiation-induced enteropathy. 
Research frontiers
Recently, a few studies have been reported about both tissue hypoxia and 
microvessel injury in radiation injury of the intestine with related molecular 
markers such as vascular endothelial growth factor (VEGF). 
Innovations and breakthroughs
To evaluate the effect of thalidomide for prevention of radiation-induced 
proctitis, the markers related to radiation-induced vascular damage were 
investigated. Our results show that thalidomide has beneficial effects in these 
markers in spite of no salvation of microscopic damage.
Applications 
By applying the markers of microvascular injury [von Willebrand Factor (vWF), 

A

B

C

Figure 3  Immunohistochemical staining of VEGF expression in the 
endothelial cells of the mucosa and submucosa. The number of VEGF-positive 
microvessels and the intensity of VEGF expression were significantly higher 
in the radiation group (B) than in the control (A) and thalidomide (C) groups  
(× 200).
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VEGF and thrombomodulin (TM)] in radiation-induced proctitis, we provide 
scientific basis for the thalidomide therapy in the prevention of acute radiation- 
induced proctitis. In the future, it could be useful as a preventive agent for 
the prevention of radiation-induced proctitis although thalidomide has some 
vascular side effects.
Peer review
The manuscript describes that irradiation to the rectum induces vWF and 
VEGF in vascular endothelial cells and inhibits TM expression as a marker 
of thromboresistance. Thalidomide treatment attenuates the effects of the 
radiation injury in endothelial cells.
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Abstract
AIM: To investigate the mucosal protective effect 
and the mechanisms of action of the anti-ulcer drug 
irsogladine maleate in gastric injury induced by 
indomethacin in rats.
METHODS: Gastric mucosal injury was induced 
in male Hos:Donryu rats by oral administration of 
indomethacin at a dose of 48 mg/kg. One hour before 
indomethacin treatment, animals were orally pretreated 
with irsogladine maleate at doses of 1 mg/kg,  
3 mg/kg or 10 mg/kg. Four hours after indomethacin 
administration, the animals were sacrificed and their 
stomachs were rapidly removed and processed for 
the evaluation of gastric mucosal damage and the 
determination of the concentrations of tumor necrosis 
factor-α (TNF-α), interleukin-1β (IL-1β), IL-8 and 
myeloperoxidase (MPO) in mucosal tissues.
RESULTS: Linear hemorrhagic mucosal lesions were 
observed primarily in the glandular stomach 4 h after 
oral administration of indomethacin. Pretreatment 
with irsogladine maleate markedly reduced the 
number and severity of these lesions in a dose-
dependent manner. The mucosal concentrations of 
proinflammatory cytokines (TNF-α, IL-1β, and IL-8) 
and MPO, which indicates the degree of mucosal 
infiltration by neutrophils, increased concomitantly with 
the occurrence of gastric injury in the indomethacin-
treated rats. Pretreatment with irsogladine maleate 
significantly decreased the levels of these inflammatory 
factors in gastric tissue elicited by indomethacin.

CONCLUSION: The mucosal protective effects 
afforded by irsogladine maleate on gastric injury 
induced by indomethacin are mediated by inhibition 
of mucosal proinflammatory cytokine production 
and neutrophil infiltration, leading to suppression 
of mucosal inflammation and subsequent tissue 
destruction.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Nonsteroidal anti-inflammatory drugs (NSAIDs), such 
as indomethacin and aspirin, are widely prescribed in 
clinical practice because they exhibit excellent efficacy 
in the management of  pain, fever and inflammation 
through the i r suppress ion of  the synthes is of  
prostaglandins (PGs) from arachidonic acids resulting 
from their inhibition of  cyclooxygenase (COX) [1]. 
However, the use of  NSAIDs is associated with 
significant risks of  adverse gastrointestinal events, 
such as gastric mucosal erosion, ulceration, bleeding, 
and perforation[2,3]. Such side effects considerably limit 
the use of  these drugs. In addition to the decrease in 
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the intrinsic production of  PGs in the gastric mucosa, 
other processes, such as increased mucosal production 
of  proinflammatory cytokines, increased production 
of  react ive oxygen species, and increased l ipid 
peroxidation as well as increased mucosal infiltration 
of  neutrophils, are closely associated with NSAID-
induced gastric mucosal injury[4-6].

Although the anti-ulcer drug irsogladine maleate 
has been shown in animals to exhibit potent mucosal 
protective effects on various experimental gastrointestinal 
injuries induced by a variety of  stimuli, including 
indomethacin[7-10], the exact mechanisms underlying the 
gastroprotective effect of  irsogladine maleate remains 
to be fully elucidated. We have recently found that 
irsogladine maleate increases the intracellular levels of  
the second messenger cyclic adenosine monophosphate 
(cAMP) in rat glandular stomach and in human 
neutrophils through its previously unreported ability to 
inhibit cyclic nucleotide phosphodiesterase 4 (PDE4), 
and this inhibitory activity is probably involved in the 
antiulcer effects of  the drug[11-13]. PDE4 inhibitors have 
been demonstrated to have multiple anti-inflammatory 
effects mediated by the suppression of  proinflammatory 
cytokines such as tumor necrosis factor-α (TNF-α), 
interleukin-1β (IL-1β) and IL-8, as well as by inhibiting 
neutrophil infiltration by suppressing the expression of  
adhesion molecules[14-16].

Paying particular attention to the novel inhibitory 
action of  irsogladine maleate on PDE4, in the present 
study we investigated the mucosal protective effect of  
irsogladine maleate and its underlying mechanisms of  
action by using a rat model of  gastric injury elicited 
by indomethacin, focusing on the effect of  the drug 
on cytokine production and neutrophil infiltration in 
the gastric mucosa. We found that irsogladine maleate 
markedly reduced gastric injury in indomethacin-treated 
rats with a concomitant decrease in levels of  TNF-α, IL-
1β, IL-8 and myeloperoxidase (MPO) in gastric mucosal 
tissue. The possible contribution of  PDE4 inhibitory 
activity to the mucosal protective effect of  irsogladine 
maleate was also discussed.

MATERIALS AND METHODS
Animals
Male Hos: Donryu rats (Japan SLC, Hamamatsu, Japan) 
at 6 weeks of  age were used following quarantine and 
acclimation for a week after delivery to the laboratory. 
The rats were housed in rooms at 20-26℃ with a relative 
humidity of  35%-75% in a 12 h light-dark cycle (lights 
on, 8:00-20:00) and a ventilation frequency of  at least  
15 times per hour. The rats were fed standard laboratory 
chow (F-2; Funabashi Farm, Funabashi, Chiba, Japan) 
with free access to tap water. All the animals were fasted 
for 18 h before the experiments. However, free access 
to tap water was allowed 1 h before the experiments. 
All experimental procedures were approved by the 
Committee for the Institutional Care and Use of  
Animals of  Nippon Shinyaku Co.

Preparation of drugs
Irsogladine maleate, synthesized at Nippon Shinyaku 
Co., was suspended in 5 g/L methylcellulose solution. 
Indomethacin, purchased from Sigma Chemicals (St. 
Louis, MO, USA), was dissolved in 50 g/L NaHCO3 
solution.

Production of indomethacin-induced gastric mucosal
injury in rats
Gastric mucosal injury was produced by intragastric 
gavage of  indomethacin at a dose of  48 mg/kg. 
Irsogladine maleate was given oral ly 1 h before 
indomethacin treatment. Four hours after indomethacin 
treatment, the animals were sacrificed with an overdose 
of  diethyl ether and their stomachs were rapidly removed 
and processed for the evaluation of  gastric mucosal 
damage and determination of  TNF-α, IL-1β, IL-8 and 
MPO in the mucosal tissues.

Evaluation of gastric mucosal injury
The stomach was distended with 10 mL of  8 g/L 
formaldehyde and immersed in the formaldehyde solution 
for 10 min. The lightly fixed stomach was then opened 
along the line of  the greater curvature and spread out on a 
board. The hemorrhagic lesions in the mucosal layer were 
examined under a dissecting microscope (Olympus SZ40, 
Olympus Optical Co., Tokyo, Japan) at × 10 magnification 
by an observer who was unaware of  the treatments. The 
gastric ulcer index was calculated for each rat as the sum 
of  the lengths in millimeters of  the hemorrhagic lesions 
(seen as red streaks).

Determination of the concentrations of TNF-α, IL-1β and
IL-8 in gastric mucosa
To evaluate the effect of  irsogladine maleate on the 
mucosal production of  cytokines elicited by treatment 
with indomethacin, the concentrations of  TNF-α, 
IL-1β, and IL-8 in gastric mucosa were determined. 
Briefly, the gastric mucosa was rapidly scraped from 
the gastric wall of  each rat and immediately frozen 
on dry ice and kept at -70℃ until analysis. Mucosal 
samples were homogenized with a Physcotron NS-
310E mechanical microhomogenizer (Niti-on, Tokyo, 
Japan) in 1 mL of  PBS containing complete protease 
inhibitor cocktail (Roche, Indianapolis, IN, USA). The 
homogenate was centrifuged for 30 min at 15 000 r/min 
(4℃) in a Hitachi Himac CF 15D2 centrifuge (Hitachi 
High-Technologies, Tokyo, Japan) and the supernatant 
was retained for determination of  proinflammatory 
cytokines. TNF-α and IL-1β were determined by 
enzyme-linked immunosorbent assay (ELISA) with 
commercial kits from R&D Systems (Minneapolis, MN, 
USA). IL-8 was determined with a commercial ELISA 
kit from Panapharm Laboratories (Kumamoto, Japan). 
The total protein in the supernatant was determined with 
the Bio-Rad protein assay kit (Bio-Rad Laboratories, 
Hercules, CA, USA), and the concentrations of  TNF-α, 
IL-1β and IL-8 were expressed as ng per gram of  total 
protein.



Measurement of mucosal MPO levels
To estimate the degree of  mucosal infiltration by 
neutrophils elicited by treatment with indomethacin, 
the MPO levels were measured in the gastric mucosa. 
Briefly, gastric mucosal samples were homogenized 
with a microhomogenizer in 1 mL of  10 mmol/
L Tris (pH 7.4) containing 200 mmol/L NaCl, 5 
mmol/L EDTA, 100 mL/L glyc ine, 1 mmol/L 
phenylmethanesufonyl fluoride, 1 µg/mL leupeptin, 
and 28 µg/mL aprot inin. The homogenate was 
centrifuged and the supernatant was retained for 
determination of  MPO with an ELISA kit from 
Hycult Biotechnology (Uden, Netherlands) according 
to the manufacturer’s instructions. The total protein 
in the supernatant was also determined as described 
above and the concentration of  MPO was expressed 
as ng per gram of  total protein.

Statistical analysis
The results are presented as mean ± standard error of  
the mean (SE). The statistical significance of  differences 
between normal and control groups was evaluated by 
the Aspin-Welch test, and the statistical significance of  
differences among the control and irsogladine maleate-
treated groups was evaluated by the Williams test. P < 
0.05 was considered statistically significant. All tests were 
two-tailed, and performed with SAS version 8.2 (SAS 
Institute, Cary, NC, USA).

RESULTS
Effect of irsogladine maleate on gastric mucosal injury
induced by indomethacin
Four hours after oral administration of  indomethacin, 
at a dose 48 mg/kg, gross linear hemorrhagic mucosal 
lesions were clearly observed in the glandular mucosa, and 
pretreatment with irsogladine maleate markedly reduced 
the number and severity of  these lesions (Figure 1). 
Gastric mucosal injury was quantified under a dissecting 
microscope, and a gastric ulcer index of  39.1 ± 7.7 mm was 
calculated (Figure 2). Pretreatment with irsogladine maleate 
reduced the gastric ulcer index in a dose-dependent manner 
to 27.1 ± 6.2 mm at the dose of  1 mg/kg, 18.3 ± 7.2 mm 
at the dose 3 mg/kg, and 5.7 ± 4.0 mm at the dose of  10 
mg/kg. In particular, irsogladine maleate at the dose of  3 
mg/kg or 10 mg/kg significantly reduced the gastric ulcer 
index.

Effect of irsogladine maleate on TNF-α levels in gastric 
mucosa
Intragastric administration of  indomethacin induced a 
marked increase in mucosal TNF-α concentrations. The 

DC

BA Figure 1  Protective effect 
of i rsogladine maleate on 
g a s t r i c  m u c o s a l  l e s i o n s 
induced by indomethacin in 
rats. Stomachs from rats not 
pretreated with irsogladine 
maleate (A) and pretreated 
with irsogladine maleate at 
the doses of 1 mg/kg (B), 
3  mg/kg (C )  or  10 mg/kg 
(D), respectively, 1 h before 
administration of indomethacin. 
Nine rats were used in each 
group.

Figure 2  Protective effect of irsogladine maleate on gastric mucosal lesions 
induced by indomethacin in rats. Each value represents the mean ± SE for 9 
rats. aP < 0.05 and bP < 0.01 vs control group.
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TNF-α level in the gastric mucosa of  normal animals 
was 0.070 ± 0.014 ng/g protein, which was significantly 
increased to 0 .490 ± 0 .072 ng/g prote in af ter 
intragastric administration of  indomethacin (Figure 3A). 
Pretreatment with irsogladine maleate reduced the 
concentration of  mucosal TNF-α in a dose-dependent 
manner to 0.354 ± 0.086 ng/g protein at the dose of  
1 mg/kg, 0.186 ± 0.042 ng/g protein at the dose of   
3 mg/kg, and 0.045 ± 0.005 ng/g protein at the dose of  
10 mg/kg, respectively. In particular, irsogladine maleate 
at the dose of  3 mg/kg or more significantly reduced the 
TNF-α levels in gastric mucosa.

Effect of irsogladine maleate on IL-1β levels in gastric
mucosa
Intragastric administration of  indomethacin induced 
a marked increase in mucosal IL-1β concentrations. 
The IL-1β level in the gastric mucosa of  normal 
animals was 36.1 ± 8.1 ng/g protein, which was 
significantly increased to 160.2 ± 19.8 ng/g protein after 
intragastric administration of  indomethacin (Figure 3B). 
Pretreatment with irsogladine maleate reduced the 
concentration of  mucosal IL-1β to 154.0 ± 15.7 ng/g 
protein at the dose of  1 mg/kg, 85.4 ± 15.4 ng/g 
protein at the dose of  3 mg/kg, and 93.0 ± 17.4 ng/g 
protein at the dose of  10 mg/kg, respectively. In 
particular, irsogladine maleate at the dose of  3 mg/kg 
or more significantly reduced the IL-1β levels in gastric 
muccosa.

Effect of irsogladine maleate on IL-8 levels in gastric 
mucosa
Intragastric administration of  indomethacin induced a 
marked increase in mucosal IL-8 concentrations. The 

IL-8 level in gastric mucosa of  normal animals was 1.1 ±  
0.5 ng/g protein, which was significantly increased to 
27.0 ± 6.6 ng/g protein after intragastric administration 
of  indomethacin (Figure 3C). Pretreatment with 
irsogladine maleate reduced the concentration of  
mucosal IL-8 in a dose-dependent manner to 24.8 
± 6.0 ng/g protein at the dose of  1 mg/kg, 19.9 ±  
5.9 ng/g protein at the dose of  3 mg/kg, and 2.8 ±  
0.6 ng/g protein at the dose of  10 mg/kg, respectively. 
In particular, irsogladine maleate at the dose of   
10 mg/kg significantly reduced the IL-8 levels in gastric 
mucosa.

Effect of irsogladine maleate on MPO levels in gastric
mucosa
The MPO level in the gastric mucosa of  indomethacin-
treated animals was 12.7 ± 4.3 ng/g protein (Figure 3D). 
Pretreatment with irsogladine maleate reduced the MPO 
concentration in gastric mucosa to 7.0 ± 1.6 ng/g at 
the dose of  1 mg/kg, 9.1 ± 2.2 ng/g at the dose of   
3 mg/kg and 4.9 ± 0.8 ng/g at the dose of  10 mg/kg, 
respectively. In particular, irsogladine maleate at the dose 
of  10 mg/kg significantly reduced the MPO levels in 
gastric mucosa.

DISCUSSION
Though several studies have been published on 
the mechanisms underlying the mucosal protective 
effects of  irsogladine maleate, an anti-ulcer drug 
often prescribed in Japan, on various gastrointestinal 
mucosal injuries[9-13], the exact mechanisms by which 
this drug exerts its mucosal protective effects are not 
completely clear. In the present study, we investigated 
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Figure 3  Effect of irsogladine maleate on gastric mucosal TNF-α (A), IL-1β (B), IL-8 (C) and MPO (D) induced by indomethacin in rats. Each value represents the 
mean ± SE for 9 rats, bP < 0.01 vs control group, dP < 0.01 vs normal group.
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the mechanisms underlying the gastroprotective effect 
of  irsogladine maleate by using a rat experimental model 
of  gastric injury elicited by indomethacin, focusing 
on the involvement of  mucosal proinflammatory 
cytokine production and neutrophil infiltration into the 
gastric mucosa. We found that the concentrations of  
TNF-α, IL-1β, IL-8 and MPO in gastric mucosa of  the 
rats increased concomitantly with the occurrence of  
gastric injury induced by a single intragastric dose of  
indomethacin. Pretreatment with irsogladine maleate 
markedly reduced the gastric injury with a concomitant 
decrease in the levels of  these inflammatory factors.

Although the mechanisms of  NSAID-induced gastric 
injury are not well understood, it is well accepted that 
both COX-dependent and independent mechanisms are 
involved in the pathogenesis of  indomethacin-induced 
gastric injury. Mucosal proinflammatory cytokines, 
such as TNF-α, IL-1β and IL-8, are considered key 
inducers of  gastric injury induced by NSAIDs like 
indomethacin[5,13]. For example, it is recognized that 
TNF-α may strongly promote inf lammation and 
subsequent tissue destruction by recruiting leukocytes, 
particularly neutrophils and monocytes, through the 
induction of  adhesion molecules on both leukocytes 
and vascular endothelial cells[17,18]. It is also known 
that TNF-α can induce the production of  superoxide 
and proinf lammatory cytokines by inf lammatory 
cells[18,19]. In addition, intravenous administration of  
TNF-α induces gastric injury characterized by marked 
neutrophil infiltration into the gastric mucosa of  rats[20], 
while TNF-α levels in the gastric mucosa correlate well 
with the severity of  gastric injury in rats[21-23]. It was 
reported that IL-1β and IL-8, as well as TNF-α, can 
promote inflammatory response and are involved in 
NSAID-induced gastric mucosal injury in humans and 
animals[17,24-26].

In an attempt to clarify the mechanisms underlying 
the protective effects of  irsogladine maleate on gastric 
mucosa, we evaluated it effects on the production of  
TNF-α, IL-1β, and IL-8 in gastric mucosa. We found 
that these cytokines were involved in the inflammatory 
response in a rat gastric mucosal injury model induced by 
indomethacin, and the concentrations of  TNF-α, IL-1β 
and IL-8 in gastric mucosa increased concomitantly with 
the occurrence of  gastric mucosal lesions, suggesting 
that the increased levels of  these cytokines are closely 
associated with the occurrence and development of  
gastric mucosal lesions. Irsogladine maleate suppressed 
gastric mucosal injury at the dose of  3 mg/kg or higher. 
The doses of  irsogladine maleate showing effective 
mucosal protection in this study are similar to those 
showing protection in previous studies of  a variety of  
animal models of  gastric injury[7-9,13]. Irsogladine maleate 
also significantly suppressed the increased levels of  
TNF-α, IL-1β and IL-8 in gastric mucosa, indicating 
that the suppression of  proinflammatory cytokine 
production in gastric mucosa by irsogladine maleate 
significantly contributes to its protective effect on gastric 
mucosa.

In addition to proinflammatory cytokines, the 

accumulation and activation of  neutrophils, which may 
lead to microcirculation disturbance and production 
of  free radicals in gastric mucosa, are also important 
events in gastric injury induced by NSAIDs[6,27]. Studies 
on experimental models of  gastric injury induced 
by NSAIDs have demonstrated that infiltration of  
neutrophils into the injured mucosa occurs in rats as 
early as 15-30 min after indomethacin administration[28], 
and gastric injury can be ameliorated in animals by 
eliminating the neutrophils through the administration 
of  antineutrophil antibodies[6]. Neutrophil infiltration 
into gastric mucosa is, therefore, considered a critical 
step in the development of  gastric injury induced by 
NSAIDs. In the present study, irsogladine maleate 
significantly reduced the MPO levels in gastric mucosa, 
indicating a reduction in mucosal infiltration by 
neutrophils. The suppression of  neutrophil infiltration 
into the gastric mucosa may, therefore, contribute to 
the protective effect of  irsogladine maleate on gastric 
mucosa.

PDE4 inhibitors may exert their anti-inflammatory 
action on various inflammatory diseases by suppressing 
the production of  proinflammatory cytokines and the 
expression of  adhesion molecules by increasing the 
levels of  intracellular cAMP[14-16]. In addition, the PDE4 
inhibitor rolipram can ameliorate indomethacin-induced 
gastric injury in rats by inhibiting the production of  
TNF-α[29]. We and others have recently reported that 
irsogladine maleate prevents ischemia-reperfusion-
induced gastric injury and indomethacin-induced 
small intestinal lesions in rats, probably by inhibiting 
PDE4[10,13]. It is, therefore, likely that irsogladine maleate 
exerts its protective effect on indomethacin-induced 
gastric injury by suppressing mucosal TNF-α, IL-1β and 
IL-8 production by neutrophils and/or macrophages 
through its inhibition of  PDE4 in these inflammatory 
cells. The suppression of  these proinflammatory 
cytokines by irsogladine maleate may in turn decrease 
the expression of  adhesion molecules in both vascular 
endothelial cells and neutrophils, resulting in a reduction 
in mucosal infiltration by neutrophils with consequent 
prevention of  tissue destruction. Irsogladine maleate 
also inhibits the in vitro production and release of  
superoxide from human neutrophils by inhibiting 
PDE4[12]. Therefore, it is likely that the protective effects 
of  irsogladine maleate on gastric mucosa arise not only 
from its suppression of  neutrophil infiltration through 
its inhibition of  proinflammatory cytokine production 
and adhesion-molecule expression, but also from its 
direct suppression of  neutrophil activation through its 
inhibition of  PDE4.

In conclusion, irsogladine maleate exerts its mucosal 
protective effects on gastric injury by suppressing the 
acute inflammatory response and subsequent tissue 
destruction in gastric mucosa through its suppression 
of  mucosal proinflammatory cytokine production and 
neutrophil infiltration as well as by directly inhibiting 
neutrophil activation. It is also likely that the suppression 
of  proinf lammatory cytokines or neutrophils by 
irsogladine maleate arises from its ability to inhibit PDE4.
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 COMMENTS
Background
Nonsteroidal anti-inflammatory drugs (NSAIDs) are widely prescribed for their 
efficacy in the management of pain, fever and inflammation. However, NSAIDs 
are associated with significant risks of adverse gastrointestinal events, which 
considerably limit the use of these drugs. Although irsogladine maleate exhibits 
potent mucosal protective effects against indomethacin-induced gastrointestinal 
injuries in animals, its mechanisms of action are not fully understood.
Research frontiers
We investigated the mechanisms underlying the protective effect of irsogladine 
maleate on gastric mucosa by using a rat experimental model of gastric 
injury elicited by indomethacin, focusing on the involvement of mucosal 
proinflammatory cytokine production and neutrophil infiltration into the gastric 
mucosa. 
Innovations and breakthroughs
The present study reported the effect of irsogladine maleate on mucosal 
proinflammatory cytokine production and neutrophil infiltration into the gastric 
mucosa in indomethacin-induced gastric injury.
Applications
A single intragastric dose of irsogladine maleate could markedly reduce gastric 
injury with a concomitant decrease in the levels of inflammatory factors in 
indomethacin-treated rats, suggesting that irsogladine maleate can be applied 
to the treatment of patients with NSAID-induced gastric injury.
Peer review 
In this study, the authors examined the effects of irsogladine maleate on 
gastric mucosal injury and proinflammatory cytokine production and neutrophil 
infiltration (measured by MPO) using a rat model of gastric injury elicited by 
indomethacin. The authors found that irsogladine maleate could markedly 
reduce gastric injury in indomethacin-treated rats with a concomitant decrease 
in the gastric mucosal levels of tumor necrosis factor-α (TNF-α), interleukin-1β 
(IL-1β), IL-8 and myeloperoxidase (MPO). The results of these straightforward 
experiments demonstrate that the protective effects of irsogladine are mediated 
by reducing neutrophil induction and inhibition of mucosal cytokine expression. 
This paper is well written and the data are novel.  
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Abstract
AIM: To investigate a new technique of the anorectal 
fistula treatment with acellular extracellular matrix 
(AEM).
METHODS: Thirty patients with anorectal fistula 
were treated with AEM. All fistula tracts and primary 
openings were identified using conventional fistula 
probe. All tracts were curetted with curet and irrigated 
with hydrogen peroxide and metronidazole. The AEM 
was pulled into the fistula tract from secondary to 
primary opening. The material was secured at the level 
of the primary opening. The excess AEM was trimmed 
at skin level at the secondary opening.
RESULTS: All of the 30 patients had successful closure 
of their fistula after a 7-14 d follow-up. The healing 
rate of anal fistula in treatment group was 100%. 
The ache time, healing time and anal deformation of 
treatment group were obviously superior to traditional 
surgical methods.
CONCLUSION: Using AEM anal f istula plug in 
treatment that causes the anorectal fistula is safe and 
successful in 100% of patients. It can reduce pain, 
shorten disease course and protect anal function.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Anorectal fistula is the chronic phase of  anorectal 
infection and is characterized by chronic purulent 
drainage or cyclical pain associated with abscess 
reaccumulation followed by intermittent spontaneous 
decompression[1]. The goals of  surgery for fistula-
inano are permanent healing and preservation of  
anal continence. Traditional surgical techniques, 
namely fistulotomy and seton technique, sever the 
internal anal sphincters and may damage the external 
anal sphincters. The recurrent rate of  “lay-open” 
fistulotomy was reported to be 2%-9% with functional 
impairment ranging from 0%-17%[2-4]. The use of  a 
seton has a recurrence rate of  0%-8%. Minor and major 
incontinence is 34%-64% and 2%-26%, respectively[5-10]. 

