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Abstract
Hepatocellular carcinoma (HCC) is one of the 10 most 
common cancers worldwide. There is no ideal treatment 
for HCC yet and many researchers are trying to improve 
the effects of treatment by changing therapeutic 
strategies. As the majority of human cancers seem to 
exhibit either abnormal p53 gene or disrupted p53 gene 
activation pathways, intervention to restore wild-type p53 
(wt-p53) activities is an attractive anti-cancer therapy 
including HCC. Abnormalities of p53 are also considered 
a predisposition factor for hepatocarcinogenesis. p53 
is frequently mutated in HCC. Most HCCs have defects 
in the p53-mediated apoptotic pathway although they 
carry wt-p53. High expression of p53 in vivo  may exert 
therapeutic effects on HCC in two aspects: (1) High 
expression of exogenous p53 protein induces apoptosis 
of tumor cells by inhibiting proliferation of cells through 
several biologic pathways and (2) Exogenous p53 
renders HCC more sensitive to some chemotherapeutic 
agents. Several approaches have been designed for the 
treatment of HCC via  the p53 pathway by restoring the 
tumor suppression function from inactivation, rescuing 
the mutated p53 gene from instability, or delivering 
therapeutic exogenous p53. Products with p53 status 
as the target have been studied extensively in vitro  
and in vivo . This review elaborates some therapeutic 
mechanisms and advances in using recombinant human 
adenovirus p53 and oncolytic virus products for the 
treatment of HCC.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The concept of  human gene therapy[1,2] derives from 
fundamental discoveries[3,4] on the nature and working[5] 
of  the gene. Since the essential principles of  molecular 
genetics and gene transfer in bacteria were established in 
the 1960s, gene transfer into animals and humans using 
either viral vector and/or genetically modified cultured 
cells has become inevitable[6]. Since then, this concept has 
promoted thousands of  researchers to attempt to realize 
their long-cherished dreams of  eradicating some of  the 
obstinate human diseases. Broadly defined, the concept of  
gene therapy involves transfer of  genetic materials[6] into 
cells, tissues, or whole organs, with the goal of  eliminating 
diseases or at least improving the clinical condition of  
patients[7]. As a milestone of  gene therapy, the first approved 
clinical protocol started trials in September, 1990[8]. 
Gene therapy provides great opportunities for treating 
diseases due to genetic disorders, infections and cancer[9]. 
Hepatocellular carcinoma (HCC) is one of  the 10 most 
common cancers worldwide with its highest prevalence in 
Southeast Asia and sub-Saharan Africa[10]. Although great 
efforts have been made to overcome this cancer, no ideal 
treatment is available at present[11]. In recent years, many 
researchers are trying to improve the effects of  treatment 
by changing therapeutic strategies[12]. As the majority 
of  human cancers seem to exhibit either abnormal p53 
gene[13] or disrupted p53 gene activation pathways[14], 
intervention to restore wild-type p53 (wt-p53) activities 
is an attractive anti-cancer therapy[14,15]. This review 
elaborates some therapeutic mechanisms and advances in 
using recombinant human adenovirus p53[16] and oncolytic 
virus[17] products for the treatment of  HCC.

CARCINOGENESIS OF LIVER CELLS AND 
p53 GENE
Cancer predisposition, onset and therapeutic response 
can be critically determined by the integrity of  tumor 
suppressor p53[15]. Tumor suppressor protein p53 can 
protect cells from growth and division[18], thus mediating 
cell-cycle arrest[19], DNA repair[20] and apoptosis[13,14,19,21] 
after its activation by multiple forms of  cellular stresses[19].  
p53 mutations[22] in plasma DNA are associated with 
several cancers, and abnormalities of  p53 are also 
considered a predisposition factor for HCC (Table 1). 
Mutant p53 (mt-p53) may be a marker of  HCC carcinogen 
exposure[22]. For example, in af latoxin B1-exposed 
patients[23], R249S tumor protein p53[24], one of  the cancer-
associated mutants, encodes p53, and is considered a 
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genetic alteration during hepatocarcinogenesis[23]. Here 
R249S as a mutant of  p53 core domain, is a structural 
mutation[25], and constitutes one of  the “hot spots” 
associated with cancer.

There is evidence that the level of  p53 alterations is 
high in HCC, since it was reported that p53 increases the 
frequency of  HCC prediction from 79.5% to 86.3%[26], 
showing that serum concentration of  p53 protein may be 
a convenient and useful non-invasive screening test for 
prediction of  HCC. A study[27] showed that attenuated p53 
function and telomere-induced chromosomal instability 
play a critical and cooperative role in the progression of  
chronic liver damage to hepatocellular carcinoma. Loss 
of  p53 expression or presence of  abnormal forms of  
the protein is frequently associated with HCC cell lines. 
Bressac et al[28] studied the p53 gene at the DNA, RNA, 
and protein level in seven human HCC-derived cell lines, 
and found that six of  them show p53 abnormalities, 
suggesting that alterations in p53 may be important 
events in the transformation of  hepatocytes[29] into the 
malignant phenotype. p53 gene is frequently mutated in 
high-grade[30] HCC. Inactivation of  this multiple tumor 
suppressor gene plays an important role in the progression 
of  chronic liver damage to hepatocellular carcinoma by 
directly or indirectly inducing chromosome instability, 
cell proliferation and neovascularization[31]. Kondo et al[32] 
performed dual-color fluorescence in situ hybridization to 
evaluate loss of  the p53 gene, and revealed that loss of  the 
p53 gene occurs in HCC, and diversity of  the p53 gene 
aberration increases with the progression of  chronic liver 
damage to HCC.

Other factors for hepatocarcinogenesis are correlated 
with abnormal functioning of  p53, such as hepatitis B 
virus (HBV)[23,33] and hepatitis C virus (HCV)[34]. HBV 
gene encodes HBV protein x (HBx)[33], a protein as a 
transcriptional activator[35] and plays an important role 
in viral replication in HBV-infected cells. HBx as an 
oncoprotein[36], can bind to the C terminus of  p53 and 
inhibit several critical p53-mediated cellular processes, 
including DNA sequence-specific binding, transcriptional 
transactivation, and apoptosis[37]. HBx integration and 
inactivation of  p53 by mutations and regional allelic 
deletions are frequently found in tumors associated with 
HBV infection[38]. HBx up-regulates survivin[39] expression 
in hepatoma tissues. Survivin is an inhibitor of  apoptosis 
and found in many common human cancers but not in 

normal tissues. Survivin is suppressed by wt-p53 and 
over-expressed in 41%-70% of  HCCs from Asia, its 
over-expression is associated with aberrant p53 nuclear 
positivity[40].

In addition to its aberration, as p53 responds to a 
variety of  genotoxic[34] and cytotoxic[41] agents in the 
presence of  a potent inhibitor[42] of  p53, the liver’s ability 
to handle such toxic agents is influenced, thus inducing 
hepatocarcinogenesis. 

Anti-p53 antibodies (p53-Abs) are products triggered 
by accumulation of  a mutated form of  p53 protein 
and probably a large quantity of  wt-p53 protein[43]. As 
a specific serological marker for p53 gene expression 
changes in HCC, the presence of  p53-Abs is independent 
of  serum alpha fetoprotein and other conventional tumor 
markers[44]. It was reported that serum p53-Abs have a 
specificity of  100% for detecting malignancy[44], suggesting 
that its use in combination with markers may increase the 
diagnostic sensitivity of  cancer.

MECHANISMS OF p53 THERAPY FOR HCC
Restoration of  tumor suppression function of  p53 has 
been speculated in several clinical lines for the treatment 
of  HCC (Table 2).

p53 is frequently mutated in HCC[31]. Most HCCs have 
defects in the p53-mediated[37] apoptotic pathway although 
they carry wt-p53. Sometimes, p53 in HCC is wild-type 
but has inactive function[45]. Signal to and activation of  
p53 can lead to wt-p53 expression, thus suppressing the 
transformed phenotype of  hepatocytes and increasing the 
effects of  both chemotherapeutic agents and radiation 
therapy[46]. Repression of  p53 can be partial or complete[45] 
in HCC, and activation of  p53 can be achieved by single 
small molecules, such as the well known antimalaria drug 
quinacrine[45]. Supplying exogenous wt-p53 in cancer cells 
by gene delivery is effective in suppressing tumor growth 
of  both mutant and wild-type p53-containing tumors[14]. 
The murine double minute 2 gene (MDM2) is an oncogene 
and contains a p53-DNA binding site and produces a 
phosphoprotein that forms a tight complex with both 
mutant and wild-type p53 protein, thus inhibiting p53-
mediated transactivation and inducing p53 degradation[47]. 
There is a MDM2-p53 auto-regulatory feedback loop[48] 
that regulates the function of  p53 protein and expression 

Table 1  Abnormal p53 status detected in HCC with probable 
mechanisms

Endogenous status of p53 or its pathways Probable mechanisms 

Mutation of p53 gene Point mutation, allele deletion, 
insertion, etc. 

Loss of or decrease in wt-p53 expression Enhanced p53 degradation, 
complex formation

Hyperactivities of negative 
regulators of p53

No p53 mutation, over-
expressed negative regulators 
of p53 attenuate its function

Increased diversity of p53 aberration Progression of HCC
Presence of serum anti-p53 antibodies Over-expression of wt-p53, 

presence of mt-p53, or both 

Table 2  Approaches for restoring tumor suppression function 
of p53 in the treatment of HCC

Strategies Therapeutic effects

Chemotherapy or radiotherapy Inducing p53-dependent apoptosis in 
tumor cells with wt-p53

Supplying exogenous wt-p53 
by gene delivery

Suppressing growth of both mutant 
and wild-type p53-containing tumor cells 

Overexpression of ARF Blocking p53 degradation pathways to 
induce p53 triggered tumor cell death

Interruption of MDM2-p53 
interaction

Preventing MDM2-mediated p53 
ubiquitinationand degradation to 
restore transactivation

Molecules stabilizing the active 
conformation of the protein

Rescuing mt-p53 to restore p53 
function 
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of  the MDM2 gene. Expression of  the MDM2 gene can 
be regulated by the level of  wild-type p53 protein, while 
the MDM2 protein, in turn, can form a complex with p53 
and decrease its ability to act as a positive transcription 
factor at the MDM2 gene-responsive element. Several 
approaches have now been used to interrupt MDM2-p53 
interaction to increase functional p53 levels and p53-
mediated therapeutic effectiveness[49]. ADP-ribosylation 
factor (ARF) proteins are critical regulators of  the 
protein secreting pathway[50]. In a human HCC cell line[51], 
adenosine diphosphate (ADP) and adenosine triphosphate 
(ATP) are degraded to adenosine and treatment of  HCC 
cells with adenosine can inhibit growth of  HCC cells 
and activate caspase-3, indicating that adenosine is an 
apoptotic agent with cytotoxicity. ARF is considered a 
tumor suppressor[52], and can initiate cellular response to 
aberrant oncogene activation by binding to and inhibiting 
the activity of  MDM2. The human counterpart[53] of  
MDM2 (HDM2), like the murine protein, can inactivate 
the transactivation ability of  human p53. ARF and p53 
bind to MDM2 on different sites. ARF-p53 complex is 
formed depending on the mediation by MDM2 and can 
enhance p53 stability[54]. Blockage of  p53 degradation 
pathways either by over-expression of  ARF or interruption 
of  MDM2-p53 interaction can effectively induce p53- 
triggered tumor cell death[14].

High expression of  p53[55] in vivo may exert therapeutic 
effects on HCC in two aspects: (1) High expression of  
exogenous p53 protein induces apoptosis of  tumor cells 
by inhibiting proliferation of  cells through several biologic 
pathways and (2) exogenous p53 renders HCC more 
sensitive to some chemotherapeutic agents. 

In addition, p53 down-regulates the expression of  
genes involved in angiogenesis[56], by the angiogenesis-
inhibiting properties of  wt-p53 protein[13].

It is very difficult to treat HCC due to drug resistance. 
It is necessary to reverse multiple drug resistance to 
human HCC cells and to find out the related mechanisms. 
The expression and activity of  P-glycoprotein as well 
as the multiple drug resistance gene (MDR) products, 
are elevated in HCC cells with mt-p53[57]. Expression of  
mt-p53 enhances drug resistance to HCC cells and reduces 
their uptake of  chemotherapeutic agents. In contrast to the 
increased expression of  MDR by mt-p53, wt-p53 inhibits 
transcription of  MDR[58]. Therefore, restoration of  wt-p53 
activity in HCC cells leads to the sensitivity of  HCC cells 
to chemotherapeutic agents because of  the decreased 
expression of  P-glycoprotein encoded by MDR.

APPROACHES OF p53 THERAPY FOR HCC
Studies indicate that it is necessary to deliver therapeutic 
genes into cells with high specificity and efficiency in 
order to increase the effect of  gene therapy against 
cancer[5,7,9,11]. A key factor for the success of  gene therapy 
is the development of  delivery systems[5,7,9] that are 
capable of  efficiently transferring genes into a variety of  
tissues, without any associated pathogenic effects[7]. These 
techniques permit the isolation and insertion of  genes into 
the recombinant delivery systems[5]. Two kinds of  gene 

transfer vectors, namely viral and non-viral, are available at 
present.

Viruses are recognized natural gene carriers[5] and 
provide inspiration of  gene therapy. Viruses have been 
engineered as gene delivery vectors[59]. However, their 
limits such as selective disadvantage[60], immunogenicity 
and toxicity[61], inefficient gene transfer and short-lived[62] 
or inadequate expression in transfected liver cells[63], 
require us to search other delivery systems.

Non-viral vectors have several advantages over 
viral vectors[61]. The transferred gene is in the form of  
a plasmid[64] that is on the surface or in the interior of  
the vector. Such vectors include liposome[61], molecular 
conjugates[65], nanoparticles[66] with strong anti-tumor effect 
on human HCC, naked DNA[67] and complexed DNA[68]. 
Better transfection efficiency can be achieved with delivery 
systems such as cationic lipids and cationic polymers[63].

To date, tissue-specific expression[69], self-replicating[70] 
and integrating plasmid[71] systems have been reported 
for gene therapy of  HCC. Iodized oil emulsion[72] has a 
particular affinity to hypervascular hepatic tumors and 
is now commonly used in HCC chemoembolization, 
suggesting that it can be applied to the liver as a non-viral 
gene transfer system for intra-arterial gene delivery with 
selective gene expression in tumor cells. 

THERAPEUTIC PRODUCTS WITH p53 
STATUS AS TARGET 
Recombinant adenovirus p53 (rAd-p53) and oncolytic virus 
are the promising therapeutic products for the treatment 
of  HCC mostly applied in vitro and in vivo at present. With 
the introduction of  exogenous wt-p53 expressed by the 
recombinant adenoviral vector, the expression of  both p53 
and p21 proteins is found to be up-regulated in cells[55]. 
Inhibition of  cell growth and apoptosis can be achieved[55]. 
Oncolytic viruses[73,74] are a number of  defective viruses, 
which cannot replicate in normal cells but are able to grow 
in tumor cells, finally leading to their lysis.

The two kinds of  viruses and their characteristics were 
compared (Table 3).

Recombinant adenovirus p53 (rAd-p53)
Since human adenovirus vector systems have a lager host 
range and lower pathogenicity to humans[75], and the 
binding affinity for epithelium[76] is important because most 
of  human tumors are of  the epithelial origin, and serotype 
4 of  species E[77,78] shows a specific binding affinity for 
HCC cells[76], they are generally used for the expression 
of  proteins in human beings or other species with some 
advantages. The E1 region of  adenovirus has been 
identified as a subregion of  the viral genome present in 
transformed cells and is responsible for transformation[79]. 
Recombinant human adenoviruses constructed with 
the E1 region replaced by exogenous DNA become 
replication-defective and yield a relatively low degree of  
acute toxicity[80]. Since recombinant adenoviral vector 
expresses wt-p53 (Ad-p53), p53 gene can be transfected 
into HCC cell lines[55]. Experiments showed that tumor 
cells transduced with the wt-p53 gene can inhibit in vivo 

Guan YS et al . p53 for HCC                                                                                                                              987

www.wjgnet.com



tumor growth of  adjacent nontransduced cells, suggesting 
that Ad-p53 is also anti-angiogenic[81], partially by the 
bystander effect induced by the wt-p53 gene transfer on 
adjacent tumor cells.

Oncolytic viruses
As HCC cells with p53 defects have lost their cellular 
surveillance mechanisms, oncolytic viruses interfering with 
the main surveillance pathways such as those controlled by 
p53[73], could replicate selectively in them and cause lysis. 
E1A gene of  adenovirus is an apoptosis-inducing gene and 
E1B gene of  adenovirus is an apoptosis-inhibiting gene. 
The 55-kilodalton (55kDa) protein from the E1B-region 
of  adenovirus binds to and inactivates the p53 gene[82]. 
Because of  a deletion in E1B, the 55-kDa E1B protein 
is not expressed and the mutant adenovirus, termed 
ONYX-015[83], is able to replicate only in wt-p53 deficient 
cells. The E1B55K-defective adenovirus ONYX-015 is a 
prototype[73,82,83] of  oncolytic viruses and can selectively 
replicate in and kill p53-deficient HCC cells, the success of  
cancer gene therapy is not promising unless it is carefully 
designed based on the biology of  a specific[84] tumor 
type. To enhance the efficiency of  such oncolytic viruses, 
another E1B 55kDa-deficient adenovirus armed with a 
mouse endostatin gene has been constructed for anti-
tumor activities against HCC, and termed as CNHK200-
mE[85]. With the synergistic effect of  carrier virus and 
therapeutic gene, a novel approach has been established 
with the vector system termed as gene-viral vector[86] or 
gene-viral therapeutic system wherein an anti-tumor gene 
is inserted into the genome of  a replicative virus specific 
for tumor cells to combine the advantages of  gene and 
virus therapies. Using the human telomerase reverse 
transcriptase (hTERT) promoter to drive the expression 
of  adenovirus E1A gene and clone the therapeutic gene 
mouse endostatin into the adenovirus genome, CNHK300-
murine endostatin (CNHK300-mE)[87] is constructed, 
showing potential effects in the treatment of  HCC. 

EMPIRICAL STUDIES OF p53 THERAPY 
FOR HCC
Activation of  p53 by either chemotherapy or radiotherapy 
induces p53-dependent apoptosis in tumor cells with 
wt-p53[14].

In the treatment of  HCC, p53 products are injected 
into liver tissue by a variety of  routes[55,72,82,88-92]. When p53 
products are injected intratumorally[55,88,89], introduction of  
exogenous wt-p53 can inhibit cell growth, the expression 

of  both p53 and p21 proteins is up-regulated in tumor 
cells. Intraarterial gene delivery into animal hepatic tumors 
can lead to selective gene expression in tumor cells[72]. 
Antegrade intraportal and retrograde intrabiliary routes 
are compared, induce transgene expression in periportal 
areas of  liver with no significant difference in transduction 
efficacy, and no apparent complications are observed 
apart from very mild elevation of  serum biochemical 
parameters[90]. The effect of  bile and pancreatic juice 
on gene delivery has been studied under the guide 
of  endoscopic retrograde cholangiopancreatography 
(ERCP)[92], showing that neither bile nor pancreatic juice 
affects transgene expression. Intrasplenic injection of  
p53 products can transfer gene into the portal venous 
circulation. When p53 products are injected intravenously, 
barriers such as the endothelial lining of  tumor vasculature 
impair the efficiency of  adenoviral vectors for gene 
delivery into HCCs[65,82], which can be overcome by direct 
injection of  p53 products into tumor tissues[89]. Other gene 
delivery routes have also been reported[91].

High-volume hydrodynamic injection of  a gene via the 
hepatic artery with inferior vena cava/portal vein occlusion 
can achieve a high level of  gene expression in HCC rat 
model[67]. This gene transfer technique may have potential 
in clinical gene therapy for HCC. Oncolytic adenovirus-
mediated gene therapy induces tumor-cell apoptosis and 
reduces tumor angiogenesis, leading to inhibition of  
HCC growth in animal model[88]. Because CNHK200-
mE is capable of  selectively replicating in HCC cells, thus 
suppressing tumor growth and antiangiogenic activity in 
nude mice[85], it can be used as a potential agent in the 
treatment of  HCC.

CLINICAL RESEARCHES OF p53 THERAPY 
FOR HCC
After in vitro and in vivo experiments, different adenovirus-
mediated p53 gene therapies for various tumors have 
been evaluated[46]. It was reported that when recombinant 
adenovirus p53 (SCH 58500) is administered by hepatic 
arterial infusion, and it distributes more predominantly in 
liver tissues than in tumors[93].

Intratumoural injection of  Ad-p53 can lead to over-
expression of  p53 in cancer cells by inducing cell growth 
arrest and apoptosis, and overcome resistance or increase 
the effectiveness of  radiation therapy and chemotherapy[94].

Hepatic artery embolization for the treatment of  HCC 
was first reported in 1979[95]. Since the 1980s, transcatheter 
arterial chemo-embolization (TACE) has been applied 
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Table 3  Comparison of several characteristics of rAd-p53 with oncolytic virus products

Products Characteristics

rAd-p53  p53 gene is transfected into HCC cells with recombinant adenoviral vector expressing wt-p53
    Advexin Larger host range, low pathogenicity to human, replication-impaired adenoviral vector carrying the p53 gene
    Gendicine The first commercial gene therapy product in the world approved by SFDA 
    SCH58500 Replication-deficient type 5 adenovirus vector expressing human wt-p53 under control of cytomegalovirus promoter
Oncolytic viruses Incapable of replicating in normal cells but selectively replicating in p53-defective tumor cells to lyse them 
    ONYX-015 Tumor-selective replicating virus, the prototype for oncolytic adenoviral therapy 
    CNHK300-mE Replication-competent with advantages of both gene and virus therapies



to var ious HCCs apar t from those with humoral 
hypercalcemia[96]. TACE as a local ablative treatment is 
able to control local disease and prolong a similar survival 
to that of  surgical resection[11]. However, the recurrence 
of  HCC after successful control of  local tumor spread 
is high due to the non-curative procedure. In contrast to 
necrosis resulting from TACE, apoptosis is not commonly 
accompanied with inflammation that causes collateral cell 
damage, suggesting that the effects of  intra-tumoral or 
intraarterial injection of  p53 products in combination with 
TACE, on tumor tissue ischemia and necrosis, may be 
synergic and can improve survival. 

In addition, inhibitors of  p53-mediated apoptosis 
might be used to transiently decrease apoptosis in normal 
tissues when patients receive high doses of  radiation or 
chemotherapy[97]. Emulsion of  iodized oil and contrast 
medium can be used as a nonviral gene transfer system for 
intraarterial gene delivery[72].

CHALLENGES AND PROSPECTS
p53 is an ideal target for anti-cancer drug design[14]. 
Blockage of  p53 degradation pathways can effectively 
induce p53 triggered tumor cell death[14]. Since unlike most 
other tumor suppressor genes, mt-p53 is over-expressed 
in tumor cells, a promising approach involving reactivation 
of  tumor-suppressing function to mt-p53[21,25]. Further 
understanding of  the mechanisms of  how to restore p53 
activity, may lead to discovery of  more potent analogs and 
new strategies[11,73,91] for p53-targeting in tumor therapy.

More genes previously unknown have been identified 
that are involved in the regulation of  p53 transcriptional 
activity and their over-expression inhibits p53 target 
promoters and p53-mediated apoptosis, suggesting that 
these genes play a role as p53 inhibitors and may have 
oncogenic activity[98]. 

As hepatocarcinogenesis is a multistage process 
involving a number of  genes[99,100], attention should be 
paid to the target genes whose altered expression actually 
mediates neoplastic phenotype. There is an urgent need to 
establish simple and low-cost tests for detecting expression 
of  p53-related genes in HCC[99,100] that are hallmarks of  
HCC development. Continuous monitoring of  serum p53 
protein is important in early detection of  recurrence of  
HCC, and immunodetection of  serum p53 is valuable[101] 
for post-operative monitoring during follow-up in 
preoperatively positive patients.

Nevertheless, about 40% of  cancers retain wt-p53, and 
there may be mutations of  other genes in cells with p53 
mutations. Therefore, the mechanisms of  p53 in HCC 
therapies should be further studied. 

It was reported that hepatic arterial administration of  
p53 products cannot substantially increase transduction 
of  tumor cells, and ligation of  the hepatic artery following 
infusion of  adenovirus or addition of  lipiodol infusion 
has no effect on the transduction of  tumor cells[102],  
suggesting that better administration approaches must be 
developed for more efficient transduction of  tumor cells.