Many different methods for treating anorectal 
fistulae, particularly fistulae in which fistulotomy are 
contraindicated, have been reported in recent years. 
Other alternative approaches are the application of  fibrin 
glue and fistula plug. Since 1999, several studies on fibrin 
glue treatment of  anal fistula have been published. The 
healing rate after debridement and fibrin glue injection is 
14%-60%[11-13]. Incontinence may not be affected. Fistula 
plug, the latest technique for complex fistula-in-ano 
repair, has a reported failure rate of  13%. A success rate 
of  83% with a median follow-up of  12 mo is reported 
for high cryptoglandular anal fistulas, and the method 
has also been reported for a smaller group of  Crohn 
fistulas[14,15].

Our institution began repairing anorectal fistulae 
using acellular extracellular matrix (AEM) in the past  
1 yr. In our study, 30 patients with anorectal fistula were 
treated using acellular extracellular matrix. All of  the 30 
patients had successful closure of  their fistula after a 
7-14 d follow-up, giving an overall successful closure rate 
of  100% (30 of  30 patients). It can reduce pain, shorten 
disease course and protect anal function.
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MATERIALS AND METHODS
Patients
From January, 2007 to August, 2007, 30 patients 
with anorectal fistula were selected from ChaoYang 
Hospital of  Capital Medicine University. They were 
treated with AEM (19 males, 11 females). All the 
patients had low anorectal f istula. Twenty-eight 
patients had simple anorectal fistula cases, and 2 
patients had complicated anorectal fistula. their age was  
18-72 years (mean, 38 years). All patients underwent 
mechanical bowel preparation the day before surgery, 
followed by 2 g of  metronidazole by mouth the same 
evening. A broad-spectrum parenteral antibiotic 
was given to induce anesthesia. All procedures were 
performed under general anesthesia at a prone jackknife 
position. 

Anal fistula acellular dermal matrix technique
All operations were performed in the operating room. 
The primary and secondary fistula tract openings 
were identified. The fistula tract was then thoroughly 
cleaned with a blunt curette or gauze strip that was 
threaded through the tract (Figure 1A). All fistula 
tracts and primary openings were identified using a 
conventional fistula probe and/or hydrogen peroxide 
instillation[16,17]. All tracts were irrigated with hydrogen 
peroxide and metronidazole (Figure 1B). The AEM 
was cut out with a pair of  scissors for three or four 
strips (Figure 2). Each primary opening was occluded 
by using a AEM anal fistula plug. The AEM was 
pulled into the fistula tract from secondary to primary 
the plug fitted snuggly into the tract (Figure 1C).  
The AEM mater ia l was secured at the leve l of  
the primary opening opening using a 2-0 vicryl , 
which was inserted deep to the internal sphincter 
musc le. The excess AEM was t r immed a t sk in 
level at the secondary opening. Care was taken to 
avoid complete closure of  the secondary opening 
to allow drainage of  material and to avoid a closed 
system. At the end of  the procedure, the plug was 
completely buried within the fistula tract (Figure 1C).  
In the two cases of  multiple separate fistules, the plug 
was cut into multiple strips to fit multiple fistula tracts. 
All patients were instructed to have a clear liquid diet 
for 48 h, avoid any strenuous activity; a broad-spectrum 
parenteral antibiotic was given. The status of  fistula 
was determined at final follow-up. Success criteria were 
defined: closure of  all secondary openings, absence of  
fistula drainage and abscess formation. 

RESULTS
Thirty patients were prospectively studied during 
an eight-month period. Twenty-seven patients had 
successful closure of  their fistula tracts after a 7-14 d 
follow-up, but 3 patients had successful closure of  their 
fistula tracts after 30 d follow-up. The mean healing 
time was 10.0 d (range, 7-14 d, 27/30). The mean 
operative time was 20 min (range, 15-25 min). All 28 

patients with single fistula tracts had successful closure 
of  their fistula tracts. These 2 patients with multiple 
tracts had successful closure of  their fistula tracts too. 
The healing rate of  anal fistula treatment group was 
100%. There was no change of  the continence status 
in all patients. There was no major post operative 
complication. Successful closure was not significantly 
associated with single fistula tracts or multiple fistula 
tracts.

DISCUSSION
Traditional surgical techniques for anorectal fistula, 
include fistulotomy and seton techniques. Fistulotomy 
has been performed since ancient times. The outcome 
is generally acceptable. However, fistulotomy causes 
various degrees of  anal sphincter injury[6,17-21]. The 
incontinence status is underestimated. The seton 
technique is to minimize incontinence, but only with 
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Figure 1  Fistula tract thoroughly cleaned using a blunt curette (A), irrigated 
with hydrogen peroxide and etronidazole (B), pulled into the primary fistula 
opening until resistance(C). The AEM is secured at the level of the primary 
opening using a 2-0 vicryl. The excess of the AEM is trimmed at the level of the 
secondary opening. Care is taken to avoid complete closure of the secondary 
opening to allow free drainage of fluid and avoid a closed system.



moderate success. Recently, many techniques have 
been developed, such as endorectal advancement flap, 
anoderm island flap, excision and closure of  internal 
opening, fibrin glue, and fistula plug. These techniques 
have less risk of  anal incontinence, despite some 
recurrences. Several studies on fibrin glue treatment of  
anal fistula have been published since 1999, but, the 
healing rate after debridement and fibrin glue injection 
is 14%-60%[22-26]. Use of  anal fistula plug for complex 
fistula-in-ano repair[27,28] has a reported success rate of  
83%. The method has also been reported for a smaller 
group of  Crohn fistulas[14,15].

We used fibrin glue and fistula plug during the 
past year. Our institution began repairing all types of  
anorectal fistulae using the AEM to drain materials 
from human or animal skin tissue and to remove the 
composition of  immunogenicity. This technique has 
been used in the field of  burn and plastic surgery, 
stomatological surgery, tumor repaired surgery and 
urinology for a long time, and clinical results. In our 
study, the AEM was only used in low anorectal fistula, 
but could not be used in fistulas of  cryptoglandular 
origin, fistules caused by Crohn’s disease, recurrent 
fistules, and high anorectal fistules. Thirty patients with 
fistulae in ano were treated, 27 of  them had successful 
closure of  their fistula tracts after a 7-14 d follow-up. All 
the 28 patients with single fistula tracts had successful 
closure of  their fistula tracts. Of  them, 2 patients with 
multiple tracts had successful closure of  their fistula 
tracts too. Giving an overall successful closure rate of  
100% (30 of  30 patients), complications and recurrent 
case were encountered during the postoperative course, 
immune response and extensive fibrosis were not found 
in this study, suggesting that treatment of  fistula with 
AEM can reduce pain, shorten disease course, protect 
anal function. The ache time, and healing time of  the 
treatment group were obviously shorter compared with 
those achieved by using traditional surgical techniques[29].

The AEM technique is based on sound principles. 
It is a new, simple, safe, less invasive and effective 
technique for closing anorectal fistules, and for avoiding 
the risks of  anorectal incontinence. The early results are 
satisfactory. 

 COMMENTS
Background
Anorectal fistula is the chronic phase of anorectal infection. Traditional 
surgical techniques may damage the external anal sphincters. Many different 
methods for treating anorectal fistula have been reported in recent years. 
Other alternative approaches are the application of fibrin glue and fistula plug. 
However, the result of these approaches is uncertain.
Research frontiers
The use of acellular extracellular matrix (AEM) in the anorectal fistula treatment 
was first study in the world.
Innovations and breakthroughs
It is a new technique that is simple, asfe, minimally invasive for closing 
anorectal fistules, and for avoiding the risks of anorectal incontinence. The early 
results are satisfactory. 
Applications 
This technique can, reduce pain, shorten healing time, protect anal function. 
Therefore, it can be used in the treatment of fistulae.
Peer review
This paper describes a new technique for the treatment of fistulae, which is of 
certain importance in clinical treatment of fistulae. 
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Abstract
AIM: To investigate the effects of a ghrelin receptor 
agonist GHRP-6 on delayed gastrointestinal transit in 
alloxan-induced diabetic mice.
METHODS: A diabetic mouse model was established 
by intraperitoneal injection with alloxan. Mice were 
randomized into two main groups: normal mice and 
diabetic mice treated with GHRP-6 at doses of 0, 20, 50, 
100 and 200 μg/kg ip. Gastric emptying (GE), intestinal 
transit (IT), and colonic transit (CT) were studied in mice 
after they had a phenol red meal following injection 
of GHRP-6. Based on the most effective GHRP-6 
dosage, atropine was given at 1 mg/kg for 15 min  
before the GHRP-6 injection for each measurement. The 
mice in each group were sacrificed 20 min later and the 
percentages of GE, IT, and CT were calculated.
RESULTS: Percentages of GE, IT, and CT were 
significantly decreased in diabetic mice as compared to 
control mice. In the diabetic mice, GHRP-6 improved 
both GE and IT, but not CT. The most effective dose 
of GHRP-6 was 200 μg/kg and atropine blocked the 
prokinetic effects of GHRP-6 on GE and IT.
CONCLUSION: GHRP-6 accelerates delayed GE and 
IT, but has no effect on CT in diabetic mice. GHRP-6 
may exert its prokinetic effects via  the cholinergic 
pathway in the enteric nervous system, and therefore, 
has therapeutic potential for diabetic patients with 
delayed upper gastrointestinal transit.

© 2008 The WJG Press. All rights reserved.

Key words: GHRP-6; Diabetes mellitus; Gastric 
emptying; Intestinal transit; Colonic transit

Peer reviewer: Michael Horowitz, Professor, Department of 
Medicine, University of Adelaide and Director, Endocrine and 
Metabolic Unit, Royal Adelaide Hospital, Level 6, Eleanor 
Harrald Bullding, North Terrace, Adelaide 5000, Australia

Zheng Q, Qiu WC, Yan J, Wang WG, Yu S, Wang ZG, Ai 
KX. Prokinetic effects of a ghrelin receptor agonist GHRP-6 
in diabetic mice. World J Gastroenterol 2008; 14(30): 
4795-4799  Available from: URL: http://www.wjgnet.
com/1007-9327/14/4795.asp  DOI: http://dx.doi.org/10.3748/
wjg.14.4795

INTRODUCTION
Ghrelin is a peptide synthesized by endocrine cells 
of  the gastric mucosa, initially identified in rodents[1]. 
The major actions of  this recently discovered peptide 
include stimulation of  growth hormone (GH) release[1-3], 
regulation of  appetite and nutrient ingestion[4-6], and 
improvement of  digestive motility[7-9]. When injected into 
mice[7,10], rats[8], human[9], or dogs[11], ghrelin accelerates 
gastric emptying of  a liquid or solid meal.

Delayed gastrointestinal transit is a well-known 
diabetic complication, and may lead to uncomfortable 
gastrointestinal symptoms, such as frequent vomiting, 
emaciation, and unpredictable changes in blood glucose, 
all of  which impair the quality of  life of  diabetic 
patients[12,13]. Gastrointestinal transit of  solid or nutrient 
liquid meals is abnormally slow in approximately 50% 
of  diabetic patients[12]. Delayed gastrointestinal transit 
may be associated with cardiac autonomic neuropathy, 
blood glucose concentration, and gastrointestinal 
symptoms[12].

GHRP-6 is a peptide ghrelin receptor agonist, 
which has previously been reported to increase gastric 
emptying in normal rats[14]. Ghrelin has been shown 
to accelerate gastric emptying in animal models of  
postoperative ileus[15], septic ileus[10], burn-induced slow 
gastrointestinal transit[16] and diabetes mellitus[17,18]. In 
the present study, the prokinetic effect of  GHRP-6 was 
investigated in a mouse model of  diabetes mellitus.

www.wjgnet.com



MATERIALS AND METHODS
Chemicals
GHRP-6 was obtained from Tocris Cookson (Bristol, 
UK). Atropine sulphate, phenol red, and alloxan were 
purchased from Sigma (St Louis, MO). 

Diabetic mouse model 
C57 mice (18-22 g) were provided by the Experimental 
Animal Center of  Shanghai Academia Sinica. All 
procedures for the animal experiments were approved 
by the Medical Ethical Committee of  Shanghai Jiaotong 
University. The mice were housed in stainless steel cages 
at a controlled temperature (22 ± 2℃) with a 60%-65% 
relative humidity in a normal 12-h light and dark cycle. 
After exposure to a high-fat diet for 3 wk, the mice were 
fasted overnight with free access to water and injected 
intraperitoneally with alloxan (0.2 g/kg body weight) 
dissolved in a sterile normal saline solution. Seventy-
two hours later, the fasting blood glucose level in the 
mice was determined using the glucose oxidase method 
with a glucose analyzer. Mice with a blood glucose level 
higher than 11.1 mmol/L were classified as diabetic mice 
(DB mice). The DB mice were continuously fed without 
control of  blood glucose for 4 wk, and a model of  DB 
mice was established for further investigations.

Animal grouping for gastrointestinal transit studies
Gastric emptying, intestinal and colonic transit studies 
were then performed. For each study, mice were 
divided into two groups: a normal (control) group and a 
diabetic group. Mice in the diabetic group were treated 
with different doses of  GHRP-6 (0, 20, 50, 100 and  
200 μg/kg) given in a random order, with a total of  
six mice in each subgroup. A dose-response curve for 
GHRP-6 was obtained for the experiment. Based on 
the most effective dose of  GHRP-6, another group of  
6 mice were given atropine (1 mg/kg) injections 15 min 
before GHRP-6 injection.

Gastric emptying
After a 12 h fast, the diabetic mice were injected 
with different doses of  GHRP-6 (0, 20, 50, 100 and  
200 μg/kg). After GHRP-6 injection, the mice 
received a gavage feeding (5 mg/kg body weight) of  
a phenol red test meal (0.5 g/L in 0.9% NaCl with 
1.5% methylcellulose). Twenty minutes later, the 
mice were sacrificed. Their stomachs were clamped 
with a string above the lower oesophageal sphincter 
and a string beneath the pylorus to prevent leakage 
of  phenol red. Gastric emptying was determined 
spectrophotometrically, according to the method 
previously described with certain slight modifications. 
The stomach of  each individual mouse was resected 
just above the lower oesophageal sphincter and pyloric 
sphincter. Phenol red remained partly in the lumen 
of  the stomach. The stomach and its contents were 
put into 5 mL of  0.1 mol/L NaOH. The stomach 
was minced. The samples containing the total amount 
of  phenol red present in the stomach were further 

diluted to 10 mL with 0.1 mol/L NaOH and left 
at room temperature for 1 h. Five milliliters of  the 
supernatant was then centrifuged at 800 g for 20 min. 
The absorbance was read at a wavelength of  546 nm 
on a spectrophotometer (Shanghai Yixian Company, 
China), and the phenol red content in the stomach 
was calculated. Percentage of  gastric emptying of  
the phenol red was calculated as [(infusion amount-
remains)/infusion amount] × 100%.

Intestinal and colonic transit
After an overnight fast, mice were given general 
anesthesia (2%-3% isoflurane inhalation) and underwent 
abdominal surgery. A small polyethylene tube was placed 
in the duodenum (or colon) via the stomach (or cecum), 
0.5 cm distal to the pylorus (or ileocolic junction), fixed 
with sutures to the gut wall, and then tunneled through 
the abdominal wall subcutaneously to exit from the 
skin at the nape of  the neck. Midline incisions were 
sutured, and mice were left to recover in separate cages. 
Food and water were provided abundantly. Three days 
later, after a 12 h fast, the mice were given different 
doses of  GHRP-6 (0, 20, 50, 100 and 200 μg/kg) 
intraperitoneally. After GHRP-6 injection, a phenol red 
test meal at 5 mg/kg (0.5 g/L in 0.9% NaCl with 1.5% 
methylcellulose) was injected into the duodenum (or 
colon) via the implanted polyethylene tube. After 20 min, 
the mice were sacrificed. The distance of  phenol red 
transit and the full length of  the intestine or colon were 
calculated. Small intestine or colonic transit was assessed 
using the percentage ratio of  phenol red transit over the 
full intestinal or colonic length.

Statistical analysis
Statistical analysis of  the data was conducted using 
one-way ANOVA for multiple comparisons. Data are 
expressed as mean ± SE. P < 0.05 was considered 
statistically significant.

RESULTS
Gastric emptying and intestinal and colonic transit in 
diabetic mice
Significantly delayed gastric emptying, intestinal and 
colonic transits were found in diabetic mice. Gastric 
emptying was significantly decreased in diabetic mice 
compared to normal mice (22.9% ± 1.4% vs 28.1% ± 
1.3%, P = 0.0216).

Also, intestinal transit was significantly decreased 
in diabetic mice compared to normal mice (33.5% 
± 1.2% vs 43.2% ± 1.9%, P = 0.0132). In addition, 
colonic transit was decreased in diabetic mice compared 
to normal mice (29.5% ± 1.9% vs 36.3% ± 1.6%,  
P = 0.0148).

Effect of GHRP-6 on delayed gastric emptying in 
diabetic mice
GHRP-6 significantly accelerated gastric emptying in 
diabetic mice. The percentage of  gastric emptying was 
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23.6% ± 1.9%, 26.9% ± 1.3%, 31.3% ± 0.9%, and 
34.6% ± 1.5%, respectively, in the mice treated with 20, 
50, 100, and 200 μg/kg GHRP-6. Except for the lowest 
dose, all of  these doses normalized the rate of  gastric 
emptying in diabetic mice (P = 0.0421, P = 0.0324 and  
P = 0.0103, respectively; Figure 1). We considered that 
the dosage of  200 μg/kg could most effectively increase 
the rate of  gastric emptying.

Effect of GHRP-6 on delayed small intestinal transit in 
diabetic mice
GHRP-6 significantly accelerated intestinal transit 
in diabetic mice. The percentage of  intestinal transit 
was 34.2% ± 1.9%, 39.1% ± 1.5%, 42.6% ± 1.7%, 
and 44.5% ± 1.8%, respectively, in the mice treated 
with 20, 50, 100, and 200 μg/kg GHRP-6. All of  
these doses, except for 20 μg/kg, normalized the 
delayed intestinal transit (P = 0.0321, P = 0.0289 and  
P = 0.0184, respectively; Figure 1). As above, the  
200 μg/kg GHRP-6 dose was considered most effective 
in accelerating intestinal transit.

Effect of GHRP-6 on delayed colonic transit in diabetic 
mice
GHRP-6 had no effect on delayed colonic transit. The 
percentage of  colonic transit was 30.8% ± 1.4%, 29.5% 
± 1.7%, 30.3% ± 1.9%, and 31.2% ± 2.3%, respectively, 
in the mice treated with 20, 50, 100, and 200 μg/kg 

GHRP-6. None of  these doses was able to accelerate 
intestinal transit.

Effect of atropine on delayed gastric emptying and 
intestinal transit in diabetic mice
Atropine blocked the positive effects of  200 μg/kg 
GHRP-6 on gastric emptying and intestinal transit. 
The percentage of  gastric emptying was significantly 
decreased from 34.6% ± 1.5% to 24.6% ± 1.8%  
(P = 0.0131, Figure 1). The small intestine transit was 
significantly decreased from 44.5% ± 1.8% to 35.4% ± 
1.8% (P = 0.0145, Figure 1).

DISCUSSION
In the present study, gastric emptying, intestinal and 
colonic transit were significantly delayed in the mice 
with alloxan-induced diabetes, which is consistent 
with previously reported findings[19,20]. Gastrointestinal 
motility disturbances including esophageal motor 
dysfunction, gastroparesis, constipation and diarrhea, 
are common in patients with diabetes mellitus. It 
has been reported that gastrointestinal transit is 
significantly slower in the diabetic animal model of  
human diabetes[21-23]. Inhibition of  gastrointestinal 
motility has also been reported in humans with diabetes 
mellitus[24,25]. The pathogenesis of  slow gastrointestinal 
transit in diabetes mellitus patients is not clear, but 
several mechanisms have been proposed[12]. Among 
them, autonomic neuropathy, a complication of  long-
standing diabetes mellitus, has been widely accepted as 
the culprit. This may lead to the absence of  postprandial 
gastrointestinal response, a reflex that should present 
in healthy people[24]. Recent studies have shown that an 
acute change in blood glucose concentration also has 
a major effect on gastrointestinal motor function in 
healthy subjects[25]. In particular, acute hyperglycemia 
inhibits both the gastrointestinal and ascending 
components of  peristaltic reflex. Poor glycemic control 
has the potential to cause delayed gastrointestinal transit 
in diabetic patients[26]. In our study, different doses of  
GHRP-6 were able to accelerate gastric emptying and 
intestinal transit in the diabetic mice, but had no effect 
on colonic transit, which is consistent with the results 
seen in animal models of  postoperative ileus[15] and 
in burn-induced gastrointestinal delayed transit[16]. We 
believe that this result might be related to the distribution 
of  ghrelin receptors in the gut[27,28]. The most effective 
dose of  GHRP-6 for accelerating upper gastrointestinal 
transit was 200 μg/kg per mouse. Atropine blocked the 
GHRP-6 effect on gastric emptying and intestinal transit.

GHRP-6, possessing prokinetic characteristics, 
increases gastric emptying in healthy mice[29]. The 
mechanisms underlying the action of  GHRP-6 seem to 
be neuron-dependent. In vitro, isolated strips of  muscle 
fail to contract significantly when exposed to GHRP-6. 
In vivo the gastrokinetic effect of  GHRP-6 in rats is 
abolished by atropine or vagotomy[14,29]. In our study, 
atropine blocked the effect of  200 μg/kg GHRP-6 on 
gastric emptying and intestinal transit, suggesting that 
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Figure 1  GHRP-6 significantly increases gastric emptying (A) and intestinal 
transit (B) in diabetic mice. aP < 0.05 vs control; cP < 0.05 vs 200 μg/kg 
GHRP-6 dose.
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the prokinetic effect of  GHRP-6 is mediated via the 
cholinergic pathway in the enteric nervous system.

It is reasonable to assume that GHRP-6 can be 
used as a potential drug for the treatment of  diabetic 
patents with delayed gastrointestinal transit. Clinically, 
improvement in gastrointestinal transit facilitates enteral 
resuscitation, corrects blood glucose concentrations and 
reduces gastrointestinal symptoms in diabetic patients. 
In conclusion, GHRP-6 accelerates gastric emptying 
and intestinal transit in diabetic mice, an action that may 
be mediated via the cholinergic pathway in the enteric 
nerve system. GHRP-6 may have a therapeutic potential 
for diabetic patients with delayed upper gastrointestinal 
transit. The physiological role of  GHRP-6 in the 
gastrointestinal tract remains to be identified, and its 
pharmacotherapeutic potential deserves to be further 
explored in diabetic patients suffering from delayed 
upper gastrointestinal transit.

 COMMENTS
Background
Delayed gastrointestinal transit is common in patients with chronic diabetes 
and is always associated with impairments in quality of life and diabetic control. 
GHRP-6 is a potent prokinetic peptide. The effect of GHRP-6 on delayed 
gastrointestinal transit was studied in diabetic mice.
Research frontiers
The effects of ghrelin on gastrointestinal motor activity and roles in motility 
regulation have been extensively studied. This study is the first to investigate 
the effects of ghrelin agonist GHRP-6 on diabetic mice with delayed 
gastrointestinal transit.
Innovations and breakthroughs
GHRP-6 has been shown to accelerate gastric activity in postoperative and 
septic ileus animal models. However, it has not been studied in a diabetic 
animal model.
Applications 
According to animal experiments, GHRP-6 may be used as a potential 
therapeutic agent for the treatment of delayed gastrointestinal transit in 
diabetes.
Peer review
This paper shows that GHRP-6 has an effect on gastric emptying and intestinal 
transit in diabetic mice, which may be mediated through the cholinergic 
pathways in the enteric nerve system. These results show that GHRP-6 can be 
used as a potential therapeutic drug for the treatment of delayed gastrointestinal 
transit in diabetes.
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Abstract
AIM: To establish nude mouse human gastric cancer 
orthotopic transplantation models using OB glue paste 
technique.
METHODS: Using OB glue paste technique, orthotopic 
transplantation models were established by implanting 
SGC-7901 and MKN-45 human gastric cancer cell 
strains into the gastric wall of nude mice. Biological 
features, growth of the implanted tumors, the success 
rate of transplantation and the rate of auto-metastasis 
of the two models were observed. 
RESULTS: The success rates of orthotopic transplan-
tation of the two models were 94.20% and 96%. The 
rates of hepatic metastasis, pulmonary metastasis, 
peritoneal metastasis, lymphocytic metastasis and 
splenic metastasis were 42.13% and 94.20%, 48.43% 
and 57.97%, 30.83% and 36.96%, 67.30% and 
84.06%, and 59.75% and 10.53%, respectively. The 
occurrence of ascites was 47.80% and 36.96%.
CONCLUSION: OB glue paste technique is easy to 
follow. The biological behaviors of the nude mouse 
human gastric cancer orthotopic transplantation 
models established with this technique are similar 
to the natural processes of growth and metastasis 
of human gastric cancer, and, therefore, can be 
used as an ideal model for experimental research of 
proliferative metastasis of tumors.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Estab l i shment o f  human g as t r i c cancer nude 
mouse transplantation models has undergone three 
representative stages[1-5]: subcutaneous transplantation 
of  cell suspension[6], gastric wall seeding of  cell 
suspension[7-12], and intra-gastric wall transplantation 
of  histologically intact tissues[13-17], of  which the fresh 
tissue orthotopic transplantation model has two types 
in method: the “suture method”[18] and the “gastric 
bursa method”[19]. Enlightened by surgical use of  OB 
glue, the present study used OB glue paste technique to 
implant SGC-7901 and MKN-45 human gastric cancer 
cell strains to the gastric wall of  nude mice in an attempt 
to examine the biological features of  proliferative 
metastasis of  gastric cancer cells. 

MATERIALS AND METHODS
Animals
The study included 314 6-week BALB/C nude mice 
of  both sexes weighing 18-20 g provided by Shanghai 
Experimental Animal Center of  the Chinese Academy 
of  Sciences (qualification No.: SCXK, Shanghai, 
2004-0003). In this study, 166 cases of  models for 
SGC-7901 and 148 cases for MKN-45 were established. 
The animals were raised in the said center in SPF 
experimental animal rooms (approval No.: SYXK, 
Shanghai, 2004-0011) with free access to water. 
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Cell strains
SGC-7901 and MKN-45 cell strains were kind gifts from 
the laboratory of  experimental pathology of  Shanghai 
Institute of  Tumor Research, CAS. Cancer cells were 
cultured in RPMI-1640 solution containing 10% bovine 
serum in a CO2 thermostatic incubator and passaged 
routinely.

Establishment and passage of subcutaneously 
transplanted tumor in nude mice
In vitro cancer cells were collected to the content of   
1 × 107/mL. Each nude mouse was injected with 0.2 mL 
cancer cells under the cervical skin. When the implanted 
tumor grew to about 1cm diameter, it was removed out 
of  the mouse. The tumor was cut into 1 mm × 1 mm × 
2 mm pieces after scraping off  the surrounding fibrous 
capsule, and implanted directly into the cervical skin of  
the nude mice. Each inter-mouse passage used two mice. 
The third generation subcutaneously transplanted tumor 
was used as the source of  orthotopic transplantation in 
this study. 

Establishment of orthotopic transplantation models
The mice were purchased two days ahead of  the 
experiment for environmental adaptation. The animals 
were fasted 12 h before operation and anesthetized with 
0.4% pentobarbital sodium (60 mg/kg) intraperitoneally. 
The skin was sterilized routinely and a 1 cm incision 
was made along the left paramedian line to expose the 
peritoneum and gastric wall meticulously. The serous 
layer of  the greater curvature of  stomach where there 
are abundant blood vessels, was carefully ruptured with 
an injection needle until bleeding was visible, into which 
the tumor tissue was implanted. One to 2 drops of  
medical OB glue (Cyanoacrylate, medical OB 508 series 
for anastomosis, Guangzhou Bai Yun Medical Glue Co., 
Ltd., Batch No. 030703) were applied to seal the rupture. 
After the glue coagulated for about 10 s, the peritoneum 
was closed with No. 3 suture and the skin was closed 
with No. 1 suture. 

Sacrifice of animals and observation of metastasis of 
the transplanted tumor
When the mice were seen developing failing signs 
such as leanness, limited activity and listlessness, they 
were sacrificed by cervical dislocation and anatomized 
for comprehensive exploration of  the chest and 
abdominal cavities and macroscopic observation of  any 
transplanted tumor with regard to local growth, ascites, 
adjacent lymph nodes and distal organ metastasis. The 
transplanted tumor, enlarged lymph nodes, liver, spleen, 
pancreas and lungs were excised, and the specimens were 
fixed, sliced and stained for histopathologic observation 
under light and electron microscope. The tumor was 
weighed with an analytical balance and recorded. Four 
mice which died during the study were treated in the 
same manner without including into statistics, but for 
reference and later causative analysis.

Preparation of chromosomal specimens of human 
gastric cancer cells
Part of  the transplanted tumor tissues was sheared with 
aseptic technique and placed in serum-free 1640 medium 
for primary culture. When the cells grew vigorously 
and formed a single layer, the first generation passage 
was done, for which chromosomal specimens were 
prepared. The specimens were observed under an × 40 
light microscope and photographed for chromosomal 
metakesis of  one cell with a microscopic camera. 

RESULTS
Growth of the orthotopically transplanted tumor
One mouse died from excessive bleeding during 
e s t a b l i s h m e n t o f  t h e S G C - 7 9 0 1 o r t h o t o p i c 
transplantation model. The skin suture fell off  at about 
day 5 and the wound healed completely in a week. At 
week 3-4, 4 mm nodules were palpable in the upper 
abdomen, which grew large gradually by week 5-6 
and became markedly large by week 8-10. At week 10 
some of  the tumors were even visible through the wall 
and as large as 10-20 mm in diameter. The surfaces of  
these tumors were nodular and hard in consistency. 
From week 11 on, the animals began presenting failing 
signs such as leanness, limited activity, listlessness and 
hypoactivity. One animal died. At week 12 the failing 
signs were more evident and severe, and tumors in some 
mice subcutaneously projected out, or the abdomens 
were bulky looking like a frog abdomen. The animals 
were sacrificed by cervical dislocation. 

One animal in the MKN-45 orthotopic trans-
plantation model died on the second day because of  
suture failure due to mutual fierce biting of  the animals. 
The situation of  the remaining animals was much 
the same as that of  the SGC-7901 model. The only 
difference in the MKN-45 model was that the tumors 
grew faster in fewer days. By week 2, hard nodules 
about 4mm were palpable in both right and left upper 
abdomen; the tumors became large gradually by week 
3-4 and grew to 10-15 mm in diameter by week 5-6; 3 
animals died by week 6-7; and the failing signs became 
worse by week 8 when giant tumors of  15-20 mm in 
diameter were palpable. The animals were sacrificed by 
cervical dislocation. 

Invasion of the orthotopically transplanted tumor
A total of  164 cases of  models with SGC-7901 
were established in this study, including 159 cases of  
SGC-7901 orthotopic transplantation with a success 
rate of  97% (159/164). Gross anatomy revealed: the 
body of  stomach was enlarged and the fundus was 
dilated; grayish fish meat like tumors were seen on the 
gastric wall; the tumor tissue was parenchymatous with 
vague margins and round or oval in shape. There were 
nodular processes on the surface, which infiltrated into 
the surrounding tissues and adhered with the mesentery, 
liver, spleen and peritoneum in varying degrees. There 



was bloody ascites in some mice. The tumor sections 
were grayish, looking like fish meat and homogenous in 
consistency, on which there were abundant capillaries. In 
some large tumors, there were small necrotic patches in 
the center. The mean weight of  the tumors was 2.31 ± 
0.75 g.

A total of  144 cases of  models with MKN-45 
were established, including 138 cases of  orthotopic 
transplantation, with a success rate of  96% (138/144). 
Gross anatomic findings were much the same as those 
of  the SGC-7901 model. The tumors were oval in shape, 
uneven and hard in consistency. There was a serous 
necrotic area in the center. The mean weight of  the 
tumors was 2.53 ± 0.84 g (Figure 1). 

Metastasis of the orthotopically transplanted tumor
Intraperitoneal lymph nodes were enlarged in most mice 
of  the SGC-7901 model. Involvement of  the tumors was 
various. Several small grayish miliary nodules were seen 
in the liver of  most tumor-bearing mice, which went into 
the hepatic parenchyma and were difficult to separate. 
Pyloric obstruction and bloody ascites were seen in 
some tumor-bearing mice, and pulmonary, splenic and 
peritoneal metastases were seen in other animals. The 
metastasis rates of  the liver, lungs, peritoneum, lymph 
node and spleen were 42.02% (67/159), 48.43% (77/159), 
30.82% (49/159), 67.30% (107/159) and 59.75% 
(95/159), respectively. The prevalence of  ascites was 
47.80% (76/159).

The situation in the MKN-45 model was similar to 
that of  the SGC-7901 model, where the hepatic focus 
of  metastasis was 2-3 mm (Figure 2). The lung surface 
was congested in some animals and transparent nodules 
about 1mm were visible. The metastasis rates of  the 
liver, lungs, peritoneum, lymph node and spleen were 
94.20% (130/138), 57.97% (80/138), 36.96% (51/138), 
84.06% (116/138) and 10.86% (15/138), respectively. 
The prevalence of  ascites was 31.88% (44/138).

Histopathologic findings of the orthotopical transplan-
tation models
SGC-7901 gastric cancer tissue was adenocarcinoma 
of  low differentiation. The tumor cells present as oval 
shape with large malformed nuclei, most of  which were 
of  pathologic mitosis with clear and multiple nucleoli. 

They were deranged like a nestle with rich sinusoids, in 
which filtration of  lymphocytes was seen.

Histological sections of  MKN-45 tumor body 
was a lso character ized by poorly differentiated 
adenocarcinoma, where cells were in patchy, nestle or 
streaky arrangement and shaped round, oval or irregular. 
Cell differentiation was poor, with large deep stained 
nuclei and a large nuclear-cytoplasmic ratio, where 
karyokinetic phase was seen. Fibrous connective tissue 
was seen in the mesenchyma, and infiltrative growth of  
the tumor tissue was seen in the gastric wall (Figure 3A).

The histological structure of  the tumor metastatic 
foci in the liver and lungs was consistent with that of  the 
orthotopic gastric tumor, mostly distributing around blood 
vessels of  the lung parenchyma and hepatic sinusoid 
and growing infiltratively to the surrounding tissues. 
Large numbers of  cancer cells were seen in the enlarged 
lymph nodes; they arranged closely, destroying almost 
all lymphatic structure. Cytohistological morphology of  
ascites smear was similar to that of  the orthotopic tumor. 

Identification of cell chromosome of the orthotopically 
transplanted tumor
Under × 40 light microscope, no single chromosome in 
the metaphase was seen as a telocentric chromosome, 
indicating that it was a human chromosome. Distribution 
of  the chromosomes was more than 46, indicating that 
they were malignant tumor cells.

Color doppler imaging of the orthotopically transplanted
tumor
B-ultrasound detected low echo masses in the upper 
abdomen of  the nude mice, which grew into the 
abdominal cavity (Figure 3B). Most blood flow of  the 
tumors was in the periphery, or mixed blood flow was 
seen both inside and around the tumor. The course of  
vessels was irregular and the vessels were various in size 
and deranged, forming winding, fork-like and net-like 
blood flows. Blood flow was more abundant and faster in 
the periphery than in the center of  the tumor (Figure 3B).

DISCUSSION
Human gastric cancer fresh tissue orthotopic transplan-
tation is the main means of  model establishment. The 

Figure 1  Macroscopic observation of orthotopically transplanted MKN-45 tumor. Figure 2  Hepatic metastatic focus of orthotopically transplanted MKN-45 tumor. 
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site of  transplantation is usually between the serous 
layer and seromuscular layer of  the greater curvature 
of  stomach. The “suture method”[20] or the “gastric 
bursa method”[21-22] has many practical difficulties 
and disadvantages in establ ishing the model of  
transplantation, for example, the tumor tissue is easy 
to fall off  postoperatively; manipulation is complex 
and needs relatively high skills; and there may be great 
blood loss during suturing, and mortality is relatively 
high. OB glue is biologic glue and has been used widely 
in surgery owing to its secure wound adhesion. We 
have had two-years experience with the use of  “OB 
glue paste technique” to establish the human gastric 
cancer nude mouse orthotopic transplantation model 
since 2003, when the technique was first attempted 
in our department[23-30]. The present study used OB 
glue paste technique to establish two tumor strain 
orthotopic transplantation models. Observations 
showed that although different tumor strains grew 
at different rates, infiltrative growth and multi-organ 
metastases are common features of  the two models, 
and these features are similar to the clinical presentation 
of  invasive metastasis. Chromosomal identification 
also demonstrated that both orthotopic and metastatic 
tumors came from the human gastric cancer implanted. 
This technique is an ideal means of  model establishment 
owing to its easier manipulation, shorter operating time, 
less blood loss, quicker postoperative recovery, and 
higher survival of  experimental animals and avoidance 
of  tumor falling off.

The success rate was not 100% in both cases. 
Anatomy of  the mice that failed to bear tumors showed 
that there was local organ adhesion arising from 
manipulation, and part of  the transplanted tumor tissues 
stop growing. With our experience, the following points 
are worthy of  mention with regard to factors affecting 
the success rate: (1) The amount of  glue should be 
appropriate, 1-2 drops are enough, too much glue would 
envelope the implant, halting its growth; (2) It is best to 
wait for 10 seconds or so before closing the abdomen so 
that the glue can coagulate sufficiently; or it may cause 
extensive adhesion of  the surrounding tissues; (3) It is 
preferable to use the seromuscular layer near the antrum 
of  the greater curvature, because rich blood flow there 
facilitates tumor growth and metastasis; (4) Rupture of  

the seromuscular layer should not be too superficial, and 
bleeding is the hallmark. In addition, the tumor tissue 
to be implanted should be placed into the ruptured site 
before dropping OB glue. Smooth forceps can be used 
to push the rupture inward to form a denture before 
implanting the tumor tissues, if  necessary; and (5) It 
is not preferable to leave too much suture outside the 
abdomen to avoid suturing failure due to fierce biting 
between animals.

 COMMENTS
Background
Establishment of human gastric cancer nude mouse transplantation models 
has undergone three representative stages: subcutaneous transplantation 
of cell suspension, gastric wall seeding of cell suspension, and intra-gastric 
wall transplantation of histologically intact tissues. The fresh tissue orthotopic 
transplantation model has two types in method: the “suture method” and the 
“gastric bursa method”. 
Research frontiers
Human gastric cancer fresh tissue orthotopic transplantation is the main means 
of model establishment. But the “suture method” or the “gastric bursa method” 
transplantation has many practical difficulties and disadvantages in establishing 
the model. The “OB glue paste technique” was attempted to establish the 
human gastric cancer nude mouse orthotopic transplantation model.
Innovations and breakthroughs
Observations showed that the “OB glue paste technique” is an ideal means of 
model establishment owing to its easier manipulation, shorter operating time, 
less blood loss, quicker postoperative recovery, higher survival of experimental 
animals and avoidance of tumor falling off.
Applications 
OB glue paste technique is easy to follow and can be used as an ideal model 
for experimental research of proliferative metastasis of tumors.
Peer review
Shi et al established the nude mouse human gastric cancer orthopedic 
transplantation model using OB glue paste technique. This is an interesting 
paper. However, several points should be addressed. If possible, the success 
rate of orthotopic transplantation of SGC-7901 and MKN-45 models should be 
indicated without using OB glue. If additional effect of OB glue was clarified, this 
paper would be more convincing.
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Figure 3  A: Histological findings of orthotopically transplanted MKN-45 tumor; B: Ultrasound findings of orthotopically transplanted SGC-7901 tumor.
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Abstract
AIM: To explore the risk factors for local recurrence 
of middle and lower rectal carcinoma after curative 
resection.
METHODS: Specimens of middle and lower rectal 
carcinoma from 56 patients who received curative 
resection at the Department of General Surgery of 
Guangdong Provincial People’s Hospital were studied. 
A large slice technique was used to detect mesorectal 
metastasis and evaluate circumferential resection 
margin status. The relations between clinicopathologic 
cha rac te r i s t i c s ,  meso rec ta l  metas tas i s  and 
circumferential resection margin status were identified 
in patients with local recurrence of middle and lower 
rectal carcinoma.
RESULTS: Local recurrence of middle and lower rectal 
carcinoma after curative resection occurred in 7 of the 
56 patients (12.5%), and was significantly associated 
with family history (c2 = 3.929, P  = 0.047), high CEA 
level (c2 = 4.964, P  = 0.026), cancerous perforation  
(c2 = 8.503, P  = 0.004), tumor differentiation  
(c2 = 9.315, P  = 0.009) and vessel cancerous emboli 
(c2 = 11.879, P  = 0.001). In contrast, no significant 
correlation was found between local recurrence of 
rectal carcinoma and other variables such as age 
(c2 = 0.506, P  = 0.477), gender (c2 = 0.102, c2 = 
0.749), tumor diameter (c2 = 0.421, P  = 0.516), 

tumor infiltration (c2 = 5.052, P  = 0.168), depth of 
tumor invasion (c2 = 4.588, P  = 0.101), lymph node 
metastases (c2 = 3.688, P  = 0.055) and TNM staging 
system (c2 = 3.765, P  = 0.152). The local recurrence 
rate of middle and lower rectal carcinoma was 
33.3% (4/12) in patients with positive circumferential 
resection margin and 6.8% (3/44) in those with 
negative circumferential resection margin. There 
was a significant difference between the two groups 
(c2 = 6.061, P  = 0.014). Local recurrence of rectal 
carcinoma occurred in 6 of 36 patients (16.7%) with 
mesorectal metastasis, and in 1 of 20 patients (5.0%) 
without mesorectal metastasis. However, there was no 
significant difference between the two groups (c2 = 
1.600, P  = 0.206).
CONCLUSION: Family history, high CEA level, 
cancerous perforation, tumor differentiation, vessel 
cancerous emboli and circumferential resection 
margin status are the significant risk factors for local 
recurrence of middle and lower rectal carcinoma after 
curative resection. Local recurrence may be more 
frequent in patients with mesorectal metastasis than in 
patients without mesorectal metastasis.
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INTRODUCTION
It is well known that local recurrence is of  rectal 
carcinoma plays an important role in its prognosis[1-3]. 
However, local recurrence of  rectal carcinoma occurs in 
about 4%-50% of  patients even after radical resection 
of  primary tumors and lymph nodes[4-8]. The risk factors 
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for local recurrence of  rectal carcinoma remain unclear. 
Therefore, the aim of  the current study was to explore 
the risk factors for local recurrence of  middle and lower 
rectal carcinoma after curative resection. Specimens 
of  middle and lower rectal carcinoma from 56 patients 
who underwent total mesorectal excision (TME) at the 
Department of  General Surgery, Guangdong Provincial 
People’s Hospital, from November, 2001 to July, 2003, 
were studied. A large slice technique was used to detect 
mesorectal metastasis and evaluate circumferential 
resection margin status. The relationship between 
mesorectal metastasis, local recurrence and circumferential 
resection margin status of  rectal carcinoma was observed. 
The clinicopathologic characteristics of  middle and lower 
rectal carcinoma were also evaluated.

MATERIALS AND METHODS
Patients and specimens
Specimens of  middle and lower rectal carcinoma from 
56 patients who underwent TME at the Department of  
General Surgery, Guangdong Provincial People’s Hos-
pital, from November, 2001 to July, 2003, were studied. 
There were 37 men and 19 women, ranging in age from 
30 to 86 years, with a mean age of  60.5 years. None of  
these patients received preoperative chemotherapy or 
radiotherapy. Twenty-six patients had lower rectal car-
cinoma and 30 had middle rectal carcinoma. Tumors  
≥ 5 cm and in < 5 cm diameter were found in 18 and 
38 patients, respectively. Low anterior resection was per-
formed in 40 patients and abdominoperineal resection 
in 16 patients. TNM stages were as followa: stage Ⅰ in 
5 patients, stage Ⅱ in 22 patients, and stage Ⅲ in 29 pa-
tients poorly-differentiated carcinoma was observed in 
14 patients, moderately-differentiated carcinoma in 37 
patients, and well-differentiated carcinoma in 5 patients, 
respectively. A large slice technique was used to detect 
mesorectal metastasis and evaluate circumferential resec-
tion margin status. Two pathologists who were blinded 
to the clinicopathological data observed the specimens 
independently. If  tumor cells were detected within  
1 mm of  circumferential margin, they were classified 
to have a positive circumferential resection margin as 
previously described[9-11].

Statistical analysis
Statistical analysis was performed by the Pearson c2 test 
to examine the association between local recurrence, 
circumferential resection margin status and mesorectal 
metastasis of  rectal carcinoma. Clinicopathologic char-
acteristics of  the patients with middle and lower rectal 
carcinoma were also analyzed. P < 0.05 was considered 
statistically significant.

RESULTS
Correlation between local recurrence and 
clinicopathologic characteristics of patients with middle 
and lower rectal carcinoma
Local recurrence of  middle and lower rectal carcinoma 

after curative resection was found in 7 of  56 patients 
(12.5%), which was significantly related with family 
history (c2 = 3.929, P = 0.047), high CEA level (c2 = 
4.964, P = 0.026), cancerous perforation (c2 = 8.503, 
P = 0.004), tumor differentiation (c2 = 9.315, P = 
0.009) and vessel cancerous emboli (c2 = 11.879, P = 
0.001). In contrast, no significant correlation was found 
between local recurrence and other variables such as 
age (c2 = 0.506, P = 0.477) and gender (c2 = 0.102, P = 
0.749), tumor diameter (c2 = 0.421, P = 0.516), tumor 
infiltration (c2 = 5.052, P = 0.168), depth of  tumor 
invasion (c2 = 4.588, P = 0.101), lymph node metastases 
(c2 = 3.688, P = 0.055) and TNM staging system (c2 = 
3.765, P = 0.152) (Table 1).

Correlation between circumferential resection margin
status and local recurrence of middle and lower rectal 
carcinoma
A positive circumferential resection margin of  middle and 
lower rectal carcinoma was observed in 12 of  56 patients 
(21.4%). Local recurrence of  middle and lower rectal 
carcinoma was found in 4 of  12 patients (33.3%) with a 
positive circumferential resection margin and in 3 of  44 
patients (6.8%) with a negative circumferential resection 
margin. There was a significant difference between the 
two groups (c2 = 6.061, P = 0.014) (Table 1).

Correlation between mesorectal metastasis and local 
recurrence of middle and lower rectal carcinoma
Mesorectal metastasis of  middle and lower rectal 
carcinoma was detected in 36 of  56 patients (64.3%). The 
local recurrence rate of  mesorectal metastasis was 16.7% 
(6 of  36 patients) and 5.0% (1 of  20 patients), respectively. 
However, there was no significant difference between the 
two groups (c2 = 1.600, P = 0.206) (Table 1).

DISCUSSION
It is well known that middle and lower rectal carcinoma 
is one of  the most common carcinomas in China. 
Local recurrence of  middle and lower rectal carcinoma 
after curative resection has significant morbidity and 
mortality[4,12-15] and its recurrence rate varies from less 
than 4% to greater than 50%. Since TME was adopted as 
the standard treatment of  patients with rectal carcinoma, 
a significant decrease in local recurrence and a trend 
to improve relative survival have been reported[16-18]. In 
our sturdy, local recurrence of  middle and lower rectal 
carcinoma occurred in 7 of  56 patients (12.5%) after 
TME, indicating that TME can significantly reduce 
the local recurrence rate of  middle and lower rectal 
carcinomas.

The correlation between circumferential resection 
margin status and local recurrence of  rectal carcinoma 
is still controversial[10,11,19-21]. Wibe et al[10] reported that a 
positive circumferential resection margin has a significant 
and major prognostic impact on the local recurrence 
rate of  rectal  carcinoma after TME. However,  
Luna-Perez et al[19] reported that circumferential resection 
margin involvement is not correlated significantly with 
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local recurrence of  rectal adenocarcinoma (P = 0.33).  
Hall et al[11] reported that the local recurrence rate 
of  rectal carcinoma with a positive circumferential 
resection margin is 15% and 11% in of  those with 
a negative circumferential resection margin. The 
difference between the two groups was not significant. 
Our results demonstrate that circumferential resection 
margin involvement had a significant correlation with 
local recurrence of  middle and low rectal carcinoma. 
Local recurrence was more frequently observed in 
rectal carcinomas with a positive circumferential 
resection margin (4 of  12 patients, 33.3%) than in 
those with a negative circumferential resection margin 

(3 of  44 patients, 6.8%) (P = 0.014), suggesting that 
circumferential resection margin status is an important 
predictor for the local recurrence of  middle and low 
rectal carcinoma. It has been shown that residual 
mesorectal metastasis observed in rectal surgery may 
be the most important factor for local recurrence of  
rectal carcinoma[22,23]. In the current study, the local 
recurrence of  rectal carcinoma was more frequent in 
patients with mesorectal metastasis than in those without 
mesorectal metastasis (16.7% vs 5.0%). However, there 
was no significant difference between the two groups  
(P = 0.206). TME may be also a plausible explanation 
for the observation.