Safety and research ethics must be emphasized. Human 
gene therapy can lead to serious adverse effects and even 
death[103]. In a gene therapy experiment in 1999[104], death 

of  Jesse Gelsinger was found to be directly linked to the 
viral vector used for the treatment. This tragic event has 
raised new questions about the prospects for human gene 
therapy, which not only achieves a therapeutic effect but 
also has potential adverse effects.

Another task at present is to find out the key points 
of  tumor resistance to rAd-p53[105-108]. Since exogenous 
wt-p53 was introduced, inhibition of  tumor growth has 
become unnecessary for human cancer cells carrying 
mt-p53[105]. In some cancer cells, wt-p53 is inactivated 
by different mechanisms. Since the presence of  mt-p53 
may induce genome instability of  human cancer cells and 
mutator ability, they can escape the effects of  exogenous 
wt-p53 and contribute to the failure of  wt-p53 gene 
therapy. On the contrary, exogenous wt-p53 in other 
cancers can have effects only on those expressing wt-p53. 
For example, alterations of  p53 gene are uncommon in 
differentiated thyroid neoplasm but can be frequently 
detected in anaplastic thyroid carcinoma[107], suggesting 
that impaired p53 function may contribute to the 
undifferentiated and highly aggressive phenotype of  these 
tumors. It was reported that exogenous expression of  
wt-p53 has influence on thyroid tumorigenic properties 
only in cells bearing altered p53, whereas it has no effect 
on cells expressing wt-p53 activity[106], indicating that 
the endogenous p53 status seems to be essential for 
the effectiveness of  p53-based gene therapy for some 
cancers. Another study[108] evaluated the therapeutic 
effects of  truncated Bid gene (tBid) on p53-resistent 
HCC and demonstrated that this gene only targets AFP-
producing cells but not non-AFP producing ones[109]. The 
introduction of  tBid can not only significantly but also 
specifically kill HCC cells that produce AFP, indicating that 
death of  HCC cells is induced by an apoptotic pathway 
independent of  p53 status[108].

CONCLUSION
p53 is an ideal target for the design of  anti-cancer 
therapeutic strategies. p53 is frequently mutated in a 
significant portion of  HCCs, and can mediate defective 
apoptotic pathways in HCC carrying wild type of  
p53. Several approaches have been designed for the 
treatment of  HCC via the p53 pathway by restoring 
tumor suppression function from inactivation, rescuing 
mutated p53 gene from instability, or delivering therapeutic 
exogenous p53. Products with p53 status as the target have 
been studied extensively in vitro and in vivo. Although their 
therapeutic effects are limited, further study is needed to 
elucidate the mechanisms of  p53 in HCC therapies, the 
role of  endogenous p53 status, novel genes involved in the 
regulation of  p53 transcriptional activity, the establishment 
of  simple and low-cost tests for detecting expression 
of  p53-related genes in HCC, better administration 
approaches of  exogenous p53, safety and research ethics, 
and the key points of  resistance to rAd-p53 in HCC. 

COMMENTS
Background
Hepatocellular carcinoma (HCC) is one of the 10 most common cancers 
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worldwide. There are no ideal therapies for advanced HCC so far, and many 
researchers are trying to improve the effects of treatment by changing therapeutic 
strategies including application of gene therapy.

Research frontiers
About 50% of human cancers are associated with mutations in the core domain of 
tumor suppressor p53, thus p53 is regarded as the most frequently mutated gene. 
It is an attractive approach to the treatment of HCC by restoring wild type p53 
activity.

Innovations and breakthroughs
Several approaches have been designed for the treatment of HCC via the p53 
pathway by restoring tumor suppression function from inactivation, rescuing 
the mutated p53 gene from instability, or delivering therapeutic exogenous p53. 
Products with p53 status as the target have been studied extensively in vitro and 
in vivo.

Applications 
p53 pathway can be used as a target in the treatment of HCC.

Terminology
Gene Therapy: The treatment of certain disorders, especially those caused by 
genetic anomalies or deficiencies, by introducing specifically engineered genes 
into patient cells. p53 gene: It is a tumor suppressor gene providing instructions 
for making a protein called tumor protein 53 (TP53). Through the effect of the 
protein it produces, TP53 is a tumor suppressor gene regulating the cycle of cell 
division by protecting cells from growing and dividing too fast or in an uncontrolled 
way. The p53 protein is located in the nuclei of cells throughout the body and can 
bind directly to DNA. When the DNA in cells becomes damaged, this protein plays 
a critical role in determining whether the DNA is repaired or the cells undergo 
programmed cell death (apoptosis). If the DNA can be repaired, p53 activates 
other genes to repair the damage. If the DNA cannot be repaired, the p53 tumor 
protein protects cells from dividing and signals it to undergo apoptosis. This 
process protects cells with mutated or damaged DNA from dividing, which helps 
prevent the development of tumors. Because the p53 tumor protein is essential 
for regulating cell division, it has been nicknamed the “guardian of the genome. 
Vector: Any device of transportation or movement. In this article, it denotes “a 
virus used to deliver genetic material into cells” or “a piece of DNA carrying DNA 
fragments into host cells”.

Peer review
This review elaborates some therapeutic mechanisms and advances in using 
recombinant human adenovirus p53 and oncolytic virus products in the treatment 
of HCC. This review is helpful for many readers. The prospects should be 
expanded.
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Abstract
Metallothioneins (MTs) were discovered in 1957 by 
Margoshes and Vallee and identified as low-molecular 
weight and sulphydryl rich proteins. It is not surprising 
that most mammalian tissues contain age related basal 
levels of MTs since they are involved in metalloregulatory 
processes that include cell growth and multiplication. 
In an effort to understand the biology of this intriguing 
tumor, various biomarkers such as oncogenes, p53 
tumor suppressor gene, waf 1 protein, proliferating 
cell nuclear antigen, telomerase, microsatellite markers 
and cytogenetic changes have been examined. One 
biomarker which has recently shown to be expressed in 
various human tumors but still less reported in carcinoma 
is MT. Immunohistochemical detection of MT proteins 
in cold acetone-fixed paraffin embedded liver sections 
was performed by the streptavidin-avidin-biotin immuno-
peroxidase complex method.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Metallothioneins (MTs) were discovered in 1957 by 
Margoshes and Vallee and identified as low-molecular 
weight sulphydryl rich proteins. Due to their high metal 
content and unusual bioinorganic structure, they are 

distinguished as metalloproteins. It is not surprising that 
most mammalian tissues contain age related basal levels of  
MTs since they are involved in metalloregulatory processes 
that include cell growth and multiplication. The presence 
of  high levels of  MTs in developing mammalian cells is 
well documented and it has been suggested that the MT-
expressed protein is similar to onco-developmental gene 
products such as alpha-fetoprotein[1]. 

Classification of MTs
MT is a small protein with a high affinity for divalent 
heavy metal ions. MTs are a family of  Mr 6000 proteins 
comprised of  MT-Ⅰ, MT-Ⅱ, MT-Ⅲ and MT-Ⅳ classes 
with multiple isoforms within each class. MT-Ⅰ and MT-
Ⅱ are ubiquitously expressed and are stress inducible. 
MT-Ⅰ isoform inducibility is reported to depend on the 
embryonic germ layer from which a tumor is derived[2].

MTs are a group of  ubiquitous low molecular mass 
cysteine-rich intracellular metal binding proteins. In 
human, MTs are encoded by a family of  genes consisting 
of  10 functional MT isoforms and the encoded proteins 
are conventionally subdivided into four groups: MT-1, 
MT-2, MT-3 and MT-4 proteins. While a single MT-2A 
gene encodes MT-2 protein, MT-1 protein comprises many 
subtypes encoded by a set of  MT-1 genes (MT-1A, MT-1B, 
MT-1E, MT-1F, MT-1G, MT-1H and MT-1X), accounting 
for the micro-heterogeneity of  the MT-1 protein. Different 
MT genes in humans possibly play different functional 
roles during development or under various physiological 
conditions[3,4].

The known functions of  MTs include metalloregulatory 
roles in cell growth and differentiation, and enhanced 
synthesis of  MTs in rapidly proliferating tissues suggests 
its crucial role in normal and neoplastic cell growth[5]. 

Characteristics of MTs
These intracellular proteins are characterized by their 
unusual high cysteine content (30%) and lack of  aromatic 
amino acids. Because of  their rich thiol content, MTs bind 
a number of  trace metals including cadmium, mercury, 
platinum and silver, and also protect cells and tissues 
against heavy metal toxicity. Additionally MTs are among 
the most abundant intracellular aspects for biologically 
essential metals, zinc and copper. MT metal-thiolate 
fractions being dynamic and of  high affinity also facilitate 
metal exchange in tissues[6]. 

They are present in a great variety of  eukaryotes[3], 
functioning as anti-oxidants; they also play a protective role 
against hydroxyl free radicals. This is relevant in tumors 
(nasopharyngeal carcinoma) which are known to be 
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markedly radio-sensitive, where radiotherapy (which kills 
cells via free-radical-induced apoptosis) is the treatment of  
choice[7]. 

MT AS TUMOR MARKER
Alteration in MT function due to carcinogenesis
Development of  carcinogenesis is a dynamic process in 
which irregulation of  gene function occurs. Time is crucial 
in this process. During a latency period of  several years 
or even decades, the genetic material of  cells is subject to 
multiple ‘hits’ by damaged substances, carcinogens, etc. 
Accumulation of  damage leads to altered gene function 
and colonal expansion of  mutated cells. However, most of  
these early lesions never develop into more aggressive and 
invasive states, but disappear spontaneously. This feature 
of  carcinogenesis does not solely influence the initial 
phase of  this process but actively intervenes and changes 
the course of  the disease[5].

Protective functions of MT
MTs have a high binding affinity to bivalent metal ions. 
A number of  studies have demonstrated the presence or 
enhanced synthesis of  MT in rapidly proliferating normal 
cells, regenerating cells and cancer cells. The studies 
have suggested a relationship between high expression 
of  MT protein and aggressive neoplastic cell growth. 
Due to their nucleophilicity, MTs have been shown to 
protect cells against the cytotoxic effects of  electrophilic 
anticancer drugs. However, protection of  cells by MT 
from the cytotoxic effect of  agents such as 1-β-D-
arabinofuranosyl cytosine and nuclear factor DF-α must 
involve mechanisms other than simple covalent binding[8].

Relation between MT and apoptosis
Recent reports of  various studies have shown that the 
enhanced expression of  MT in cells induces the anti-
apoptotic effects and a lack of  MT in MT null cells 
increases the susceptibility to apoptic cell death after 
exposure to certain anticancer drugs. The down-regulation 
of  MT in MCF-7 cells within 18-mer antisense has 
not only shown inhibition in growth but also initiated 
apoptosis[8].

MTs INVOLVED IN PATHOPHYSIOLOGICAL 
PROCESSES IN HUMAN
Role of MT in detoxification
MTs play a homeostatic role in the control and detoxification 
of  the heavy metals; several evidences indicate that MT 
has the capacity to scavenge reactive oxygen metabolite 
(ROM), particularly the hydroxyl radical. These substances 
which are produced continuously during normal aerobic 
metabolism may become noxious in situations of  imbalance 
with endogenous antioxidants and then can induce DNA 
damage, lipid peroxidation, enzyme oxidation, etc., leading 
to cellular destruction, chromosomal aberrations and 
finally to cancer. Paradoxically, by anticancer treatment 
such as radiotherapy, chemotherapy and photodynamic 
therapy, tumor cells are killed by generating toxic amounts 

of  ROM[2].
MT was considered as a potential prognostic marker in 

invasive ductal carcinoma of  the breast[9], skin[10], cervix[11] 
and pancreas[12]. Irregular cell growth, due to increased 
cell proliferation or failure of  cells to undergo apoptosis is 
recognized as a major contributory factor to the malignant 
process.

Dual functions of MT
MTs appear to perform dual functions of  influencing 
the growth and survival of  tumor cells as they are 
known to have metallo-regulatory functions in cellular 
repair processes, growth and differentiation and to 
play a protective role in oxidative stress by scavenging 
free radicals, thus protecting the cell against apoptosis 
induced by oxidative stress. MT can be induced by a 
number of  endogenous and exogenous stimuli including 
glucocorticoids, interferon, interleukin-1, progesterone, 
vitamin D3 endotoxins, serum factors, and heavy metals, 
storage of  metal ions and regulation of  cellular zinc[1].

MT and its response to anti-cancer drugs
The association of  MT expression with spontaneous 
mutagenesis response to anti-cancer drugs and tumor 
progression has emerged in recent years. This has been 
more significant in the later stage, with reliable methods 
for detecting the two isoforms of  MT-Ⅰ and MT-Ⅱ 
by immunohistochemistry in archival tissues. MT over 
expression has been associated with more malignant 
and higher grade tumors in some cancers and with more 
differentiated lower grade tumors in others[6]. 

Over expression of MT
The in vitro studies suggest that MT over expression 
in ovarian cancer may induce chemo-resistance. It has 
been proposed that the sequestration of  drugs or their 
metabolites may prevent the reaction of  these compounds 
with the respective intracellular target, thus decreasing the 
efficacy of  certain anti-cancer drugs. 

Recurrence of  drug resistant ovarian tumors that 
initially appear to respond well to chemotherapy may be 
explained by over expression of  drug resistance proteins 
such as MT. 

Another opinion of  the same investigators is that 
growth factor signals might activate transcription factors 
that control the expression of  drug-resistant enzymes 
and proteins. However, two independent groups of  
investigators were unable to find a direct causal relationship 
between MT expression and chemo-resistance[1]. 

Genotoxic and non-genotoxic effects
Humans are exposed to mixtures of  genotoxic and 
non-genotoxic environmental chemicals that may be 
linked to cancer. Robust biomarkers of  somatic stem 
cell mutation and mutant clonal expansion may provide 
cancer surrogates that are useful for risk assessment.  
Acquired mutation of  a selectable endogenous reporter 
gene like glucose-6-phosphate dehydrogenase (G6PD) 
within a colonic crypt stem cell induces a crypt-restricted 
phenotype change.
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Stem cell mutation
Stable crypt-restricted immunopositivity for MT is a 
recently described stem cell mutation marker for mouse 
colon that can be assayed in paraffin-fixed tissue sections 
and has been validated against the G6PD assay. MT-
immunopositive crypt frequency has shown a dose 
response to three different chemical mutagens that further 
confirmed the evidence that it is a somatic mutation 
marker[13].

Low levels of MTs and their susceptibility
Accumulating evidence indicates that cells with low levels 
of  intracellular MT are more susceptible to DNA damage 
and apoptotic death after exposure to stress stimuli 
including oxidative stress, whereas prior induction of  MT 
appears to confer protection. The findings of  changes 
in unicellular localization of  MT from cytoplasm to the 
nucleus during early differention of  myoblasts coincide 
with increased apoptosis of  newly formed myotubes[14]. 

Markers of carcinogenesis
The basal expression of  MT in normal cells has generally 
been associated with heavy metal detoxif icat ion, 
intracellular trace elements storage and scavenging of  free 
radicals. Authors Tridip and Thirumoorthy studied the 
roles of  alterations of  hepatic levels of  trace elements 
and significance of  the expression of  MT and Ki-67 
proteins as important markers of  carcinogenesis in the 
development of  pre-malignant phenotype and the reported 
dose (0.5 ppm) of  vanadium in suppressing 2-AAF-
induced carcinogenicity. Several reports are available to 
show that, over expression and up-regulation of  MT 
and Ki-67 proteins are associated with the carcinogenic 
processes. But the reports documenting the anti-neoplastic 
potential of  chemo-preventive agents in modulating these 
indicts are meager.

It was reported that the chemo-preventive potential 
of  vanadium is suppressing in MT and Ki-67 expression 
in preneoplastic rat liver. The role of  vanadium on p53 
expression and induction of  apoptosis in a defined rat 
model of  experimental hepato-carcinogenesis has also 
been brought into focus[15].

MT as anti-oxidants
MTs can function as antioxidants. It has been suggested 
that intracellular oxidants may play a role in anticancer 
drug mediated programmed cell death and it was observed 
that MT expression can be regulated by ambient oxygen 
levels. This has led to speculation that MT may be an 
inducible anti-apoptotic gene product[6]. 

Proteins like MT may play an important role in 
carcinogenesis, including tumor cell pathology and 
drug resistance. It was shown that colorectal and gastric 
carcinogenesis was associated with a significant increase in 
the level of  manganese (Mn-SOD) containing superoxide 
dismutase, an antioxidant enzyme that detoxif ies 
superoxide to hydrogen peroxide[2].

Factors influencing synthesis of MT
The synthesis of  MT is regulated by polymorphic genes 

and induced by many factors such as metals, hormones, 
cytokinen, drugs and physical and oxidative stresses. 
Tumor MT levels have also been reported to correlate with 
resistance to anticancer reagent[16].

MT regulates intracellular concentration of  zinc 
and other metal ions. MT over expression can influence 
transcription, replication and protein synthesis, and might 
explain why MT over expression is associated with high-
grade tumors, including carcinomas of  the head and neck[17].

IMMUNOSTAINING OF MT
Positive control 
Immunohistochemical detection of  MT protein in cold 
acetone-fixed paraffin embedded liver sections was 
performed by the streptavidin-avidin-biotin-immuno 
peroxidase complex method (Jin et al, 2002). Briefly, 
5 μm thin sections on poly-L-lysine coated slides were 
deparaffinized and rehydrated.  Endogenous peroxidase 
activity was blocked with 1% H2O2 in 0.1 mol/L Tris-NaCl 
(pH 7.6) for 30 min. After incubation with 5% normal goat 
serum for 1 h at 37℃, sections were incubated overnight 
at 40C with the primary antibody rabbit anti-rat MT-1 in 
1% BSA using 1:50 dilution. Sections were then incubated 
with a bio-tinylated secondary antibody goat anti-rabbit 
IgG (Sigma) for 30 min at 37℃ with 1:200 dilutions.

This was followed by incubation with streptavidin 
peroxidase (1:100) for 1 h and subsequent chromogen 
development with 0.5% of  3, 3′-diamino benzedrine tetra 
hydrochloride (DAB) and 0.33% H2O2 in 0.5 mol/L Tris-
NaCl as substrate. The sections were then counterstained 
with Harris haematoxylin (H&E), then dehydrated, 
mounted and served as positive control.

Negative control
Negative control was prepared following the above steps 
but by omitting the primary antibody. MT immuno-
staining was considered positive when the nuclei and 
cytoplasm of  the hepatocytes were stained prominently 
(purplish brown/reddish brown). MT immunoreactivity 
was expressed as percentage of  immuno-positive cells. A 
total of  10 high power fields were randomly chosen. The 
numbers of  positive cells were determined in relation to 
the total number of  cells in the field[15]. 
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INTRODUCTION
Worldwide, esophageal cancer is one of  the ten most 
common cancers[1] with an overall 5-year survival rate 
of  3%-10%[2]. Although the entity of  adenocarcinoma 
is rising[3], the majority of  carcinomas of  the esophagus 
are squamous-cell carcinoma (SCC)[1]. Results of  several 
epidemiological studies indicate that hot beverage, alcohol 
and tobacco are key risk factors for the development of  
carcinoma in the esophagus[1,4]. However, despite intense 
research[5], the role of  xenobiotica-metabolizing enzymes 
in the development of  esophageal SCC is not fully 
understood due to the lack of  successful pharmacological 
therapies.

Cytochrome P450 (CYP) is a multi-gene superfamily 
of  heme-containing enzymes catalyzing the oxidative 
metabolism of  many compounds[6]. CYP families 1, 2, 
and 3, which are the main CYP families participating 
in the metabolism of  xenobiotics, are highly expressed 
within the liver. However, several CYPs have been shown 
to be also expressed in extrahepatic tissues such as the 
esophagus[7]. CYPs not only function in the detoxification 
but may also be involved in the activation of  potential 
(pro-) carcinogens. The alimentary tract is exposed to a 
large variety of  compounds, including potential (pro-) 
carcinogens. Indeed, it has been proposed that extrahepatic 
tissue might play an important role in the CYP-mediated 
metabolism of  xenobiotic compounds and therefore 
might affect the susceptibility of  certain organs to the 
development of  malignancies. However, knowledge on 
regulation and localization of  CYPs outside the liver (i.e., 
the esophagus) is limited and should be clarified. 

CYPs may p lay a cr i t i ca l ro le not only in the 
development of  SCC in the esophagus but also in the 
treatment of  SCC. Therefore, the aim of  the present 
study was to determine mRNA expression and protein 
concentrations of  representative CYPs (e.g., CYP2C, 
CYP2E1, CYP3A4, and CYP3A5) in macroscopically 
normal esophageal tissue of  patients with untreated 
SCC and in disease-free controls. Furthermore, as the 
expression of  CYPs may be altered throughout the 
development of  carcinoma, levels of  CYPs were also 
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Abstract
AIM: To investigate the role of cytochrome P450 (CYP) 
in the carcinogenesis of squamous-cell carcinoma (SCC) 
in human esophagus by determining expression patterns 
and protein levels of representative CYPs in esophageal 
tissue of patients with SCC and controls. 

METHODS: mRNA expression of CYP2E1, CYP2C, 
CYP3A4, and CYP3A5 was determined using RT-PCR 
in both normal and malignant esophageal tissues of 
patients with untreated esophageal SCC (n  = 21) and 
in controls (n  = 10). Protein levels of CYP2E1, CYP2C8, 
CYP3A4, and CYP3A5 were measured by Western blot. 

RESULTS: Within the group of SCC patients, mRNA 
expression of CYP 3A4 and CYP2C was significantly 
lower in malignant tissue (-39% and -74%, respectively, 
P  < 0.05) than in normal tissue. Similar results were 
found in CYP3A4 protein levels. Between groups, 
CYP3A4, CYP3A5, and CYP2C8 protein concentration 
was significantly higher in non-malignant tissue of SCC 
patients (4.8-, 2.9-, and 1.9-fold elevation, P  < 0.05) 
than in controls. In contrast, CYP2E1 protein levels 
were significantly higher in controls than in SCC patients 
(+46%, P  < 0.05).

CONCLUSION: Significant differences exist in protein 
levels of certain CYPs in non-malignant esophageal tissue 
(e.g. CYP2C8, CYP3A4, CYP3A5, and CYP2E1) between 
SCC patients and healthy subjects and may contribute to 
the development of SCC in the esophagus.

© 2007 The WJG Press. All rights reserved.
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measured in SCC and compared to those determined in 
macroscopically normal neighboring esophageal tissue of  
the same patients.

MATERIALS AND METHODS
Subjects and tissue specimens
The study was approved by the Ethics Committee of  the 
Medical Clinic of  the University of  Cologne, Germany. 
Informed consent was obtained from all subjects included 
in the study. All subjects underwent endoscopy for medical 
screening. Of  the 31 subjects enrolled, 21 had an untreated 
SCC of  the esophagus. Ten subjects with a negative 
diagnosis of  SCC in the esophagus or malignancies in the 
gastrointestinal tract and no history of  esophageal SCC 
or other malignancies served as controls. Only subjects 
without medication known to affect expression of  the 
investigated CYPs were included in the current study. All 
study participants completed a questionnaire concerning 
smoking and anthropometrical parameters (Table 1). Using 
a standard pinch forceps, two biopsies were obtained from 
macroscopically normal esophageal tissue of  controls 
and patients with SCC. Furthermore, in SCC subjects two 
biopsies were taken from carcinoma. Biopsies were placed 
immediately in liquid nitrogen, and stored at -80℃ until 
analysis. Histopathological analysis of  SCC was performed 
by an experienced pathologist. Tumor staging was based 
on differentiation and varied from poorly differentiated 
(G1: n = 2, G1-2: n = 2), moderately differentiated (G2: 
n = 8, G2-3: n = 4) to well differentiated (G3: n = 5). In 
controls, the absence of  SCC, inflammation, and any other 
pathological changes of  the esophagus were confirmed 
endoscopically by an experienced physician. 

Isolation of total RNA-protein
Both total RNA and protein were isolated using Trizol 
reagent following the instructions of  the manufacturer 
(Invitrogene, Gaithersburg, MD, USA). Briefly, tissue was 
homogenized in Trizol reagent, chloroform was added 
and phases were separated into RNA and protein phases. 
RNA was precipitated using isopropanol, washed with 
ethanol and resuspended in RNAase-free water. Protein 
was precipitated using isopropanol and washed three 
times in 0.3 mol/L guanidin hydrochlorid in 95% ethanol 
solution. The protein pellet was dried, resuspended and the 
concentration of  protein in each sample was determined 
using a commercially available Bradford assay (BioRad, 
Munich, Germany).