Clinicopathologic variable Patients (n )               Local recurrence    c2   P

Positive (%) Negative (%)
Gender
   Male       37    5 (13.5)     32 (86.5)
   Female       19    2 (10.5)     17 (89.5) 0.102 0.749
Age
   < 60 yr       25    4 (16.0)     21 (84.0)
   ≥ 60 yr       31    3 (9.7)     28 (90.3) 0.506 0.477
Family history

   Yes       21    5 (23.8)     16 (76.2)
   No       35    2 (5.7)     33 (94.3) 3.929 0.047
CEA level
   High       26    6 (23.1)     20 (76.9)
   Normal       30    1 (3.3)     29 (96.7) 4.964 0.026
Cancerous perforation

   Yes         3    2 (33.3)       1 (66.7)
   No       53    5 (9.4)     48 (90.6) 8.503 0.004
Superficial diameter

   < 5 cm       38    4 (10.5)     34 (89.5)
   ≥ 5 cm       18    3 (16.7)     15 (83.3) 0.421 0.516
Diameter of infiltration

   1/4         8    0 (0)       8 (100)
   1/2       16    1 (6.3)     15 (93.7)
   3/4       18    2 (11.1)     16 (88.9)
   4/4       14    4 (28.6)     10 (71.4) 5.052 0.168
Depth of invasion

   T1         6    0 (0)       6 (100)
   T2       23    1 (4.3)     22 (95.7)
   T3       27    6 (22.2)     21 (77.8) 4.588 0.101
Histologic differentiation

   Well         5    0 (0)       5 (100)
   Moderate       37    2 (5.4)     35 (94.6)
   Poorly       14    5 (35.7)       9 (64.3) 9.315 0.009
Lymph node metastasis

   Positive       29    6 (20.7)     23 (79.3)
   Negative       27    1 (3.7)     26 (96.3) 3.688 0.055
Vessel cancerous emboli
   Positive       12    5 (41.7)       7 (58.3)
   Negative       44    2 (4.5)     42 (95.5) 11.879 0.001
Circumferential resection margin

   Positive       12    4 (33.3)       8 (66.7)
   Negative       44    3 (6.8)     41 (93.2) 6.061 0.014
Mesorectal metastasis
   Positive       36    6 (16.7)     30 (83.3)
   Negative       20    1 (5.0)     19 (95.0) 1.6 0.206
TNM staging
   Ⅰ         5    0 (0)       5 (100)
   Ⅱ       22    1 (4.5)     21 (95.5)
   Ⅲ       29    6 (20.7)     23 (79.3) 3.765 0.152

Table 1  Local recurrence and circumferential resection margin status, mesorectal metastasis, and 
clinicopathologic characteristics of middle and lower rectal carcinoma
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Sugihara et al[24] investigated the correlation between 
local recurrence and clinicopathologic characteristics of  
rectal carcinoma by multivariate analysis, and found that 
local recurrence of  lower rectal cancer is significantly 
associated lymph node metastasis.  It  has been 
demonstrated that pathologic stages T and N are the 
significant predictors for the local recurrence of  rectal 
carcinoma[25]. In the present study, local recurrence of  
poorly- and moderately- differentiated rectal carcinomas 
was found in 5 of  34 patients (35.7%) and in 2 of  37 
patients (5.4%), respectively (P = 0.009), while no local 
recurrence of  well-differentiated rectal carcinoma was 
observed in any patients, suggesting that local recurrence 
of  rectal carcinoma is significantly correlated with tumor 
differentiation. We also found that the local recurrence 
rate of  rectal carcinoma was also correlated with the 
depth of  tumor invasion. Local recurrence of  T3, and 
T2 tumors was observed in 6 of  27 patients (22.2%) and 
in 1 of  23 patients (4.3%), respectively, while no local 
recurrence of  T1 tumors was observed (P = 0.101). Local 
recurrence of  rectal carcinoma developed in 6 (20.7%) 
of  the 29 patients with lymph node metastasis and in 
1 (3.7%) of  27 patients without lymph node metastasis 
(P = 0.055). These observations may be explained by 
the fact that the number of  patients in our study was 
comparatively small. Further study with a larger sample 
size is needed.

Park et al[26] reported that change in perioperative 
serum CEA is a useful prognostic predictor for the 
occurrence of  stage Ⅲ rectal cancer and the survival 
of  such patients. Oh et al[27] reported that vascular 
invasion is significantly associated with local recurrence 
of  rectal cancer. Our results also demonstrate that 
local recurrence of  rectal carcinoma had a significant 
correlation with high CEA level (P = 0.026) and vessel 
cancerous emboli (P = 0.001). We also found that family 
history and cancerous perforation were significantly 
correlated with local recurrence of  rectal carcinoma  
(P < 0.05). 

In conclusion, extensive mesorectal excision and 
postoperative adjuvant chemotherapy should be used in 
the treatment of  middle and lower rectal carcinoma.

 COMMENTS
Background
It is well known that local recurrence is the most important prognostic factor for 
rectal carcinoma. However, local recurrence of rectal carcinoma occurs in about 
4%-50% of patients even after radical resection of primary tumors and lymph 
nodes. The risk factors for local recurrence of rectal carcinoma remain unclear.
Research frontiers
Since total mesorectal excision (TME) was adopted as the standard treatment 
of rectal carcinoma, a significant decrease in its local recurrence and a 
trend to improve the relative survival of rectal carcinoma patients have been 
reported. However, the local recurrence rate of rectal carcinoma is still high. 
The correlation between circumferential resection margin status and local 
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of middle and lower rectal carcinoma after curative resection. A large slice 
technique was used to detect its mesorectal metastasis and evaluate its 
circumferential resection margin status. The relationship between mesorectal 

metastasis and circumferential resection margin status with local recurrence 
was identified. The clinicopathological characteristics of rectal carcinoma were 
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Family history, high CEA level, cancerous perforation, tumor differentiation, 
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significant risk factors of local recurrence of middle and lower rectal carcinoma 
after curative resection. Local recurrence of middle and lower rectal carcinoma 
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Peer review
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Abstract
AIM: To explore the effect of trichostatin A (TSA) on 
apoptosis and acetylated histone H3 levels in gastric 
cancer cell lines BGC-823 and SGC-7901.
METHODS: The effect of TSA on growth inhibition 
and apoptosis was examined by MTT, fluorescence 
microscopy and PI single-labeled flow cytometry. The 
acetylated histone H3 level was detected by Western 
blot.
RESULTS: TSA induced apoptosis in gastric cancer 
cell lines BGC-823 and SGC-7901 was in a dose 
and time-dependent manner. Apoptotic cells varied 
significantly between TSA treated groups (37.5 ng/mL  
72 h for BGC-823 cell line and 75 ng/mL 72 h for 
SGC-7901 cell line) and control group (0.85 ± 0.14 vs  
1.14 ± 0.07, P  = 0.02; 0.94 ± 0.07 vs  1.15 ± 0.06,  
P  = 0.02). Morphologic changes of apoptosis, including 
nuclear chromatin condensation and fluorescence 
strength,  were observed under f luorescence 
microscopy. TSA treatment in BGC-823 and SGC-7901 
cell lines obviously induced cell apoptosis, which was 
demonstrated by the increased percentage of sub-G1 
phase cells, the reduction of G1-phase cells and the 
increase of apoptosis rates in flow cytometric analysis. 
The result of Western blot showed that the expression 
of acetylated histone H3 increased in BGC-823 and 
SGC-7901 TSA treatment groups as compared with the 
control group.

CONCLUSION: TSA can induce cell apoptosis in 
BGC-823 and SGC-7901 cell lines. The expression 
of acetylated histone H3 might be correlated with 
apoptosis.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Gastric cancer is the second most common cancer 
worldwide[1]. It is often not detected until an advanced 
stage; consequently, the 5-year survival rates are low 
(10%-20%). Owing to local invasion and metastasis, 
radiation therapy or chemotherapy does not significantly 
increase the length or improve the quality of  life of  
patients with advanced gastric cancer. Therefore, 
there is growing interest in the development of  novel 
neoadjuvant and adjuvant treatment modalities.

It is widely accepted that histone acetylation is 
essential to establish a transcriptional competent state 
of  chromatin[2-4]. The reversible (de)acetylation of  the 
N-terminal histone tails by specific histone acetylases 
and deacetylases (HDAC) is involved in the regulation 
of  gene expression. Dysfunction of  histone acetylases 
and HDACs are associated with different types of  
cancer[5-8]. Various HDAC inhibitors (HDACIs) have 
been described to induce cell cycle arrest, differentiation, 
and apoptosis in cell lines[9-12]. Many of  these have 
potent antitumor activities in vivo [13]. One of  the 
most effective and best studied HDAC inhibitors is 
trichostatin A (TSA). The crystallographic analysis of  
TSA and a histone deacetylase homologue indicates 
that TSA interacts reversibly with the HDAC catalytic 
site preventing binding of  the substrate[13]. Considering 
that HDAC inhibitors are able to induce apoptosis in 
different cell types[14-16], we intend to know their potential 
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to induce apoptosis in gastric cancer cell lines BGC-823 
and SGC-7901. We also studied the effect of  TSA-
induced acetylated histone H3 level on these cell lines.

MATERIALS AND METHODS
Reagents and antibodies
Stock solutions of  TSA (Sigma-Aldrich, USA) in 
ethanol were stored at -20℃. Dimethylthiazole diphenyl 
tetrazolium bromide (MTT), propidium iodide (PI, 
Beijing Zhongshan Golden Bridge Biotechnology, 
China) and Hoechst 33342 (Sigma-Aldrich) were used. 
Antibody against GAPDH was purchased from Santa 
Cruz Biotechnology (Santa Cruz Biotechnology, USA). 
Anti-acetyl-histone H3 (rabbit polyclonal IgG) and Goat 
Anti-Rabbit IgG, HRP-conjugate were purchased from 
Upstate Biotechnology (Upstate Biotechnology, USA).

Cell culture and treatment
Human gastric epithelial cell lines BGC-823 and 
SGC-7901 were obtained from Institute of  Tumor 
Research of  Heilongjiang. BGC-823 cells and SGC-7901 
cells were cultured and maintained in RPMI 1640, 
supplemented with fetal bovine serum 10% (v/v), 
penicillin 100 IU/mL, and streptomycin 100 μg/mL in a 
humidified atmosphere of  5% CO2 in air at 37℃.

MTT assay
MTT assay was used to obtain the number of  living 
cells in the sample. Cells were seeded on 96-well plates 
at a predetermined optimal cell density to ensure 
exponential growth in the duration of  the assay. After 
a 24 h preincubation, growth medium was replaced 
with experimental medium containing the appropriate 
drug or control. Six duplicate wells were set up for 
each sample, and cells untreated with drug served as 
control. Treatment was conducted at 12, 24, 48 and 
72 h with final TSA concentrations of  37.5, 75, 150, 
300 and 600 ng/mL, respectively. After incubation, 
10 μL MTT (6 g/L, Sigma) was added to each well 
and the incubation was continued for 4 h at 37℃. 
After removal of  the medium, MTT stabilization 
solution (dimethylsulphoxide: ethanol = 1:1) was added 
to each well, and shaken for 10 min until all crystals 
were dissolved. Then, optical density was detected in a 
microplate reader at 550 nm wavelength using an ELISA 
reader. The negative control well without cells was used 
as zero point of  absorbance. Each assay was performed 
in triplicate.

Detection of chromatin condensation
Chromatin condensation was detected by nuclear 
staining with Hoechst 33342. BGC-823 and SGC-7901 
cells were collected by centrifugation (500 × g for  
5 min at 4℃) and washed twice with PBS. Cells were 
fixed in 10% formaldehyde and stored at 4℃. For 
analysis, cells were washed in PBS, then Hoechst 33 342 
(5 mg/L) was directly added to the medium by gently 
shaking at 4℃ for 5 min. Stained nuclei were visualized 
under a Zeiss Axiophot fluorescence microscope at 

400 × magnification with an excitation wavelength of   
355-366 nm and an emission wavelength of  465-480 nm.  
Four independent replicates were used. In this way, 
apoptotic BGC-823 and SGC-7901 cells were stained 
brightly blue because of  their chromatin condensation, 
while normal BGC-823 and SGC-7901 cells were evenly 
stained slightly blue.

Cell cycle and apoptosis assays 
BGC-823 and SGC-7901 cel ls  were treated as 
indicated. Floating and adherent cells were collected by 
centrifugation (500 × g for 5 min at 4℃) and washed 
twice with PBS. Cells were fixed in 90% ethanol and 
stored at -20℃. For analysis, cells were washed in PBS 
and stained by suspension in PI (50 mg/L) containing 
RNase A (2 mg/L) for 30 min at 4℃. Stained cells were 
analyzed on a FACScan (Becton- Dickinson, Heidelberg, 
Germany).

Western blotting 
Cells treated as indicated were harvested in 5 mL of  
medium, pelleted by centrifugation (1000 × g for 5 min 
at 4℃), then washed twice with ice-cold PBS and lysed in 
ice-cold HEPES buffer [HEPES (pH 7.5) 50 mmol/L, 
NaCl 10 mmol/L, MgCl2 5 mmol/L, EDTA 1 mmol/L, 
glycerol 110% (v/v), Triton X-100 1% (v/v), a cocktail 
of  protease inhibitors, and 1 mg/L TSA on ice for  
30 min. The lysates were clarified by centrifugation 
(15 000 × g for 10 min at 4℃) and the supernatants 
then either analyzed immediately or stored at -80℃.  
Equivalent amounts of  protein (50 μg) from total cell 
lysates were resolved by SDS-PAGE using precast 12% 
Bis-Tris gradient gels and transferred onto polyvinylidene 
difluoride (PVDF) membranes. Membranes were 
blocked overnight at 4℃ in blocking buffer [nonfat 
dried milk 5% (v/v), NaCl 150 mmol/L, Tris (pH 
8.0) 10 mmol/L and 0.05% Tween 20 (v/v)]. Proteins 
were detected by incubation with primary antibodies 
at appropriate dilutions in blocking buffer overnight at  
4℃. Unbound antibody was removed by washing with 
Tris-buffered saline (pH 7.2) containing 0.5% Tween 20 
(TBS-T). The membrane was then incubated at room 
temperature with horseradish peroxidase-conjugated 
secondary antibody. After extensive washing with TBS-T, 
bands were visualized by enhanced chemiluminescence 
followed by exposure to autoradiography. 

RESULTS
TSA inhibited the proliferation of BGC-823 and 
SGC-7901 cells
TSA inhibited cellular proliferation and survival in 
BGC-823 and SGC-7901 cell lines. It resulted in a 
significant decrease in the cell population of  BGC-823 
and SGC-7901 compared with control, following 
treatment with TSA. Inhibition of  TSA was dependent 
on the dose and incubation time (Tables 1 and 2).

TSA induced apoptosis of BGC-823 and SGC-7901 cells
To investigate the effects of  TSA induced cytotoxicity, 



morphologic changes of  apoptosis were observed under 
fluorescence microscope. At 72 h, cells treated with or 
without TSA (37.5 ng/mL in BGC-823 and 75 ng/mL 
in SGC-7901) were stained by Hoechst 33 342, a classical 
way of  identifying apoptotic cells, to observe nuclei 
morphology. The result indicated that nuclei of  most 
BGC-823 and SGC-7901 cells treated with TSA were 
stained highly condensed, bright nucleus; while the cells in 
control group were stained average slightly blue (Figure 1).

TSA treatment (37.5 ng/mL per 72 h) sensitively 
induced apoptosis of  BGC-823 cells, which was 

demonstrated by the raised percentage of  sub-G1 phase 
cells, the increase of  apoptosis rates (20.12%) in flow 
cytometry (Figure 2). Cell cycle effects were examined 
by FACS analysis. The reduction of  G1-phase cells 
(65.40%-49.83%) and the increment of  S-phase cells 
(32.75%-49.56%) were observed in BGC-823 cells 
(Figure 2A, B). TSA induced apoptosis in SGC-7901 
cells. Upon treatment with TSA (75 ng/mL) for 72 h 
in SGC-7901 cells, the reduction of  G1-phase cells 
(72.12%-65.51%), S-phase cells (21.52%-12.88%) and 
the increment of  G2-phase cells (6.35%-21.61%), 
and apoptosis rates (29.54%) were observed by FACS 
analysis (Figure 2C, D).

TSA regulated the level of acetylated histone H3 in 
BGC-823 and SGC-7901 cell lines
Western blot analysis was used to detect the level of  
acetylated histone H3 of  BGC-823 cells and SGC-7901 
cells treated with TSA (37.5 ng/mL per 48 h in BGC-823 
cells and 75 ng/mL per 48 h in SGC-7901 cells). It was 

A B

C D

Figure 1  TSA (37.5 ng/mL per 72 h in BGC-823 cells and 75 ng/mL per 72 h in SGC-7901 cells) induced apoptosis (Hoechst 33342 staining, × 400). A: No typical 
apoptotic BGC-823 cells were observed in control group; B: BGC-823 cells treated with TSA (37.5 ng/mL per 72 h) showed the typical apoptotic nuclear morphology; 
C: No typical apoptotic SGC-7901 cells were observed in control group; D: SGC-7901 cells treated with TSA (75 ng/mL for 72 h) showed the typical apoptotic nuclear 
morphology.

TSA                    1                  2                   3                 4                     5                Control
BGC-823         0.81 ± 0.091        0.75 ± 0.141        0.71 ± 0.101        0.14 ± 0.022          0.14 ± 0.032          1.12 ± 0.06
SGC-7901        1.11 ± 0.04         0.87 ± 0.041        0.58 ± 0.091        0.23 ± 0.062          0.21 ± 0.042          1.16 ± 0.07

Table 1  Cell proliferation of BGC-823 and SGC-7901 cells incubated with various 
concentrations of TSA for 72 h (mean ± SD)

1P = 0.02 vs control; 2P = 0.005 vs control. 1: 37.5 ng/mL; 2: 75 ng/mL; 3: 150 ng/mL; 4: 300 ng/mL;  
5: 600 ng/mL.

Table 2  Cell proliferation of BGC-823 (37.5 ng/mL) and 
SGC-7901 cells (75 ng/mL) for 12, 24, 48 and 72 h (mean 
± SD)

TSA              12             24            48             72         Control
BGC-823    1.13 ± 0.12    1.13 ± 0.04   1.11 ± 0.02    0.85 ± 0.141   1.14 ± 0.07
SGC-7901  1.14 ± 0.21    1.07 ± 0.07   1.01 ± 0.17    0.94 ± 0.071   1.15 ± 0.06

1P = 0.02 vs control.
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shown that there was an increase of  acetylated histone 
H3 level in TSA treated cells (Figure 3).

DISCUSSION
Histones are small-sized and basic-charged proteins 

essential for chromatin folding. Posttranslational 
modifications such as acetylation, methylation, and 
phosphorylation have been suggested to be involved 
in the regulation of  gene expression, cell division, 
nucleosome assembly, and DNA repair processes 
via alterations in the nucleosome architecture[17]. To 
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Figure 2  Effect of TSA on the cell cycle and apoptosis as analyzed by FACS. A: Control of BGC-823 cells; B: Treatment with 37.5 ng/mL TSA for 72 h in BGC-823 
cells; C: Control of SGC-7901 cells; D: Treatment with 75 ng/mL TSA for 72 h in SGC-7901 cells.
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date, acetylation is the best understood among these 
modifications. Chromatin structure and, thereby, 
transcription is controlled by the level of  acetylation of  
histones, which is determined by the balance between 
histone acetyl transferase (HAT) activity and histone 
deacetylase (HDAC) activity. While proteins with 
HAT activity have been demonstrated to function 
as transcriptional coactivators, proteins with HDAC 
activity induce transcriptional repression[18]. Therefore, 
acetylation of  histones seems to be predominantly 
implicated in the regulation of  gene transcription due 
to nucleosome remodeling. The aberrant utilization 
of  HDACs is believed to be a contributing factor in 
carcinogenesis.

HDAC inhibitors are members of  a new class of  
agents able to regulate gene expression by modulating 
chromatin structure. HDAC inhibitors have been known 
to induce differentiation, growth arrest, and apoptosis 
in cancer cells[15,19,20]. TSA, an antifungal antibiotic with 
cytostatic and differentiating properties in mammalian 
cell culture, is a potent and specific inhibitor of  HDAC 
activity. X-ray crystallographic studies showed that TSA 
has a tubular structure with a zinc atom at its base and 
TSA fits into this structure with the hydroxamic moiety 
of  the inhibitor binding to the zinc. Numerous studies 
have reported that TSA can induce apoptosis in cancer 
cells[21-23].

Moderately and poorly differentiated gastric 
adenocarcinomas are the main types of  gastric cancer in 
China. The rate of  each was 71.0% and 58.7% in early 
gastric cancer and advanced gastric cancer, respectively. 
The cell lines BGC-823 and SGC-7901 were derived 
from human gastric adenocarcinoma. The stem cells in 
tumor tissue have infinite proliferating ability, and can 
form colonies in vitro. The BGC-823 cell line is a poorly-
differentiated human gastric adenocarcinoma cell line. 
SGC-7901 cell was a moderately-differentiated human 
stomach adenocarcinoma cell line with mutant p53. 
Here, we examined the effect of  TSA on BGC-823 and 
SGC-7901 cells.

We found that low concentrations of  TSA can 
significantly reduce the growth of  BGC-823 and 
SGC-7901 cells, and the effects of  TSA on BGC-823  
and SGC-7901 cells are dose and time-dependent. The 

mechanism leading to these effects remained unknown. 
Accumulating evidence suggests that inhibition of  
HDAC activity leads to relaxation of  the structure of  
chromatin associated with a specific set of  programmed 
genes. The relaxed chromatin structure allows these 
genes to be expressed, which, in turn, arrests tumor cell 
growth[13,24]. This suggests that induction of  histone 
hyperacetylation by HDAC inhibitors is responsible 
for the antiproliferative activity through selective 
induction of  genes that play important roles in the cell 
cycle and cell morphology[25]. It has been shown that 
reversible acetylation of  lysine on histone H3 plays an 
important role in regulating gene transcription[26]. Our 
findings indicate that acetylated histone H3 expression 
levels increased in BGC-823 and SGC-7901 cells 
following TSA treatment. Increased acetylated histone 
H3 expression levels in BGC-823 and SGC-7901 cells 
may be an important event in mediating the apoptosis 
of  BGC-823 and SGC-7901 cells induced by TSA. 
These findings generate the necessity to investigate the 
mechanism of  TSA in the treatment of  BGC-823 and 
SGC-7901 cells. Therefore, we suppose that HDAC 
inhibitors cause acetylated histones to accumulate in 
tumor tissues, and this accumulation can be used as a 
trigger of  the biologic activity of  the HDAC inhibitors.

In summary, in this study we showed that TSA can 
induce apoptosis in gastric cancer cell lines BGC-823 
and SGC-7901. We demonstrated that the expression 
of  acetylated histone H3 might be correlated with 
apoptosis. Further work will be necessary to explore 
additional mechanisms that lead to induction of  
apoptosis.
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important role in carcinogenesis. 
Research frontiers
There is increasing evidence that HDAC inhibitors are effective therapeutic 
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promising target for the development of anticancer drugs for gastric cancer.
Peer review 
This paper examined the role of TSA in gastric cancer cell lines BGC-823 
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Figure 3  Cell lysates were analyzed by Western blots using anti-GAPDH 
and anti-acetyl-histone H3 antibody. A: BGC-823 cells acetylated histone H3  
(17 kDa); B: SGC-7901 cell acetylated histone H3 (17 kDa); C: BGC-823 cells 
GAPDH (loading control, 37 kDa); D: SGC-7901 cells GAPDH (loading control, 
37 kDa).

Control groups  TSA-treated groups Control groups  TSA-treated groups

Control groups  TSA-treated groups Control groups  TSA-treated groups
DC

BA



and SGC-7901. The results show that TSA can induce apoptosis of BGC-823 
and SGC-7901 cells. And the expression of acetylated histone H3 might be 
correlated with apoptosis. It suggests that TSA has a potential against gastric 
cancer. 

REFERENCES
1 Dicken BJ, Bigam DL, Cass C, Mackey JR, Joy AA, Hamilton 

SM. Gastric adenocarcinoma: review and considerations for 
future directions. Ann Surg 2005; 241: 27-39

2 Kadonaga JT. Eukaryotic transcription: an interlaced 
network of transcription factors and chromatin-modifying 
machines. Cell 1998; 92: 307-313

3 Zhang W, Bone JR, Edmondson DG, Turner BM, Roth SY. 
Essential and redundant functions of histone acetylation 
revealed by mutation of target lysines and loss of the Gcn5p 
acetyltransferase. EMBO J 1998; 17: 3155-3167

4 Strahl BD, Allis CD. The language of covalent histone 
modifications. Nature 2000; 403: 41-45

5 Pruitt K, Zinn RL, Ohm JE, McGarvey KM, Kang SH, 
Watkins DN, Herman JG, Baylin SB. Inhibition of SIRT1 
reactivates silenced cancer genes without loss of promoter 
DNA hypermethylation. PLoS Genet 2006; 2: e40

6 Shukla SD, Aroor AR. Epigenetic effects of ethanol on liver 
and gastrointestinal injury. World J Gastroenterol 2006; 12: 
5265-5271

7 De Schepper S, Bruwiere H, Verhulst T, Steller U, Andries L, 
Wouters W, Janicot M, Arts J, Van Heusden J. Inhibition of 
histone deacetylases by chlamydocin induces apoptosis and 
proteasome-mediated degradation of survivin. J Pharmacol 
Exp Ther 2003; 304: 881-888

8 Chen YX, Fang JY, Zhu HY, Lu R, Cheng ZH, Qiu DK. Histone 
acetylation regulates p21WAF1 expression in human colon 
cancer cell lines. World J Gastroenterol 2004; 10: 2643-2646

9 Subramanian C, Opipari AW Jr, Bian X, Castle VP, Kwok 
RP. Ku70 acetylation mediates neuroblastoma cell death 
induced by histone deacetylase inhibitors. Proc Natl Acad Sci 
USA 2005; 102: 4842-4847

10 Fenic I, Sonnack V, Failing K, Bergmann M, Steger K. In 
vivo effects of histone-deacetylase inhibitor trichostatin-A 
on murine spermatogenesis. J Androl 2004; 25: 811-818

11 Toth KF, Knoch TA, Wachsmuth M, Frank-Stohr M, Stohr 
M, Bacher CP, Muller G, Rippe K. Trichostatin A-induced 
histone acetylation causes decondensation of interphase 
chromatin. J Cell Sci 2004; 117: 4277-4287

12 Romanski A, Bacic B, Bug G, Pfeifer H, Gul H, Remiszewski 
S, Hoelzer D, Atadja P, Ruthardt M, Ottmann OG. Use of a 
novel histone deacetylase inhibitor to induce apoptosis in 
cell lines of acute lymphoblastic leukemia. Haematologica 
2004; 89: 419-426

13 Marks PA, Richon VM, Rifkind RA. Histone deacetylase 
inhibitors: inducers of differentiation or apoptosis of 

transformed cells. J Natl Cancer Inst 2000; 92: 1210-1216
14 Batova A, Shao LE, Diccianni MB, Yu AL, Tanaka T, 

Rephaeli A, Nudelman A, Yu J. The histone deacetylase 
inhibitor AN-9 has selective toxicity to acute leukemia and 
drug-resistant primary leukemia and cancer cell lines. Blood 
2002; 100: 3319-3324

15 Glick RD, Swendeman SL, Coffey DC, Rifkind RA, Marks 
PA, Richon VM, La Quaglia MP. Hybrid polar histone 
deacetylase inhibitor induces apoptosis and CD95/CD95 
ligand expression in human neuroblastoma. Cancer Res 
1999; 59: 4392-4399

16 Kim DH , Kim M, Kwon HJ. Histone deacetylase in 
carcinogenesis and its inhibitors as anti-cancer agents. J 
Biochem Mol Biol 2003; 36: 110-119

17 Grunstein M. Histone acetylation in chromatin structure 
and transcription. Nature 1997; 389: 349-352

18 de Ruijter AJ , van Gennip AH, Caron HN, Kemp S, 
van Kuilenburg AB. Histone deacetylases (HDACs): 
characterization of the classical HDAC family. Biochem J 
2003; 370: 737-749

19 Saito A, Yamashita T, Mariko Y, Nosaka Y, Tsuchiya K, 
Ando T, Suzuki T, Tsuruo T, Nakanishi O. A synthetic 
inhibitor of histone deacetylase, MS-27-275, with marked 
in vivo antitumor activity against human tumors. Proc Natl 
Acad Sci USA 1999; 96: 4592-4597

20 Butler LM, Agus DB, Scher HI, Higgins B, Rose A, Cordon-
Cardo C, Thaler HT, Rifkind RA, Marks PA, Richon VM. 
Suberoylanilide hydroxamic acid, an inhibitor of histone 
deacetylase, suppresses the growth of prostate cancer cells 
in vitro and in vivo. Cancer Res 2000; 60: 5165-5170

21 Chen WK, Chen Y, Gu JX, Cui GH. [Effect of trichostatin A 
on histone acetylation level and apoptosis in HL-60 cells] 
Zhongguo Shiyan Xueyexue Zazhi 2004; 12: 324-328

22 Duan H, Heckman CA, Boxer LM. Histone deacetylase 
inhibitors down-regulate bcl-2 expression and induce 
apoptosis in t(14;18) lymphomas. Mol Cell Biol 2005; 25: 
1608-1619

23 Hong ZY , Yi LS, Miao XY, Lu YP, Zhou JF, Liu WL. 
[Mechanism of apoptosis induced by trichostatin a in 
leukemia Molt-4 cells analyzed by microarray] Ai Zheng 
2006; 25: 946-953

24 Wang J, Saunthararajah Y, Redner RL, Liu JM. Inhibitors of 
histone deacetylase relieve ETO-mediated repression and 
induce differentiation of AML1-ETO leukemia cells. Cancer 
Res 1999; 59: 2766-2769

25 Han JW, Ahn SH, Park SH, Wang SY, Bae GU, Seo DW, 
Kwon HK, Hong S, Lee HY, Lee YW, Lee HW. Apicidin, a 
histone deacetylase inhibitor, inhibits proliferation of tumor 
cells via induction of p21WAF1/Cip1 and gelsolin. Cancer 
Res 2000; 60: 6068-6074

26 Davie JR. Covalent modifications of histones: expression 
from chromatin templates. Curr Opin Genet Dev 1998; 8: 
173-178

S- Editor  Zhong XY    L- Editor  Ma JY    E- Editor  Yin DH

Zou XM et al . Gastric cancer induced by TSA                                                                                              4815

www.wjgnet.com



Ren-Xian Tang, Dong-Jiao Luo, Ai-Hua Sun, Jie Yan

Diversity of Helicobacter pylori  isolates in expression of 
antigens and induction of antibodies

 RAPID COMMUNICATION

www.wjgnet.com

Online Submissions: wjg.wjgnet.com                                            World J Gastroenterol  2008 August 14; 14(30): 4816-4822
wjg@wjgnet.com                                                                                                                             World Journal of Gastroenterology  ISSN 1007-9327
doi:10.3748/wjg.14.4816                                                                                                                                                © 2008 The WJG Press. All rights reserved.

Ren-Xian Tang, Department of Medical Microbiology and 
Parasitology, Xuzhou Medical College, Xuzhou 221009, 
Jiangsu Province, China
Dong-Jiao Luo, Qianjiang College, Hangzhou Normal 
University, Hangzhou 310018, Zhejiang Province, China
Ai-Hua Sun, Faculty of Basic Medicine, Zhejiang Medical 
College, Hangzhou 310053, Zhejiang Province, China
Jie Yan, Department of Medical Microbiology and Parasitology, 
College of Medicine, Zhejiang University, Hangzhou 310053, 
Zhejiang Province, China
Supported by The Natural Science Foundation of Zhejiang 
Province, No. Y207696
Author contributions: Tang RX and Yan J designed the 
research; Tang RX and Luo DJ performed the research; Tang 
RX, Luo DJ, Sun AH and Yan J analyzed the data; Tang RX and 
Sun AH contributed equally to this work; Tang RX wrote the 
paper.
Correspondence to: Jie Yan, Department of Medical 
Microbiology and Parasitology, College of Medicine, Zhejiang 
University, Hangzhou 310053, Zhejiang Province, 
China. med_bp@zju.edu.cn
Telephone: +86-571-88208297  Fax: 86-571-88208194 
Received: April 11, 2008            Revised: July 14, 2008
Accepted: July 21, 2008
Published online: August 14, 2008

Abstract
AIM: To obtain evidence for selection of antigens used 
in genetically engineered vaccine against Helicobacter 
pylori  (H pylori ).
METHODS: Enzyme linked immunoabsorbent assay 
(ELISA) was established on the basis of recombinant 
protein antigens rUreB, rHpaA, rVacA, rCagA1, rNapA, 
rFlaA and rFlaB of H pylori  to detect expression rates 
of the antigens in bacterial isolates as well as positive 
rates of the antibodies in sera from H pylori -infected 
patients. PCR was applied to the detection of carrying 
rates of the genes encoding antigens in the isolates.
RESULTS: The outputs of rUreB, rHpaA, rVacA, 
rCagA1, rNapA, rFlaA and rFlaB were approximately 
35%, 32%, 15%, 23%, 56%, 25% and 20% of the 
total bacterial proteins, respectively. One hundred and 
fifty-one strains of H pylori  were isolated from 347 
biopsy specimens of chronic gastritis, peptic ulcer or 
gastric adenocarcinoma, with a positive rate of 43.5%. 
All of the isolates expressed UreB, HpaA, FlaA and 
FlaB while 52.3%, 92.1% and 93.4% of the isolates 
expressed VacA, CagA and NapA, respectively. In the 
sera of 151 H pylori -infected patients, the positive rates 

of IgG antibodies against UreB, HpaA, VacA, CagA, 
NapA, FlaA and FlaB were 100%, 87.4%, 43%, 71.5%, 
89.4%, 84.8% and 79.5%, respectively. Furthermore, 
the expression frequencies of VacA and NapA were 
found to be relative to the severity of gastric diseases 
(P = 0.016 and P < 0.0001, respectively).
CONCLUSION: UreB antigen is the top option of 
developing genetically engineered vaccine against H 
pylori followed by NapA or HpaA. 

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
In 1983, for the first time, Barry J. Marshall and J. 
Robin Warren successfully isolated Helicobacter pylori   
(H pylori) from the gastric mucosa of  patients with 
chronic active gastritis or peptic ulcer[1,2], for which they 
were awarded the Nobel Prize in Physiology or Medicine 
in 2005. Thereafter, lots of  findings have confirmed 
that H pylori is strongly associated with chronic gastritis, 
peptic ulcer[3-5], gastric adenocarcinoma, mucosa-
associated lymphoid tissue (MALT) lymphoma and 
primary gastric non-Hodgkin’s lymphoma[6,7]. Vaccination 
is by far the most effective and economical method 
in infection prevention, though the vaccine against  
H pylori is scarcely touched up to date, which is probably 
due to the culture of  H pylori characterized by enriched 
media, slow growth and incubation in a microaerophilic 
environment, plus difficulty in storage, etc. Thus, it may 
be a cost-effective strategy in developing a genetically 
engineered vaccine against H pylori.
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The selection for antigenic targets is critical in 
the design of  a genetically engineered vaccine against 
H pylori. The best ascertained antigens out of  the 
outer membrane protein antigens are UreB and HpaA 
followed by VacA, CagA, NapA, FlaA and FlaB[8-13]. 
Tomb reported all the genomic sequences of  H pylori 
in 1997[14], and in our previous study, these genomic 
prokaryotic expression systems were constructed.

The expression rates of  outer membrane protein 
antigens are known to be diverse in the same bacterial 
isolates from various area, and so are the levels of  
immune response to different protein antigens, all of  
which will ultimately affect the selection of  vaccine 
antigens. In order to develop effective genetically 
engineered vaccines, the encoding gene of  the antigen 
should be widely located at the genome of  clinical 
strains. The gene sequence should be conservative, 
the natural expression rate should also be high, and 
the immunogenicity of  expression products should 
be potent. Our research focused on the carrying rates 
and expression level of  7 genes of  H pylori from the 
clinical H pylori in China, including rUreB, rHpaA, 
rVacA, rCagA1, rNapA, rFlaA and rFlaB. Meanwhile, 
the levels of  specific antibodies against the 7 antigens 
in serum were measured. This research will further 
our understanding of  the diversity of  carrying rates 
of  the encoding genes, the expression levels and 
immunogenicity of  the antigens, and provide evidence 
for the selection of  antigens employed in genetically 
engineered vaccines against H pylori.

MATERIALS AND METHODS
Materials
Three hundred and forty-seven biopsy specimens and 
serum samples were collected gastroscopically from 
patients with chronic gastritis, peptic ulcer or gastric 
adenocarcinoma in hospitals between January, 2005 
and December, 2006, and 35 serum samples were 
collected from healthy children. All the patients were 
not treated with antibiotics, anti-inflammatory agents or 
antacids within a month prior to the sample collections.  
H pylori NCTC11637 strain, 10 clinical strains of  
Bacillus coli and 10 Staphylococcus aureus strains were 
offered by Department of  Pathogenic Biology, Zhejiang 
University School of  Medicine. Urease test kit was 
from Sanqiang BioChem Co., Ltd., Fujian Province, 
China. Oxidase test kit was from Hangzhou Tianhe 
Microorganism Reagent Co., Ltd., Zhejiang Province, 
China. Gel image analysis system was from Bio-Rad, 
and Ni-NTA affinity column was from BioColor. Rabbit 
anti-H pylori antibody was from DAKO. HRP-labeling 
goat anti-rabbit IgG and HRP-labeling goat anti-human 
IgG were from Jackson ImmunoResearch. The primer 
and PCR SuperMix High Fidelity were from TaKaRa 
Biotechnology, Dalian, China.

Isolation and identification of bacteria
Each biopsied specimen from the patients was divided 

into two parts. One was detected by urease test to check 
whether the urease test is positive. If  it was positive, 
the other was then used to isolate H pylori as previously 
described[15]. Biopsy specimens were homogenized 
with a tissue grinder and inoculated onto Columbia 
agar plates supplemented with 8% defibrinated sheep 
blood, 5 mg/L TMP, 10 mg/L vancomycin, 2500 U/L 
bacillosporin B and 2.5 mg/L amphotericin B. The plates 
were incubated at 37℃ under microaerophilic conditions 
(5% O2, 10% CO2, 85% N2) for 3-5 d. Isolates were 
identified as H pylori with Gram-staining. The positive 
strains were stored in Brucella broth at -70℃.

Expression, purification and identification of 
recombinant protein antigens
The gene clones of  ureB, hpaA, vacA, cagA, napA, flaA 
and flaB were from H pylori NCTC11637 strain. The 
plasmids pET32a or pET42a and an Escherichia coli (E.coli) 
BL21DE3 (presented by the Department of  Pathogenic 
Biology, Zhejiang University School of  Medicine) were 
used as the expression system and host cells, respectively. 
The expression system of  recombinant antigens was 
inoculated in LB medium with 0.5 mmol/L IPTG and 
shaken at 250 r/min and cultured at 30℃ for 4-5 h. The 
expression of  rUreB (569 aa, about 63 kDa), rHpaA 
(260 aa, about 29 kDa), rVacA (747 aa, about 82 kDa), 
rCagA1 (716 aa, about 79 kDa), rNapA (144 aa, about  
16 kDa), rFlaA (510 aa, about 56 kDa) and rFlaB (514 aa,  
about 57 kDa) were detected with SDS-PAGE and 
gel image analysis system. These recombinant protein 
antigens were purified by Ni-NTA affinity column. The 
purity quotient of  recombinant protein antigens was 
detected with SDS-PAGE. The recombinant antigens 
were identified by Western blot. Rabbit anti-H pylori 
were used as the first antibody and HRP-labeling goat 
anti-rabbit IgG as the second antibody. The density 
of  extracted proteins was determined by ultraviolet 
spectrophotometry[16].

Preparation of recombinant protein antiserum
Each of  these recombinant proteins was respectively 
mixed with Freund’s complete adjuvant, and thereafter 
administered into the New Zealand rabbits for 
immunization with multiple dorsal ID, four times, 
once every two weeks. Rabbit serum was collected by 
cardiac puncture two weeks after the final immunization. 
The titer of  antiserum was determined by double 
immunodiffusion.

Detection of specific serum antibodies 
The purified rUreB, rHpaA, rVacA, rCagA1, rNapA, 
rFlaA and rFlaB were diluted to 20 μg/mL with 
carbonic acid buffer (pH 9.6), coated in a 96-well plate 
with 0.1 mL of  the dilution per well overnight. Based on 
the result of  the preliminary experiment, serum samples 
from patients with chronic gastritis, peptic ulcer or 
gastric adenocarcinoma, and those from healthy people 
(1:200 dilution in both) were used as the first antibody, 
and HRP-labeling goat anti-human IgG (1:4000 dilution) 



as the second antibody. The ELISA result of  the serum 
sample from a patient was considered positive if  the 
optical density at 490 nm (A490) was over the mean ± 
3SD of  negative serum sample[17].

Expression levels of target proteins on clinical strains
H p y l o r i  NCTC11637  s t r a i n ,  c l i n i c a l  s t r a i n s 
o f  H  p y l o r i ,  1 0  B a c i l l u s  c o l i  s t r a i n s  a n d  1 0 
Staphy lo co c cus  aur eus  s tra ins were ultrasonical ly 
b r o k e n  u p  a n d  c e n t r i f u g e d  a t  1 0 0 0  r / m i n  
to obtain supernatant, which was later determined 
by ultraviolet spectrophotometry[16]. The proteins of   
H pylori, Bacillus coli and Staphylococcus aureus were diluted 
to 50 μg/mL with carbonic acid buffer (pH 9.6), coated 
in a 96-well plate with 0.1 mL of  the dilution per well 
overnight. Based on the result of  the preliminary 
experiment, the self-prepared rabbit antiserum against 
the recombinant protein (1:200 or 1:400 dilution) 
was used as the first antibody, and HRP-labeling goat 
antiserum against rabbit IgG (1:3000 dilution) as 
the second antibody, respectively. The ELISA result 
of  an ultrasonic supernatant sample of  H pylori was 
considered positive if  the A490 value was over the mean 
± SD of  20 ultrasonic supernatant samples at the same 
protein concentration of  Bacillus coli and Staphylococcus 
aureus[17].

Detection of target genes
The genes of  clinical H pylori ureB, hpaA, vacA, cagA, 
napA, flaA and flaB were detected by PCR. Each 
reaction volume was 50 μL with an amplification of  
35 cycles. Both the upstream and downstream primer 
concentrations were 20 pmol. Primer sequences, 
main reaction values and the product are shown in  
Table 1[13,18-22]. The PCR products were identified with 
2% agarose gel staining using the fluorescent dye 
ethidium bromide.

Comparison of positive target gene rates and their 
products with serum antibodies 
The positive rates of  target genes and their products 
of  clinical H pylori, as well as specific antibodies against 
target antigens in patients’ sera were compared, which 

would benefit the comprehension of  the diversity of  
positive rates of  target genes, the expression levels and 
immunogenicity of  their antigens.

Comparison of positive H pylori infection rates with 
expression rates of virulent factors in different gastric 
diseases
HpaA, FlaA and FlaB are structural proteins essential 
to the outer membrane of  H pylori, while UreB, VacA, 
CagA and NapA are virulent factors of  functional 
proteins. Accordingly, the positive H pylori infection rates 
were compared with the expression rates of  virulent 
factors and the severity of  gastric diseases. 

Statistical analysis
Data were analyzed with SPSS10.0 statistical software. 
The positive ratio was performed by chi square test.  
P < 0.05 was considered statistically significant. 

RESULTS
Positive H pylori infection rates
One hundred and fifty-one strains of  H pylori were 
successfully isolated from 347 biopsy specimens of  chronic 
gastritis, peptic ulcer or gastric adenocarcinoma with a 
positive rate of  43.5% (Figure 1). Of  the 151 H pylori-
infected patients, 102 were diagnosed to have chronic 
gastritis (38 with superficial gastritis, 52 with active gastritis 
and 12 with atrophic gastritis), and 43 patients were 
diagnosed to have peptic ulceration (16 with gastrelcosis, 
18 with duodenobulbar ulcer and 9 with complex ulcer), 
and 6 patients with gastric adenocarcinoma. 

Expression of target recombinant proteins and detection 
of purified recombinant proteins and their antigens
The expression rate of  rUreB, rHpaA, rVacA, rCagA1, 
rNapA, rFlaA and rFlaB was approximately 35%, 32%, 
15%, 23%, 56%, 25% and 20%, respectively. The purified 
recombinant proteins were shown as a single band detected 
by SDS-PAGE (Figure 2). The recombinant protein antigens 
could be recognized specifically by the rabbit antiserum 
against the whole cells of  H pylori, and the results were 
shown to be positive by Western Blot analysis (Figure 3). 

Target genes Primer sequences (5’-3’) Reference Tm (℃) Products (bp)

ureB F: CGTCCGGCAATAGCTGCCATAGT [18] 55 463
R: GTAGGTCCTGCTACTGAAGCCTTA

hpaA F: CTTTTAGGTGCGAGCGTGGTG [19] 54 716
R: AATTCCTTGGCGTCTTTTTGATAA

vacA F: ATGGAAATACAACAAACACACCG [20] 54 337
R: CAACCTCCATCAATCTTACTGGA

CagA F: ATAAGTCTAAATTAGACAACTTGAGCGA [21] 56 297
R: TTAGAATAATCAACAAAC ATCACGCCAT

napA F: TGCGATCGTGTTGTTTATG [22] 50 344
R: GATCGTCCGCATAAGTTAC

flaA F: GCTTTTTCAGGTCAATAC [13] 52 524
R: GTAGCGATACGAACCTGA

flaB F: GATAAATACCAATATCGC [13] 52 241
R: CTCATCCATCGCTTTATC

Table 1  Major information relative to PCR for amplifying 7 genes of H pylori  
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Titer of rabbit antiserum against target recombinant 
proteins
All the rUreB, rHpaA, rVacA, rCagA1, rNapA, rFlaA 
and rFlaB could efficiently induce the rabbits to produce 
specific antibodies, and the titer of  antisera was 1:8, 1:8, 
1:4, 1:4, 1:8, 1:4 and 1:4, respectively.

Positive rates of specific serum antibodies 
The A490 (mean ± SD) of  the negative control sera 
from the 35 healthy children was 0.23 ± 0.05, and the 
A490 of  the positive standard was 0.38. In the sera from 
151 H pylori-infected patients, the positive rate of  IgG 
antibodies against UreB, HpaA, VacA, CagA, NapA, 
FlaA and FlaB was 100% (151/151), 87.4% (132/151), 
43% (65/151), 71.5% (108/151), 89.4% (135/151), 
84.8% (128/151) and 79.5% (120/151), respectively. The 
total range of  the A490 was 0.27-2.05.

Positive rates of target protein antigens of clinical 
H pylori strains
The A490 (mean ± SD) of  the negative control proteins 
from 10 Bacillus coli strains and 10 Staphylococcus aureus strains 
was 0.21 ± 0.03, and the A490 of  the positive standard 
was 0.30. UreB, HpaA, FlaA and FlaB were expressed 
in 100% of  the isolates (151/151), while VacA, CagA 
and NapA were expressed in 52.3% (79/151), 92.1% 
(139/151) and 93.4% (141/151) of  the isolates. The total 
range of  the A490 was 0.33-1.97.

Positive rates of target genes of clinical H pylori strains
In the 151 clinical H pylori strains, the PCR products 
showed that the positive rate of  ureB, hpaA, vacA, flaA 

and flaB genes was 100%, respectively, while the positive 
rate of  CagA and napA genes was 96.7% (146/151) 
and 98% (148/151), respectively. The representative 
amplified product of  each gene is shown in Figure 4.

Positive rates of target genes, expression products and 
specific antibodies
In the 151 clinical strains of  H pylori, the positive rates 
of  ureB, hpaA, vacA, cagA, napA, flaA and flaB genes 
and their expression products as well as the specific 
corresponding antibodies are listed in Table 2. The 
positive rate of  ureB gene and its expression product 
was completely coincident with that of  the antibody. The 
positive rate of  antibody against CagA was obviously 
lower than the positive rate and expression rate of  cagA. 
The expression rate of  vacA gene and the positive rate 
of  corresponding antibody were obviously lower than 
the positive rate of  vacA gene. There was a sequential 
decrease in the positive rate of  the remaining genes, 
expression products and specific antibodies.

Correlation between positive H pylori infection rates and 
expression rates of virulent factors in different gastric 
diseases
There was no statistically significant difference in the 
positive rates of  H pylori isolated from the specimens of  
different gastric diseases. The expression rate of  VacA 

Target gene 
(positive∕negative)

Positive rate 
(%)

Target antigen 
(positive∕negative)

Positive rate 
(%)

   Target antibody 
  (positive∕negative)

Positive rate 
      (%)

ureB (151/0) 100 UreB (151/0) 100 Anti-UreB (151/0) 100
hpaA (151/0) 100 HpaA (151/0) 100 Anti-HpaA (132/19)     87.4
vacA (151/0) 100 VacA (79/72)     52.3 Anti-VacA (65/86)     43.0
CagA (146/5)     96.7 CagA (139/12)     92.1 Anti-CagA (108/43)     71.5
napA (148/3)     98.0 NapA (141/10)    93.4 Anti-NapA (135/16)     89.4
flaA (151/0) 100 FlaA (151/0) 100 Anti-FlaA (128/23)     84.8
flaB (151/0) 100 FlaB (151/0) 100 Anti-FlaB (120/31)     79.5

Table 2  Comparison between positive rates of 7 genes and their products of H pylori  and serum 
antibodies

Figure 1  H pylori isolated from a patients’ biopsy (Gram-staining, × 1000).

M   1    2    3    4   5     6     7   8    9  10  11  12  13  14  15

97.4 kDa
66.3 kDa

43.0 kDa

31.0 kDa

Figure 2  Expression and purification of target recombinant proteins. M: Marker 
(BioColor); Lane 1: Blank expression vector; Lanes 2-8 and 9-15: rUreB, rHpaA, 
rVacA, rCagA1, rNapA, rFlaA and rFlaB, respectively.

M    1a  1b  2a  2b   3a  3b   4a  4b   5a  5b   6a  6b   7a  7b
97.4 kDa
66.3 kDa
43.0 kDa

31.0 kDa

14.3 kDa

Figure 3  Detection results of target recombinant proteins by Western blot 
assay. M: Marker (BioColor); Lanes 1a-7a: rUreB, rHpaA, rVacA, rCagA1, 
rNapA, rFlaA, rFlaB, respectively; Lanes 1b-7b: blank controls.
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gene in H pylori isolated from specimens of  chronic 
gastritis was lower than that isolated from specimens of  
peptic ulcer (χ2 = 5.55, P = 0.019). The expression rate 
of  VacA gene in superficial and atrophic gastritis was 
lower than that in active gastritis (χ2 = 5.76, P = 0.016). 
The expression rate of  NapA gene in H pylori isolated 
from atrophic gastritis (66.7%) was lower than that in  
H pylori isolated from superficial and active gastritis 
(94.7%, 96.2%; χ2 = 6.81, P = 0.009; χ2 = 9.98, P = 
0.002). There was no statistically significant difference in 
the expression rate of  UreB and CagA genes and in their 
virulence factors in the specimens from different gastric 
diseases (Table 3). 

DISCUSSION
It was reported that there are many protective antigens 
against H pylori, such as UreB, HpaA, VacA, CagA, 
NapA, FlaA, FlaB and heat shock protein (HSP)[8-13,23]. 
Due to cross-antigens against HSP in different sibling 
bacteria[23], 7 kinds of  protective antigens of  H pylori 
except for HSP were selected in our research. In order 
to develop effective genetically engineered vaccines, the 
encoding gene of  the antigen should be widely located at 
the genome of  clinical strains. The gene sequence should 
be conservative, the natural expression rate should 
also be high, and the immunogenicity of  expression 
products should be potent. In addition, the high 
expression rate of  recombinant proteins is also one of  
the most important problems to be solved in preparing 
a genetically engineered vaccine. Thus, it is essential 

to understand the above-mentioned characteristics of  
protein antigens of  H pylori.