Reverse transcription and PCR
Using a first-strand cDNA synthesis kit (Invitrogen, 
Gaithersburg, MD, USA) cDNA was synthesized 
from 200 ng of  total RNA. For the amplif ication 
of  CYPs the following primer sequences were used: 
CYP2C8-19, detecting CYP2C isoformes 8 to 19: 
sense GCTAAAGTCCAGGAAGAGATTGA and 
antisense TCCTGCTGAGAAAGGCATGAAGT[8]; 
CYP2E1: sense AGCACAACTCTGAGATATGG and 
antisense ATAGTCACTGTACTTGAACT[8]; CYP3A4: 

sense CCAAGCTATGCTCTTCACCG and antisense 
TCAGGCTCCACTTACGGTGC[9]; CYP3A5: sense 
TGTCCAGCAGAAACTGCAAA and antisense TT-
GAAGAAGTCCTTGCGTGTC [9] . The PCR reaction 
mixture consisted of  0.6 μL of  cDNA, 10 × PCR buffer, 
200 μmol/L dNTPs (Boehringer, Mannheim, Germany), 
BSA (0.25 mg/mL), DMSO (2% v/v), 0.5 μmol/LM of  
specific primer and 0.5 U Taq-polymerase (Promega, Mad-
ison, WI, USA), and water to a final volume of  10 μL. For 
amplification of  the four cytochrome P450 cDNAs, PCR-
conditions were as follows: at 94℃ for 3 s,  at 45°C for 3 s, 
at 72℃ for 30 s, for 32 cycles. Amplification of  histone 3.3 
(primer sequences: sense CGTGCTAGCTGGATGTCTT 
and antisense CCACTGAACTTCTGATTCGC[10]) was 
performed applying the following conditions: at 94℃ for 
3 s, at 45℃ for 3 s, and at 72℃ for 30 s, for 30 cycles. All 
measurements were carried out at least in duplicate in a 
rapid cycler (Idaho Tec., USA) within the linear range of  
the reaction. PCR products were separated in a 1.5% aga-
rose gel, stained with ethidium bromide and photographed 
using a digital camera from Biometra (Goettingen, Ger-
many). To ensure the success of  PCR, human liver cDNA 
was used as a positive control. RT-PCR analysis was per-
formed in triplicate, whenever possible. However, in case 
of  a reduced mRNA availability, measurements were con-
ducted in duplicate.

Immunoblot analysis
Antibodies used for the detection of  CYP2E1 and 
CYP3A4 were a generous gift of  Dr. M. Ingelman-
Sundberg, Karolinska Institute, Stockholm, Sweden. 
Primary antibodies for the measurements of  CYP2C8 and 
CYP3A5 were purchased from Chemicon, Inc. (Frankfurt, 
Germany). 

On each blot, protein extracted from human liver was 
used as standard. Twenty to 30 μg of  total protein and 
serial dilutions of  standard protein (12.5, 25, and 50 μg) 
were separated by sodium dodecylsulphate-polyacryamide 
gel electrophoresis (SDS-PAGE) and transferred to 
nitrocellulose membranes. After blocked in 5% non-
fat milk in Tris-buffered saline-Tween 20 (TBST, 0.01% 
v/v Tween 20), membranes were probed with dilutions 
of  primary antibodies in TBS, followed by an incubation 
with the secondary antibody. The protein/antibody 
complex was visualized by enhanced chemiluminescence 
(SuperSignal® West Dura, Pierce, KTM, Bad Godesberg, 

Table 1  Characteristics of untreated esophageal SCC patients 
and controls (mean  ± SE)

Parameter Patients Controls P

n 21 10
Age 56.7 ± 1.9 51.1 ± 3.5   0.118
Sex (Female/Male) 7/14 5/5   0.425
BMI 23.8 ± 1.4 25.1 ± 0.6   0.370
Cigarette usage (Yes/No) 10/11 3/7   0.242

BMI: body mass index.

998      ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol       February 21, 2007      Volume 13      Number 7

www.wjgnet.com



Germany). Densitometric analysis was performed using 
the software AIDA (Raytest, Isotopenmessgeraete, 
Straubenhardt, Germany). Signal intensities of  the samples 
were adjusted to the intensities of  the serially diluted 
standards. To ensure equal loading, all blots were stained 
with Ponceau red. Haptene signals were normalized to 
β-actin using a commercially available antibody (Sigma 
Chemical Co., Munich, Germany).

Statistical analysis
Results are presented as means ± SE unless otherwise 
indicated. Fisher´s exact test was used to compare 
lifestyle data. The Mann-Whitney U-test was used for the 
comparison of  relative mRNA concentration and protein 
levels measured in normal esophageal tissue obtained from 
patients with SCC and disease-free controls. Wilcoxon’
s t-test was used for the comparison of  relative mRNA 
expression and protein concentration measured in normal 
esophageal tissue and SCC of  the same patient. P < 0.05 
was considered statistically significant.

RESULTS
The majority of  the 31 patients were of  normal weight and 
their age ranged from 38-71 years. No differences were 

found in smoking habits between patients and controls 
(Table 1).

CYP expression and protein levels in normal esophageal 
tissue and untreated esophageal SCC patients 
High qual i ty of  undegraded mRNA from nor mal 
esophageal tissue and SCC was obtained from 12 out of  
21 patients with esophageal SCC. Expression of  histone 
3.3 mRNA, used as housekeeping gene, was detected 
in all samples. The results of  RT-PCR measurements 
are summarized in Figure 1. In addit ion to RNA 
measurements, protein levels of  CYPs were determined 
in normal esophageal tissue and in patients with SCC (n = 
21) (Figure 2).
CYP2E1: In SCC patients, expression of  CYP2E1 did 
not differ between normal esophageal tissue and SCC. 
Similarly, no differences were found in CYP2E1 protein 
levels between normal tissue and SCC.
CYP 3A5: CYP3A5 mRNA expression and CYP3A5 
protein levels were comparable in normal esophageal tissue 
and SCC.
CYP2 (8-19) : Express ion of  CYP2C (8-19) was 
significantly lower in tissue obtained from SCC patients 
that in normal neighboring esophageal tissue. Specifically, 
mRNA expression of  CYP2C (8-19) was about 39% 
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Figure 1  CYP3A5, CYP2E1, CYP3A4, and CYP2C mRNA expression in 
esophagus of untreated SCC patients. A: Representative photomicrograph of RT-
PCR products of untreated esophageal SCC patients (N = normal esophageal 
tissue, T = tumor tissue obtained from SCC patients). Measurements were carried 
out either in triplicate or in case of reduced mRNA availability in duplicate. Lanes 1, 
6: histone 3.3, lanes 2, 7: CYP2C, lanes 3, 8: CYP2E1, lanes 4, 9: CYP3A4, lanes 
5, 10: CYP3A5; B: Densitometric analysis of CYP2C, CYP2E1, CYP3A4, and 
CYP3A5 mRNA expression in normal esophageal tissue and SCC. Results are 
normalized to histone 3.3 expression. Data are means ± SE. aP < 0.05 vs normal 
tissue.
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Figure 2  Protein levels of CYP2C8, CYP2E1, CYP3A4, and CYP3A5 in 
macroscopically normal tissue and SCC patients A: Representative Western 
blots of CYP2C8, CYP2E1, CYP3A4, and CYP3A5 in macroscopically normal 
esophageal tissue (N) and SCC (T) esophageal SCC patients; B: Quantitative 
analysis of blots. Results are normalized to b-actin. Data are means ± SE. aP < 0.05 
vs normal tissue.
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lower (P < 0.05) in tissue of  SCC patients than in normal 
tissue. In addition, protein concentration of  CYP2C8 was 
determined, however no differences were found between 
SCC and normal tissue.
CYP3A4: CYP3A4 mRNA expression was significantly 
lower in SCC than in normal neighboring esophageal 
tissue. Specifically, mRNA expression of  CYP3A4 was 
about 74 % lower in SCC than in normal tissue (P < 0.05). 
Furthermore, protein levels of  CYP3A4 were significantly 
lower (by about 51%) in SCC than in normal esophageal 
tissue (P < 0.05). 

Expression and protein levels of CYPs in normal 
esophageal tissue of SCC patients and controls 
Furthermore, expression of  CYP2C, CYP2E1, CYP3A4, 
and CYP3A5 mRNA and CYP2C8, CYP2E1, CYP3A4, as 
well as CYP3A5 protein concentrations were determined 
in normal esophageal tissue of  untreated SCC patients 
(n = 21) and compared with those in 10 disease-free 
controls. Representative agarose gels depicting RT-PCR 
measurements and semiquantitative analysis of  RT-PCR 
are shown in Figure 3. Expression of  the housekeeping 
gene histone 3.3 was detected in all samples. Results of  the 
comparisons of  protein levels are summarized in Figure 4. 
CYP2E1: Expression of  CYP2E1 was found to be 

significantly higher by about 43 % in normal tissue 
obtained from patients with esophageal SCC than in 
disease-free controls (P < 0.05). Interestingly, CYP2E1 
protein levels were significantly lower in normal tissue 
of  SCC patients than in esophageal tissue obtained from 
disease-free controls (about -46%, P < 0.05).
CYP3A5: Expression of  CYP3A5 mRNA in normal 
esophageal tissue was about 37 % higher in tissue obtained 
from SCC patients than in controls. Similar differences 
were found in protein levels, with protein levels of  
CYP3A5 being significantly higher by about 2.9-fold in 
normal esophageal tissue obtained from patients with 
esophageal SCC than in controls (P < 0.05). 
CYP2C (8-19): No differences were found in CYP2C 
(8-19) mRNA expression between normal tissue of  
patients with esophageal SCC and controls. CYP2C8 
protein levels were about 1.9-fold higher in normal tissue 
of  SCC patients than in controls (P < 0.05). 
CYP3A4: Similar to CYP2C (8-19), mRNA expression did 
not differ between normal tissue of  patients with SCC and 
controls. However, when protein levels of  CYP3A4 were 
compared between normal tissue of  patients with SCC 
and controls, CYP3A4 protein concentration was found to 
be about 4.8-fold higher in normal tissue of  SCC patients 
than in controls (P < 0.05).
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Figure 3  Expression of CYP2C8, CYP2E1, CYP3A4, and CYP3A5 in 
macroscopically normal tissue of SCC patients and controls. A: Representative 
photomicrograph of RT-PCR products determined in normal tissue of patients with 
untreated esophageal SCC (S) and controls (C). All measurements were carried 
out in dupilcate. Lanes 1, 6: histone 3.3, lanes 2, 7: CYP2C, lanes 3, 8: CYP2E1, 
lanes 4, 9: CYP3A4, lanes 5, 10: CYP3A5; B: Quantitative analysis of CYP2C, 
CYP2E1, CYP3A4, and CYP3A5 mRNA expression in normal esophageal tissue 
of SCC patients and controls. Results are normalized to histone 3.3 expression. 
Data are means ± SE. aP < 0.05 vs normal tissue.
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Figure 4  CYP3A5, CYP2E1, CYP3A4, and CYP2C protein levels in esophagus 
of SCC patients and disease-free controls. A: Representative Western blot of 
CYPs determined in normal tissue of untreated esophageal SCC patients (S) and 
disease-free controls (C); B: Quantitative analysis of CYP2C, CYP2E1, CYP3A4, 
and CYP3A5 protein levels in normal esophageal tissue of SCC patients and 
disease-free controls. Results are normalized to b-actin. Data are means ± SE.  
aP < 0.05 vs disease-free controls.
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Relation of protein levels and mRNA expression of CYPs 
in normal esophageal mucosa of SCC patients and 
disease-free controls
Since it has been shown before by others and our 
g roup [11-13 ] t h a t mRNA expre s s ion and p ro t e in 
concentration of  CYP450 are not related in tissues 
of  some digestive organs (e.g. colon), non-parametric 
correlation analysis of  mRNA expression and protein 
levels for each CYP investigated was performed. Indeed, 
no significant correlations were found between mRNA 
expression and protein levels in any of  the CYPs 
investigated (Table 2).

DISCUSSION
Different protein levels of CYPs in normal tissue of 
untreated esophageal SCC patients and controls
E s o p h a g e a l c a n c e r i s t h e t h i r d m o s t c o m m o n 
gastrointestinal cancer[1] with the majority of  tumors being 
SCC[4]. It was reported that interindividual differences in 
CYP gene expression may contribute to the interindividual 
susceptibility to environmental (pro-) carcinogens 
and subsequently the development of  malignancies[14]. 
Despite this hypothesis, only a few extensive studies 
have determined mRNA and/or protein expression of  
CYPs in esophageal tissue and esophageal carcinoma of  
humans, respectively[14-17] and most of  these studies did 
not distinguish between adenocarcinoma and SCC. The 
presence of  CYP2C-, CYP2E- and CYP3A- in normal 
esophageal tissue and SCC has been shown by others 
before[14-17]. However, some of  the available data are 
contradictory and most studies determined either the 
expression or the protein levels in normal esophageal 
tissue and SCC. For example, using immunohistochemistry 
Murray et al[16] detected CYP3A, CYP1A, and CYP2C9 in 
most of  the malignant tissue from patients with esophageal 
malignancies, but only CYP1A was detected in unaffected 
normal tissue of  patients. Lechevrel et al [14] detected 
CYP3A4/5 and CYP2E1 protein and mRNA in some 
patients with adenocarcinoma or SCC in the esophagus. 
However, CYPs levels varied considerably between 
individuals and only CYP3A5 and CYP2E1 mRNA could 
be identified by RT-PCR. In the current study, CYP3A4 
protein levels and CYP3A4 and CYP2C mRNA expres-

sion were found to be significantly lower in SCC than in 
its neighboring normal tissue. However, even more im-
portant, protein concentrations of  CYP3A4, CYP3A5, 
and CYP2C8 were significantly higher in non-malignant 
esophageal tissue of  patients with SCC than in tissues of  
healthy controls, while those of  CYP2E1 were moderately 
reduced. At the level of  mRNA expression, only CYP2E1 
and CYP3A5 expression differed between groups. This 
finding can be considered to be of  higher importance in 
carcinogenesis of  the esophagus, as perpetually modified 
metabolism patterns of  xenobiotics might result either 
in reduced detoxification of  carcinogens or in elevated 
production of  carcinogens from pro-carcinogens. The 
latter case might be of  special importance due to strikingly 
increased amounts of  CYP3A4 and CYP3A5 protein in 
non-malignant specimens from patients with SCC. These 
data suggest that the amount of  CYPs might not only vary 
extensively between SCC and normal surrounding tissue 
but also between patients with SCC and healthy subjects. 
However, as in the present study CYP levels were only de-
termined in SCC, it remains to be determined if  expression 
and protein levels of  CPYs are also altered in earlier stages 
of  the disease (e.g., intraepithelial neoplasia of  low and 
high grade). Furthermore, protein concentration of  some 
CYPs (e.g., CYP2E1, CP2C8, CYP3A4, and CYP3A5) 
is considerably altered in normal tissue of  patients with 
SCC compared to control subjects without malignancies. 
Hence, significant differences in protein concentration of  
these CYPs appear to be present before the development 
of  malignancies in patients with SCC, suggesting that these 
enzymes are likely associated with the development of  ma-
lignancies in the esophagus.

CYP mRNA is not related to protein levels either in normal 
esophageal tissue or in esophageal SCC
It has been suggested that expression of  CYPs is not solely 
regulated at the level of  gene transcription[18]. For instance, 
several studies performed in rodents and humans have 
reported a dissociation of  mRNA expression and protein 
levels of  CYP2C8 and CYP2E1, CYP3A4 and CYP3A5 
in colon, duodenum and kidney, respectively[12,13,18]. Fur-
thermore, in vitro studies performed in rat hepatocytes 
indicate that CYP2E1 is regulated by posttranscriptional 
ligand-dependent stabilization of  the enzyme[19]. Simi-
lar mechanisms have been described for CYP3A in rats 
and humans[20,21]. Using cultured hepatocytes it also has 
been shown that only 60%-70% of  mRNAs encoding for 
CYP2E1 are translated[22]. Indeed, in the present study, no 
correlation was found between protein and mRNA levels, 
suggesting that expression of  certain CYPs (e.g., CYP2C8, 
CYP2E1, CYP3A4, and CYP3A5) in esophageal musoca 
might not solely be regulated at the level of  transcription.

In conclusion, similar to the findings of  others[14-17] 
interindividual variability along with a substantial dissocia-
tion of  mRNA expression pattern and protein levels seems 
to be a characteristic of  CYP expression. Although it is 
difficult to interpret the higher and lower levels of  CYPs 
found in the present study, continued work focussing on 
the CYPs identified to have differential expression in pa-

Table 2  Correlation between mRNA expression and protein 
levels of CYP2E1, CYP3A4, CYP3A5, and CYP2C8 in normal 
esophageal tissue and SCC

Normal esophageal tissue Spearmen R P

CYP2E1 -0.09 0.72
CYP3A4  0.07 0.76
CYP3A5  0.19 0.41
CYP2C8  0.07 0.76

Esophageal SCC
CYP2E1  0.02 0.96
CYP3A4  0.16 0.65
CYP3A5  0.49 0.15
CYP2C8 -0.22 0.53
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tients with SCC is needed to determine their metabolic 
implications. 

ACKNOWLEDGMENTS
The antibodies against human CYP2E1 and CYP3A4 were 
kindly provided by Dr. M Ingelman-Sundberg. 

REFERENCES
1	 Glade MJ. Food, nutrition, and the prevention of cancer: a 

global perspective. American Institute for Cancer Research/
World Cancer Research Fund, American Institute for Cancer 
Research, 1997. Nutrition 1999; 15: 523-526

2	 Eloubeidi MA, Desmond R, Arguedas MR, Reed CE, Wilcox 
CM. Prognostic factors for the survival of patients with 
esophageal carcinoma in the U.S.: the importance of tumor 
length and lymph node status. Cancer 2002; 95: 1434-1443

3	 Bollschweiler E, Wolfgarten E, Gutschow C, Hölscher AH. 
Demographic variations in the rising incidence of esophageal 
adenocarcinoma in white males. Cancer 2001; 92: 549-555

4	 Bollschweiler E, Wolfgarten E, Nowroth T, Rosendahl U, Mö-
nig SP, Hölscher AH. Vitamin intake and risk of subtypes of 
esophageal cancer in Germany. J Cancer Res Clin Oncol 2002; 
128: 575-580

5	 Metzger R, Schneider PM, Warnecke-Eberz U, Brabender 
J, Hölscher AH. Molecular biology of esophageal cancer. 
Onkologie 2004; 27: 200-206

6	 Sheweita SA. Drug-metabolizing enzymes: mechanisms and 
functions. Curr Drug Metab 2000; 1: 107-132

7	 Ding X, Kaminsky LS. Human extrahepatic cytochromes 
P450: function in xenobiotic metabolism and tissue-selective 
chemical toxicity in the respiratory and gastrointestinal tracts. 
Annu Rev Pharmacol Toxicol 2003; 43: 149-173

8	 Hakkola J, Pasanen M, Purkunen R, Saarikoski S, Pelkonen 
O, Mäenpää J, Rane A, Raunio H. Expression of xenobiotic-
metabolizing cytochrome P450 forms in human adult and fetal 
liver. Biochem Pharmacol 1994; 48: 59-64

9	 Kivistö KT, Griese EU, Fritz P, Linder A, Hakkola J, Raunio 
H, Beaune P, Kroemer HK. Expression of cytochrome P 
450 3A enzymes in human lung: a combined RT-PCR and 
immunohistochemical analysis of normal tissue and lung 
tumours. Naunyn Schmiedebergs Arch Pharmacol 1996; 353: 
207-212

10	 Futscher BW, Blake LL, Gerlach JH, Grogan TM, Dalton WS. 

Quantitative polymerase chain reaction analysis of mdr1 
mRNA in multiple myeloma cell lines and clinical specimens. 
Anal Biochem 1993; 213: 414-421

11	 Eliasson E, Johansson I, Ingelman-Sundberg M. Substrate-, 
hormone-, and cAMP-regulated cytochrome P450 degradation. 
Proc Natl Acad Sci USA 1990; 87: 3225-3229

12	 Bergheim I, Bode C, Parlesak A. Decreased expression of 
cytochrome P450 protein in non-malignant colonic tissue of 
patients with colonic adenoma. BMC Gastroenterol 2005; 5: 34

13	 Bergheim I, Bode C, Parlesak A. Distribution of cytochrome 
P450 2C, 2E1, 3A4, and 3A5 in human colon mucosa. BMC Clin 
Pharmacol 2005; 5: 4

14	 Lechevrel M, Casson AG, Wolf CR, Hardie LJ, Flinterman MB, 
Montesano R, Wild CP. Characterization of cytochrome P450 
expression in human oesophageal mucosa. Carcinogenesis 1999; 
20: 243-248

15	 Ribeiro Pinto LF, Teixeira Rossini AM, Albano RM, Felzen-
szwalb I, de Moura Gallo CV, Nunes RA, Andreollo NA. 
Mechanisms of esophageal cancer development in Brazilians. 
Mutat Res 2003; 544: 365-373

16	 Murray GI, Shaw D, Weaver RJ, McKay JA, Ewen SW, Melvin 
WT, Burke MD. Cytochrome P450 expression in oesophageal 
cancer. Gut 1994; 35: 599-603

17	 Nakajima T, Wang RS, Nimura Y, Pin YM, He M, Vainio H, 
Murayama N, Aoyama T, Iida F. Expression of cytochrome 
P450s and glutathione S-transferases in human esophagus 
with squamous-cell carcinomas. Carcinogenesis 1996; 17: 
1477-1481

18	 Hakkak R, Korourian S, Ronis MJ, Ingelman-Sundberg M, 
Badger TM. Effects of diet and ethanol on the expression and 
localization of cytochromes P450 2E1 and P450 2C7 in the 
colon of male rats. Biochem Pharmacol 1996; 51: 61-69

19	 Eliasson E, Mkrtchian S, Ingelman-Sundberg M. Hormone- 
and substrate-regulated intracellular degradation of 
cytochrome P450 (2E1) involving MgATP-activated rapid 
proteolysis in the endoplasmic reticulum membranes. J Biol 
Chem 1992; 267: 15765-15769

20	 Feierman DE, Melnikov Z, Zhang J. The paradoxical effect of 
acetaminophen on CYP3A4 activity and content in transfected 
HepG2 cells. Arch Biochem Biophys 2002; 398: 109-117

21	 Zangar RC, Hernandez M, Novak RF. Posttranscriptional 
elevation of cytochrome P450 3A expression. Biochem Biophys 
Res Commun 1997; 231: 203-205

22	 Kocarek TA, Zangar RC, Novak RF. Post-transcriptional 
regulation of rat CYP2E1 expression: role of CYP2E1 mRNA 
untranslated regions in control of translational efficiency and 
message stability. Arch Biochem Biophys 2000; 376: 180-190

S- Editor  Liu Y    L- Editor  Wang XL    E- Editor  Ma WH

1002      ISSN 1007-9327     CN 14-1219/R     World J Gastroenterol       February 21, 2007      Volume 13      Number 7

www.wjgnet.com



Key words: Percutaneous ethanol injection; Radio-
frequency ablation; Successful initial treatment; Overall 
survival; Prognostic factor

Morimoto M, Numata K, Sugimori K, Shirato K, Kokawa 
A, Oka H, Hirasawa K, Koh R, Nihommatsu H, Tanaka K. 
Successful initial ablation therapy contributes to survival 
in patients with hepatocel lular carcinoma. World J 
Gastroenterol 2007; 13(7): 1003-1009

 http://www.wjgnet.com/1007-9327/13/1003.asp

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most 
prevalent human cancers with an increasing incidence 
worldwide[1], and about 70% of  HCC is found in Asia[2]. 
Surveillance with ultrasonography (US) and alpha-
fetoprotein in cirrhosis can detect small HCC at an early 
stage. For early stage patients (single HCC ≤ 5 cm or ≤ 3 
nodules ≤ 3 cm), surgery is considered the first treatment 
option, however, because of  accompanying chronic liver 
disease, many HCC patients can not undergo surgical 
resection[3-5]. As non-surgical treatment, various local 
ablation therapies such as percutaneous ethanol injection 
(PEI)[6,7] or percutaneous radiofrequency (RF) ablation 
have been proposed, and encouraging results of  survival 
rates have been reported[8-10].