The biological characteristics of  bacteria and other 
microbes exhibit an obvious diversity in different 
regions, mainly manifested as different dominant 
serological types or genotypes according to their 
different antigenicity, toxicity and drug resistance. So 
far, the gene orders of  ureB, hpaA, napA, flaA and flaB 
have been confirmed as highly conservative, while the 
gene order of  vacA can mutate moderately between 
signal peptide zone (S) and intermedial zone (M), and 
the mutations of  CagA gene order are mainly located 
at the 3' terminal repeat[8,9,12,13,15]. Our research focused 
on the carrying rates and expression level of  the 7 kinds 
of  genes of  H pylori from the clinical H pylori in China. 
The PCR products showed the the carrying rate of  ureB, 
hpaA, vacA, flaA and flaB genes was 100%, respectively, 
while the carrying rate of  cagA and napA genes was 
96.7% and 98%, respectively. However, the expression 
rates of  these genes were significantly different. As 
shown above, all the strains (100%) could express UreB, 
HpaA, FlaA and FlaB, and more than 90% strains 
(92.1% and 93.4%) could express CagA and NapA, but 
the expression rate of  VacA was only 52.3%. While the 
unique epitoxin of  H pylori, VacA, has always been the 
selective antigen against gene vaccine[11,24], our study 
demonstrated that VacA was not the ideal antigen on the 
grounds that the carrying rate (100%) was not consistent 
with the expression rate (approximately 50%) of  the 
gene. It was reported that the activity of  vacuolus toxin 
is high if  the vacA genotype is s1/m1, and moderate or 
low if  the vacA genotype is s1/m2[25]. The expression 
rate of  vacA gene was low in our study, which is 
relevant to the vacA genotype s1a/m2, because the 
vacA genotype of  55.1% H pylori strains is a low virulent 
s1a/m2 in China[15]. Almost 100% of  the H pylori strains 
could carry napA gene, while the expression rate of  
NapA is only 60%[12]. In our research, the expression rate 
of  napA gene was high (98%), which might be related 
to the protein expression of  diverse epidemic strains in 
different regions.

In vaccination, antibodies mainly play their preventive 
function, while cell-mediated immunity generally 
eliminates the pathogenic microorganisms which invade 

Disease Patient Positive number/rate 
    of bacteria, n /%

Positive number/rate of virulence factor, n /%
  UreB  VacA CagA NapA

Chronic gastritis    240          102/42.5 102/100 47/46.1a 93/91.2 94/92.2
Surface gastritis      93            38/40.9   38/100 13/34.2 34/89.5 36/94.7d

Active gastritis    120            52/43.3   52/100 30/59.6c 48/92.3 50/96.2d

Atrophic gastritis      27            12/44.4   12/100   4/33.3 11/91.7   8/66.7
Peptic ulcer      92            43/46.7   43/100 29/67.4 40/93.0 41/95.4
   Stomach      35            16/45.7   16/100 11/68.9 15/93.8 15/93.8
   Duodenum      39            18/46.2   18/100 11/61.1 16/88.9 17/94.4
   Complexity      18              9/50.0     9/100   7/77.8   9/100   9/100
Gastric adenocarcinoma      15              6/40.0     6/100   3/50.0   6/100   6/100

Table 3  Correlation between positive H pylori  infection rates and virulent factor expression in 
different gastric diseases

aP < 0.05 vs peptic ulcer, cP < 0.05 vs active gastritis, dP < 0.01 vs atrophic gastritis.
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Figure 4  PCR products of 7 genes of H pylori. M: Marker (BioColor); Lanes 1-7: 
ureB, hpaA, vacA, CagA, napA, flaA and flab genes of H pylori NCTC 11637, 
respectively.
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the human body. Because of  their high level and long 
duration in all antibodies, IgG antibodies are regarded 
as the most important antibodies, thus IgG antibodies 
against UreB, HpaA, VacA, CagA, NapA, FlaA and 
FlaB in serum samples were detected in our study. The 
results show that the positive rate of  IgG antibodies 
against UreB, NapA, HpaA and FlaA was 100%, 89.4%, 
87.4% and 84.8%, respectively, while the positive rate 
of  IgG antibodies against FlaB, CagA and VacA was 
79.5%, 71.5% and 43%, respectively. The positive rate 
of  IgG antibodies against HpaA, CagA, FlaA and FlaB 
was 71.5%-87.4%, while the carrying rate (96.7%-100%) 
and expression rate (92.1%-100%) of  these genes were 
higher. This discrepancy might be related to the weak 
antigenicity and low natural expression of  these proteins, 
presumably due to the insufficient exposure of  these 
proteins to the surface of  bacteria. For example, HpaA 
is usually called an adhesin of  H pylori, and in fact, it is 
a tunica vaginalis protein expressed in the flagellae of  
H pylori[9]. FlaA and FlaB expressed in the flagella are 
subunits of  flagellin[13]. As an intein of  H pylori, CagA 
is a non-exocrine protein and only when H pylori has 
contact with host cells, does it act on the target cells 
through type Ⅲ secretory system[10,11]. However, the 
high expression rate of  rNapA, rUreB and rHpaA and 
the low expression rate of  the other 4 kinds of  proteins 
would consequently affect the selection of  genetically 
engineered vaccines against H pylori.

Moreover, the relationship between the infection rate 
of  H pylori, virulence factors and various gastropathies 
was also taken into account in our research. As 
mentioned above, VacA and NapA are the most 
important virulence factors. The former can induce 
vacuolar degeneration of  target cells, while the latter 
can activate leukocytes to evoke inflammatory reactions. 
Urease (Ure) is the key colonization factor for H pylori, 
which is considered closely related to the virulence for its 
resistance to the acid environment. CagA is not directly 
cytotoxic, though it is the most important component of  
cag pathogenicity island (CPI), and thus also regarded as 
a reference index to bacterial virulence[26]. No statistically 
significant difference in the positive rate of  H pylori 
isolated the specimens of  different gastric diseases was 
found in our study. All of  the strains could express 
UreB, and the expression rate of  cagA gene was not 
statistically significant in the specimens of  different 
gastric diseases. However, the expression rate of  vacA 
gene in H pylori isolated from specimens of  chronic 
gastritis was lower than that isolated from specimens 
of  peptic ulcer (P = 0.019), and its expression rate in 
superficial and atrophic gastritis was lower than that in 
active gastritis (P = 0.016). The expression rate of  NapA 
gene in H pylori isolated from specimens of  atrophic 
gastritis was lower than that in H pylori isolated from 
specimens of  superficial gastritis and active gastritis  
(P < 0.0001). These results suggest that different 
gastrosis might not be related to the infection rate of   
H pylori but related to the virulence of  VacA and NapA.

In conclus ion,  according to the express ion 
rate of  the 7 kinds of  genes, the positive rates of  

serum antibodies, quantities of  the recombinant 
proteins, UreB is the top option for antigens in 
developing genetically engineered vaccines against  
H pylori followed by NapA and HpaA. 

 COMMENTS
Background
Lots of findings have confirmed that Helicobacter pylori (H pylori) is strongly 
associated with chronic gastritis, peptic ulcer, gastric adenocarcinoma, 
mucosa-associated lymphoid tissue (MALT) lymphoma and primary gastric  
non-Hodgkin’s lymphoma. Vaccination is by far the most effective and 
economical method in infection prevention, though the vaccine against H pylori 
is scarcely touched up to date. So, it is a very important task to search the 
vaccine against H pylori nowadays.
Research frontiers
The vaccine against H pylori is scarcely touched nowadays, probably due to the 
culture of H pylori characterized by enriched media, slow growth and incubation 
in a microaerophilic environment, plus difficulty in storage, etc. Thus, it may 
be a cost-effective strategy in developing a genetically engineered vaccine 
against H pylori. The selection of antigenic targets is critical in the design of a 
genetically engineered vaccine against H pylori. 
Innovations and breakthroughs
In this study, the expression rate of antigens in bacterial isolates and the 
positive rate of antigenic antibodies in sera from H pylori-infected patients 
were detected by ELISA according to the recombinant protein antigens rUreB, 
rHpaA, rVacA, rCagA1, rNapA, rFlaA and rFlaB of H pylori. Meanwhile, PCR 
was performed to detect the carrying rate of genes encoding antigens in the 
isolates. Our research focused on the carrying rate and expression level of 7 
kinds of genes of H pylori from the clinical H pylori in China.
Applications
The experimental results of this study indicate that UreB is the first choice of the 
7 kinds of recombinant protein antigens in developing a genetically engineered 
vaccine against H pylori followed by NapA or HpaA. Our results also indicate 
that different diseases are no correlated to the H pylori infection rate but to 
the virulence of H pylori strains. These results provide additional evidence for 
selection of antigens used in genetically engineered vaccines against H pylori.
Peer review
It is an interesting paper with almost novel findings which may help develop  
H pylori vaccines. 
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Abstract
Biliary rhabdomyosarcoma (BRMS) is an uncommon 
childhood malignancy which has been managed 
surgical ly. We present a case of a 3-year-old 
boy with BRMS, in whom endoscopic retrograde 
cholangiopancreatography (ERCP) was successfully used 
both diagnostically and therapeutically, thus obviating 
the need for surgery and its attendant risks of morbidity 
and mortality. We conclude that ERCP is an effective 
alternative to surgery for BRMS in some patients.

© 2008 The WJG Press. All rights reserved.

Key words: Pancreaticobiliary; Malignancy; Pediatric; 
Endoscopic retrograde cholangiopancreatography; 
Jaundice

Peer reviewer: J Michael Millis, PhD, Department of Surgery, 
University of Chicago, 5841 S. Maryland Avenue, MC 2027, 
Chicago 60637, United States

Himes RW, Raijman I, Finegold MJ, Russell HV, Fishman 
DS. Diagnostic and therapeutic role of endoscopic retrograde 

cholangiopancreatography in biliary rhabdomyosarcoma. World 
J Gastroenterol 2008; 14(30): 4823-4825  Available from: 
URL: http://www.wjgnet.com/1007-9327/14/4823.asp  DOI: 
http://dx.doi.org/10.3748/wjg.14.4823

INTRODUCTION
Biliary rhabdomyosarcoma (BRMS) is an uncommon 
cause of  recurrent jaundice and conjugated hyperbi-
lirubinemia in children. Because its presentation may 
mimic that of  a choledochal cyst, the correct diagnosis 
is frequently made intraoperatively at a planned 
choledochal cystectomy. However, identification of  this 
entity prior to surgery is important because early surgery 
may carry excess morbidity and mortality. We present a 
patient with BRMS in whom therapeutic endoscopy was 
used successfully as an adjunct to chemotherapy and 
radiotherapy.

CASE REPORT
A 3-year-old African American boy was referred to our 
center with a 1-wk history of  scleral icterus, pruritus 
and light-colored diarrhea. His medical history included 
a self-limited episode of  scleral icterus accompanied 
by diarrhea 1 mo earlier. His family history was 
unremarkable. Examination revealed a well-developed, 
healthy-appearing child. His abdomen was non-
distended, the liver was soft and palpable 6 cm beneath 
the right costal margin without splenomegaly.

Laboratory investigations showed serum aspartate 
aminotransferase (AST) 391 U/L (20-60 U/L), alanine 
aminotransferase (ALT) 269 U/L (5-45 U/L), alkaline 
phosphatase (AP) 2 759 U/L (145-320 U/L), gamma-
glutamyl transferase (GGT) 704 U/L (6-19 U/L), 
unconjugated bilirubin (UCB) 0.5 mg/dL (< 1 mg/dL), 
conjugated bilirubin (CB) 1.3 mg/dL (< 0.35 mg/dL) 
and international normalized ratio (INR) 0.9 (0.9-1.1). 
Hepatitis A, B and C serologies and stool studies were 
negative; amylase and lipase were normal.

Abdominal ultrasound revealed dilated intrahepatic 
and extrahepatic bile ducts and a dilated gallbladder 
without stones, which was suspicious for a choledochal 
cyst. Abdominal magnetic resonance imaging (MRI) 
showed an enhancing soft-tissue mass (5.8 cm × 2 cm  
× 1.5 cm) within the common bile duct (CBD) 
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suggestive of  BRMS (Figure 1). No intra-abdominal 
lymphadenopathy was present. The patient underwent 
(ERCP) to obtain tissue for diagnostic confirmation 
and for placement of  a biliary stent. Filling defects were 
present on opacification of  the biliary tree (Figure 2A) 
and sphincterotomy of  the boggy ampulla revealed 
a protuberant fleshy mass (Figure 2B). Histology 
showed poorly differentiated round to stellate-shaped 
neoplastic cells in a myxoid stroma consistent with 
rhabdomyosarcoma of  the botryoid subtype (Figure 3). 
Immunohistochemical stains for myogenin (Figure 4) 
and MyoD1 were positive. Chest computed tomography, 
whole body bone scan and bone marrow examination 
were unremarkable and a venous access device was 

placed to commence chemotherapy with vincristine, 
actinomycin-D and cyclophosphamide.

After 12 wk of  chemotherapy the patient was 
anicteric and the tumor was undetectable by MRI, so 
the biliary stent was removed. At this endoscopy a 
repeat biopsy was obtained at the tumor bed which 
was histologically consistent with BRMS. Based 
on persistent disease, a radiation dose of  50.4 Gy 
was subsequently delivered to the tumor bed. The 
patient has completed therapy without significant 
complications.

DISCUSSION
Although it is the most common biliary tumor in 
children, BRMS comprises only about 1% of  all 
rhabdomyosarcomas[1-3]. BRMS usually arises in the 
CBD, but may originate from anywhere along the biliary 
tree. Positive regional lymph nodes or distant metastases 
were present at diagnosis in nearly 25% of  children in 
one series[4]; and hepatic, pulmonary, peritoneal and bone 
metastases have been described.

Median age at presentation is 3 years and males are 
affected more often than females[1]. Presenting signs 
and symptoms include jaundice, scleral icterus, pruritus, 
acholic stools and abdominal pain or distention. Fever, 

Figure 1  Contrast enhanced abdominal MRI shows a crescent shaped 
enhancing soft-tissue density within a dilated CBD.

A

B

Figure 2  A: ERCP demonstrates filling defects along the dilated CBD and a 
diffusely dilated intrahepatic and extrahepatic biliary tree; B: Intraductal tumor 
protruding from the ampulla post-sphincterotomy. A 7-french biliary stent was 
placed for decompression.

Figure 3  A few rhabdomyosarcoma cells have eosinophilic cytoplasm 
suggesting skeletal muscle differentiation but most are very undifferentiated in 
a myxoid stroma (HE, x 400).

Figure 4  Immunostain for myogenin reveals almost 100% positivity in 
neoplastic cell nuclei.  The growth of this tumor beneath biliary epithelium (top) 
is typical of botryoid rhabdomyosarcoma (x 250).
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vomiting, diarrhea, malaise and anorexia occur less 
frequently.

Laboratory evaluation of  patients reveals AP and 
gamma glutamyl-transferase elevation out of  proportion 
to transaminases and a variable increase in CB depending 
on the extent of  biliary obstruction. As in our patient, 
imaging shows a dilated biliary tree and may demonstrate 
an obstructive soft-tissue density.

Treatment protocols developed by the Soft Tissue 
Sarcoma Committee of  the Children’s Oncology Group, 
formerly the Intergroup Rhabdomyosarcoma Study 
Group (IRSG), stratify patients according to the site and 
size of  the tumor, histologic subtype, degree of  surgical 
resection and presence or absence of  nodal disease or 
distant metastases. Although early case series advocated 
primary surgical resection together with chemotherapy 
and radiotherapy, a review by Spunt and colleagues[4] 
described the clinical features and outcomes of  25 
children with BRMS and questioned the necessity of  
aggressive surgical excision for patients with tumors 
in this primary site. In their series, only six patients 
underwent gross tumor resections, of  which, only two 
resulted in negative margins. In spite of  residual tumor 
burden, however, 92% of  patients who survived post-
operatively remained disease-free. Moreover, they found 
that complications were more frequent in patients who 
underwent primary resection, these included ascending 
cholangitis, peritonitis, small bowel obstruction and 
peptic ulcer disease. The estimated five-year survival for 

all patients with BRMS in this study was 66%; patients 
with local/regional disease fared better with 78% 
survival at five years[4].

BRMS is a rare malignancy of  childhood that 
presents with clinical and radiographic evidence that 
can mimic choledochal cysts. With highly effective 
chemotherapy, ERCP is an important diagnostic and 
therapeutic modality that may obviate the need for early 
and aggressive surgery in patients with BRMS.
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Abstract
Major injur ies of the pancreas may result  in 
considerable morbidity and mortality when associated 
with vascular and visceral injuries. In such cases, a 
right diagnosis and a prompt surgical intervention are 
necessary to give a chance to the patient. We herein 
describe a case of blunt abdominal trauma in a 29-year-
old man whose pancreatic rupture was associated 
with hepatic artery, splenic vein and extrahepatic bile 
duct damage. Immediate surgery was performed 
after computer tomography (CT), the haemorrhagic 
lesions dictate the emergency transfer to the operating 
room. Spleno-pancreatic resection was done with 
reconstruction of the hepatic artery, ligation of the 
splenic vein and a Roux-en-Y bilio-jejunal diversion. 
The early post-operative course was complicated by 
stenosis of the arterial reconstruction, which was 
treated by endovascular angioplasty followed by 
percutaneous drainage of symptomatic pseudocyst, rest 
and antibiotics. Finally, the patient was discharged and 
was alive without clinical problems at the time when 
we wrote this case report. The present case underlines 
the clinical relevance of vascular and visceral injuries 
associated with pancreatic trauma and the problems 
arising in the diagnostic evaluation and the surgical 
strategy of complex multiple visceral and vascular 
lesions in blunt abdominal trauma.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Isolated pancreatic injury occurs in less than 5% of  
major blunt abdominal traumas due to its retroperitoneal 
location[1]. In the majority of  patients, pancreatic trauma 
is associated with major thoraco-abdominal lesions, 
which are the main factors influencing its clinical 
evolution in the acute phase. On the contrary, in the 
subsequent period, its mortality is related to septic 
complications and subsequent pancreatic or biliary 
disruption.

Few retrospective series of  blunt pancreatic trauma, 
including more than 30 patients, have been published[2-6]. 
Its postoperative morbidity ranges from 42%[3] to 62%[2], 
and its mortality is as high as 18.1%[6]. Age, severity of  
injury, amylasis level, abdominal pain, injury severity 
score (ISS), presence of  associated lesions, duration of  
shock, unrecognised diagnosis, delay in treatment and 
postoperative sepsis are the factors that significantly 
influence its outcome. Cases of  multiple visceral and 
vascular lesions in the pancreatic area are not reported 
in the literature, presumably because the gravity of  such 
situations does not allow the patient to survive.

We herein describe a case of  blunt abdominal trauma 
causing pancreatic rupture associated with multiple 
arterial, venous, and biliary lesions, and discussed the 
diagnostic and therapeutic approach to such a rare case 
of  multiple severe traumatic lesions.
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CASE REPORT
A 29-year-old male sustained a blunt abdominal trauma 
crushed by a carriage at work. At first observation he 
was in stable hemodynamic conditions, but complained 
of  abdominal and back pain. Initial radiologic evaluation 
(chest and pelvis X-ray, and abdominal US) detected a 
right pneumothorax, bilateral rib fractures and a small 
amount of  free blood in the abdominal cavity. Thoraco-
abdominal computer tomography (CT) scan confirmed 
the presence of  hemoperitoneum and revealed hepatic 
and spleen contusions, pancreatic transection at the 
junction between head and body (Figure 1A), thrombosis 
of  the hepatic artery at its origin from the celiac trunk 
(Figure 1B), and thrombosis of  the splenic vein (Figure 1C), 
as well as contusion of  the right renal artery with no 
renal perfusion and fracture of  D12 and L1. ISS was 
34[7]. An immediate laparotomy was performed with 
free blood and bile found in the peritoneal cavity. After 

the gastro-colic ligament was cut open, the pancreatic 
transaction and contusion of  the common hepatic 
artery at its origin were confirmed with their continuity 
maintained by adventitia, while intima and media layers 
were partitioned with consequent occlusion of  the 
artery. Splenic vein was completely transected at its 
confluence with the mesenterico-portal axis. Removal of  
the retropancreatic hematoma induced bleeding, stopped 
at first by digital compression and then by clamping the 
splenic vein and tangentially suturing the spleno-portal 
confluence. A complete interruption of  the choledocus 
was demonstrated, his distal stump was ligated and 
the proximal one was clamped. The intra operative 
Doppler evaluation demonstrated that the right kidney 
was perfused with normal flow in the renal artery. The 
arterial blood supply to the liver was maintained by the 
inverted flow into the gastro-duodenal artery, but no 
pulsation could be appreciated at porta hepatis. Thus, 
a distal spleno-pancreatectomy was performed. After 
a short resection of  the dissected tract, the common 
hepatic artery was reconstructed by end-to-end direct 
anastomosis to the celiac artery. Cholecystectomy and 
hepatico-jejunal anastomosis completed the operation. 
In the first postoperative period, ALT abd AST 
increased up to 154 U/L and 121 U/L, respectively. 
Postoperative CT scan showed stenosis of  the celiac-
hepatic anastomosis (Figure 2A), requiring operative 
angiography with stenting of  the hepatic origin. A 
further CT control demonstrated the good results of  the 
procedure (Figure 2B). Prophylactic octreotide acetate, 
300 mg/d, was given after the intervention, as previously 
described[8], and serum lipases were in the normal 
range. The patient was finally discharged on day 27 after 
operation.

Three months later, the patient complained of  
abdominal pain and dyspepsia, fever and leucocytosis. 
Abdominal US and CT scan showed a pancreatic 
pseudocyst (8 cm in diameter) in the epigastric region, 
between the residual pancreas, the posterior part of  the 
stomach and the hepatic artery (Figure 2C), requiring 
percutaneous drainage, rest and antibiotic therapy. A 
significant reduction in size of  the pseudocyst was 
achieved and the patient was discharged. At the 3-year 
control, the patient had normal quality of  life, laboratory 
tests and abdominal US.

DISCUSSION
Blunt pancreatic trauma is frequently combined with 
other organ injuries, which may cause early death of  
the patient[2-6]. The case reported in the present paper is 
of  particular significance for the presence of  multiple 
severe lesions involving vital structures in the pancreatic 
region, as a consequence of  a violent trauma focused in 
this area, substantially sparing the rest of  the patient’s  
body. In our knowledge, this is the first reported case 
of  contemporary traumatic disruption of  the pancreatic 
neck, choledocus, spleno-portal confluence and common 
hepatic artery, probably because a patient so severely 
damaged is unlike to survive to the required diagnostic 
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Figure 1  CT scan shows pancreatic transection between the head and body 
(A), thrombosis of the hepatic artery at its origin from the celiac trunk (B) and 
rupture/thrombosis of the splenic vein (C).



and therapeutic time. In a paper analysing over 300 cases 
of  traumatic vascular injury, the overall mortality was 
54%, increasing up to 73% when 3 vessels were involved 
and 100% when 4 vessels were involved[9]. Patients 
affected by associated vascular and pancreatic injuries 
were even more rarely described (only 3 out of  101 cases 
analysed by Bradley and Coll)[6].

The good outcome of  the presented case is in our 
opinion due to the spontaneous partial haemostasis, but 
also to the prompt intervention, whose indication was 
dictated by the contrast-enhanced CT scan. The limits 
of  this examination in defining the presence and gravity 
of  pancreas trauma are well known. It was reported that 
the sensitivity of  pancreatic rupture is 42.9%[6,10,11] and 
its low accuracy is particularly critical in defining the 
damage of  the main pancreatic duct, the single most 
important factor both for surgical indication and choice 

of  the best surgical strategy[12-14]. In our case, CT allowed 
to exclude thoracic lesions and to focus on the pancreatic 
region, demonstrating the pancreatic body fracture and 
the presence of  associated vascular damage. At the 
same time, choledocus fracture was not demonstrated, 
a wrong diagnosis of  right renal artery thrombosis was 
suggested and also the hepatic artery and the splenic 
vein thrombosis were not clearly evaluated. This is in 
agreement with the literature, which reported that the 
mean injury grade resulting from CT is significantly 
lower than that resulting from surgical exploration[11].

To avoid this limit of  CT, endoscopic retrograde 
cholangio-pancreatography has been proposed to 
allow a more accurate identification of  the biliary and 
Wirsung duct discontinuity, the superiority of  which 
over CT scan in the evaluation of  such structures is 
well documented[5]. However, in emergency situations, 
endoscopic examination is rarely considered since 
it requires a significant loss of  time and is uselessly 
invasive, particularly if  a surgical intervention has 
already proved to be necessary. In the reported case, the 
demonstrated vascular lesions dictated the necessity of  
immediate laparotomy, due to either the haemorrhagic 
risk or the ischemic damage to the liver. Thus, CT 
scan, even though it may be considered not completely 
accurate, is very useful for the correct management of  
this case.