Although many reports of  the prognostic predictors 
after surgical resection of  early stage HCC have been 
reported[11-13], there have been few reports of  the 
prognostic predictors after percutaneous ablation therapy. 
Sala et al in recent years reported that “Child-Pugh class” 
and “initial treatment response” as prognostic factors 
of  the survival in those who received percutaneous 
ablation therapy[14]; however, most of  the cases (83%) 
were treated with PEI. The current state of  the main 
percutaneous ablation therapy changes from PEI to RF 
ablation; therefore, to establish an optimal therapeutic 
strategy based on the current state, we started this cohort 
study after 2000 when RF ablation was introduced in our 
institution.

In this study, we examined a group of  HCC patients 
whose tumors were percutaneously treated using RF 
ablation or PEI and analyzed the factors pertinent to the 
prognosis. This approach permits (1) establishment of  an 
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Abstract
AIM: To evaluate the outcome predictors of percu-
taneous ablation therapy in patients with unresectable 
hepatocellular carcinoma (HCC), especially to identify 
whether the initial treatment response contributes to the 
survival of the patients.

METHODS: The study cohort included 153 patients with 
single (102) and two or three (51) HCC nodules 5 cm or 
less in maximum diameter. As an initial treatment, 110 
patients received radiofrequency ablation and 43 patients 
received percutaneous ethanol injection.

RESULTS: The Kaplan-Meier estimates of overall 3- and 
5-year survival rates were 75% and 59%, respectively. 
The log-rank test revealed statistically significant 
differences in the overall survivals according to Child-
Pugh class (P = 0.0275), tumor size (P  = 0.0130), serum 
albumin level (P  = 0.0060), serum protein induced by 
vitamin K absence or antagonist Ⅱ level (P  = 0.0486), 
and initial treatment response (P  = 0.0130). The 
independent predictors of survival were serum albumin 
level (risk ratio, 3.216; 95% CI, 1.407-7.353; P  = 0.0056) 
and initial treatment response (risk ratio, 2.474; 95% CI, 
1.076-5.692; P  = 0.0330) based on the Cox proportional 
hazards regression models. The patients had a serum 
albumin level 3.5 g/dL and the 3- and 5-year survival 
rates of 86% and 82%.

CONCLUSION: In HCC pa t i en t s t r ea ted w i t h 
percutaneous ablation therapy, serum albumin level and 
initial treatment response are the independent outcome 
predictors.
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optimal protocol in the percutaneous ablation therapy; and 
(2) assessment of  the prognostic factors in RF ablation 
and PEI.

MATERIALS AND METHODS
Patients
Between May 2000 and March 2005, 226 patients were 
diagnosed for the first time as having HCC lesions using 
US and contrast-enhanced CT and were hospitalized at 
Yokohama City University Medical Center. The criteria 
for entry in this study were (1) the presence of  either a 
solitary lesion or up to three lesions, (2) a maximum tumor 
diameter of  5 cm or less, (3) patients who did not meet 
with the surgical criteria (resection or transplantation), (4) 
the lesion was detectable using US, and (5) no evidence 
existing of  portal thrombosis, extrahepatic metastasis, 
or uncontrollable ascites. Seventy-three patients were 
excluded from the study and 153 patients were enrolled. 
The patients’ characteristics are depicted in Table 1. 
Ninety-three of  the enrolled patients were men and 60 
were women, ranging in age from 51 to 87 years (mean, 69 
years). One hundred and thirty-three patients were Child-
Pugh class A, and 20 patients were Child-Pugh class B. 
All had underlying cirrhosis due to hepatitis C virus (n = 
134), hepatitis B virus (n = 8), alcohol use (n = 7), or other 
factors (n = 4). One hundred and two patients presented 
with solitary tumors and 51 patients had 2-3 lesions. 
The greatest tumor diameters ≤ 3 cm were seen in 120 
patients, and > 3 cm in 33 patients. A confirmed diagnosis 
of  HCC was made by the pathological examination of  
biopsied specimens obtained using a 21-gauge fine needle 
(Sonopsy, Hakko, Tokyo, Japan) and/or the radiological 
criteria[15] in all patients. Patients with a tumor more than 3 
cm in maximum diameter were treated with transcatheter 
arterial chemoembolization (TACE) followed by RF 
ablation or PEI.

The entire protocol was approved by the hospital 
ethics committee and was performed in compliance with 
the Helsinki Declaration. Written informed consent was 
obtained from all patients and relatives.

Treatment procedures
Percutaneous ethanol injection: Based on the reports 
of  Llovet et al[16] and Livraghi et al[17], we selected PEI 
without selecting RF ablation when a tumor satisfied the 
following criteria: (1) existing in a subcapsular location, 
(2) existing in a location adjacent to a major vessel and 
another organ (heart, gallbladder, stomach and bowel), 
and (3) demonstrating poor differentiation. Patients with 
impaired clotting tests, or with a lower platelet count less 
than 5 × 1010/L were considered as being contraindicated 
for RF ablation and were treated by PEI. Ten patients (23% 
of  patients treated by PEI) with tumors more than 3 cm in 
diameter were treated with TACE followed by PEI[18].

We used a real-time convex scanner or linear-array 
scanner with 3.5-MHz probes and a lateral attachable 
apparatus for needle guidance (Core-Vision 6000TM, 
Toshiba Medical Co., Tokyo, Japan). First, it was confirmed 

under US guidance that a 15- or 20-cm, 21-gauge puncture 
needle with a closed conical tip and three terminal side 
holes (PEIT needle; Hakko, Tokyo, Japan) was correctly 
positioned within the lesion, and 99.5% absolute ethyl 
alcohol was then slowly injected. Caution was taken to 
inject the deepest portions of  the lesion first and then 
the more central and superficial portions, to prevent 
superficial spreading of  the ethanol from masking the view 
for subsequent injections. We usually used one or more 
PEIT needles for each treatment session, and ethanol was 
injected into the tumor at one or more locations until the 
lesion was completely filled. Treatment was given twice a 
week. A treatment series usually consisted of  six or more 
sessions, and the total dose of  ethanol varied with the 
volume of  the lesion, the texture, patient compliance, and 
distribution of  the ethanol.
Radiofrequency ablation: We selected the RF ablation 
for the cases with low risks of  tumor seeding and the 
hemorrhage based on the previous reports[16,17,19]. Twenty-
three patients (21% of  patients treated by RF ablation) 
with tumors more than 3 cm in diameter were treated with 
TACE followed by RF ablation[20].

At the beginning, g rounding was achieved by 
attaching 2 or 4 pads to the patient’s thighs. A conscious 
sedation, consisting of  a combination of  intramuscular 

Table 1  Characteristics of patients

Variables All patients PEI RF ablation P  
(n = 153) (n = 43) (n = 110)

Age (yr)
mean ± SD 69 ± 7 69 ± 7 68 ± 7 NS

Sex
Male/Female 93/60 22/21 71/39 NS

Etiology
HCV 134 38 96
HBV     8   1   7 NS
Alcohol     7   2   5
Others     4   2   2

Child-Pugh class 
A/B 133/20 37/6 96/14 NS

Tumor size (cm)
≤ 3/> 3 120/33 33/10 87/23 NS
Tumor number
Single/Multiple 102/51 19/24 83/27 < 0.05

Serum alpha-fetoprotein 
level (ng/mL)
mean ± SD   781 ± 8180   2501 ± 15289 109 ± 282 NS

Serum PIVKA-II 
level (ng/mL)
mean ± SD   347 ± 1258   565 ± 1467   262 ± 1169 NS

Serum albumin level 
(g/dL)
mean ± SD 3.8 ± 0.5 3.7 ± 0.5 3.8 ± 0.5 NS
Initial treatment 
response

Successful/Unsuccessful 125/28 35/8 90/20 NS

RF: radiofrequency; PEI: percutaneous ethanol injection; NS: not significant; 
HCV: hepatitis C virus; HBV: hepatitis B virus; PIVKA-Ⅱ: protein induced 
vitamin K absence or antagonist Ⅱ.
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administration of  pentazocine (PentazinTM 15 mg, 
Sankyo Pharmaceuticals, Tokyo, Japan) and hydroxyzine 
chloride (Atarax-PTM 25 mg, Pfizer Japan, Tokyo, Japan), 
was administered before treatment. Local anesthesia 
was achieved by injecting 1% lidocaine hydrochloride 
(XylocaineTM, Astra Japan, Tokyo, Japan). Sixty-five of  
112 patients were treated with hooked, 15-gauge, 25-cm-
long electrodes, which are expandable by 10 hooks to a 
maximum dimension of  3 or 3.5 cm (Le Veen Needle 
Electrode; Radiotherapeutics, Mountain View, CA), and 
RF ablation was applied using a generator (RTC 2000; 
Boston Scientific Japan, Tokyo, Japan). For the remaining 
47 tumors, 17-gauge, cooled electrodes with a dimention 
of  2 or 3 cm (Cool-tip needle; Radionics, Burlington, MA) 
were used, attached to a 500-kHz RF generator (Radionics, 
Burlington, MA) capable of  producing power of  200 W. A 
peristaltic pump (Watson-Marlow, Wilmington, MA) was 
used to infuse 0℃ normal saline solution into the lumen 
of  the electrodes to maintain the temperature below 25℃. 
For tumors more than 2 cm in diameter, several insertions 
were performed to obtain complete ablation of  the entire 
tumors.
Transcatheter arterial chemoembolization: Thirty-
three patients with tumors more than 3 cm in diameter 
were treated with TACE followed by RF ablation or 
PEI. We performed TACE by selectively introducing a 
microcatheter into the right or left hepatic artery or a 
segmental branch of  the hepatic artery and injecting a 
mixture of  iodized oil (Lipiodol; Andre Guerbet, Aulnay-
sous-Bois, France) and epirubicin hydrochloride (30-50 mg 
per body surface) (Farmorubicin; Pharmacia and Upjohn, 
Tokyo, Japan) or styrene maleic acid neocarzinostatin 
(1.0-3.0 mg per body surface) (SMANCS; Yamanouchi 
Pharmaceutical, Tokyo, Japan). This was followed by 
introduction of  a gelatin sponge (1 mm × 1 mm × 1 mm) 
(Spongel; Yamanouchi Pharmaceutical, Tokyo, Japan).

Evaluation of initial treatment response and follow-up
Initial treatment response was assessed by contrast-
enhanced CT 1, 3, and 6 mo after initial treatment session. 
Successful initial treatment was defined as the absence of  
an enhanced area within the tumor assessed by contrast 
enhanced CT 6 mo after initial treatment session. If  the 
presence of  residual viable tumor within the treated area 
was defined by CT within 6 mo after initial treatment, the 
case was judged to be unsuccessful in the initial treatment. 
After the evaluation of  initial treatment response, patients 
were followed up every 3 mo by contrast enhanced CT 
and/or US.

When the residual viable tumor and/or distant 
recur rence were de tec ted by the fo l low-up CT, 
percutaneous ablation therapy was added if  they were 
within 3 lesions, and TACE was selected for patients 
who were ineligible for percutaneous ablation therapy, 
with large and/or multifocal HCC who did not have 
vascular invasion or extrahepatic spread[15]. The above-
mentioned treatment was repeated at once whenever the 
tumor recurrence was detected, until uncontrolled ascites 
or intravascular tumor thrombus appeared and serum 
bilirubin level reached 3 mg/dL or higher.

Statistical analysis
The end point of  the study was the survival. The baseline 
characteristics of  patients were expressed as mean ± 
standard deviation. Differences in proportions among 
the groups were analyzed by the Chi-square test. Mean 
quantitative values were compared by the Student’s t test. 
Follow-up data was dealt with from the beginning of  the 
treatment and was maintained until the death or the last 
visit of  the patients before April 30, 2006. The Kaplan-
Meier method was used to calculate the survival rate and 
the log-rank test was used to analyze differences.

As pretreatment factors, fifteen variables were assessed 
in the univariate analysis: age (< 70 vs ≥ 70 years); sex (male 
vs female); cause of  underlying cirrhosis (HCV vs HBV vs 
alcohol vs others); Child-Pugh class (A vs B); tumor size 
(≤ 3 cm vs > 3 cm); tumor number (single vs multiple); 
serum alpha-fetoprotein levels (<400 vs ≥ 400 ng/mL); 
serum protein induced by vitamin K absence or antagonist 
Ⅱ (PIVKA-Ⅱ) level (< 300 vs ≥ 300 ng/mL); and 
serum albumin level (≤ 3.5 vs > 3.5g/dL); serum alanine 
aminotransferase (ALT) level (<80 vs ≥ 80 U/L); serum 
bilirubin level (<2 vs ≥ 2 mg/dL); serum platelet count (<9 
vs ≥ 9 × 109/L); prothrombin activity (≤ 70 vs > 70%); 
encephalopathy (none vs yes); and ascites (none vs yes). 
As treatment factors, two variables were assessed in the 
univariate analysis: type of  treatment (PEI vs RF ablation); 
and initial treatment response (successful vs unsuccessful). 
Significant variables (P < 0.05) were included in a stepwise 
Cox regression analysis. Data analyses were performed 
with SPSS software (version 10.0J; SPSS, Tokyo, Japan). All 
P values were derived from two-tailed tests and P < 0.05 
was accepted as statistically significant.

RESULTS
Treatment response and survival
In general, the percutaneous ablation procedures were well 
tolerated in all the patients. Both cardiac and respiratory 
parameters remained stable throughout the treatment. The 
regimen of  conscious sedation and local anesthesia used in 
this study was adequate for these ablation methods. None 
of  the patients experienced bleeding as a result of  these 
percutaneous ablation techniques.

No local tumor residue was found in 125 of  153 (82%) 
patients as assessed by contrast enhanced CT 6 mo after 
the initial treatment (defined as successful initial treatment) 
(Figure 1). The remaining 28 (18%) patients judged 
as having residual viable tumor by contrast enhanced 
CT within 6 mo after the initial treatment (defined as 
unsuccessful initial treatment), were re-treated by RF 
ablation or PEI until no vascularities could be recognized 
within the tumor by contrast enhanced CT. With regard 
to the type of  treatment, successful initial treatment was 
obtained in 90 (82%) of  110 patients treated with RF 
ablation, and in 35 (81%) of  43 patients treated with PEI, 
and no significant difference was observed between the 
two types of  treatment. After a median follow-up of  34 
mo (range, 1-66), the 1-, 3-, and 5-year survival rates were 
95%, 75%, and 59%, respectively (Figure 2). At the time 
of  the analysis, 83 (54%) patients had tumor recurrence 

Morimoto M et al.  Successful initial ablation for HCC    	                                                                          1005

www.wjgnet.com



(incomplete local treatment and/or distant recurrence), 24 
patients died and 3 were l lost to follow-up. With regard to 
the type of  treatment, tumor recurrences were observed in 
58 (53%) of  110 patients treated with RF ablation, and in 

25 (58%) of  43 patients treated with PEI. Death was due 
to tumor progression in 18 patients and due to liver failure 
in 6 patients.

Factors for survival
In the univariate analysis, 5 variables were associated with 
survival (Table 2). Of  the pre-treatment factors, Child-
Pugh classification, tumor size, serum albumin level, 
and serum PIVKA-Ⅱ level were found to be significant 
predictors of  survival. And of  the treatment factors, 
initial treatment response was found to be a significant 
predictor of  survival while the type of  ablation therapy (RF 
ablation vs PEI) was not (P = 0.9829). Multivariate analysis 
disclosed two independent predictors: serum albumin 
level ≤ 3.5g/dL vs >3.5g/dL (risk ratio 3.216, 95%CI: 
1.407-7.353, P = 0.0056) and successful initial treatment 
vs unsuccessful initial treatment (risk ratio 2.474, 95%CI: 
1.076-5.692, P = 0.0330) (Table 3). When only pre-
treatment factors were included in the multivariate analysis, 
serum albumin level (risk ratio 3.199, 95%CI: 1.405-7.281, 
P = 0.0056) was proved to be an independent predictor.

The sole predictive factor for survival in patients with 
a serum albumin level > 3.5g/dL proved to be the initial 
treatment response; therefore the survival was examined 

Initial treatment (153 patients: ≤ 5 cm and ≤ 3 nodules)
 	 RF ablation or PEI (≤ 3 cm)
 	 TACE-RF ablation or TACE-PEI (> 3 cm)

Follow-up by enhanced CT in 6 mo after the initial treatment

Successful initial treatment
(125 patients)

Unsuccessful initial treatment
(28 patients)

Additional treatment (RF ablation or PEI)

Follow-up by enhanced CT and/or sonography every 3 mo

Recurrence (> 3 nodules) TACE

Recurrence (≤ 3 nodules) RF ablation or 
PEI

Uncontrolled ascites or 
≥ T-Bil 3 mg/dL or 

tumor thrombus
BSC

Figure 1  Follow-up chart of overall treatment design.
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Figure 2  Overall probability of survival.

Table 2  Univariate analysis for factors associated with survival

Variables Patients P   

Pre-treatment factors
Age (yr)
< 70/≥ 70   74/79 0.0923
Sex
Male/Female   93/60 0.7284
Child-Pugh class 
A/B 133/20 0.0275
Tumor size (cm)
≤ 3/> 3 120/33 0.0130
Tumor number
Single/Multiple 102/51 0.6298
Serum alpha-fetoprotein level (ng/mL)
< 400/≥ 400 142/11 0.0722
Serum PIVKA-Ⅱ level (ng/mL)
< 300/≥ 300 133/20 0.0486
Serum albumin level (g/dL)
≤ 3.5/> 3.5    50/103 0.0060
Treatment factors
Type of ablation therapy
RF ablation/PEI 110/43 0.9829
Initial treatment response
Successful/Unsuccessful 125/28 0.0130

RF: radiofrequency; PEI: percutaneous ethanol injection; NS: not significant; 
PIVKA-Ⅱ: protein induced vitamin K absence or antagonist Ⅱ.

Table 3  Multivariate analysis for factors associated with survival

Variables Risk ratio (95% CI) P  

Tumor size (cm)
> 3 1.0
≤ 3 0.459 (0.179-1.174) 0.104
Serum PIVKA-Ⅱ level (ng/mL)
≥ 300 1.0
< 300 0.542 (0.191-1.535) 0.249
Serum albumin level (g/dL)
> 3.5 1.0
≤ 3.5 3.216 (1.407-7.353) 0.006
Initial treatment response
Successful 1.0
Unsuccessful 2.474 (1.076-5.692) 0.033

Abbreviations: PIVKA-Ⅱ, protein induced vitamin K absence or antagonist 
Ⅱ.
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in case groups with serum albumin levels > 3.5g/dL (n 
= 103) and ≤ 3.5g/dL (n = 50) according to the initial 
treatment response. In patients with a serum albumin 
level > 3.5g/dL, the 1-, 3-, and 5-year survival rates in 
patients who were judged as having had a successful initial 
treatment were 100%, 86%, and 83%, respectively (n = 
82), and the survival rates in patients who were judged as 
having had an unsuccessful initial treatment were 91%, 
51%, and 51% at 1-, 3-, and 5-year, respectively (n = 21) 
(P = 0.0014) (Figure 3A). On the other hand, in patients 
with a serum albumin level ≤ 3.5g/dL, the multivariate 
analysis proved no independent predictors for survival. 
The survival rates in 43 patients with a successful initial 
treatment were 88% and 68% at 1 and 3 years, and in 7 
patients with an unsuccessful initial treatment, the survival 
rates were 86% and 51% at 1 and 3 years, respectively (P = 
0.3813) (Figure 3B).

Initial treatment response was significantly associated 
with the tumor number (P = 0.0031), tumor size (P = 
0.0441), serum alpha-fetoprotein level (P = 0.0156), and 
serum PIVKA-Ⅱ level (P = 0.0071), however it was not 
associated with the etiology of  underlying cirrhosis, Child-
Pugh class, and type of  ablation therapy (Table 4).

DISCUSSION
In the current study, we examined a group of  HCC 
patients whose tumors were percutaneously treated 
using RF ablation or PEI and analyzed the predictors 
that contributed to the prognosis. Multivariate analysis 

disclosed two independent predictors: serum albumin level 
and initial treatment response. In the cases with a serum 
albumin level > 3.5 g/dL, our data consistently showed 
that a successful initial treatment was the most predictive 
factor for long-term survival.

Examinations of  the factor that could contribute to the 
long-term survival of  patients undergoing percutaneous 
ablation therapy, have been reported previously; however, 
most of  them were evaluations using PEI. Pompili et al 
evaluated the therapeutic efficacy of  PEI for patients 
with Child-Pugh class A and tumors > 5 cm in diameter, 
and reported that alpha-fetoprotein level and liver 
function were factors which contributed to survival[21]. 
Ebara et al evaluated the therapeutic efficacy of  PEI for 
patients with ≤ 3 lesions of  small HCC, and found that 
alpha-fetoprotein level and liver function were factors 
contributed to the suvival[22]. Recently, Sala et al[14] and Xu  
e t a l [23] repor ted the prognost ic pred ic tors a f ter 
percutaneous ablation therapies. However, most of  the 
cases were treated with PEI in the former study[14], and 
in the latter study[23], 63% of  treated cases were recurrent 
HCC and the selection for ablation procedures (microwave 
vs RF ablation) was not fully clarified. To establish an 
optimal therapeutic protocol after the introduction of  RF 
ablation, we started this cohort study after 2000 when RF 
ablation was introduced in our institution. In this study, 
72% of  the patients were treated with RF ablation, and this 
may reflect the current state of  the available percutaneous 
ablation procedures.

In our study, the serum albumin level was shown as 
the most important pre-treatment predictor for survival. 
Hepatic functional reserve as indicated by the serum 
albumin level has generally been identified to be a good 

100

80

60

40

20

0
0            12          24            36          48           60

100%
86%

83%91%

51% 51%

Successful initial treatment (n  = 82)

Unsuccessful initial treatment (n  = 21)

P  = 0.0014

t  (after initial treatment)/mo

Su
rv

iv
al

 r
at

e 
(%

)

A

100

80

60

40

20

0
0              12             24              36             48             60

88%

86%
68%

51%

Successful initial treatment (n  = 43)

Unsuccessful initial treatment (n  = 7)

NS

t  (after initial treatment)/mo

Su
rv

iv
al

 r
at

e 
(%

)

B

Figure 3  Overall probability of survival according to initial treatment response. 
A: In patients with a serum albumin level > 3.5 g/dL; B: In patients with a serum 
albumin level ≤ 3.5 g/dL.

Table 4  Comparison of clinical background between successful 
initial treatment group and unsuccessful initial treatment group

Initial treatment
Successful Unsuccessful
(n = 125) (n = 28)

Sex
Male/Female    75/50 18/10
Age (yr)
   < 70/≥ 70    67/58 12/16
Etiology
    HCV/HBV/Alcohol/Others 108/6/7/4 26/2/0/0
Child-Pugh class 
A/B 110/15 23/5
Serum albumin level (g/dL)
≤ 3.5/> 3.5    43/82    7/21
Tumor size (cm)
≤ 3/> 3 102/23    18/10a 

Tumor number
    Single/Multiple    90/35    12/16a

Type of ablation therapy
    RF ablation/PEI    90/35  20/8
Serum alpha-fetoprotein level (ng/mL)
< 400/≥ 400 119/6   23/5a

Serum PIVKA-Ⅱ level (ng/mL)
< 300/≥ 300  113/12   20/8a

RF: radiofrequency; PEI: percutaneous ethanol injection; HCV: hepatitis C 
virus; HBV: hepatitis B virus; PIVKA-Ⅱ: protein induced vitamin K absence 
or antagonist Ⅱ. aP < 0.05 vs the successful initial treatment group.
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prognostic factor for survival. The serum albumin level 
has been shown to be one of  the prognostic factors in 
HCC patients treated with hepatic resection[24] and PEI[25]. 
Ikeda et al reported that the serum albumin level was one 
of  the independent factors associated with the carcinogens 
in HCV positive viral hepatitis[26]. In this study, 88% of  
patients had hepatitis C virus infection; therefore, the 
serum albumin level is selected as a significant factor that 
may provide for the recurrence of  HCC after successful 
percutaneous local ablation therapy.