These considerations shift the problem of  complete 
diagnostic evaluation to the operating table, namely 
surgical exploration must be meticulous and systematic to 
demonstrate, define and treat the lesions associated with 
a pancreatic rupture. Undervaluation of  the associated 
lesions is the most important negative prognostic 
factor for pancreatic trauma. By sectioning the gastro-
colic ligament and the lesser omentum and completely 
mobilizing the right colon with the hepatic flexure and 
the right part of  the transverse colon, or by performing 
a wide Kocher manoeuvre, a complete control of  the 
structures potentially involved in pancreatic trauma 
is obtained. Surgical exploration can be completed 
by intraoperative instrumental evaluations such as 
cholangiography, endoscopy and doppler ultrasound, 
especially in cases in which preoperative imaging has 
been lacking or not exhaustive. In the presented case, 
the only employed intraoperative diagnostic tool was 
Doppler spectral analysis of  the hepatic and portal flow. 
Evident lesions of  the choledocus and pancreatic duct 
could be observed at inspection and irrigation. A vascular 
lesion may be really difficult to ascertain by simple 
exploration. However, after a complete transection, the 
haemorrhage can spontaneously stop and a complete 
thrombosis may be undiagnosed by a simple palpation. 
Intraoperative Doppler scan finally allows evaluation 
of  the flow dynamics of  suspected vascular lesions. In 
our case, it enabled us to demonstrate the preservation 
of  a normal mesenterico-portal flow, the absence of  
residual stenosis of  the mesenterico-portal axis after its 
suture and to document the collateral arterial flow at the 
hepatic hilum maintained by the gastroduodenal artery in 
presence of  a contusion with short dissection occluding 
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Figure 2  CT scan 12 h after operation showing severe stenosis of hepatic 
artery-celiac reconstruction (A), good result of the procedure confirmed by 
CT after endovascular treatment (B), and a symptomatic pseudocyst in the 
epigastric region three months later (C) which was successfully treated by 
percutaneous drainage, rest and antibiotics.
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the common hepatic artery. In case of  a post-traumatic 
hepatic artery thrombosis, in the context of  a complex 
trauma, reconstruction of  this artery can be considered 
not necessary if  a compensating inverted gastroduodenal 
artery flow is demonstrated. Reconstruction of  a 
damaged hepatic artery is difficult, time-consuming and 
not rarely ineffective. However, when a bilio-digestive 
anastomosis has to be performed, a normal arterial 
flow is needed for the optimal perfusion of  the biliary 
anastomotic stump. Intraoperative evaluation of  the 
arterial collateral liver vascularisation may be misleading, 
lacking of  quantitative determination. For these reasons, 
we did prefer to reconstruct the celiac-hepatic artery 
continuity by an end-to-end direct anastomosis, that 
later has proved to be technically imperfect and to 
require a post-operative percutaneous angioplasty 
with stenting. Our effort to maintain the continuity of  
the hepatic artery was justified by the transitory post-
operative rise of  hepatic enzymes, which returned to 
the normal range after stenting of  the anastomosis. 
Moreover, a case of  unrecognised hepatic artery 
dissection, having as a consequence a fatal fulminate 
hepatic failure, was recently reported[15]. Alternative 
techniques of  revascularization by means of  a prosthetic 
conduit should be avoided if  possible, because septic 
complications are frequent in the postoperative course.

With regard to the biliary reconstruction, hepatico-
jejunal anastomosis is preferable to a direct end-to-
end reconstruction, as it allows a wide resection of  the 
contused choledocus and anstomosis on a healthy tissue 
without tension[16].

For the treatment of  pancreatic transection, a 
number of  techniques have been proposed, as an 
alternative to the distal pancreatectomy, accounting for 
30% of  the operations for pancreatic injuries[17]. With 
the aim to preserve endocrine pancreatic function, the 
distal pancreas can be anatomised to a Roux-en-Y jejunal 
loop, or to the stomach[18]. In presence of  multiple 
lesions associated with the pancreatic injury, the strategy 
should be guided by the principle of  obtaining repair of  
the lesions by a more simple and safe technical solution, 
reducing the risk of  postoperative complications. 
Distal pancreatectomy with splenectomy, or whenever 
possible with splenic preservation, has a complication 
rate of  22.2%, lower than that of  distal pancreas 
preserving procedures[2]. Moreover, postoperative 
exocrine and endocrine insufficiency is quite rare when 
the cephalic portion of  the gland is preserved. The risk 
of  developing proximal pancreatic stump fistula, with 
eventual pseudocyst formation, is independent of  the 
treatment of  the distal portion of  the pancreas.

Our case demonstrates that if  the haemorrhage can 
be spontaneously and temporarily controlled, giving 
to the surgeon the time strictly necessary to obtain the 
basilar diagnostic indications and to perform laparotomy, 
a systematic exploration and a surgical strategy inspired 

by the principle of  doing all but just what is necessary to 
save the patient, allow to obtain both immediate survival 
and long-term good quality of  life.
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Abstract
We present 2 cases of hepatocyte nuclear factor 
1α (HNF1α)-mutated adenomatosis, discovered for 
reasons unrelated to this disease, and identified 
using immunohistochemical methods. These new 
tools may further our understanding of the link 
between adenomas/adenomatosis subtypes and 
their complications, and their association with other 
abnormalities.

© 2008 The WJG Press. All rights reserved.

Key words: Hepatocellular adenoma; Adenomatosis; 
Hepatocyte nuclear factor 1; Hepatocyte nuclear 
factor 1α mutation; β-catenin mutation; Focal nodular 
hyperplasia

Peer reviewers: Xiao-Ping Chen, Professor, Institute of 
Hepatopancreatobiliary Surgery, Tongji Hospital, 1095# Jiefang 
Dadao, Wuhan 430030, Hubei Province, China; Jian Wu, 
Associate Professor of Medicine, Internal Medicine/Transplant 
Research Program, University of California, Davis Medical 
Center, 4635 2nd Ave. Suite 1001, Sacramento CA 95817, 
United States

Laumonier H, Rullier A, Saric J, Balabaud C, Bioulac-Sage 
P. Unexpected discovery of 2 cases of hepatocyte nuclear 
factor 1α-mutated infracentimetric adenomatosis. World J 
Gastroenterol 2008; 14(30): 4830-4833  Available from: URL: 
http://www.wjgnet.com/1007-9327/14/4830.asp  DOI: http://
dx.doi.org/10.3748/wjg.14.4830

INTRODUCTION
Hepatocellular adenomas (HCAs) are found as unique or 
multiple entities. The term adenomatosis is used[1], if  the 
number of  HCAs is greater than ten; specific etiological 
factors, including glycogenosis or patients taking male 
hormones, were initially excluded from the definition[1], 
as well as women that previously were but are no longer 
taking oral contraceptives[2]. Adenomatosis is suspected 
if  mult iple nodules are observed on ultrasound 
performed in various circumstances: pain, discomfort, 
mass, shock related to bleeding, hepatocellular carcinoma 
(HCC), or by chance[3].

HCAs belong to various categories, as shown by 
molecular testing of  hepatocyte nuclear factor 1α 
(HNF1α)[4-6], and β-catenin[5,6], and by the expression 
of  members of  the acute phase inflammatory response 
[serum amyloid A (SAA), and C-reactive protein 
(CRP)] at both the mRNA and protein levels[7]. We 
used genotype/phenotype classification to identify four 
groups of  HCA: HNF1α-mutated, β-catenin-mutated, 
inflammatory HCA and HCA without known mutation. 
Some inflammatory adenomas are also β-catenin-
mutated. This classification also applies to adenomatosis. 
However, the number of  cases of  adenomatosis studied 
in the series used for classification is less than the 
number of  cases of  single or multiple HCA.

We report two cases in which the diagnosis of  
adenomatosis was unexpected, based on radiological 
and clinical grounds, and for whom molecular and 
immunohistochemistry testing revealed HNF1α-
mutations.

CASE REPORT
Case one
A 54-year-old woman was admitted to our surgical 
department in September, 2004, due to the discovery of  
hyperechoic infracentimetric nodules, within the context 
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of  malignancy. Her past history was remarkable: she had 
a haemangioma of  the bulbar area for over 20 years, a 
cerebellar meningioma discovered later and surgically 
removed in June, 1999, and a choroidal melanoma 
treated with proton therapy in February, 2004. At the 
time of  those diagnoses, liver nodules were not visible 
on ultrasound. She had 2 children and took the pill for 
a very short period of  time (less than 1 year prior to 
consulting our clinic). She weighed 70 kg and was 163 cm 
high. Physical examination revealed a cerebellar 
syndrome. Several punctiform angiomas were present 
on the thorax and limbs. Liver function tests were 
normal, with the exception of  39 IU/L GGT (normal <  
34 IU/L). Her blood glucose was 7.1 mmol/L (normal 
< 6.1 mmol/L). She had a family history of  non-insulin-
dependant diabetes (father and mother of  the father). 
Magnetic resonance imaging confirmed the presence of  
several infra-centimetric liver nodules, but the results 

were inconclusive in relation to their nature. A liver 
biopsy was proposed under laparoscopic guidance 
to confirm the suspected diagnosis of  melanoma 
metastasis. Multiple tan nodules were observed on the 
surface of  the liver by the surgeon. A surgical biopsy 
(1.5 cm × 0.8 cm) containing two yellowish nodules  
(0.8 mm), and a histological examination of  the tissue 
ruled out melanoma metastasis.

Both small liver nodules were non-encapsulated and 
showed a benign steatotic hepatocytic proliferation, 
intermingled with thin-walled isolated arteries and veins 
(Figure 1A and B). Cytokeratin (CK) 19 was negative 
and very few progenitor-like cells were visible on CK7 
immunostaining (not shown). Therefore, the most 
probable diagnosis of  these small nodules was HCA. 
Also, a complete absence of  liver fatty acid-binding 
protein (LFABP), in contrast to normal expression 
detected in hepatocytes of  the surrounding liver, favoured 
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Figure 1  Case 1- HE staining for steatotic adenoma showing non-encapsulated nodule (A, B) and non-tumoral liver (NT) (A), LFABP immunostaining for steatotic or 
non steatotic tumoral hepatocytes showing no expression of LFABP (C); Case 2- a small yellowish nodule (arrow) adjacent to a typical focal nodular hyperplasia (FNH) 
(D), HE staining for the small nodule showing a steatotic adenoma adjacent to the FNH (E) and another small steatotic microadenoma (arrows) in the non-tumoral 
liver (F).
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a diagnosis of  HNF1α-mutated HCA (Figure 1C). 
The non-tumoral liver was limited to a thin band of  
tissue containing mildly enlarged fibrotic portal tracts.

Case two
A 34-year-old woman visited our surgical clinic in 
February, 2004, for consultation. Two liver nodules 
were discovered by chance (one in segment Ⅲ: 40 mm 
× 35 mm and one in segment Ⅵ: 20 mm × 20 mm) 
and there were at least two additional infracentimetric 
nodules. The two larger nodules were described as 
characteristic focal nodular hyperplasia (FNH), but no 
final diagnosis of  the smaller nodules was made. The 
patient had been taking oral contraceptives for 12 years. 
However, she was no longer taking them in the last 
2 years prior to consultation at our clinic. Her family 
history was complex (two maternal uncles had a cerebral 
vascular accident at a young age, with at least one of  
their children having an aneurysm resulting in a death, 
another uncle died after cardiac surgery, her mother and 
two maternal ants also had breast cancer). Blood tests, 
including liver function tests, were normal. An operation 
was ruled out, and instead the patient was monitored. 
She came back 6 mo later complaining of  epigastric 
pain. The size of  the largest nodule increased (60 mm 
× 40 mm). Segmentectomy Ⅲ and Ⅵ were performed 
under coelioscope. The surgeon observed multiple 
tan nodules on the surface of  the liver. The two large 
nodules were macro and microscopically typical FNH. 
Three other small nodules were also clearly visible on 
the resected specimen, one of  which was adjacent to the 
FNH (Figure 1D). 

Routine examination of  the nodules (cases 1 and 2) 
consisted of  HE, Masson’s trichrome, and reticulin 
stains, as well as CK7, CK19, and a smooth muscle actin 
(SMA), LFABP, serum amyloid A, glutamine synthase 
(GS) and β-catenin immunostains[7]. 

All the three small nodules were steatotic, with mild 
ductular reaction and inflammation, as well as a few 
entrapped portal tracts at the periphery. It was, thus, not 
possible to distinguish clearly between small, incomplete, 
so-called FNH-like or pre-FNH[8,9] and adenomas  
(Figure 1E). In case 1, the complete absence of  LFABP 
in the nodule favoured a diagnosis of  HNF1α-mutated 
HCA, whereas the LFABP immunostaining was normal 
both in non-tumoral l ivers and in adjacent FNH  
(Figure 1F).

SAA, GS and β-catenin immunostaining were 
negative in both cases (data not shown).

DISCUSSION
The above two cases lead to several comments.

Such cases of  adenomatosis would have been totally 
ignored, if  for specific reasons (fear of  metastasis in 
case 1, and surgery for a growing and painful FNH in 
case 2) the surface of  the liver had not been observed. 
This is indeed true for any benign lesion without 
clinical or biological manifestations, including FNH, 

HCA, haemangioma, etc. Thus, the true prevalence 
of  adenomatosis is impossible to calculate, as long 
as we do not have the tools to recognize clinically-, 
biologically- and radiologically-silent HCA, particularly 
microadenomas. We usually ignore the outcome of  such 
cases, but it is likely that such small nodules will remain 
silent, particularly in patients that are no longer on oral 
contraception, which was the case in our two patients.

One can argue that the presence of  multiple nodules 
on surface of  the liver does not definitely prove that 
all nodules are microadenomas, this is particularly true 
for case 2, a case associated with FNH. The possibility 
of  multiple FNH associated with occasional adenomas 
cannot be excluded. However, in our experience we have 
never observed such a case, whereas the presence of  
FNH is not a rare event in adenomatosis[10]. 

As a result of  advances made in molecular biology 
and immunohistochemistry, there has been much 
progress in the field of  HCA. In particular with 
genotype/phenotype correlations, it is now possible, 
on routine pathological examinations, to identify typical 
cases of  HNF1α-mutated or inflammatory adenomas 
with a greater certainty. HNF1α HCA is characterized 
by their fat distribution[6].

We can easily and rapidly classify 80% of  adenomas 
with the use of  immunohistochemitry, including SAA, 
LFABP, GS and β-catenin, the results of  which correlate 
well with molecular studies[6]. The genotype/phenotype 
classification of  HCA using immunohistochemical 
methods, particularly β-catenin immunostaining coupled 
to GS, is particularly important for detecting patients 
at risk of  developing HCC, as recently reported[4,6,7,11]. 
Immunostains are also important for identifying atypical 
nodules and small sized-resected nodules and have also 
been particularly used to differentiate micro adenomas 
from other types of  nodules, especially pre-FNH[8,10,12] if  
fibrosis or some bile ductules are present.

The next step is to validate immunohistochemical 
methods on liver biopsy. To better interpret the results, 
it is mandatory to compare the data obtained in the non 
tumoral liver. Non tumoral livers express LFABP, but 
not SAA. GS is expressed only around hepatic veins. 

The term adenomatosis has frequently been used in 
cases with more than 10 nodules[1]. If  nodules are visible 
on surface of  the liver, the diagnosis is usually easy, 
irrespective of  the number of  larger nodules detected 
by imaging techniques. Adenomatosis may also be 
suspected, if  microadenomas are present on the resected 
specimen containing one or several HCAs from the non-
tumoral liver[13]. In our opinion, the term adenomatosis 
has been used incorrectly, if  defined on the basis of  
there being more than 3 lesions on imaging[13], without 
the presence of  nodules visible on the liver surface or 
microadenomas discovered by the pathologist on the 
resected specimen from the non-tumoral liver. In our 
experience, adenomatosis is associated with HNF1α-
mutations (90% being somatic) in most cases[7]. 

Patients with adenomas/adenomatosis may have 
other organ abnormalities or diseases that may or may 
not be related to the pathogenesis of  adenomas. In 
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1989, Wanless et al[14] noticed that patients with diseases, 
including meningioma, astrocytoma, telangiectasia of  the 
brain, berry aneurysm, had what he called “telangiectatic 
FNH” more often (TFNH). Genotype/phenotype 
analysis [4,6,7] has revealed that TFNH are indeed 
inflammatory/telangiectatic adenomas[15,16]. Curiously 
enough in case 1, meningioma and telangiectasia of  
the brain were not associated with inflammatory/
telangiectatic adenomatosis, but with HNF1α-mutated 
adenomatosis. 

With this new HCA classification at hand and 
the knowledge that adenomas/adenomatosis can be 
associated with various factors, including FNH[10], 
diabetes with or without familial form of  adenomas/
adenomatosis[17-20], polycystic ovaries[21], and obesity/
NASH[2,7,22], it is of  interest to collect clinical, biological 
and radiological data, which should not only be related 
to the liver but also be related to other organs (such as 
the brain, skin, thyroid, ovaries, kidneys, pancreas etc) to 
understand if  there is a link or not between these various 
types of  abnormalities.
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Abstract
A cerebral lipiodol embolism is an extremely rare 
complication of transcatheter arterial chemoem-
bolization for hepatocellular carcinoma. We present a 
case of cerebral lipiodol embolism that occurred after 
the third arterial chemoembolization, report the clinical 
and radiological findings, and review the medical 
literature. 
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INTRODUCTION
Hepatocel lu lar carc inoma (HCC) is a common 
malignancy in Asia[1,2]. Many patients with HCC present 
with advanced stage disease when first diagnosed. 
There are a variety of  different therapeutic modalities 
used to treat advanced HCC. Transcatheter arterial 
chemoembolization (TACE) is used to confine tumors 
to the liver, in addition to shrinking their size, limiting 
the progression to vascular invasion, and decreasing the 
risk that viable tumor will embolize systemically, during 
hepatic manipulation at transplant hepatectomy[3-5]. 
Although TACE is an invasive procedure associated 
with several potential complications, it is a procedure 
that has been adopted worldwide and is the mainstay of  
treatment of  patients with advanced HCC[6].

To date, the literature on embolic injury to the brain, 
associated with iodized oil after TACE, includes only 
four reports[7-10]. Here we report our experience with a 
patient who had HCC and a cerebral lipiodol embolism 
(CLE) after TACE and review the previous literature. 

CASE REPORT
A 62-year-old woman with advanced HCC was admitted 
to the hospital for her third course of  TACE. Six 
months previously, she was diagnosed with HCC. A  
15 cm × 12 cm, well demarcated and exophytic growing 
tumor, at the right hepatic lobe without portal invasion, 
was initially identified. The exophytic HCC growth was 
contiguous to the diaphragm (Figure 1). Although serum 
alpha-fetoprotein (4514 ng/mL) was very elevated, 
metastatic evidence to the regional lymph nodes and 
bone marrow was not detected. The patient was initially 
treated with TACE and had a second course six months 
later. 

On physical examination, a non-tender smooth 
surfaced mass was palpated at the right upper abdomen. 
Laboratory data (normal values in parentheses) on 
admission revealed a white blood cell count of  5.95
× 109/L (normal, 4 × 109-10 × 109), a platelet count 
of  292 × 109/L (normal, 150 × 109-450 × 109), and 
hypoalbuminemia, 3.6 g/dL (normal, 3.8-5.1). The 
hemoglobin was low, 10.0 g/dL (normal, 12.0-18.0). The 
coagulation time, liver function studies and renal function 
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were within normal range. Serological studies for hepatitis 
B were positive for HBsAg and HBeAb. The serum DNA 
level of  hepatitis B virus was 64 400 copies/mL. 

There was no evidence of  cirrhosis. The distal 
substraction angiography (DSA) revealed the HCC was 
supplied from the right inferior phrenic artery and right 
hepatic artery. A third course of  TACE was performed 
via two arteries using a mixture of  50 mg adriamycin 
and 30 mL lipiodol as well as gelatin sponge particles 
(Gelform; Upjohn, MI, USA). 

During the procedure, patient had no complaints, 
and the vital signs remained stable. Immediately after 
the procedure, the patients’ level of  consciousness 
deteriorated; in addition, she had breathing difficulty. 
The arterial blood gas analysis showed a PaO2 of  
55.7 mmHg, consistent with hypoxemia. A computed 
tomography (CT) scan of  the brain, without contrast, 
7 h after the TACE procedure revealed multiple lesions 
of  increased attenuation in the cerebral cortex, basal 
ganglia, thalami, and cerebellum (Figure 2). 

At the same time, a CT of  the chest revealed hyper-
attenuated images at the right lung base (Figure 3). Forty-
eight hours after the procedure, magnetic resonance 
imaging (MRI) of  the brain was performed. Diffusion-
weighted (DW) images demonstrated disseminated 
hyper-attenuated and hyper-intense punctate-patchy 
lesions in the cerebrum and cerebellum (Figure 4). 
The laboratory data was not remarkable except for a 

leukocytosis. The chest X-ray showed a right pleural 
effusion and diffuse parenchymal infiltration one day 
post TACE. Echocardiography revealed no atrial septal 
defect or other intracardiac shunt. Three weeks later, a 
follow up brain CT scan revealed complete resolution 
of  the lesions. The patients’ level of  consciousness 
gradually had improved. The neurological symptoms 
recovered completely by discharge 6 wk later.

DISCUSSION
TACE is an invasive procedure associated with several 
potential complications, including the postembolization 
syndrome, septicemia, hepatic insufficiency, liver 
abscess formation, intrahepatic biloma, embolization 
of  extrahepatic organs, cholecystitis, tumor rupture, 
multiple intrahepatic aneurysms, gastrointestinal mucosal 
lesions, variceal bleeding, and iatrogenic dissection or 
perforation of  the vessel[11]. However, a CLE, following 
TACE in patients with HCC, is an extremely rare 
complication[7-10]. 

The symptoms associated with CLE are variable and 
include visual loss, headache, motor dysfunction, and 
mental status changes; the severity of  such symptoms 
varies with the site of  lipiodol deposition. Occasionally, 
patients present with dispend and hypoxia when the 
lungs are involved in lipiodol embolization (Table 1).

It is known that CLE is associated with a right-to-
left shunt, and infusion of  a large dose of  lipiodol[12,13]. 
Right-to-left shunt is often undetectable on routine 
examination, including chest or abdominal CT, DSA, 

Figure 1  Enhanced abdominal CT scan obtained after second chemoem-
bolization shows a 15 cm × 12 cm capsulated HCC with necrotic change 
occupying the right hepatic lobe. The right dome of mass revealed 
heterogenous enhancement adjacent to the diaphragm, suggesting a viable 
portion (arrow). 

←

Figure 2  A brain CT scan 
without contrast obtained 7 h 
after chemoembolization 
shows multiple increased 
attenuated lesions in both 
c e r e b r a l  h e m i s p h e r e , 
consistent with deposition of 
iodized oil. 

Figure 3  A chest CT scan obtained 7 h after chemoembolization shows lipiodol 
oil dense depositions (arrow) at right basal lungs. 

←

Figure 4  Diffusion-weighted 
MR images obtained 48 h 
after TACE shows multiple 
h y p e r a t t e n u a t i n g  a n d 
hyper tens ive  punc ta te -
p a t c h y  l e s i o n s  i n  b o t h 
cerebral hemispheres. 



and routine echocardiography. Evidence of  a shunt has 
not been reported in previous studies (Table 2). It is not 
necessary to routinely examine for detection of  shunt 
prior to the TACE. But, if  a condition is present that 
increases the risk of  a shunt[14], further evaluation to 
detect the shunt is indicated. 

In most prior cases of  CLE including present case, 
the HCC was a large tumor[7,9,10]. Determination of  
the optimal dose of  lipiodol is of  critical importance. 
The lipiodol dose is determine by a variety of  factors 
including the blood supply of  the tumor, the tumor size, 
the patients’ condition, procedure tolerance, catheter 
position, and liver function reserve[15,16]. Generally, it is 
known that lipiodol dose should not exceed 15 mL to 
20 mL in order to prevent the risk of  an extrahepatic 
embolism[13]. However, there were prior reported cases 
of  CLE that had appropriate doses of  lipiodol[8-10]. 
Moreover, there was a study that recommend the use 
of  a high dose iodized oil (more than 20 mL) TACE for 
patients with large HCC[17]. Therefore, all procedures 
must be individualized. 

Another risk factor of  a CLE is the communication 
between inferior phrenic artery (IPA) and the pulmonary 
artery; this might occur with adhesive pleura or tumor 
invasion[10,11]. In the previous reports, including present 
case, the vessels used for the lipiodol infusion described 
for four of  seven cases. Among the four cases, there 
were three where lipiodol was infused into the right 
IPA[7,9]. In addition, in one of  the four cases, where 
the IPA was not used, the lipiodol was infused into the 
right renal capsular artery (RCA), which might have 

been anastomosed to the IPA. Evidence of  pulmonary 
embolism was noted in six of  seven cases. 

Therefore, we think that right IPA to pulmonary 
artery shunt is also a potential route for right-to-left 
shunt. 

In the present case, because we perfor med 
echocardiog raphy and DSA, we conf ir med the 
absence of  intracardiac and intratumoral shunts. The 
communication between IPA and pulmonary vessels 
occurred via adherent pleura and tumor recurrence. 
Moreover, a large dose of  lipiodol was used and, 
therefore, the patient had a greater risk for a CLE. 

As previous reports recommended[10], the total dose 
of  lipiodol should not exceed 20 mL and injection of  
lipiodol via the IPA should be used with caution during 
TACE procedure. 

To prevent a CLE, an individualized plan of  therapy 
including the lipiodol dose, evaluation for a shunt and 
choice of  the vessels used for the lipiodol infusion prior 
to TACE are important considerations.
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Age Sex Symptoms ABGA 
(PaO2 
mmHg)

Shunt of 
evidence 

Course 
of TACE 

(was 
occurred 

CLE)

Reference

52 Male    Headache
   Mental 
   change

   74.7 (-)   2   8

   Motor 
   weakness

58 Male    Visual loss
   Headache
   Chest pain    70.2 (-)   1   8
   Shortness of 
   breath

56 Male    Dyspnea 66 ND   3   8
81 Female    Asleep, 

   Tachypnea
ND ND      1.2   9

   Motor 
   weakness

76 Male    Mental 
   change

Hypoxia ND 16  7

   Hypoxia
70 Female    Mental 

   change
ND (-)   1 10

Disorientation
62 Female    Asleep    56.6 (-)   3 Present 

case

Table 1  Clinical characteristics of seven patients with CLE at 
initial presentation

ND: Not described.