Furthermore, initial treatment response was shown as a 
second significant predictor for survival. Sala et al recently 
reported that initial treatment response was an outcome 
predictor of  the survival after ablation therapy and initial 
complete tumor necrosis should be considered a relevant 
therapeutic target irrespective of  tumor size and liver 
function[14]. In the present study, the impact of  extensive 
tumor necrosis on survival has been observed in patients 
with good liver functional reserve (serum albumin level > 
3.5 g/dL); however, it was not found in patients with poor 
liver functional reserve (serum albumin level ≤ 3.5 g/dL). 
Therefore, in patients with poor liver function reserve, 
optimal selection of  patients as candidates for ablation 
therapies and of  the appropriate therapeutic schedule for 
each single patient to control the tumor growth, avoiding a 
clinically significant worsening of  liver function, is essential 
to obtain an improvement in survival.

Treatment response was generally judged by CT at one 
month after the treatment based on the WHO criteria[15], 
however in this study, the initial treatment response was 
judged by CT at 6 mo after the initial treatment. This 
difference of  the surveillance after the initial treatment 
may be explained as follows. First, 22% of  our patients 
underwent TACE prior to ablation therapy, so it was 
difficult to achieve a detailed evaluation of  treatment 
response with CT because of  dense lipiodol accumulation 
in the treated area[27]. Second, 72% of  the patients received 
RF ablation therapy, resulting in an inflammatory increased 
vascular flow rim of  the outline of  the ablated zone for 
about one month following treatment, which can disturb 
the evaluation of  the local treatment by contrast-enhanced 
CT[28].

In this study, alpha-fetoprotein level, PIVKA-Ⅱ level, 
tumor size, and tumor number were significant factors 
for the initial treatment response by univariate analysis. 
Although there are few reports which have examined 
the factors for initial treatment response following 
percutaneous ablation therapy, there are several reports 
as to what contributes to local recurrence when RF 
ablation is selected. Lencioni et al showed that tumor size 
and type of  ablation therapy were the factors for local 
recurrence-free survival in those cases treated with RF 
ablation and PEI[29]. Lin et al reported that tumor number, 
tumor size, histopathological (Edmondson’s) grade, and 
type of  ablation therapy were significant factors of  local 
recurrence[30].

In summary, we demonstrated that the best candidates 
for percutaneous ablation therapy are those patients 
who have good hepatic functional reserve and can be 
expected to achieve successful initial treatment. Attempts 
to fully ablate large tumors (3-5 cm in diameter) are 

achieved successfully by the combined use of  TACE, 
however, further studies are needed to clarify whether or 
not the combined use of  TACE in RF ablation will be a 
therapeutic option to achieve complete tumor necrosis for 
the treatment of  large HCC tumors.
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in HCC. Rab23 may be both a HCC predictor and a target 
for treating HCC. 

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most frequent 
primary malignant tumor of  the liver.  HCC is the third 
leading global cause of  cancer-related death. Over 54% of  
HCC cases occur in China. Hepatitis B virus is a common 
causal agent of  liver cancer, and other factors have 
also been found. However, the molecular mechanisms 
contributing to tumor progression to HCC remain 
unknown[1].

In recent years, targeted therapies for a variety of  HCCs 
have achieved clinically significant response rates and 
have given oncologists the chance to develop individual-
based strategies for patient therapy. One rationale for such 
therapeutic approaches is to detect target molecules in the 
tumor. There is a growing list of  such target molecules, 
the levels of  which are now routinely estimated by IHC 
staining in biopsy specimens or surgically removing tumor 
material. Such assays not only generate important data 
for therapeutic decisions, but also provide information 
relevant to the prognosis of  patients[2].

An example is targeting of  the hedgehog (Hh) pathway. 
Dysregulation of  this pathway has been implicated in the 
genesis of  cancers from multiple tissue types[3]. Moreover, 
from embryogenesis to adulthood, skin and gastrointestinal 
progenitors are regulated by Hh signaling[4-6]. This 
pathway is activated when sonic hedgehog (SHH) or 
Indian hedgehog (IHH) ligands bind to their receptor, 
patched (PTC). When unoccupied by ligand, PTC is a 
tumor suppressor that binds to and represses smoothened 
(SMO)[7], preventing the SMO proto-oncoprotein from 
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Abstract
AIM: To elucidate the role of Rab23 in hepatocellular 
carcinoma (HCC) by assessing the expression of Rab23 
in HCC tissue and in HCC cell lines. 

METHODS: Primary tumors (n = 100) were stained 
with Rab23 antibodies using immunohistochemistry and 
in situ  hybridization in tissue microarrays. Relationships 
between gene expression and pathology parameters 
were analysed. The biological significance of Rab23 
in Hep-3B cel ls was examined by knocking down 
Rab23 gene expression. We designed a pair of double-
stranded RNAs against human rab23 and transfected 
siRNA into Hep-3B cells. Rab23 expression in these cells 
was examined using RT-PCR and Western blots. We 
investigated cell growth by MTT assays and fluorescence-
activated cell sorting.

RESULTS: High cytoplasmic and nuclear expression of 
Rab23 was found in 38 of 71 (53.5%) and in 49 of 68 
HCC patients (72%) respectively, which correlated with 
tumor size. HCC cell lines expressed Rab23. In Hep3B 
cells, siRNA for Rab23 decreased Rab23 mRNA by 4.5-fold 
and protein expression by 2-fold. Survival rates at 24 and 
48 h for Hep-3B cells transfected with siRNA were lower 
and about 30% Hep-3B cells were apoptotic. Knocking 
down rab23 suppressed Hep3B cell growth, suggesting 
that rab23 could play an important role in Hep3B cell 
growth. 

CONCLUSION: Rab23 is overexpressed and/or activated 
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activating downstream transcription factors, such as GLi1. 
Conversely, when ligand binds to PTC, SMO is released 
and GLi1 is activated, resulting in the transcription of  
target genes including PTC and Gli1[7]. Hh signaling is now 
known to play a critical role in the gastrointestinal tract in 
both health and disease. Most recently, two research groups 
have simultaneously reported abnormal activation of  the 
SHH pathway in HCC[8,9]. Although the investigators paid 
much attention to the relationships between hedgehog 
signaling and HCC, little is known about this pathway in 
carcinogenesis. 

One regulator of  SHH signaling is Rab23. In 1994, 
the full-length cDNA encoding Rab23, a novel Ras-
related small GTPase, was isolated using the sequence 
of  a previously described GTPases[10]. Northern analysis 
revealed that Rab23 mRNA is predominantly expressed 
in the brain, which places the protein together with Rab3a 
and Rab15, in the group of  small GTPases characteristic 
of  the nervous system[11]. Rab23, a new member of  the 
RAB family expressed in retina, is composed of  7 exons 
spanning a 34 kb domain of  genomic DNA. It is located 
in the pericentromeric region of  chromosome 6 between 
microsatellite markers D6S257 and D6S1659, within the 
critical region of  RP25[12] and localized at the plasma 
membrane and the endocytic pathway[12,13]. Rab23 is a 
negative regulator of  SHH[13,14]. It acts on upstream of  
Gli transcription factors in patterning neural cell types 
in the spinal cord. The primary target of  Rab23 is the 
Gli2 activator. Rab23 and Gli3 repressors have additive 
effects on patterning. Analysis of  Gli3 protein suggests 
that Rab23 also has a role in promoting the production 
of  Gli3 repressor. Although the patched and smoothened 
membrane proteins can change subcellular location in 
response to SHH, analysis demonstrates that Rab23 
does not work through either patched or smoothened 
membrane protein. Instead, Rab23 appears to regulate 
subcellular localization of  essential components of  the 
hedgehog pathway that act both on downstream of  
smoothened and on upstream of  Gli proteins[15].

Unti l now there have no repor ts about Rab23 
expression in HCC or even in other human tumors. Since 
Rab23 is a negative regulator of  SHH signaling which can 
induce malignant carcinoma, dysregulation of  Rab23 also 
may result in HCC. If  it is true, we may be able to find a 
new target for diagnosis and treatment of  HCC. In the 
present study, we evaluated the hypothesis that increases in 
Rab23 signaling induce hepatocarcinogenesis by regulating 
Hh signaling in HCC tissues. 

MATERIALS AND METHODS
Overall experimental design
We compared Rab23 expression in non-neoplastic and 
malignant human livers by IHC and in situ hybridization 
using tissue microarrays. Furthermore, since it has been 
confirmed that there is hedgehog signaling in Hep-3B 
cells[8,9], we examined the biological significance of  the 
Rab23 gene in Hep-3B cells by knocking down Rab23 
gene expression. To identify a possible role of  Rab23 
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in HCC, we designed a pair of  double-stranded RNAs 
(dsRNAs) against human Rab23, and transfected siRNAs 
into Hep-3B cells. We examined Rab23 expression in these 
cells using RT-PCR and Western blots. We investigated 
cell growth by MTT assays and fluorescence-activated cell 
sorting.

Patient material 
HCC samples from 100 patients were used in this study. 
All of  them were from Sun Yat-Sen University (Guangzhou, 
China) and selected over a 4-year period (1993-1997). 
Twenty-five tumor adjacent liver tissue samples were also 
used. None of  the patients received chemotherapy or 
radiation therapy. Each specimen was fixed in alcoholic 
formalin for 8-12 h and embedded in paraffin.

Construction of tissue microarray
A hundred archived formalin-fixed and paraffin-embedded 
anonymous, representative specimens of  HCC were 
also assessed. Non-necrotic areas in tumor for coring 
into a tissue microarray (TMA) were marked using an 
indelible pen on a hematoxylin and eosin (HE) stained 
whole section from donor blocks. TMAs were assembled 
from formalin-fixed and paraffin-embedded tumor tissue 
samples as previously described[16] by using a precision 
instrument (Beecher Instruments, Silver Spring, MD). 
Cores (600 μm in diameter) were randomly arrayed in 
triplicate across the recipient block with asymmetrical 
placement for orientat ion. TMA coordinates and 
clinicopathological data were stored for reference. TMA 
slides were sectioned and mounted on Superfrost®/Plus  
mic roscope s l ides a s 6 -μm sec t ions (F igure 1 ) . 
Hematoxylin and eosin (H&E) stained TMA sections were 
used as morphological references. 

Figure 1  In situ hybridization using tissue microarrays. 



Immunohistochemistry
Paraffin-embedded tissue sections were deparaffinized. 
Slides from each case were exposed to affinity purified 
rabbit anti-Rab23 primary antibody (BD Biosciences, 
San Jose, CA, USA) and diluted in PBS for 2 h at room 
temperature. Detection was carried out using Elivision TM 
Plus Polymer HRP (Mouse/Rabbit) immunohistochemistry 
kits (Maixin.Bio, Fuzhou,China). Location of  peroxidase 
was v i sua l i z ed w i th d i aminobenz id ione (DAB) . 
Hematoxylin was used for counterstaining. Sections were 
thoroughly washed with PBS between steps. Negative 
controls (absence of  primary antibody) were run for each 
experiment. We defined a positive sample as one in which 
more than one third of  one tissue chip was stained brown. 

In situ hybridization
In s i tu hybridizat ion was performed according to 
the manufacturer’s instructions (Roche Molecular 
Biochemicals, Mannheim, Germany) and the published 
in situ hybridization protocol[17,18]. Sense and antisense 
probes were obtained by T3 or T7 in vitro transcription 
using a DIG RNA labeling kit from Roche (Mannheim, 
Germany). Rab23 (AY585189) was cloned into BamH1 
of  pBluescriptSK+. Tissue sections (8-μm thick) 
were mounted onto poly-L-lysine slides. Following 
deparaffinization, tissue sections were rehydrated in a 
series of  ethanol dilutions. To enhance the signal and 
facilitate probe penetration, sections were immersed 
in 0.3% Triton X-100 solution for 15 min at room 
temperature and in proteinase K solution (20 μg/mL) 
for 20 min at 37℃, respectively. Sections were incubated 
with 4% (w/v) paraformaldehyde/phosphate-buffered 
saline (PBS) for 5 min at 4℃. After washed with PBS, 
slides were incubated with prehybridization solution 
(50% formamide, 50% 4 × SSC) for 2 h at 37℃. Probe 
was added to each tissue section at a concentration of  
1 μg/mL and hybridized overnight at 42℃. After high 
stringency washing, the sections were incubated with an 
alkaline phosphatase-conjugated sheep anti-digoxigenin 
antibody, which catalyzes a color reaction with nitro-blue-
tetrazolium (NBT)/5-bromo-4-chloro-3-indolyl phosphate 
(BCIP) substrate (Roche, Mannheim, Germany). A blue 
color indicated strong hybridization.

Culture of Hep-3B cell line 
Hep-3B cells kindly donated by Professor Shi-Gang Xiong 
(Department of  Pathology, Keck School of  Medicine, 
University of  Southern California, USA.), were cultured 
in Dulbecco’s minimal essential medium (DMEM; Gibco 
BRL, Gaithersburg, MD, USA) supplemented with 10% 
fetal bovine serum (FBS; Bio-Whittaker, Walkersville, 
MD, USA), 100 IU/mL penicil l in, and 100 μg/mL 
streptomycin. Cultures were incubated at 37℃ in a 
humidified atmosphere containing 50 mL/L CO2, and 
the medium was changed twice a week. Cell viability was 
tested by trypan blue exclusion. All experiments were 
performed with Hep-3B cells from passages 6-15, which 
were exposed to serum-free culture medium containing 
0.1% bovine serum albumin for 24 h. 

Rab23 gene silencing in Hep-3B cells
Hep-3B cells were harvested by trypsinization and seeded 
24 h prior to transfection, on 6-well plates at a density of  
300 000 cells/well in 2 mL DMEM with 10% FBS. When 
the Hep-3B cells were at 90%-95% confluence, the culture 
medium was replaced with 1 mL of  DMEM with or 
without 10% FBS. Following an overnight incubation, cells 
received 1 mL of  complete medium and were incubated 
until 72 h post transfection.

According to the design principle of  siRNA[19-21], short 
interfering RNA for Rab23 and negative control siRNA 
were designed. The target gene sequence of  Rab23 is 5`-3` 
CCA GAA CTA ACG CAT TCA TCA A. The siRNA 
sequence (siRNA Duplex) is CCA GAA CUA ACG CAU 
UCA A dT dA dAdT GGU CUU GAU UGC GUA AGU 
U. The sequence of  negative control siRNA is: sense 
5`-UUC UCC GAA CGU GUC ACG UTT-3`, Anti-sense 
5`-ACG UGA CAC GUU CGG AGA ATT-3`. Short 
interfering RNAs (siRNAs) for Rab23 were purchased 
from Guangzhou Ribobio CO., Ltd (Guangzhou, China) 
and negative control siRNAs were purchased from 
Shanghai GenePharma Co., Ltd (Shanghai, China). 
Double-strand RNA (final concentration of  50 and 100 
nmol/L) in OPTI-MEM (80 μL) and oligofectamine (4 
μL) in OPTI-MEM (15 μL) were mixed and allowed to 
stand at room temperature for 20 min according to the 
manufacturer’s directions (Invitrogen, Carlsbad, USA). 
The mixture was added directly into a culture of  Hep-3B 
cells (1 × 105/mL) in OPTI-MEM (0.4 mL). After 24 h, 
the consequences of  transfection were watched through 
fluorescence of  the cells (Figure 2). Transfection efficiency 
was normalized by monitoring luciferase activity from 
total cell lysates using the firefly luciferase (FLuc) assay 
kit (Promega, madison, USA). Cells were analyzed after 
12 h by MTT assay. After 48 h they were analyzed by 
fluorescence-activated cell sorting, Western blots and RT-
PCR . All experiments were performed in triplicate. 

RNA isolation and two-step real-time RT-PCR
Two-step real-time RT-PCR was performed to compare 
the expression of  Rab23 in normal liver tissue samples 
and Hep-3B cell lines. Total RNA was extracted using 

Figure 2 Rab23 gene silencing in Hep-3B cells. Green fluorescence could be 
detected in siRNA-transfected Hep-3B cells (negative control group).
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TRIzol reagent (Sigma) according to the manufacturer’s  
instructions. Reverse transcription with oligo (dT) 
priming was used to generate cDNAs from total RNA 
(2 μg) extracts. The synthesized cDNAs for Rab23 and 
β-actin were amplified using specific sets of  primers. 
Optimal oligonucleotide primers were designed using 
Beacon Designer 2.0 software (MWG Biotech, High 
Point, NC). The primers used to amplify human Rab23 
were synthesized according to the following sequences: 
forward primer: 5′ GTA GTA GCC GAA GTG GGA 3′,  
reverse primer: 5′ CCT TTG TTT GTT GGGTCT C 3′ 
according to ABO34244 in the gene bank. β-actin primer 
was designed based on published cDNA sequences: 
forward primer 5′TCA TCA CCA TTG GCA ATG AG3′,  
reverse primer 5′ CAC TGT GTT GGC GTA CAG GT 
3′. Each PCR mixture contained the appropriate set of  
forward and reverse primers (0.2 μmol/L), each dNTP at 
0.25 mmol/L, 1.25 U Taq polymerase, and 2.5 mmol/L 
MgCl2 in a PCR buffer. The PCR procedure consisted of  
28 cycles of  denaturation at 95℃ for 1 min, annealing 
at 58℃ for 1 min, and extension at 72℃ for 1 min, with 
initial denaturation of  sample cDNA at 95℃ for 3 min 
and an additional extension period of  10 min after the last 
cycle. The PCR products were subjected to 1.5% agarose 
gel electrophoresis stained with ethidium bromide and 
quantitated by densitometry using an Image Master VDS 
system and associated software (Pharmacia, USA).

Protein extraction and Western blotting
Cells were washed with cold PBS and lysed by the addition 
of  a lysis buffer containing 1% Nonidet P-40, 50 mmol/L 
Tris (pH 7.5), 150 mmol/L NaCl, 0.1% SDS, and protease 
inhibitor cocktail (Boehringer Mannhein, Lewes, U.K.) 
for 20 min at 4℃. Insoluble materials were removed by 
centrifugation at 15 000 r/min for 15 min at 4℃. The 
supernatant was saved and the protein concentration 
was determined using a Bio-Rad protein assay kit (Bio-
Rad, Hercules, CA). Cell extracts (50 μg/lane) were 
separated via 10% gel electrophoresis and electroblotted 
onto PVDF membranes. Nonspecific binding sites were 
blocked by incubating nitrocellulose sheets for 1 h in 
phosphate-buffered saline containing 5% low-fat dry 
milk. Membranes were probed with primary antibodies 
overnight at 4℃, followed by a secondary horseradish 
peroxidase-conjugated second antibody. Blots were 
developed using an enhanced chemiluminescence detection 
system (ECL, Amersham Pharmacia Biotech) according to 
the manufacturer’s instructions.

MTT assay
The cell proliferation and viability were determined by 
MTT assay as previously described[18]. Briefly, cells (5 × 103 
cells per well) were seeded in 96-well microtiter plates 
(Nunc, Denmark). After different treatments for 12 , 24 , 
48 h or 72 h, an aliquot (50 μL) of  MTT (Sigma) solution 
(2 mg/mL in PBS) was added to each well and the plates 
were incubated for an additional 4 h at 37℃. MTT solution 
in medium was aspirated off. To achieve solubilization 
of  the formazan crystal formed in viable cells, 150 μL 
DMSO was added to each well. The absorbance was read 

at 490 nm on a Dias automatic microwell plate reader with 
DMSO as the blank.

Fluorescence-activated cell sorting
After treatment for 48 h, cells were washed with cold 
sterile phosphate-buffered saline (PBS), and harvested 
in 70% cold alcohol solution for immediate analysis in 
a Becton Dickinson FACScan flow cytometer (Becton 
Dickinson, San Jose, CA). Data were acquired and 
analyzed using CellQuest software (BD Biosciences). The 
flow cytometer was calibrated daily with CaliBRITE 3 
(BD biosciences) for fluorescence sensitivity and spectral 
overlap.

Statistical analysis
For immunohistochemistry and in situ hybridization results, 
Fisher’s exact test or a binomial proportion analysis was 
used. P < 0.05 was considered statistically significant. 
Results of  RT-PCR, Western blotting and MTT assays 
were expressed as mean ± SE of  at least three separate 
experiments. Results were analyzed by one-way analysis of  
variance (ANOVA) followed by the Student-Neumann-
Keuls test. Again, differences with P values of  < 0.05 were 
considered statistically significant.

RESULTS
Expression of Rab23 in normal liver tissues and HCCs by 
immunohistochemistry
The expression of  Rab23 in normal liver tissues has not 
been reported. Slight or no membranous staining of  Rab23 
in normal liver tissue was detected in our study. There was 
also no cytoplasmic or nuclear staining of  Rab23 in normal 
liver tissues (Figure 3A). Conversely, expression of  Rab23 
was found in HCCs, and the expression rate was 53.5% 
(38 of  71 samples were positive, Table 1). Most samples 
expressed Rab23 in nuclei of  HCC cells (Figure 3B and C). 
The results of  expression of  Rab23 correlated with tumor 
size (P < 0.01, Table 1), suggesting that Rab23 might be a 
useful prognostic indicator in HCC .

Expression of Rab23 in normal liver tissue and HCCs by in 
situ hybridization
No expression of  Rab23 could be detected by in situ 
hybridization in five normal liver tissue samples (Figure 
3D). To confirm this result, we also checked the transcripts 
by RT-PCR, and got the same result (data not shown). 

To assess the frequency of  Rab23 activation in HCC, 
we examined its expression in tissue samples derived from 
100 different HCC cases (Table 1). We found positive 
staining for Rab23 in 38 of  71 (72%) HCC cases (Figure 
3E and F). Further analyses again showed that activation 
of  Rab23 correlated with tumor size (P < 0.01, Table 1).

Low expression of Rab23 in Hep-3B cell line when it was 
silenced by siRNA
Hep-3B cells were divided into three groups: a transfected 
group, a blank control group, and a negative control group. 
After 24 h of  treatment with siRNA, Hep-3B cells were 
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Table 1  Expression of Rab23 in HCC (in-situ  hybridization and 
immunohistochemistry)	

harvested and total RNA was extracted. RT-PCR was 
done as described previously[18]. The expression levels in 
the transfected group decreased almost 4.5 fold compared 
with the blank control group. There was no statistical 
significance between the blank control group and the 
negative control group (Figure 4,Figure 5, Figure 6).

Expression of Rab23 protein in Hep-3B cells decreased 
when it was silenced by siRNA
We used the same method for preparing Hep-3B cells for 
Western blots as for preparing cells for RT-PCR. After 24 
h of  treatment, Hep-3B cells were harvested and protein 
was extracted. Western blots were run according to a 
protocol described previously[22]. The expression levels 
in the transfected group decreased to almost half  the 
level of  the blank control group. There was no statistical 

Figure 3  Expression of Rab23 in normal liver tissues and HCCs as seen by immunohistochemistry (A-C) and  in situ hybridization (D-F).

A B C

D E F

                               In-situ  hybridization      Iimmunohistochemistry

                 	 Pos        Neg    P         Pos	 Neg          P

Normal		    0	   5	     0	   5
Paracarcinoma	   0	 18	     0	 18
HCC		  38	 33	   48	 19
Tumor                
Differentiation
Well		    4	  3	     6	   1
Mod and poor	 34	 30  0.3028      42	 18         0.2681
Metastasis 
Yes		    9	   5	   10	   4
No		  29 	 28  0.2663    38	 15         0.2591
Tumor size
Small		    3	 11	     4	 13
Large		  35	 22  0.0072     35	 15         0.001
Age 
≥ 50 yr		  14	 10	   15	   9
< 50 yr		  24	 23  0.5613      33	 10         0.2149
Sex 
Male		  29	 26	   44	 15
Female		    9	   7  0.8036         4	   4         0.1156
HBsAg
Pos		  34	 31	   46	 17
Neg		    4	  2  0.2721         2	   2         0.2517
AFP
≥ 20 mg/L		 26	 24	   35	 12
< 20 mg/L		  12	  9  0.6917      13	   7         0.4314

Statistical analysis was performed by Fisher’s exact test or Binomial 
proportions analysis. A P value < 0.05 was considered statistically significant. 
Pos: positive signal; Neg: Negative signal; Well: Well-differentiated tumors; 
Mod-poor: Moderately to poorly differentiated tumors.

1500 bp

1000 bp

500 bp

100 bp

   1	             2		     3	           4

Figure 4  Electrophoresis of the RT-PCR products of Rab23 mRNA in Hep-3B 
cells after being silenced by siRNA. Lane 1: marker 1500; Lane 2: blank control 
group; Lane 3: transfection group; Lane 4: negative control group.
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significance between the blank control group and the 
negative control group (Figure 7, Figure 8).

Viability of Hep-3B cells decreased after being transfected 
Here we determined whether inhibition of  the expression 
of  Rab23 in Hep-3B cells also inhibits the proliferation 
of  these cells by MTT assay. Forty-eight hours and 72 h 
after adding siRNA, the survival rate of  the transfected 
group decreased compared with controls (P < 0.05, Figure 
9). Again, there was no significant difference between the 
blank and negative control groups.  

Apoptosis rate of Hep-3B cells increased after the Rab23 
gene was silenced by siRNA  
Forty-eight hours after siRNA treatment, Hep-3B 
cells were tested by fluorescence- activated cell sorting. 
Apoptosis skewness was seen in the transfected group. The 
apoptotic rate of  Hep-3B was 30% in the blank control 
group but 0% in the negative control groups (Figure 10).

DISCUSSION
The worldwide incidence of  liver cancer is expected to 
rise over the next decade. This is serious because the 
prevalence and mortality rate of  HCC are rather high at 
present[23]. Furthermore, the mechanisms underlying the 
initiation and progression of  HCC remain elusive. One 
candidate mechanism involves the hedgehog (Hh) pathway. 
Dysregulation of  this pathway has been implicated in 
the genesis of  several kinds of  cancer derived from 
multiple tissue types[3], including HCC[8,9]. One aspect of  
Hh signaling is negative regulation of  this pathway by 
Rab23[13,15]. Rab23 acts on upstream of  Gli transcription 
factors in patterning neural cell types in the spinal cord. 
The primary target of  Rab23 is the Gli2 activator. Rab23 
and Gli3 repressor have additive effects on pattering. 
Analysis of  the Gli3 protein suggests that Rab23 also 
has a role in promoting the expression of  Gli3 repressor. 
Although the membrane proteins patched and smoothened 
can change subcellular location in response to SHH, 
analysis demonstrates that Rab23 does not work through 
either patched or smoothened. Instead, Rab23 appears to 
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   1	  2	    3	          4
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Figure 5  Electrophoresis of the RT-PCR products of β-actin mRNA in Hep-3B 
cells. Lane 1: marker 1500; Lane 2: blank control group; Lane 3: transfection 
group; Lane4: negative control group.
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Figure 6  Electrophoresis of the RT-PCR products of Rab23 mRNA in Hep-
3B cells after being silenced by siRNA. Lane 1: blank control group; Lane 2: 
transfection group; Lane 3: negative control group. aP < 0.05 vs control.
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Figure 8  Western blot result for Rab23 in Hep-3B cells after being silenced by 
siRNA. Lane 1: blank control group; Lane 2: transfection group; Lane 3: negative 
control group. aP < 0.05 vs control.
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Figure 7  Western blot results for Rab23 in Hep-3B cells after being silenced by 
siRNA. Lane 1: blank control group; Lane 2: transfection group; Lane 3: negative 
control group.
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regulate subcellular localization of  essential components 
of  the hedgehog pathway that act both on downstream of  
smoothened and on upstream of  Gli proteins[14]. 

There are no reports about studies of  Rab23 in HCC 
or even in any other human tumors. Since Rab23 is a 
negative regulator of  SHH which can induce malignant 
carcinoma, Rab23 may also contribute to tumorigenesis in 
HCC.

Our results ident ify one potent ia l mechanism 
underlying hepatocarcinogenesis, namely dysregulation of  
Rab23 and SHH signaling. In this study, we found that the 
aberrant expression of  Rab23 was a general event during 
the development of  HCC, and that the expression of  the 
Rab23 gene correlated with tumor size. These findings 
are strongly supported by our studies of  Hep3B cells in 

which Rab23 was silenced by siRNA, which inhibited 
cell proliferation and increased apoptosis. Further studies 
are now needed to identify the mechanisms by which 
Rab23 expression might contribute to dysregulation of  
SHH signaling and HCC tumorigenesis. Rab23 plays an 
important role in tumorigenesis of  HCC and other human 
tumors. Also, Rab23 may be a new biological target for 
prognosis and treatment of  HCC.
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normal tissue and colorectal adenoma tissue by nested 
RT-PCR assay. The positive rate of FHIT gene expression 
in normal colorectal tissue, colorectal adenoma and 
carcinoma tissue was 93.75%, 68.75% and 46.25%, 
respectively. Clinicopathological analysis of patients 
showed that the decreased FHIT gene expression was 
not associated with age, sex, serum CEA levels, tumor 
site and size, histological classification. However, the 
expression of FHIT was correlated with differentiation 
grades, pathological stages, lymph node metastases 
and 5-year survival rate after operation. The positive 
rate of apoptosis-associated proteins (Bax, Bcl-2 and 
survivin) in CRC tissue was 72.50%, 51.25% and 
77.50%, respectively. The expression of these apoptosis-
associated proteins in CRC tissue was correlated with the 
expression of FHIT. The mean apoptosis index in FHIT 
negative tumors was significantly lower than that in FHIT 
positive tumors (5.41 ± 0.23 vs  0.56 ± 0.10, P < 0.01).

CONCLUSION: The FHIT gene plays an important 
role in the regulation of apoptosis and decreased 
FHIT expression plays a key role in the initiation and 
progression of colorectal carcinoma.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal cancer is the second leading cause of  death 
in the United States, where the cumulative lifetime risk 
of  developing colorectal cancer in both men and women 
is 6%[1]. In China, colorectal cancer is the fourth leading 
cause of  death[2].

The fragile histidine triad (FHIT) gene, is a tumor 
suppressor gene located at the fragile site FRA3B on 
chromosome 3p14.2 that can be identified by positional 
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Abstract
AIM: To detect the expression of fragile histidine triad 
(FHIT) in normal colorectal tissue, colorectal adenoma 
and colorectal cancer (CRC) tissue, and to analyze its 
relationship with the clinicopathological features of CRC, 
and apoptosis-associated proteins (Bcl-2, Bax, survivin) 
and apoptosis in colorectal cancer.

METHODS: FHIT mRNA analysis was performed 
by nested reverse transcription-polymerase chain 
reaction (RT-PCR) assay. Tissue microarray (TMA) was 
established to detect the expression of FHIT, Bcl-2, 
Bax and survivin genes in 80 CRC tissue specimens, 16 
colorectal adenoma tissue specimens and 16 hemorrhoid 
(PPH) tissue specimens during the same period of 
time as the control. Citrate-microwave-SP was used as 
immunohistochemical method. The relationship between 
clinicopathological factors, such as differentiation grades 
and 5-year survival rate was observed. TUNEL assay 
was used to detect the apoptosis index in 80 CRC tissue 
specimens.

RESULTS: Ten out of 26 (38.5%) CRC tissue specimens 
expressed aberrant FHIT transcripts, none of the 
aberrant FHIT transcripts was observed in the matched 
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cloning, a region of  the genome showing loss of  
heterozygosity (LOH) in a variety of  cancers[3,4]. FHIT 
is involved in carcinogenesis of  many human tissues, 
including digestive tract tissue. The FHIT gene contains 
an open reading frame (ORF) of  444 base pairs (bps) 
encoding a protein of  147 amino acids, which appears to 
be ubiquitously expressed in human tissues. Large deletions 
within FHIT transcripts occur frequently in multiple 
malignancies[5,6]. Most of  the deletions described to date in 
the FHIT gene involve loss of  one or more coding exons 
and lead to a truncated protein[6]. Loss of  FHIT protein 
expression and abnormal FHIT transcripts, including 
deletions and insertions of  exons, have been found in lung 
and breast cancers, as well as in head and neck cancers[7-11]. 
Ohta et al[3] reported that aberrant transcripts of  the FHIT 
gene have been observed in 38% of  CRC cases. It was also 
reported that the FHIT gene plays an important role in 
both oncogenesis and progression of  CRC[12-14]. However, 
Thiagalingam et al[15] showed that there is no evidence that 
the FHIT gene is involved in CRC carcinogenesis. The 
clinicopathological significance of  FHIT alterations in 
CRC still remains unclear.

The role of  FHIT expression in the development of  
colorectal cancer (CRC) is poorly understood. Recently, 
tissue microarray (TMA) technique has been developed, 
which can significantly increase the throughput of  
immunohistochemistry (IHC) tumor analysis. TMA is 
composed of  a large number of  small tissue cores punched 
out from different tumors. These tissue core specimens 
obtained from tissue blocks, are then arranged into a 
single recipient paraffin block[16]. This approach allows 
analysis of  a large number of  different tumor samples in 
one IHC experiment. Arrays as large as 1000 samples have 
been reported[17]. TMA can be used to test the prognostic 
significance of  antibodies against proteins encoded by 
differentially expressed genes using a large number of  
archival patient samples. Decreased p53 expression is 
correlated with lymph node metastasis in CRC[18]. In our 
present study, an expanded repertoire of  TMA technique 
was used to demonstrate the novel relationship between 
FHIT expression and clinicopathological factors, such as 
differentiation, pathological stages, lymph node metastasis 
and 5-year survival rate. 

The presence of  FHIT gene mutations correlates 
significantly with decreased FHIT expression in human 
CRC. Several well integrated biochemical subroutines 
promote CRC cell growth and inhibit apoptosis, tipping 
the balance of  colon epithelial cells towards an unrestricted 
proliferation and outliving the sequence of  mutations 
required for carcinogenesis. Apoptosis is essential for 
successful embryonic development and maintenance of  
normal tissue homeostasis[19]. The present study was to test 
the hypothesis that decreased FHIT expression inhibits 
apoptosis and decreases apoptosis-associated protein 
expression, to characterize FHIT mRNA and protein 
expression in normal colorectal tissue, and adenoma and 
adenocarcinoma tissue, and to investigate the mechanism 
of  FHIT gene inactivation and its association with 
apoptosis inhibition in the development and progression 
of  human CRC.
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MATERIALS AND METHODS
Colorectal carcinoma tissue samples
Human colorectal tissue specimens were obtained from 
patients at the Department of  Gastrointestinal Surgery, 
Affiliated Guangzhou First People’s Hospital, Guangzhou 
Medical College, China, from January 1997 to June 2000. 
All tissue specimens were snap- frozen and stored at 
-80℃. There were 48 male and 32 female patients with 
an average age of  62 years (range 32-81 years). Of  the 80 
specimens of  human colorectal carcinoma we examined, 
20, 22, 23 and 15 were classified as Dukes’ stage A, B, C 
and D, respectively. Histologically, well-differentiated CRC 
was found in 16, moderately-differentiated CRC in 44, and 
poorly-differentiated in 22 specimens, respectively (Table 1). 
As a control, 16 normal colorectal tissue specimens and 16 
colorectal adenoma specimens were also obtained. These 
tissue specimens were snap-frozen in liquid nitrogen, 
embedded in paraffin and stored at -80℃. Sections of  each 
paraffin block were stained with hematoxylin and eosin.

RT-PCR assay
Total RNA was isolated from 26 colorectal cancer and 
26 normal adjacent colonic tissue specimens, and 14 
adenoma and 14 normal adjacent colonic tissue specimens 
with TRIzolTM reagent (Life Technologies). Nested RT-
PCR was carried out as described previously[20]. A 24 
μL mixture of  total RNA (10 μg), 0.4 mmol/L oligo 
(dT) (New England Biolabs), and QH2O was prepared. 
After incubation for 10 min at 70℃, the mixture was 
quickly cooled on ice, and 16 μL of  RT-PCR mixture 
containing 8 μL of  5 × first strand buffer (Invitrogen) 
(250 mmol/L Tris–HCl pH 8.3, 375 mmol/L KCl, 15 
mmol/L MgCl2), 4 μL of  0.1 M DTT (Invitrogen), 2 μL 
10 mmol/L deoxynucleotide mixture (dATP, dTTP, dCTP 
and dGTP, 10 mmol/L each) (Roche), 2 μL of  RNase 
inhibitor (40 U/μL) (Roche) was added. The reaction 
proceeded in GeneAmp 2400 (Applied Biosystems) 
a t 45℃ for 2  min. After 400 U of  SuperScr ipt™  
RnaseH-reverse transcriptase (200 U/μL) (Invitrogen) 
was added and incubated for 45 min at 60℃, the reaction 
was inactivated at 70℃ for 15 min and at 94℃ for 3 min. 
cDNA was used as a template in the following RT-PCR.

Mutation analysis of FHIT mRNA transcripts and aberrant 
splicing in human CRC by sequencing
Mutation screening in aberrant RT-PCR products was 
performed using an ABI 377 automated sequencer with 
a pEGM-T vector as described previously[21]. Aberrant 
migrating bands were directly sequenced after isolation 
of  bands from low melting agarose and purification on 
columns. 

Analysis of FHIT, Bax, Bcl-2 and survivin protein 
expression by TMA-IHC
Construction of  tissue microarray (TMA): Archival 
paraffin-embedded, formalin-fixed tissues from 80 
Chinese CRC, 16 colonic adenoma and 16 noncancerous 
normal mucosa patients were collected. Two independent 
experienced pathologists selected representative areas from 



each donor tumor block, and then one 1-mm core was 
taken from a representative area of  the tumor and inserted 
into a recipient paraffin block to create the TMA[6]. One 
TMA slide contained 112 samples. We employed the 
TMA technique to explore the expression of  FHIT, Bax, 
Bcl-2 and survivin in colorectal tumor specimens and its 
correlation with apoptosis status by TMA-IHC and TMA-
TUNEL. We investigated consecutively-cut serial sections 
and examined the same tumor region in three dimensions.
Immunohistochemical analysis of  FHIT, Bax, Bcl-2 
and survivin expression in human CRC by TMA-
IHC: Immunohistochemical studies were performed using 
a citrate-microwave-streptavidin peroxydase technique. 
Immunohistochemical detection was done using anti-
FHIT, anti-Bax, anti-Bcl-2 and anti-survivin antibodies, 
respectively. Endogenous peroxidase activity was quenched 
by methanol containing 3% hydrogen peroxide (Sigma, 
Taufkirchen, Germany). Nonspecific binding was blocked 
by applying normal rabbit serum in a humidity chamber 
at a dilution of  1:10 for 30 min. Primary antibodies 
were applied overnight at 4℃. The secondary antibody 
(goat to mouse immunoglobulins, DAKO, Denmark) 
was applied for 1 h at room temperature. Peroxidase–
antiperoxidase (PAP rabbit, DAKO) conjugate diluted at 
1:100 in phosphate-buffered saline (PBS) was applied for 
45 min at room temperature. The sections were stained 
with diaminobenzidine tetrahydrochloride (DAB, Sigma) 
and then counterstained with hematoxylin. Negative 
control staining was performed by omitting the primary 
antibody. As a positive control for FHIT protein in 
immunohistochemical studies, we used paraffin sections of  
lung cancer positive for FHIT protein. 
Quantitative measurements: Quantitative analysis of  
immune reactions related to the total tissue area was 
performed. We measured the percentage of  positive 
immune reactivity with these antibodies in the tissue 
epithelium (normal and tumor). Histological images were 

captured with an OLYMPUS BX50 system microscope 
with an objective at magnification X 40, through a video 
camera, and digitized by appropriate software. In each 
section, 500 cells per core were calculated. The relative 
level of  specific immunostaining and its localization were 
also judged. The relative intensity of  cell immunostaining 
was evaluated semi-quantitatively. The data of  tissue array 
were confirmed by a pathologist at the Department of  
Pathology of  Affiliated Guangzhou First People’s Hospital.
Hierarchical clustering and tree-view analysis: 
Hierarchical clustering was performed by the Cluster 
program (available at http://rana.lbl.gov/) as described 
previously in two dimensions: tumors were grouped 
together based on the relation of  their immunostaining 
profiles, and antibodies were grouped based on tumors 
they stained. The clustered data were visualized with the 
Tree-view software tool programs originally developed for 
analyzing cDNA microarray data (Available at http://rana.
lbl.gov/), which graphically displayed the results of  the 
analysis as dendrograms and arrays, wherein the rows and 
columns corresponded to the raw staining data, presented 
in the order determined.

Detection of cell apoptosis state in human CRC by TUNEL 
assay 
Cell apoptosis was detected in 80 CRC specimens by 
TMA-TUNEL assay (Apotag Peroxidase Kit, Oncor, 
Gaithersburg, MD) with the Apop-TagTM peroxidase 
kit (Zhongshan Biotech, Beijing). For the evaluation of  
TUNEL index, the number of  TUNEL-positive colonic 
epithelial cells was recorded using the × 40 objective 
lens. The case was considered positive for TUNEL if  
any colonic epithelial cells showed TUNEL staining. The 
TUNEL index was determined as the number of  TUNEL-
positive colonic epithelial cells expressed as a percentage 
of  the total number of  counted colonic epithelial cells. 
Necrotic areas were excluded.

Statistical analysis
Results were presented as mean ± SD. All statistical 
analyses were carried out using SPSS 11.0 for Windows 
statistical software (SPSS Inc, USA). The relationship 
between the clinicopathological variables and FHIT loci 
and protein alterations was examined by Fisher’s exact test. 
The relationship between the expression of  FHIT and 
prognosis of  CRC was analyzed by Cox-Mantel test. P < 
0.05 was considered statistically significant. All experiments 
were performed three times. 

RESULTS
Analysis of aberrant splice of FHIT gene in human CRC
Expression of  FHIT mRNA was detected by nested 
RT-PCR. According to the results, 34.6% samples with 
abnormal FHIT expression displayed two transcript 
categories: normal FHIT transcript (PCR products = 707 
bp) and aberrant FHIT transcript (PCR products = 336 bp 
and 239 bp), respectively (Figure 1). However, the samples 
with normal FHIT expression only showed a normal 
FHIT transcript size. 
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Table 1  Expression of FHIT and clinical or pathological factors

n FHIT expression c2 P
Positive Negative

Age
        < 60 34 16 18 0.16 0.901
        ≥ 60 46 21 25

Sex
        M 42 19 23 0.04 0.849
        F 38 18 20

Differentiated
        Well 16 12   4 4.84  0.028
        Moderately 44 20 24
        Poorly 20   5 15

Dukes
        A, B 45 27 18 7.82  0.005
        C, D 35 10 25

Lymph node metastasis
        Positive 16 11   5 4.07  0.006
        Negative 64 26 38

Survival
        ≥ 5 yr 35 23 12 5.77  0.016
        < 5 yr 18   5 13



Mutation analysis of FHIT gene in human CRC by 
sequencing
Aberrant RT-PCR products were sequenced after isolation 
of  bands from low melting agarose and purification on 
columns. In the 336 bp fragment, Exon 3 was spliced 
to exon 7 (E3/E7), and thus the transcript lacked exons 
4-6 (Figure 2A). In the 239 bp fragment, Exon 3 was 
spliced to exon 9 containing an E3/E9 aberrant transcript  
(Figure 2B). 

Clinicopathological features and their relation to 
expression of FHIT in human CRC 
The correlation between FHIT protein expression and 
clinicopathological data in the 80 carcinoma specimens is 
shown in Table 1, and a photograph of  a representative 
specimen is provided in Figure 3. FHIT negative CRC 
was found in 43 and FHIT FHIT positive CRC was 
found in 37 specimens. Fifty-three percent (32 of  60) 
of  specimens with well-differentiated CRC had positive 

Figure 2  Sequencing analysis of aberrant FHIT transcripts. A: Deletion of exons 
4-6 in the FHIT gene; B: Deletion of exons 4-8 in the FHIT gene.

90  100  110  120
G  AAAG AG  AAAG AAGGATG GC CCCG  AAGC CGG AC

 Exon 3         Exon 7A

 260 250 240 230
TG TCA TGT TTCTG G AGC TTC TT TCTC TTTCTCT

 Exon 3         Exon 9B

A B

C D

Figure 3   TMA-IHC assay showing 
significantly decreased FHIT expression in 
normal colonic mucosal samples (A), CRC 
tissue samples (B), and  magnified views of 
the respective samples A and B (C and D). 
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Figure 1  Frequency of intragenic deletions in FHIT transcripts in human CRC. 
Gel photo of FHIT RT-PCR products showing that the full length FHIT was the 
predominant transcript in samples 1-3, 5, 7 and 9. Both full length FHIT and 
shorter fragments representing transcripts containing deletions in FHIT could be 
seen in samples 4, 6 and 7. The arrow shows the gel position of splice variants.



FHIT expression, whereas 25% (5 of  20) of  specimens 
with poorly-differentiated CRC had positive FHIT 
expression (P < 0.05), while 93.75% (15 of  16) and 75% 
(12 of  16) had positive FHIT expression in the normal 
colorectal tissue specimens and colorectal adenoma 
specimens, respectively (Figure 4A and Table 1). Sixty 
percent (27 of  45) of  specimens with Dukes’ A and B had 
positive FHITexpression, whereas only 28% (10 of  35) 
of  specimens with Dukes’ C and D had positive FHIT 
expression (P < 0.005) (Figure 4B and Table 1). Moreover, 
prognosis of  the FHIT-negative cases was much poorer 
than the FHIT-positive cases (Figure 4C and Table 1). 
There was no significant correlation between other 

clinicopathological factors and FHIT expression. 

Apoptosis status in human CRC as assessed by TUNEL
The role of  FHIT protein in apoptosis as a proapoptic 
factor was detected by TUNEL assay. Aberrant expression 
of  the FHIT gene was related to colonic epithelial cell 
apoptosis (Figures 5 and 6, Table 2). The apoptosis index 
was 5.41 ± 0.23 in colorectal cancer with normal FHIT 
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Figure 4  Relationships between FHIT expression and CRC differentiation grade 
(A) and stage (B), and survival rate (C) CRC patients.

Figure 5  TUNEL assay showing significantly decreased apoptosis in FHIT-
negative CRC cells (A), FHIT-positive CRC cells (C), and magnified views of the 
respective samples A and C (B and D).
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expression and 0.56 ± 0.10 in tumors with absent FHIT 
expression. The rate of  apoptosis was significantly lower 
in tumors with aberrant FHIT expression than in tumors 
with normal FHIT expression (P < 0.05). 

Expression of Bax, Bcl-2 and survivin and its correlation 
with FHIT alteration 
Since growth inhibitory effect of  FHIT- expressing cells is 
related to apoptosis, we determined whether FHIT protein 
is related with other members in the apoptotic pathway. 
Of  the CRC tissue specimens, 54% (43 of  80) had positive 
FHIT expression, whereas the remaining 46% (37 of  80) 
had no detectable FHIT expression by TMA-IHC assay 
(Figure 7, Figure 8, Figure 9 and Figure 10). Seventy-seven 
percent of  FHIT protein-negative CRC specimens showed 
decreased Bax expression, whereas 75% and 60% FHIT 
protein-negative specimens displayed increased Bcl-2 
and survivin expression (Figure 7, Figure 8, Figure 9 and 
Figure 10). The difference was statistically significant (Table 
3).

DISCUSSION
In the present study, frequent allelic loss was observed on 
chromosome 3p in lung cancer and preneoplastic bronchial 
lesions, indicating that inactivation of  putative tumor 
suppressor genes on chromosome 3p may be involved 
in early steps of  lung carcinogenesis. Ohta et al[3] have 
identified the FHIT gene on chromosome 3p14.2, spanning 
the FRA3B common fragile site and the t (3:8) break point 
associated with hereditary renal cell carcinomas. The FHIT 

gene is more than 1 Mb in size, encoding a 1.1-kb cDNA 
with 10 small exons and a cytoplasmic Mr 16 800 protein 
with diadenosine triphosphate (Ap3A) hydrolase activity 

[4]. In this study, truncated FHIT transcripts were observed 
frequently alongside full-length transcripts and sequence 
analysis of  the truncated gene transcripts revealed mainly 
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Figure 6  Decreased FHIT expression and apoptosis inhibition in human CRC. 
Reduced apoptosis index was detected in the same number of cells per field in 
CRC with FHIT-negative expression.

Table 2  Relationship between FHIT expression and apoptosis 
index (AI) in human CRC

FHIT n AI

- 11 0.56 ± 0.10
+/- 15 1.07 ± 0.16
+ 17 2.99 ± 0.32
++ 37 5.41 ± 0.23

Figure 7  TMA-IHC showing significantly decreased Bax expression in FHIT 
positive CRC tissue samples (A), FHIT-negative CRC tissue samples (C), and 
magnified views of the respective samples A and C (B and D).
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D x 200
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exon skipping and alternate RNA processing events. To 
elucidate the possible molecular mechanisms responsible 
for this loss of  protein expression, we used RT-PCR 
for FHIT transcript analysis and cDNA sequencing for 
mutation detection. We found that 34.6% of  the samples 
with decreased FHIT expression had an additional 
aberrant FHIT transcript product. However, aberrant 
FHIT was not identified in the samples with normal FHIT 
expression. These data suggest that loss and rearrangement 
of  the FHIT gene derived from FRA3B breaks or gaps in 
the large FHIT intronic region may give rise to aberrant 
cDNA splicing and result in loss of  FHIT protein, 
suggesting that the majority of  aberrant FHIT transcripts 

lack exons 4-6 and 4-8. Our results indicate that higher 
incidence of  aberrant processing of  FHIT mRNA and 
mutation result in FHIT down-regulation in human CRC. 