Doses of 
lipiodol 
(mL)

Tumor 
size

Pulmonary 
embolism

Injection 
artery of 
lipiodol

Recovery 
time 
(wk)

Reference

35 ND (+) ND 3 8
8 ND (+) ND 3 8
ND ND (+) ND 2 8
15 10 cm × 14 cm (+) RIPA, RMA 2 9
ND Large (+) RIPA 6 7

Hepatic 
proper artery
Epicholedocal 

artery
12 Large    (-) RCA, RHA, 

MHA
Death 10

30 10 cm × 15 cm (+) RIPA, RHA 6 Present 
case

Table 2  Outcomes and associated risk factors for TACE in 
the patients with CLE 

ND: Not described; RCA: Renal capsular artery; RHA: Right hepatic 
artery; MHA: Middle hepatic artery; RIPA: Right inferior phrenic artery; 
RMA: Right mammary artery. 
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Abstract
The patient was a 33-year-old man with hematochezia. 
Colonoscopy revealed a lobulated peduncular polyp 
with bleeding, about 40 mm in diameter, in the 
ascending colon. The polyp had both red and white 
components and a mosaic pattern. Magnifying 
observation revealed a red rugged surface component, 
and smooth white nodules with enlarged round or 
oval crypt openings. Endoscopic polypectomy was 
performed. Histological examination of the specimen 
revealed inflammatory granulation tissue in the 
lamina propria, proliferation of smooth muscle, and 
hyperplastic glands with cystic change. This polyp 
was diagnosed as inflammatory myoglandular polyp 
(IMGP). Lobulated-type IMGP in the ascending colon is 
rare.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Inflammatory myoglandular polyp (IMGP) is character-
ized by inflammatory granulation tissue in the lamina 
propria[1], proliferation of  smooth muscle[2], and hyper-
plastic glands with variable cystic change[3-7]. Only a small 
number of  cases have been reported, and its pathogen-
esis and natural history remain unclear[8-12]. Herein, we 
describe a relatively rare case of  loburated-type IMGP 
in the ascending colon causing hematochezia. We also 
report the magnifying endoscopy findings of  this IMGP.

CASE REPORT
A 33-year-old man presented with the symptom 
o f  h e m a t o c h e z i a .  H e  w a s  d i a g n o s e d  w i t h 
chronic renal failure and underwent hemodialysis  
5 years ago. His body temperature was 36.7℃ ,  
b lood pressure was 148/82 mmHg, and radia l 
pulse rate was 70 beats/min and regular. He had 
anemia .  Laborator y  tes ts  showed hemoglobin 
concentration of  8.0 g/dL [normal range (NR): 
12-16 g/dL], a red blood cell count of  325 × 104 /μL  
(NR: 380-500 × 104 /μL), a white blood cell count of  
8400/μL, and a platelet count of  28.8 × 104/μL. The 
levels of  hepatic and biliary enzymes, such as aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
alkaline phosphatase (ALP), γ-glutamyltranspeptidase 
(γ-GTP), and lactate dehydrogenase (LDH), were 
normal. On renal function tests, the blood urea 
nitrogen and creatinine levels were 44.9 mg/dL (NR:  
8-20 mg/dL) and 14.1 (NR: 0.5-1.3 mg/dL), respectively. 
Colonoscopy revealed a lobulated peduncular polyp with 
bleeding, about 40 mm in diameter, in the ascending 
colon (Figure 1A1). The polyp had both red and 
white components and a mosaic pattern (Figure 1A2).  
Magnifying observation (EC-450ZH, Fujinon Toshiba 
ES Systems) revealed a red, slightly rugged surface 
component without nor mal  mucosal  s tr ucture  
(Figure 1B), and smooth white nodules with enlarged 
round or oval crypt openings (Figure 1C). We speculated 
that this polyp was non-neoplastic. It was suspected to 
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be an inflammatory polyp from endoscopic findings. An 
air contrast barium enema also revealed a pedunculated, 
lobulated polyp in the ascending colon (Figure 2). 
Endoscopic polypectomy was performed. Histological 
examination of  the specimen revealed inflammatory 
granulation tissue in the lamina propria, proliferation 
of  smooth muscle, and hyperplastic glands with cystic 
change (Figure 3). The lesion was diagnosed as IMGP. 
After endoscopic polypectomy, the symptom of  
hematochezia was resolved.

DISCUSSION
IMGP is a non-neoplastic colorectal polyp, first 
described by Nakamura et al [1]. IMGP is solitary, pedunculated and rarely covered by a fibrin cap, and 

Figure 2  Double-contrast radiograph of the ascending colon showing an about 
40 mm lobulated peduncular polyp (arrow).

A

B

Figure 3  Microscopy of the polypectomy specimen showing a stalked polyp 
containing numerous cystically dilated glands on the cross section under lower-
power view (HE, × 4) (A) and inflammatory granulation tissue in the lamina 
propria mucosae and proliferation of smooth muscle (HE, × 50) (B).

Figure 1  Endoscopy showing a lobulated, peduncular polyp with bleeding, about 40 mm in diameter, in the ascending colon with both red and white components and 
a mosaic pattern observed in the polyp (A), magnifying endoscopy revealing a rugged surface of red component without normal mucosal structure (× 50) (B), and 
aggregated smooth nodules with enlarged round or oval crypt openings in the white component (× 50) (C).

A1

B C
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follows a benign course. Also, IMGP has no association 
with inflammatory bowel diseases and is located not 
only in the rectosigmoid, but also in the descending and 
transverse colon[3].

Only a small number of  IMGP cases have been 
reported. According to Fujino et al [8], a review of  
the literature revealed 48 cases of  IMGP in the large 
intestine up to 2001. However, recent advances in 
diagnostic techniques have enabled us to identify small 
and asymptomatic polyps, and reports on IMGP of  the 
colon have been increasing[9,10]. Fujino et al[8] described 
that the macroscopic appearance was the pedunculated 
type in 83.3% of  cases. In that report, the sites of  IMGP 
in the large intestine were studied and 47 of  48 cases 
(97.9%) had lesions in the rectum to transverse colon. 
Thus, IMGPs of  the large intestine are predominantly in 
the distal colon[8,9].

IMGPs in the colon are usually asymptomatic 
and often detected incidentally on barium enema or 
endoscopy[8-10]. Another review of  the literature revealed 
that the main clinical feature of  colorectal IMGPs is 
hematochezia[10,11]. Endoscopic characteristic findings 
are as follows: (1) pedunculated or semipedunculated, 
(2) red and (3) smooth, spherical and hyperemic surface 
with patchy mucous exudation and erosion[8,9]. IMGPs 
should be distinguished from other colorectal polyps such 
as inflammatory fibroid polyps (IFP)[10,13], Peutz-Jegher-
type polyps or juvenile polyps[10,11]. However, the correct 
endoscopic diagnosis of  colorectal IMGP can seldom 
be made. Endoscopic findings of  IMGP are similar to 
those of  IFP and juvenile polyp. The final diagnosis of  
colonic IMGP depends on the pathological findings of  
endoscopic mucosal resection (EMR) or endoscopic 
polypectomy specimens. Harada et al[7] reviewed the 
literature and described that 4 of  40 IMGPs (10%) were 
lobulated. The present case was rare because IMGP 
located in the ascending colon and the radiographic and 
endoscopic findings of  the polyp were the lobulated type.

Moriyama et al[9] reported magnifying endoscopic 
findings of  5 IMGPs in 2003. They described that 
magnifying observation revealed a slightly rugged 
surface consisting of  aggregated smooth nodules with 
enlarged round or oval crypt openings. In the present 
case, magnifying endoscopic findings were the same as 
Moriyama’s description. However, this polyp was unique 
because the lesion had red and white components 
and a mosaic pattern. There have been few reports on 
magnifying endoscopic findings of  IMGP. To clarify the 
characteristic magnifying endoscopic findings of  IMGP, 
we should accumulate and analyze many cases of  IMGP.

As to therapy, IMGP of  the large intestine can best 
be removed endoscopically, because it is thought to be 
clinically and histologically benign. Most Japanese cases 
are treated with polypectomy or EMR[5,7-10]. Endoscopic 
or surgical treatment is necessary if  gastrointestinal 
bleeding[9] or colonic intussusception occurs. Local 
excision of  the polyp is curative. Kayhan et al[12] reported 
a case of  large IMGP (> 6 cm in diameter), which was 
too large for endoscopic removal, and treated with 
surgical resection. We consider that the percentage of  

colonic IMG patients who undergo surgical resection 
will decrease and endoscopic resection will increase in 
the future because of  advances in diagnostic techniques 
such as improved endoscopic images and the discovery of  
asymptomatic small IMGPs.

In conclusion, we reported a case of  IMGP in 
the ascending colon causing hematochezia. IMGP 
should generally be taken into consideration as a 
differential diagnosis of  peduncular polyp of  the 
colon. IMGP of  the large intestine is not fatal and 
patients remain asymptomatic in their daily lives except 
for gastrointestinal bleeding or bowel obstruction. 
Therefore, it is likely that there will be many latent 
patients with IMGP in the future. Endoscopists should 
be aware of  IMGP endoscopic characteristics, although 
lobulated type-IMGP in the ascending colon is rare. 
Further studies on the magnifying endoscopy findings 
of  IMGP are certainly required.
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Abstract
Pancreatic pseudocysts (PPs) are collections of 
pancreatic secretions that are lined by fibrous tissues 
and may contain necrotic debris or blood. The 
interventions including percutaneous, endoscopic or 
surgical approaches are based on the size, location, 
symptoms and complicat ions of a pseudocyst. 
With the availability of advanced imaging systems 
and cameras, better hemostatic equipments and 
excellent laparoscopic techniques, most pseudocysts 
can be found and managed by laparoscopy. We 
describe a case of a 30-year-old male patient with 
a pancreatic pseudocyst amenable to laparoscopic 
cystogastrostomy. An incision was made through the 
anterior gastric wall to expose the posterior gastric 
wall in close contact with the pseudocyst using an 
ultrasonically activated scalpel. Then, another incision 
was made for cystogastrostomy to obtain complete 
and unobstructed drainage. The patient recovered 
well after operation and was symptom-free during 
a 6-mo follow-up, suggesting that laparoscopic 
cystogastrostomy is a safe and effective alternative 
to open cystogastrostomy for minimally invasive 
management of PPs.
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INTRODUCTION
Pancreatic pseudocysts (PPs), common sequelae of  acute 
or chronic pancreatitis and trauma, are fluid collections 
arising in or adjacent to the pancreas enclosed by a wall 
of  fibrous granulation tissue, but lacking a true epithelial 
lining. Interventions indicated for symptomatic, large  
(> 6 cm in diameter), complicated and persistent (> 6 wk)  
PPs[1], include percutaneous, endoscopic or surgical 
approaches[2]. With the advent of  minimally invasive 
techniques such as cystogastrostomy, cystojejunostomy 
and cystoduodenostomy[3], laparoscopy plays a great 
role in the management of  PPs. Moreover, laparoscopic 
cystogastrostomy has been described as a safe and 
efficacious alternative to open drainage of  PPs in 
adults[1,2].

We report, in this paper, a case of  a patient with a 
pancreatic pseudocyst caused by acute pancreatitis, who 
underwent intragastric laparoscopic cystogastrostomy.

Case RepORT 
A 30-year-old male patient, complaining of  epigastric 
pain and postprandial distension, was admitted to our 
hospital. He developed acute pancreatitis 10 mo ago. 
Regular B type ultrasound and computed tomography 
(CT) showed a pseudocyst  at  the body of  the 
pancreas. A recent CT scan (Figure 1) demonstrated a  
7.5 cm × 6.0 cm mass with its anterior wall closely 
contacted with the posterior wall of  the stomach, as well 
as splenic vein compression and splenomegaly.

www.wjgnet.com



The patient underwent laparoscopic cystogastro-
stomy. In brief, after general anesthesia, a 10-mm 
port was placed subumbilically for laparoscopy, two 
5-mm working ports were placed in the left subcostal 
area and a 5-mm port was placed in the subxiphoid. 
Laparoscopic ultrasound showed that a pseudocyst was 
firmly adhered to the posterior wall of  the stomach. An 
ultrasonically activated scalpel was used to create a 5 cm 
anterior gastrostomy at the maximal displacement site 
of  the stomach. A laparoscopic needle was introduced 
to confirm the location of  the pseudocyst and to 
sample fluid. Then, the scalpel was used to create a 
cystogastrostomy opening approximately 4 cm in size 
between the adherent posterior and anterior gastric 
walls of  the pseudocyst. After the needle entered the 
pseudocyst, more than 500 mL of  fluid contents was 
aspirated. Electrocautery diathermy and titanium clips 
were used to achieve hemostasis at the bleeding sites 
in the cystogastrostomy. The anterior gastrostomy was 
closed using a linear stapler. A nasojejunal tube was 
left in place at the end of  the procedure which took  
150 min. Histologic analysis revealed a typical pancreatic 
pseudocyst.

After the operation, the patient was given parenteral 
nutrition and enteral nutrition via a nasojejunal tube, and 
recovered well without complications. The nasojejunal 
tube was removed on the 8th postoperative day and the 
patient was discharged on the 11th postoperative day. 
A repeat CT scan (Figure 1B) before discharge revealed 
effective drainage of  the pseudocyst and dramatic relief  
of  splenic vein compression. The patient was free of  
symptoms and signs of  recurrent pseudocyst duering a 
6-mo follow-up.

DIsCUssION
Pancreatic pseudocysts occur in 2%-10% of  patients 
after acute pancreatitis and in about 10%-30% of  
patients after chronic pancreatitis[4], and can be treated 
with different procedures. In general, spontaneous 
reg ression of  smal l  asymptomatic PPs may be 
observed in 30%-60% of  acute pancreatitis patients[5]. 
Conservative management with bowel rest and parenteral 

nutrition increases the likelihood of  spontaneous 
regression[6]. However, a large number of  patients 
with PPs need interventions. Factors determining the 
route and time of  intervention include (1) location, 
size and persistence of  the cyst, (2) maturity of  the 
cyst wall when the patient presents with symptoms, (3) 
presence or absence of  complications, (4) availability of  
local expertise and experience[2]. Generally, indications 
for intervention of  PPs include > 6 cm in diameter,  
> 6 wk in persistance, symptoms (including epigastric 
pain, nausea, vomiting, biliary obstruction, and duodenal 
obstruction), complications (including infection, 
hemorrhage, rupture) and matured wall[1,2,7].

Inter vent ion opt ions for  treatment include 
percutaneous, endoscopic, and surgical procedures. 
Percutaneous drainage of  PPs is a procedure of  choice 
for infected and obstructed pseudocysts with an immature 
wall. It is also used in situations where definitive internal 
drainage could not be done[2]. However, this procedure 
seems to have a high risk of  recurrence or development 
of  pancreatic percutaneous fistula[8]. Furthermore, 
percutaneous drainage is inadequate in many cases because 
of  thick viscous contents, which may cause luminal 
obstruction of  drainage catheters[9]. Endoscopic drainage 
in the presence of  endoscopic ultrasound (EUS) is an 
important procedure in the management of  pseudocysts, 
especially cysts indenting the stomach or duodenum and 
in the absence of  necrotic tissue[2]. However, endoscopic 
drainage is associated with a high rate of  technical failure, 
cyst recurrence, infection, bleeding, stent blockage, and 
inadequate drainage. Aljarabah et al[1] hold that endoscopic 
drainage is more suitable for chronic PPs within the head 
and body of  the gland, whereas acute PPs, particularly 
those that complicate necrotizing pancreatitis, are best 
managed with laparoscopic surgery where expertise 
is available. Laparoscopic drainage of  mature PPs is 
minimally invasive and offers definitive drainage. Over 
the past years, laparoscopic surgery of  the pancreas has 
increasingly emerged as a procedure in the treatment of  
PPs[3]. Laparoscopic procedures for pancreatic pseudocysts 
include pancreatic cystogastrostomy, cystoduodenostomy, 
and cystojejunostomy. Barragan et al[10] compared the 
laparoscopic procedures by analyzing their advantages and 

Figure 1  A: Pre-operative CT scan shows a 7.5 cm X 6.0 cm pseudocyst, is in close contact with the posterior wall of the stomach. In addition, splenic vein 
compression and splenomegaly are also observed. B: Post-operative CT scan reveals effective drainage of the pseudocyst and dramatic relief of splenic vein 
compression.
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disadvantages, and concluded that when the pancreatic 
cyst is located in close contact with the posterior wall of  
the stomach, it is best drained with the anterior procedure.

According to the history of  acute pancreatitis and the 
location, size, and persistence of  the pseudocyst in our 
case, percutaneous procedure and EUS-guided drainage 
were not suitable, and laparoscopic cystogastrostomy 
was performed via the anterior procedure. Laparoscopy 
was carried out using a 4-port technique. Because the 
pseudocyst shared a common wall, a cystogastrostomy, 
4 cm in size, was created directly using an ultrasonical 
scalpel. The superior visualization provided by laparoscopy 
afforded the ability to obtain hemostasis efficiently, and 
the adequate incision helped establish effective drainage, 
thus preventing recurrence of  the pseudocyst. The 
patient recovered well after the operation and was free of  
symptoms after 6 mo of  follow-up.

Laparoscopic drainage, a minimally invasive technique, 
can definitively drain mature PPs. Our patient was treated 
with laparoscopic procedures without any untoward 
effects. Although our experience is limited, our minimally 
invasive procedure appears to be safe and effective. 
Laparoscopic cystogastrostomy should be considered a 
choice of  treatment in the management of  PPs.
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Meetings

Events Calendar 2008-2009
FALK SYMPOSIA 2008
January 24-25, Frankfurt, Germany
Falk Workshop: Perspectives in
Liver 
Transplantation

International Gastroenterological 
Congresses 2008
February 14-16, Paris, France
EASL-AASLD-APASL-ALEH-IASL
Conference Hepatitis B and C virus 
resistance to antiviral therapies
www.easl.ch/hepatitis-conference

February 14-17, Berlin, Germany
8th International Conference on New 
Trends in Immunosuppression and 
Immunotherapy
www.kenes.com/immuno 

February 28, Lyon, France
3rd Congress of ECCO - the European 
Crohn’s and Colitis Organisation
Inflammatory Bowel Diseases 2008
www.ecco-ibd.eu 

February 29, Québec, Canada
Canadian Association of
Gastroenterology
E-mail: general@cag-acg.org 

March 10-13, Birmingham, UK
British Society of Gastroenterology 
Annual Meeting
E-mail: BSG@mailbox.ulcc.ac.uk

March 14-15, HangZhou, China
Falk Symposium 163: Chronic 
Inflammation of Liver and Gut

March 23-26, Seoul, Korea
Asian Pacific Association for the 
Study of the Liver
18th Conference of APASL: New 
Horizons in Hepatology
www.apaslseoul2008.org 

March 29-April 1, Shanghai, China
Shanghai-Hong Kong International 
Liver Congress
www.livercongress.org 

April 05-09, Monte-Carlo (Grimaldi 
Forum), Monaco 
OESO 9th World Congress, The 
Gastro-esophageal Reflux Disease: 
from Reflux to Mucosal
Inflammation-Management of 
Adeno-carcinomas
E-mail: robert.giuli@oeso.org

April 9-12, Los Angeles, USA
SAGES 2008 Annual Meeting - part
of Surgical Spring Week
www.sages.org/08program/html/

April 18-22, Buenos Aires, Argentina
9th World Congress of the 
International Hepato-Pancreato 
Biliary Association
Association for the Study of the 
Liver
www.ca-ihpba.com.ar 

April 23-27, Milan, Italy
43rd Annual Meeting of the European 
Association for the Study of the
Liver
www.easl.ch 

May 2-3, Budapest, Hungary
Falk Symposium 164: Intestinal
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Disorders

May 18-21, San Diego, California, USA
Digestive Disease Week 2008

May 21-22, California, USA
ASGE Annual Postgraduate Course
Endoscopic Practice 2008: At the
Interface of Evidence and Expert
Opinion
E-mail: education@&#97;sge.org 

June 4-7, Helsinki, Finland
The 39th Nordic Meeting of 
Gastroenterology
www.congrex.com/ngc2008

June 5-8, Sitges (Barcelona), Spain
Semana de las Enfermedades
Digestivas
E-mail: sepd@sepd.es 

June 6-8, Prague, Czech Republic
3rd Annual European Meeting: 
Perspectives in Inflammatory Bowel 
Diseases
E-mail: meetings@imedex.com

June 10-13, Istanbul, Turkey
ESGAR 2008 19th Annual Meeting 
and Postgraduate Course 
E-mail: fca@netvisao.pt

June 11-13, Stockholm, Sweden
16th International Congress of
the European Association for
Endoscopic Surgery
E-mail: info@&#101;aes-eur.org

June 13-14, Amsterdam, Netherlands
Falk Symposium 165: XX 
International Bile Acid Meeting. B
ile Acid Biology and Therapeutic 
Actions

June 13-14, Prague, Czech Republic
Central and Eastern European 
Conference on Colorectal "Cancer" 
Screening, Prevention and 
Management
E-mail: idca2008@guarant.cz

June 25-28, Barcelona, Spain 
10th World Congress on 
Gastrointestinal Cancer
Imedex and ESMO
E-mail: meetings@imedex.com

June 25-28, Lodz, Poland
Joint Meeting of the European 
Pancreatic Club (EPC) 
and the International Association of 
Pancreatology (IAP)
E-mail: office@epc-iap2008.org
www.e-p-c.org 
www.pancreatology.org 

June 26-28, Bratislava, Slovakia
5th Central European 
Gastroenterology Meeting
www.ceurgem2008.cz 

July 9-12, Paris, France
ILTS 14th Annual International
Congress
www.ilts.org

September 10-13, Budapest, Hungary
11th World Congress of the 
International Society for Diseases of 
the Esophagus 
E-mail: isde@isde.net

September 13-16, New Delhi, India
Asia Pacific Digestive Week
E-mail: apdw@apdw2008.net

APDW 2008
September 13-16, New Delhi, Indian
Organized: Indian Society of
Gastroenterology

III FALK GASTRO-CONFERENCE

September 17, Mainz, Germany
Falk Workshop: Strategies of Cancer 
Prevention in Gastroenterology

September 18-19, Mainz, Germany
Falk Symposium 166:
GI Endoscopy - Standards &
Innovations

September 18-20, Prague, Czech 
Republic
Prague Hepatology Meeting 2008
www.czech-hepatology.cz/phm2008 

September 20-21, Mainz, Germany
Falk Symposium 167:
Liver Under Constant Attack - From 
Fat to Viruses

September 24-27, Nantes, France
Third Annual Meeting
European Society of Coloproctology
www.escp.eu.com 

October 8-11, Istanbul, Turkey
18th World Congress of the
International Association of
Surgeons,
Gastroenterologists and Oncologists
E-mail: orkun.sahin@serenas.com.tr

October 18-22, Vienna, Austria
16th United European 
Gastroenterology Week
www.negf.org 
www.acv.at 

October 22-25, Minnesota, USA
Anstralian Gastroenterology Week 
2008
E-mail: gesa@gesa.org.au

October 22-25, Brisbane, Australia 
71st Annual Colon and Rectal Surgery
Conference
E-mail: info@colonrectalcourse.org 

October 31-November 4, Moscone 
West Convention Center, San 
Francisco, CA 
59th AASLD Annual Meeting and 
Postgraduate Course
The Liver Meeting
Information: www.aasld.org

November 6-9, Lucerne, Switzerland
Neurogastroenterology & Motility
Joint International Meeting 2008
E-mail: ngm2008@mci-group.com
www.ngm2008.com 

November 12, Santiago de Chile, 
Chile
Falk Workshop: Digestive Diseases: 
State of the Art and Daily Practice

November 28-29, Cairo, Egypt
1st Hepatology and Gastroenterology 
Post Graduate Course 
www.egyptgastrohep.com 

December 7-9, Seoul, Korea
6th International Meeting 
Hepatocellular Carcinoma: Eastern 
and Western Experiences
E-mail: sglee@amc.seoul.kr

INFORMATION FOR ALL
FALK FOUNDATION e.V.
E-mail: symposia@falkfoundation.de 
www.falkfoundation.de 

Advanced Courses - European 

Institute of Telesurgery EITS - 2008
Strasbourg, France
January 18-19, March 28-29, June 6-7, 
October 3-4 

N.O.T.E.S
April 3-5, November 27-29
Laparoscopic Digestive Surgery

June 27-28, November 7-8 
Laparoscopic Colorectal Surgery

July 3-5
Interventional GI Endoscopy 
Techniques
Contact address for all courses: 
E-mail: info@eits.fr

International Gastroenterological 
Congresses 2009
March 23-26, Glasgow, Scotland
Meeting of the British Society of 
Gastroenterology (BSG)
E-mail: bsg@mailbox.ulcc.ac.uk

May 17-20, Denver, Colorado, USA
Digestive Disease Week 2009

November 21-25, London, UK
Gastro 2009 UEGW/World Congress 
of Gastroenterology
www.gastro2009.org 

Global Collaboration for
Gastroenterology
For the first time in the history of 
gastroenterology, an international 
conference will take place which 
joins together the forces of four 
pre-eminent organisations: Gastro 
2009, UEGW/WCOG London. The 
United European Gastroenterology 
Federation (UEGF) and the World 
Gastroenterology Organisation 
(WGO), together with the World 
O r g a n i s a t i o n  o f  D i g e s t i v e 
E n d o s c o p y  ( O M E D )  a n d  t h e 
British Society of Gastroenterology 
(BSG), are jointly organising a 
landmark  meet ing  in  London 
from November 21-25, 2009. This 
collaboration will ensure the perfect 
balance of basic science and clinical 
practice, will cover all disciplines 
in gastroenterology (endoscopy, 
digest ive oncology,  nutr i t ion, 
digestive surgery,  hepatology, 
gastroenterology) and ensure a 
truly global context; all presented 
in the exciting setting of the city of 
London. Attendance is expected to 
reach record heights as participants 
are provided with a compact “all-in-
one” programme merging the best 
of several GI meetings. Faculty and 
participants from all corners of the 
earth will merge to provide a truly 
global environment conducive to the 
exchange of ideas and the forming 
of friendships and collaborations. 
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