Loss of  FHIT protein expression has been found 
in lung and breast cancers, as well as in head and neck 
cancers[7-10]. Ohta and colleagues[2] have reported significant 
loss or reduction of  FHIT expression in 39% CRC 
patients. However, Thiagalingam et al[15] showed that the 
FHIT gene is not involved in CRC carcinogenesis. In this 
study, we demonstrated that loss of  FHIT expression 
was associated with poorly- and well-differentiated CRC 
and frequent lymph node metastasis by TMA-IHC assay, 
indicating that FHIT plays a role in the progression of  

A  x 40 B  x 200

C  x 40 D  x 200

Figure 8  TMA-IHC showing significantly 
increased Bcl-2 expression FHIT positive 
CRC tissue samples (A), FHIT-negative 
CRC tissue samples (C), and  magnified 
views of the respective samples A and C (B 
and D).

A  x 40 B  x 200

C  x 40 D  x 200

Figure 9  TMA-IHC showing significantly 
increased survivin expression in FHIT- 
positive CRC tissue samples (A), FHIT-
negative CRC tissue samples (C), and 
magnified views of the respective samples 
A and C (B and D).
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CRC because loss of  FHIT protein is intimately associated 
with the development of  CRC. Lack of  FHIT gene 
expression and consequent protein expression can be due 
to deletions, mutations, or epigenetic modifications. 

These results strongly indicate that aberrant expression 
of  the FHIT gene is related to the development and 
progression of  CRC. However, the relationship between 
FHIT expression and apoptosis has not been studied 
in human CRC, and the decreased apoptosis in FHIT 
deficient CRC has not been explained. We therefore 
designed this study to investigate the differential patterns 
of  apoptosis-related protein expression associated with 
difference in FHIT expression, in order to identify specific 
changes that might reflect the pathway by which FHIT 
affects apoptosis. We performed TUNEL analysis in this 
study to assess apoptosis status and observed decreased 
apoptosis in FHIT negative CRC tissue samples compared 
to FHIT-positive CRC tissue samples. The apoptosis index 
was 5.41 ± 0.23 in tumors with normal FHIT expression 
and 0.56 ± 0.10 in tumors with aberrant expression. 
The rate of  apoptosis in tumors with aberrant FHIT 
expression was significantly lower than that in tumors 
with normal FHIT expression (P < 0.01). Furthermore, 
we conducted tissue microarray analysis to identify 
differentially expressed proteins in relevant apoptosis 
pathways. For this initial pathway, we chose three key 
proteins belonging to the Bcl/Bax pathway (Bcl2 and Bax) 
and survivin-caspase pathway (survivin). In this study, 
the FHIT-negative CRC tissue samples were associated 
with down-regulation of  Bax and up-regulation of  Bcl-2. 
It is known that the Bax gene is an apoptosis-promoting 
member of  the BCL-2 gene family, and apoptosis is known 
to be accelerated when the Bax function is predominant[22]. 
On the other hand, over-expression of  Bcl-2 seems to be 
associated with the blocking of  apoptosis. The ability of  
Bcl-2 to inhibit apoptosis is dependent on the expression 
of  Bcl-2 and formation of  hetero- and homo-dimers 
between members of  the Bcl-2 family[23]. We observed a 
significant correlation between FHIT protein expression 

and members of  the Bcl/Bax pathway in human CRC (P 
< 0.05). Survivin is minimally expressed in normal adult 
tissues but over-expressed in a wide range of  human 
cancers, including cancer of  the breast, lung, esophagus 

and urinary bladder. Survivin is one member of  inhibitors 
of  apoptosis and appears to block apoptosis by interfering 
with the caspase activation pathway[24]. In the present study, 
we demonstrated that survivin, an inhibitor of  apoptosis 
protein family, was significantly increased in FHIT-
negative CRC, indicating that FHIT plays a critical role in 
FHIT-induced apoptosis, occurring through inactivation 
of  the survivin-caspase signal pathway. Accordingly, future 
investigations must address protein-protein interactions 
that lead to these changes in expression and apoptosis, 
thus allowing us to place FHIT at its correct position 
within the pathways, ultimately helping to elucidate the 
precise mechanism by which its expression modulates 
apoptosis in human CRC.

In conclusion, decreased FHIT expression is caused 
by mutations of  the FHIT gene in human CRC. Down-
regulation of  FHIT is associated with down-regulation 
of  Bax and up-regulation of  Bcl-2 and survivin, which 
results in alterations in apoptosis status. Differential 
FHIT expression in human CRC plays a role in control 
of  cell growth and apoptosis. FHIT is a potentially 
important growth suppressor gene that plays a role in the 
development and progression of  human CRC. FHIT may 
be a candidate for therapeutic modulation of  apoptosis in 
human CRC.
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Abstract
AIM: To investigate the infection and replication of 
hepatitis B virus (HBV) in primarily cultured human fetal 
hepatocytes (HFHs).

METHODS: The human feta l hepatocytes were 
cultured in serum-free medium, HBV-positive serum 
was added into the medium to study the susceptibility 
of hepatocytes to HBV infection. The supernatant was 
collected for ELISA assay of HBsAg and HBeAg, and 
quantitative fluorescence PCR for HBV-DNA assay 
daily. Albumin and HBcAg, CK8 and CK18 expressions 
were detected by immunohistochemistry in cultured 
hepatocytes. Content of lactate dehydrogenate (LDH) 
was measured to find out the integrity of the cell 
membrane.

RESULTS: A stable hepatocyte culture system was 
established. HBV could infect the hepatocytes and 
replicate, and HBcAg expression could be detected by 
immunohistochemistry in hepatocyte-like cells. HBV-
DNA in the supernatant could be detected from d 2 to 
d 18 and HBsAg and HBeAg were positive on d 3-d 18 
after HBV infection. HBV in medium increased from d 
0 to d 6 and subsequently decreased as the cells were 
progressively loosing their hepatocyte phenotypes.

CONCLUSION: HBV could infect human fetal hepato-
cytes and replicate. This in vitro model allowed a detailed 
study on early events associated with human HBV entry 
into cells and subsequent replication.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepat i t i s B v ir us (HBV) infect ion is one of  the 
commonest infections in the world. According to some 
reports, about 400 million people have been infected with 
HBV, and about 5% are chronically infected[1]. Chronic 
hepatitis B can cause cirrhosis and liver cancer[2-4]. It is 
estimated that there are more than one million deaths 
of  this infection and 320 thousand deaths from liver 
cancer associated with HBV each year in the world[5]. 
There are about 400 million people with chronic hepatitis 
B worldwide[6]. HBV exhibits a very narrow host range 
and shows a strong tropism for liver parenchyma cells. 
It has therefore, been assumed that the susceptibility to 
HBV infection is restricted to differentiated cells. It was 
found by some authors that human primarily cultured 
hepatocytes were more susceptible than other kinds of  
cells to HBV infection[7,8]. Here we describe a system of  
experimental infection by HBV virus using primary human 
fetal hepatocytes. Infection was obtained by co-cultivation 
of  human fetal hepatocytes with HBV-positive serum. The 
infected fetal hepatocytes in vitro were found to initiate 
viral DNA replication, and they produced infectious viral 
particles into medium.

MATERIALS AND METHODS
Primary culture of human fetal hepatocytes
Hepatocytes were prepared from 6 wk old human fetal 
liver. Embryos procurement was approved by the Ethics 
Committee of  Chaozhou Central Hospital. The sera from 
the mothers were negative for hepatitis C virus (HCV), 
HBV and human immunodeficiency virus (HIV) by 
ELISA (Shanghai SIIC Ke-Hua Biotechnology). Firstly, 
we used Hank’s liquid to wash the aborted fetus 3 times, 
and liver tissues were taken out. Secondly, the liver tissues 
were cut with scissors into 0.1-0.5 mm3 pieces. At last, 
the little pieces were shattered with 5 mL syringe to single 
cells or cell aggregates. Viability, assessed by the trypan 
blue exclusion test, was between 70% and 90%. The cells 
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were seeded into 12-well culture dishes (Orange Scientific) 
at about 2 × 105 cells per well and incubated with 1 mL of  
10% FBS (Gibco) in DMEM (Dulbecco’s Modified Eagle's 
Medium)/F12 (Nutrient Mixture F-12 HAM) (1:1) (Sigma-
Aldrich) supplemented with 0.1 U/L penicillin, 0.1 ng/L 
streptomycin, and 0.1 ng/L fluconazole at 37℃ under 
5% CO2 in air. The medium was changed after the first 
48 h with serum-free medium. The serum-free medium 
was composed of  DMEM/F12 (1:1) and 0.01 nmol/L 
nicotinamide, 0.02 ng/L epidermal growth factor (EGF), 
0.02 ng/L basic fibroblast growth factor (bFGF), 0.365 
ng/L glutamate, B27 (1:50) (Sigma), 0.1 U/L penicillin, 0.1 
ng/L streptomycin, and 0.1 ng/L fluconazole.

Viral sources
A serum sample for infection test from HBV carriers was 
analyzed. The patient was anti-HbsAb positive as detected 
by the ELISA (Shanghai SIIC Ke-Hua Biotechnology), 
and HBV-DNA in the serum sample was quantified with 
fluorescence quantitative polymerase chain reaction (FQ-
PCR) assay (Da-An Gene Corp). The patient had received 
no antiviral therapy prior to the study, and not infected 
with HCV or HIV. The sera were stored at -80℃ until use. 
The number of  serum HBV was 7.6 × 107 copy/mL as 
quantified by FQ-PCR.

In vitro infection
After 24 h culture in serum-free medium as mentioned 
above, infection was obtained by incubation 1 mL 
serum-free culture medium with 5% dimethyl sulphoxide 
(DMSO) and 100 μL HBV serum. Following 24 h 
exposure, cells were washed 6 times with 3 mL Hank’s 
liquid and incubated in 1 mL fresh serum-free medium 
as described above. The medium was changed every 
day, and the supernatant was collected at various times 
during the culture period and stored at -80℃. We used 
one-well cells without HBV serum sample as negative 
control.

Detection of HBV-DNA by FQ-PCR
To qualify these DNA molecules, virus DNA was extracted 
from the culture medium using an alkaline lysis method 
for FQ-PCR analyses[9]. For detection of  HBV-DNA in 
cultured cells, all of  the cells were digested by trypsin-
EDTA (0.25%-0.01 mmol/L) solution and centrifugated, 
then were washed six times with PBS. Cells were lysed with 
0.05 mol/L Tris-HCl (pH 7.4)-1% sodium dodecyl sulfate 
(SDS)-0.02 mol/L NaCl-0.02 mol/L EDTA and incubated 
with 0.5 g/L of  proteinase K at 37℃ overnight[9]. Total 
DNA was extracted by an alkaline lysis method. 

HBV-DNA was measured by FQ-PCR diagnostic kit 
from Da-An Gene Corp. with LightcyclerTM Roche. In 
this reaction, the nucleotide sequences of  the primers 
were as follows: P1: 5’ATCCTGCTGCTATGCCTCATC
TT3’ (23 bp), P2: 5’ACAGTGGGGGAAAGCCCTACG
AA3’ (23 bp), FISH: 5’TGGCTAGTTTACTAGTGCCA
TTTG3’ (25 bp)[10].

QT-PCR amplification was performed using Roche 
QT-PCR system with 2 min initial denaturation at 93℃ for 
40 cycles of  5 s at 93℃ and 45 s at 57℃, followed by 1 s 
of  extension at 37℃.

Detection of HBsAg and HbeAg by ELISA
HBsAg and HBeAg levels in the supernatant were detected 
using the monoclonal Ⅱ enzyme-linked immunosorbent 
assay. ELISA kits were obtained from Shanghai SIIC Ke-
Hua Biotechnology. Titers were expressed as the ratios 
against cut-off  values (A450 of  negative control + 0.05 for 
HBsAg and + 0.05 for HBeAg).

Periodic acid- Schiff’s staining
To discr iminate l iver cel ls from stromal cel ls for 
general observation of  morphology, cells were stained 
with periodic acid-Schiff ’s reagent (PAS) by standard 
methods[12]. The reagents were from Shanghai Zhu-Chun 
Biotechnology.

Detection of albumin and HBcAg by immunohistochemical 
staining
The cells were fixed in 0.4% formaldehyde in PBS at 
room temperature for 15 min, and washed 3 times by 
PBS. After that, they were incubated for 15 min with 
0.25% Triton-X100 and washed 3 times by PBS. Cells 
were then incubated with the following dilutions of  
primary antibodies for 1 h at room temperature: antibody 
to cytokeratin-8 (CK-8) and cytokeratin-18 (CK-18) 
(Beijing Zhong-Shan Biotechnology), which were diluted at 
1:100 in PBS; antibody to HBcAg (1:1) (Fuzhou Maxim 
Biotechnology); and antibody to human albumin diluted 
at 1:1000 in PBS (Sigma). Other steps were performed 
according to manufacturer’s instruction of  SP-9000 kits, 
and AEC served as chromagens.

Determination of integrity of cell membranes
Content of  LDH was measured using automatic blood 
biochemistry analysis（HITACHI 7060）with Roche 
reagents. LDH was expressed as U/L released into the 
medium to find out the integrity of  the cell membrane 
every 24 h. 

Statistical analysis
The statistical analysis was performed with SPSS 13.0 
statistic software.

RESULTS
Properties and phenotypes of cultured hepatocytes
Single cells or cell aggregates were isolated from fetal 
human livers. The initial cell population was an obvious 
mixture of  hematopoietic and epithelial cells. For instance, 
red blood cells were copious, although these were rapidly 
removed at the first medium change. They were plated 
onto plastic dishes with serum containing medium. After 
12 h, the hepatocytes started to attach to the dishes but 
did not proliferate. After 48 h, the media became serum 
free, and the HFHs began to show two kinds of  state, 
including cell aggregates or spheroid and scattered cells. 
The spheroid was made up of  many epithelial cells, and 
fibroblast-like cells migrated from them (Figure 1A). With 
the elongation of  culture time, the percentage of  fibroblast-
like cells gradually increased and the percentage of  flat 
epithelial cells gradually decreased. After 3-5 wk, fibroblast-
like cells proliferated to form a monolayer (Figure 1C). 
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To confirm the phenotypes of  HFHs after 2 wk, cells 
were analyzed by PAS staining. The majority of  cells were 
stained, and these cells were multiangular and flat, their 
morphology were similar to that of  hepatocytes (Figure 
1B), Furthermore, we performed S-P staining using 
primary antibodies against ALB, CK8 and CK18, the 
results showed clearly that these proteins were expressed 
in about 90% cells, confirming that the cells expressed 
hepatocyte phenotypes (Figure 1E and 1G). After 50 d, 
only less than 1% cells expressed CK8 and CK18 (Figure 
1F). The above-mentioned results were also reported 
by HU et al[11]. CK8 and CK18 are cytoskeletal proteins 
characteristic of  hepatocytes, they play a very important 
role in maintaining the structure of  hepatocytes, and 
are expressed in the hepatocyte cytoplasm of  the fetal 
hepatocytes in vivo. Thus, they are good markers for 
hepatocytes. As culture time extending, the cells that 
expressed hepatocyte phenotypes gradually decreased, 
while those cells that expressed fibroblast phenotypes 
gradually increased. In our opinion, there were two 
factors to explain this situation: (1) the fibroblast-like cells 

proliferated faster than hepatocyte-like cells. Therefore, 
after several weeks culture, fibroblast-like cells proliferated 
to form a monolayer and few hepatocyte-like cells could 
be observed; (2) HFHs could change their phenotypes 
from hepatocytes to mesenchymal cells, this phenomenon 
has also been reported by other studies[9].

In the course of  this study, it was visually apparent 
that the tendency of  LDH increased with culture time in 
serum-free medium (Figure 2). The amount of  LDH in 
the supernatant ranged from 620 nkat/L to 130 nkat/L.

Production of viral antigens in fetal liver cells 
The serum-free culture medium was collected periodically 
and the levels of  HBsAg and HBeAg were analyzed. As 
shown in Figures 3A and 3B, the HBsAg and HBeAg were 
first detected at d 3 after the infection and continued to 
appear positive during the following 16 d. They must have 
been synthesized in liver cells because the wash liquid 
(time zero) and medium from d 1 to d 2 were negative for 
HBsAg and HBeAg. Thus, the human fetal hepatocytes 
should be infected by wild virus and replicated HBV.

Human fetal hepatocytes were cultured for 24 h with 
HBV serum, washed, and incubated with serum-free 
medium. The supernatant was taken every day and assayed 
for HBsAg and HBeAg. 

Detection of HBV-DNA in media and cultured cells 
The culture media were collected from d 0 to d 18 (the 
day of  human HBV serum deprivation was indicated as d 
0), and were measured by FQ-PCR. HBV-DNA appeared 
at d 2, and reached a secretion peak from d 3 to d 6. The 
tendency began to decrease on d 6. Because there was no 
HBV-DNA in the medium at d 0-2 after infection, HBV-
DNA was detected in the serum-free medium from d 3 to 
d 18 (Figure 4). Therefore, they must have been released 
from the infected hepatocytes, and the hepatocytes must 
release and replicate virus DNA. The results of  HBV-
DNA in liver cells are shown in Table 1. 

Detection of HBcAg by immunohistochemical staining
To estimate the population of  infected cells, immuno-
histochemical staining was used to assay HBcAg. HBcAg 
was detected in about 10% of  hepatocyte-like cells 3 d 
after infection (Figure 5A), whereas no HBcAg was found 
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Figure 2  Lactate dehydrogenase (LDH) released in primary human hepatocytes.
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Figure 1  Morphology, PAS and S-P staining of the HFHs under light microscope. 
A: Isolated HFHs formed epithelial-like spheroid and they were surrounded 
by fibroblast-like cells in culture after 48 h; B: HFHs were stained by PAS, the 
majorities of cultured cells were positive; C: HFHs state in vitro for 50 d; D: HFHs 
were positive for CK8 in hepatocytes in vitro for 50 d (S-P); E: HFHs expressed 
liver marker CK18 in vitro for 14 d (S-P); F: Only a few of hepatocytes were positive 
for CK18 in vitro for 50 d (S-P); G: HFHs expressed ALB in vitro for 14 d (S-P). 
(Original magnification, × 40).
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in the negative control (Figure 5 B).

DISCUSSION
Replicat ion of  HBV has been achieved in human 
hepatoma cell lines using integrated or transfected HBV 
genomes as templates[13-16]. Duck cells and adult human 
liver cells were also successfully infected by HBV[17,18]. 
However, no signs of  viral penetration, replication, or 
particle production have been observed except for a 
transient expression of  some viral markers in hepatoma 
cell lines[14-15]. Duck cells and adult human liver cells could 
not perfectly analogue the process of  the HBV infection in 
human fetal hepatocytes[17,18], and human fetal hepatocytes 
were used in a few experiments for HBV infection[19,20]. We 
demonstrated in this study that primary cultures of  fetal 
human hepatocytes could maintain HBV infection in vitro 
and support the replication of  HBV DNA. 

In this study, an evidence of  virus DNA replication in 
primary human fetal hepatocytes was testified from d 2 to 
d 18 after infection by FQ-PCR, another evidence was 
that HBsAg and HBeAg appeared positive from d 3 to 
d 18 by ELISA. The process of  HBV replication and 

release continued for 16 d. The results were similar to 
other experiments with DMSO supplement[18]. But the 
HBV secretion time in our experiment was longer than the 
experiments without DMSO[19-21]. The data demonstrated 
that viral replication in vitro might be strongly enhanced by 
DMSO.

Previous studies of  primary hepatocytes provided 
very little information about the quantity of  HBV-DNA 
in the culture medium[21-23]. In their reports, DNA or 
RNA used to be detected by Southern blot or Northern 
blot[14,18,23]. The procedures of  these methods were 
complicated, and the results were not stable. In our 
experiment, we used FQ-PCR to measure the HBV-DNA 
in the supernatant and cultured cells. FQ-PCR combines 
gene amplification and molecule hybridization with 
fluorescence physics, conducts the whole process of  DNA 
amplification and PCR products analysis in an enclosed 
tube, and real-time detection as well as auto-analysis under 
computer control[10]. As a result, the cross-contamination 
of  conventional PCR products and incapacity of  
quantification can be eliminated fundamentally [10]. 
Furthermore, the specificity and sensitivity increased 
remarkably. This method could provide reliable and precise 
data for HBV quantification.

The quantity of  HBV in medium increased from d 0 
to d 6 and decreased from d 7 to d 18 in the infection 
process. From d 0 to d 6, HBV replicated in infected 
cells and released to the medium, and then the free HBV 
infected other hepatocytes. With the increasing number 
of  hepatocytes, it formed one infected cycle in cells and 

Table 1  Cells quantified by FQ-PCR on d 18

Well Cell number HBV-DNA (copy/L)

1 1.0 × 104 2.092 × 109

2 1.5 × 104 8.506 × 109

3 1.1 × 105 1.371 × 1010

Figure 5  Detection of HBcAg by immunohistochemistry staining (S-P). A: 
The HBcAg positive in hepatocytes; B: Negative control for HBcAg. Original 
magnification, × 40.
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Figure 3  HBsAg (A) and HBeAg (B) in supernatant detected by ELISA (OD:
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the quantity of  HBV increased in the medium. From 
d 7 to d 18, a part of  cells gradually lost their hepatocyte 
phenotypes and HBV infection susceptibility, and the cycle 
was broken. Meanwhile, a part of  floating cells and cell 
spheroid died gradually, subsequently, the quantity of  HBV 
decreased. 

In this study, we found that the presence of  HbeAg 
was more correlated with HBV-DNA in the medium than 
that of  HBsAg. According to our knowledge, HBeAg was 
a marker of  extensive viral replication in HBsAg-positive 
sera of  patients with hepatitis B virus infection[24]. The 
presence of  HBeAg in the serum correlated well with 
hepatitis B-DNA[24]. Therefore, our results were similar to 
the status in human body.

By immunohistochemical analysis, we were able to 
observe a part of  infection of  the hepatocytes in the 
cultures. Similar results have previously been reported[23]. 
Recently, Tuttleman et al[17] used primary duck hepatocytes 
to infect HBV and only 10% of  the primary duck 
hepatocytes displayed HBcAg[25]. The events could be 
observed in duck hepatocytes and human fetal liver cells. 
According to some reports, the procedure of  liver cell 
isolation could destroy the capacity for infection of  all but 
some cells. As it is well known, human hepatocytes were 
hard to maintain in cultures, such as albumin expression. 
Such phenotypes are easily lost within one week culture 
when the cells are inoculated in serum-containing medium. 
In our observation, the shape of  the hepatocytes was 
polygonal at 48 h. With elongation of  culture time, some 
hepatocytes gradually changed and extended in shape and 
became fibroblast-like, meanwhile they lost hepatocyte 
phenotypes such as ALB, CK18 and CK8 expressions. So 
it is likely that some flat cells may lessen the susceptibility 
to HBV infection.

HBV infection in primary fetal hepatocyte cultures is 
suitable for cloning virus because of  the limited infectivity 
of  the cells. However, our system in vitro has been found 
very useful for studying the early events in viral entry into 
cells as well as viral replication.
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of cell-matrix and/or cell-cell interactions during the 
differentiation of IMACs.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Macrophages represent a component of  the innate 
immune system which is of  central importance. One of  
the largest populations of  macrophages in the body is 
intestinal macrophages (IMACs)[1]. They are localized 
directly underneath the epithelial barrier at the sites of  
antigen entry, in particular in the sub-epithelial region 
of  the small and large intestine and in the subepithelial 
domes of  Peyer’s patches[2-4]. IMACs constitute 10%-20% 
of  mononuclear cells in the human lamina propria[2,5‑8]. 
They undergo a specific process of  differentiation. This 
specific differentiation is believed to be essential for the 
specific functions of  IMACs in the mucosal innate but also 
adaptive immune system. As IMACs are central players 
of  both systems, a better understanding of  the factors 
determining their differentiation may allow the definition 
of  new targets for therapeutic interventions during acute 
and chronic mucosal inflammation. The importance of  
IMACs is supported by the finding that NOD2/CARD15, 
the first gene identified to increase susceptibility to Crohn’s 
disease, is mainly expressed in macrophages in the colonic 
mucosa[9,10].

The phenotype of  IMACs is remarkable: Less than 
10% of  the macrophages (MACs) isolated from normal 
colonic mucosa express the typical MO/MAC-specific 
surface markers CD14, CD16, CD11b, CD11c [11-13]. 
Furthermore, the expression of  co-stimulatory molecules 
B7-1 (CD80) and B7-2 (CD86) on IMACs is low[14,15]. In 
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Abstract
AIM: To examine the factor(s) involved in differentiation 
of intestinal macrophages (IMACs) using a recently 
established in vitro  model. 

METHODS: To test whether soluble or membrane bound 
factors induce IMAC-differentiation, freshly elutriated 
monocytes (MO) were incubated with conditioned media 
or cell membranes of intestinal epithelial cells (IEC) or 
cultured with IEC in transwell systems. To determine 
the importance of an active migration of MO, three-
dimensional aggregates from a 1:1-mixture of MO 
and IEC were examined by immunohistochemistry 
and f low cytometry. Apoptosis was examined by 
caspase-3 Western b lo ts . Ex t race l lu la r mat r i x 
production in differentiation models was compared by 
immunohistochemistry.

RESULTS: IMAC differentiation was observed in a 
complex three-dimensional co-culture model (multicellular 
spheroid, MCS) with IEC after migration of MO into the 
spheroids. By co-culture of MO with conditioned media 
or membrane preparations of IEC no IMAC differentiation 
was induced. Co-culture of MO with IEC in transwell-
cultures, with the two cell populations separated 
by a membrane also did not result in intestinal-like 
differentiation of MO. In contrast to IEC-spheroids with 
immigrating MO in mixed MCS of IEC and MO only a 
small subpopulation of MO was able to survive the seven 
day culture period. 

CONCLUSION: Intestinal-like differentiation of MO in 
vitro  is only induced in the complex three-dimensional 
MCS model after immigration of MO indicating a role 
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addition, the expression of  pattern recognition receptor 
(PRR) toll like receptor (TLR) 2 and TLR 4 is also down-
regulated in IMACs on transcriptional and translational 
levels[16]. The prototypic MO/MAC functions such as 
generation of  superoxide radicals (oxidative burst reaction) 
are absent in normal mucosal IMACs due to a lack of  
NADPH-oxidase subunit expression[17], indicating that 
normal IMACs constitute a non-reactive cell population, 
which might be important for the induction of  tolerance in 
the intestinal mucosa. A disturbance of  the differentiation 
process followed by a reactive cell type retaining PRRs 
and activation functions could be followed by chronic 
inflammation. 

Recently we used a three-dimensional co-culture model 
(multicellular spheroid model, MCS-model) of  intestinal 
epithelial cells (IEC) and monocytes (MO) to induce the 
in vitro differentiation of  intestinal-like macrophages[18]. We 
demonstrated that IEC clearly play an important role in the 
differentiation of  IMACs. Freshly elutriated MO, which 
adhered and infiltrated IEC-MCS, changed their phenotype 
during a seven-day co-culture period[18]. Typical MO/MAC 
specific surface antigens such as CD14, CD16, CD11b and 
CD11c, which were detectable on invading cells after 24 h, 
were down-regulated after seven days. This differentiation 
was of  functional relevance as seen by the loss of  LPS-
induced IL-1b transcription in IEC-MCS/MO co-cultures 
compared to control experiments[18]. As the gut specific 
differentiation of  IMACs is of  great functional importance 
and the MCS-model resembled the differentiation process 
in vitro, we addressed the question of  which factor(s) 
induce the specific IMAC-differentiation. 

Little is known about the direct interaction between 
IEC and MO/MAC. In nor mal intest inal mucosa 
tissue IMAC are separated from IEC by the basement 
membrane[2,4]. Doe and co-workers[19] have localized IMACs 
beneath the luminal epithelium[19]. It has been shown that 
IMACs or dendritic cells can transmigrate and return again 
across the basement membrane[20] and that the basement 
membrane is as easily permeable for large molecules as 
complement factors[21]. Martin and co-workers[22] found 
that murine MO/MAC and IEC are coupled by gap 
junctions and that gap junctional communication may 
provide a tool by which inflammatory cells regulate IEC 
function and vice versa. 

In the present study, we aimed to study whether the 
induction of  intestinal like differentiation of  MAC is 
induced by soluble or secreted proteins, whether direct 
cell-cell interactions are necessary, whether cell-matrix 
interactions play a major role and whether all MO or just 
a subpopulation of  MO is capable of  differentiating into 
IMACs.

MATERIALS AND METHODS
Monocyte isolation and cell culture
Primary blood MO were obtained by leukapheresis of  
healthy donors, followed by density gradient centrifugation 
over Ficoll/Hypaque as described previously[18]. Two 
intestinal epithelial cell lines (HT-29 and WiDr) and 
a control cell line of  non-intestinal origin (urothelial 
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carcinoma, J82) were used. All cell lines were cultured 
under standard tissue-culture conditions[23,24]. The isolation 
of  monocytes was approved by the local institutional 
review board.

Conditioned medium
Confluent monolayers of  IEC lines or the control cell 
line were incubated with cell culture medium with or 
without fetal calf  serum (FCS). After 48 h the medium 
was removed, centrifuged and stored at -20℃. Freshly 
elutriated MO were incubated in conditioned medium for 
up to seven days.

Immunohistochemistry
Immunohistochemical staining was carried out according 
to the standard alkaline phosphatase anti-alkaline 
phosphatase (APAAP) or diaminobenzidine (DAB) 
technique[25]. The following monoclonal antibodies against 
MO/MAC-antigens were used: anti-CD68 (clone: KP1, 
Dako, Hamburg, Germany), anti-CD11b (clone: BEAR1, 
Immunotech, Hamburg, Germany), anti-CD11c (clone: 
BU15, Immunotech, Hamburg, Germany), anti-CD14 
(clone: RMO52, Immunotech, Hamburg, Germany) 
and anti-CD16 (clone: 3G8, Immunotech, Hamburg, 
Germany). For detection of  extracellular matrix antibodies 
against fibronectin (clone: 568, Progen, Heidelberg, 
Germany), laminin (clone: 4C7, Dako, Hamburg, 
Germany) and collagen Ⅳ (clone: CIV 22.(1), Dako, 
Hamburg, Germany) were used.

Cell ELISA
Fixed MO were washed with NKH buffer (0.14 mol/L  
NaCl, 5 mmol/L KCl and 2 mmol/L HEPES, all Merck, 
Darmstadt, Germany) and unspecific binding was 
blocked with 10% FCS in NAG buffer (0.1% NaN3,  
2 mmol/L HEPES, 0.2% gelatine, all Merck, Darmstadt, 
Germany and 0.2% BSA, Sigma-Aldrich, Deisenhofen, 
Germany). Antibodies against CD68, CD14, CD16 
and b2‑microglobuline (anti-b2M, Dianova, Hamburg, 
Germany) as a positive control were applied. After rinsing, 
rabbit anti-mouse IgG (Dako, Hamburg, Germany) was 
added and incubated with peroxidase-conjugated goat-
anti-rabbit antibody (Immunotech, Hamburg, Germany). 
Subsequent incubation with 1.2‑phenylendiamine-
dihydrochloride substrate (OPD, Fluka, Deisenhofen, 
Germany) for exact 12 min resulted in a yellow color. 
The reaction was stopped with 1 mol/L H2SO4 (Merck, 
Darmstadt, Germany) and the extinction was determined 
photometrically. As a reference value the extinction of  ß2M 
was set 1. All measured values were standardized on the 
b2M-extinction.

Proliferation and cell viability assay (MTS-test)
A total of  100 000 MO per well were grown either 
in conditioned media of  IEC or in control media in 
96-well plates for seven days. A colorimetric assay (MTS, 
Endogen, Woburn, Germany) for quantification of  cell 
proliferation and cell viability was performed according to 
the manufacturer’s protocol. The absorption was measured 
8 h after addition of  the MTS-labeling mixture. 



Cell membranes
IEC or control cells were washed with PBS, resuspended in 
homogenization buffer (Tris 50 mmol/L, EDTA 1 mmol/L, 
PMSF 1 mmol/L, benzamidine 1 mmol/L, saccharose 0.25 
mmol/L) and lyzed by sonification. Cell membranes were 
isolated in three subsequent centrifugation steps (400 × g 
for 10 min, 8500 × g for 10 min, 25 000 × g for 30 min). 
During the third centrifugation step, the cell membranes 
were sedimented, re-suspended in PBS and incubated in 
96-well plates to allow adherence to the plastic surface. 
After 30 min the supernatants were removed and replaced 
by a suspension of  freshly elutriated MO. 

Transwell co-cultures
IEC were seeded onto filter inserts with a pore size of  12 
μm or 3 μm (preventing IEC from transmigration through 
the membranes). After formation of  an IEC-monolayer 
the supernatant was removed and freshly elutriated MO in 
medium supplemented with 2% of  human AB-serum were 
added to each filter insert. After seven days of  incubation 
migrated cells were fixed for immunohistochemistry. Cells 
in suspension were collected separately and subjected to 
flow cytometrical analysis.

Generation of MCS
MCS from only IEC or from a 1:1 mixture of  IEC 
and MO were generated according to the liquid overlay 
culture technique[18]. Mixed spheroids were also generated 
with addition of  a blocking anti-Fas antibody (Upstate 
Biotechnology, Lake Placid, USA) to the cell suspension 30 
min before seeding.

Flow cytometry
Flow cytometry was performed using a Coulter EPICS® 
XL-MCL (Coulter, Krefeld, Germany). Cells were double 
stained with a FITC-conjugated anti-CD14 antibody (clone 
Tük4, Coulter, Krefeld, Germany) and a PE-conjugated 
anti-CD33 antibody (clone MY9, Coulter, Krefeld, 
Germany) as described previously.

Data acquisition and analysis were performed using 
WIN‑MDI software (http://facs.scripps.edu/help/html/).

Immunoblotting
Cells were resuspended in RIPA buffer (1% Nonidet 
P-40, 0.5% sodium deoxycholate, 0.1% SDS, 1 mmol/
L Na3VO4, 50 mmol/L NaF and 1 tablet of  complete 
proteinase inhibitor cocktail [Boehringer, Mannheim, 
Germany] per 50 mL PBS) for 10 min on ice and 
centrifuged (12 000 ×g for 15 min at 4℃). The protein 
concentration of  the supernatant (protein fraction) was 
determined by BCA protein assay (Sigma-Aldrich Chemie, 
Deisenhofen, Germany). Thirty μg of  protein was 
mixed with an equivalent volume of  2 × protein loading 
buffer containing 2-b-mercaptoethanol and boiled for 5 
min before it was loaded onto SDS polyacrylamide gels. 
After electrophoresis, proteins were transferred onto 
nitro-cellulose membranes using the Xcell blot module 
(Invitrogen BV/NOVEX; Gronigen, Netherlands) 
and blocked in TBST (50 mmol/L Tris-HCl, pH 7.5, 
150 mmol/L NaCl, 0.05% Tween 20) containing 5% 

non-fat dry milk powder. Protein immunoblots were 
performed using specific antibodies to caspase-3 (clone 
19, Transduction Laboratories, Lexington, USA) and 
β-actin (clone JLA20, Calbiochem, Cambridge, USA). 
The membranes were further incubated with peroxidase-
conjugated secondary antibodies and protein bands were 
visualized using a chemoluminescence kit (ECL Plus
™, Amersham, Buckinghamshire, UK) according to the 
manufacturer’s protocol.

RESULTS
Recently we demonstrated in vitro differentiation of  MO 
into IMACs in complex three- dimensional co-culture 
models (MCS model) with IEC after migration of  MO 
into the IEC complexes. Here we further studied whether 
soluble factors or cell-cell interactions might be more 
relevant to this differentiation. 

IEC-conditioned media did not induce differentiation of 
IMACs
To test whether soluble factors secreted by IEC induce the 
intestinal-like differentiation of  MO, freshly elutriated MO 
were incubated with IEC-conditioned medium for seven 
days. Immunohistochemical analysis of  MO showed no 
intestinal-like differentiation. CD14, CD16, CD11b and 
CD11c, which are down-regulated during differentiation of  
IMACs and therefore absent on MAC from normal non-
inflamed mucosa, were all detectable. CD14 was expressed 
by 70%-80%, CD16 by 50%-60%, CD11b by 80%-90% 
and CD11c by 90%-100% of  the MO/MAC incubated in 
HT‑29‑conditioned medium for seven days. Same results 
obtained with conditioned medium of  the second tested 
IEC line WiDr were not significantly different from the 
values obtained with the MO/MAC incubated in control 
media (Figure 1). When cells were analysed by flow 
cytometry these findings were confirmed as no down-
regulation of  CD14, CD16, CD11b and CD80 expression 
could be observed in MO after seven-day co-culture with 
IEC-conditioned media (CD14 expression shown in 
Figure 2).

The results were further confirmed and quantified 
using the cell-ELISA technique able to detect minor 
changes in antigen expression. As a positive control and 
for reference values we determined the expression of  
the MAC housekeeping gene b2M (Figure 3A). All other 
values were standardized in relation to ß2M-expression. 
The antigen expression of  MO/MAC, incubated in IEC-
conditioned medium did not differ significantly from that 
of  cells, incubated in control medium. The expression 
of  CD16 was always slightly decreased, but could also be 
observed in control experiments and was not specific for 
IEC-conditioned media (Figure 3B).

IMAC differentiation was not induced by IEC-membrane 
bound factors
To determine whether membrane-bound factors of  IEC 
induce the intestinal-like differentiation of  MO, freshly 
elutriated blood MO were co-cultured with membrane 
preparations of  IEC as described in Materials and 
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Methods. After an incubation period of  seven days MO co-
cultured with IEC-membranes showed no differentiation 
into intestinal-like MAC. The tested antigens CD14, 
CD16, CD11b and CD11c were still detectable after seven 
days of  culture of  MO/MAC together with membrane 
preparations of  the IEC line HT‑29. MO/MAC incubated 
for seven days without membrane preparations showed the 
same pattern of  antigen expression (Figure 4). 

Same results were obtained with membranes of  a 
second intestinal epithelial cell line (WiDr) and the control 
cell line J82 (data not shown). 

IMAC differentiation was not observed in transwell culture
To test whether a short direct contact between MO and 
IEC is able to induce intestinal-like differentiation of  MO, 
we incubated MO and IEC in so called “transwell-cultures”. 
MO were added to IEC grown in filter inserts. When 

filters with a pore size of  three μm were used, only MO 
were able to migrate through the membrane as confirmed 
by negative staining for the epithelial cell marker EP-4 
and positive staining for the MO/MAC-marker CD33 
(Figure 5A). Twelve-μm long filters allowed also IEC 
to migrate through the membranes. IEC could be easily 
distinguished from MO/MAC by morphology and showed 
no expression of  the tested MO/MAC-specific antigens. 
MO either migrated through the IEC layer or stayed in 
the upper compartment of  transwell-culture. Antigen 
expression of  cells adherent to the plastic dishes after 
transmigration was examined by immunohistochemistry. 
MO/MAC were all positive for the intracellular MO/MAC 
marker CD68 and showed a high expression of  CD14, 
CD16, CD11b and CD11c after the seven day culture 
period (Figure 5B). Non adherent cells from the upper or 
lower compartment of  the filter insert were analysed by 

MO in
unconditioned
HT-29 control
medium

MO in
unconditioned
WiDr control
medium

MO in HT-29 
conditioned
medium

MO in WiDr
conditioned
medium

MO in J82
conditioned 
control medium

	   CD 14			     CD 16			        CD 11b			          CD 11c

Figure 1  Immunohistochemical detection of MO/MAC antigen expression after 7 d of culture in IEC conditioned medium. Freshly elutriated MO were incubated in 
unconditioned control media, conditioned media of the IEC lines HT-29 and WiDr and conditioned medium of the control cell line J82 of non-intestinal origin for seven 
days. Antigen expression was determined by immunohistochemistry (APAAP-method). Expression of the MO/MAC specific antigens CD14, CD16, CD11b and CD11c 
was determined.  All tested antigens were detectable on the cells after the seven-day culture period. Incubation in IEC-conditioned medium had no influence on antigen 
expression.
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flow cytometry and showed a similar antigen pattern with 
high CD14, CD16 and CD11b expressions (Figure 5C  
and D).

Immigration of MO into MCS was relevant to IMAC 
differentiation
To test whether the process of  invading the three-dime-
nsional IEC-spheroids is necessary for the differentiation 
of  MO into IMACs, we generated “mixed spheroids” from 
a 1:1-mixture of  IEC and MO. In these experiments MO 
were added during the generation of  MCS and did not 
invade the three-dimensional aggregates.

Flow cytometrical analysis showed 15.2% MO/MAC 
inside spheroids of  the control cell line J82 after 24 
h of  co-culture. This percentage was nearly constant 
during a seven-day culture period (13.2%, d 7, n = 5). 
In spheroids with the IEC line HT-29 a different effect 
could be observed. After 24 h 21.7% MO/MAC inside 
the spheroids could be detected. On day seven of  co-
culture the percentage of  MO/MAC inside the spheroids 

decreased to 1.4% (n = 4). Similar results could be obtained 
with spheroids of  the IEC line WiDr. The percentage of  
MO/MAC inside the spheroids decreased from 14.6% 
(24 h) to 2.4% (d 7, n = 4) (Figure 6A). Remaining MO/
MAC inside the aggregates showed no differentiation into 
IMACs. The results showed that active invasion of  the 
aggregates by MO was an essential step in the process of  
IMAC differentiation.

To test whether the observed decrease in the relative 
amount of  MO in “mixed spheroids” is due to Fas-
induced apoptosis, we added a blocking anti-Fas antibody 
to the cel l suspensions before generating “mixed 
spheroids”. Addition of  the anti-Fas antibody did not 
change the results significantly. The number of  MO/MAC 
decreased from 14.2% (24 h) to 0.8% (7d) in HT-29 MCS 
and from 20% (24 h) to 2.3% (7d) in WiDr spheroids. In 
control experiments with J82 spheroids the number of  
MO/MAC was almost constant with 13.9% at 24 h and 
12% on day seven (n = 3) (Figure 6B). 

In addit ion, Western-blots for caspase-3 were 

104

103

102

101

100

100     101      102      103      104

CD33

CD
14

A 104

103

102

101

100

100     101    102      103     104

CD33
CD

14

B 104

103

102

101

100

100     101     102      103      104

CD33

CD
14

C

104

103

102

101

100

100     101     102      103      104

CD33

CD
14

D 104

103

102

101

100

100    101     102      103      104

CD33

CD
14

E

CD14

100          101            102            103            104
    0

128

Ev
en

ts

F Green line: J82 cond. medium
Black line: WiDr cond. medium
Black line: RPMI

CD14
100            101            102              103            104    0

128

Ev
en

ts

G Red line: HT-29 cond. medium
Black line: DMEM

Figure 2  Flow cytometrical quantification of MO/MAC antigen expression after seven days of culture in IEC conditioned medium. A: Ninety-two percent of CD33+ cells (MO/
MAC) showed expression of CD14 in MO cultured in unconditioned control medium (RPMI) without FCS supplemented with 2% human AB serum for seven days; B: Ninety-
five percent of CD33+ cells (MO/MAC) were CD14-positiv in MO cultured in WiDr conditioned medium without FCS supplemented with 2% human AB serum for seven 
days; C: Ninety-two percent of CD33+ cells (MO/MAC) were CD14-positive in MO cultured in J82 conditioned medium (control cell line of non-intestinal origin) without FCS 
supplemented with 2% human AB serum for seven days; D: Ninety-four percent of CD33+ cells (MO/MAC) showed expression of CD14 in MO cultured in unconditioned 
control medium (DMEM) without FCS supplemented with 2% human AB serum for seven days; E: Ninety-eight percent of CD33+ cells (MO/MAC) were CD14-positive in MO 
cultured in HT-29 conditioned medium without FCS supplemented with 2% human AB serum for seven days; F: No down-regulation of CD14 expression was observed on 
histogram of CD14 expressing mononuclear cells after seven days of culture in RPMI (control medium), J82 (control cell line) or WiDR conditioned medium; G: Histogram of 
CD14 expressing mononuclear cells after seven days of culture in DMEM (control medium) and HT-29 conditioned medium. 

1036      ISSN 1007-9327     CN 14-1219/R      World J Gastroenterol      February 21, 2007      Volume 13      Number 7

www.wjgnet.com



performed. After 24 h and three days no activated 
caspase-3 was detected in ”mixed MCS” of  IEC and MO 
or in control cells and MO (Figure 7).

Potential role of extracellular matrix in IMAC differentation
T he expre s s ion o f  ex t r ace l l u l a r ma t r i x (ECM) 

proteins (fibronectin, laminin and collagen Ⅳ) in the 
“normal” and mixed spheroids was determined by 
immunohistochemistry. Laminin and collagen Ⅳ were not 
detectable in both mixed spheroids and spheroids invaded 
by MO. In contrast, a strong expression of  fibronectin 
could be detected in spheroids invaded by MO, which was 
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Figure 4  MO/MAC antigen expression after seven days of culture with IEC membranes. Freshly elutriated MO were incubated for seven days with membrane preparations 
of the IEC line HT-29 or without membranes. Antigen expression was determined by immunohistochemistry (APAAP-method). There was no difference in expression of 
CD14, CD16, CD11b and CD11c in cells incubated with or without IEC membranes.
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up-regulated from three to seven days of  culture and was 
absent in mixed spheroids incubated for the same time. 
The expression of  fibronectin was localized in the inner 
region of  aggregates (Figure 8).

DISCUSSION
As IMACs are essential players in local immune responses 
and the innate immune system of  intestinal barrier, their 
specific phenotype must be of  importance. Compared to 
IMACs from inflammatory bowel disease (IBD) patients, 
IMACs from normal intestinal mucosa show a down-
regulation of  several surface markers, co-stimulatory 
molecules and proteins necessary for LPS-induced signal 
transduction[11-13,16], which may be responsible for the 
induction of  tolerance. 

Recently we have shown that MO differentiate into 

IMACs after immigration into the MCS co-culture with 
IEC in vitro[18]. In this study, factor(s) inducing IMAC 
differentiation in vitro were analysed. We showed that 
the specific IMAC differentiation was not mediated by 
soluble or membrane bound factors of  IEC alone, as 
no intestinal-like differentiation was observed in freshly 
elutriated MO cultured together with IEC-conditioned 
medium or IEC-membranes. Also “weak interactions” 
between MO and IEC in trans-well cultures, in which 
MO and IEC (monolayers) were only separated by filter 
membranes, were not sufficient for differentiation. IMAC 
differentiation could only be induced in the complex 
three-dimensional MCS model with close contact between 
MO, IEC and ECM[18]. Loss of  MO observed in 1:1 
“mixed spheroids” of  the IEC lines HT-29 and WiDr 
was obviously not due to apoptosis, as we could neither 
block this effect by adding an anti-Fas antibody nor detect 
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activated caspase-3 during the incubation period. 
Although MCS do not resemble the in vivo situation 

where IMACs are separated from the IEC by the basement 
membrane, many conditions such as O2-gradient, pH or 
ECM production are similar to those in the body[26-28]. In 
MCS, cells are also able to form cell-cell and cell-matrix 
contacts which are found in vivo[29-31] and may therefore be 
regarded as a useful model to study the important aspects 
of  IMAC differentiation.

In general, interactions between different cell types, 
special cytokine milieus and contact with components of  
the ECM can trigger cells to develop a special phenotype. 
Hohn and co-workers[32] showed that components of  
the basement membrane and ECM are involved in 
choriocarcinoma cell differentiation. Hanspal et al[33] have 
demonstrated the importance of  cell-cell interactions 
during the regulation of  erythropoiesis. The ECM protein, 
vitronectin, controls the differentiation of  cerebellar 
granular cells[34]. It was reported that ECM also plays a 

role in the differentiation of  embryonic stem cells[35] and 
skeletal muscle cells[36]. Armstrong et al[37] have shown 
that ECM proteins have effects on MAC differentiation, 
growth and function. 

Jacob et al[38] induced differentiation of  MO to MAC 
in vitr o by culturing MO on different ECM protein 
substrates, and found that specific markers associated with 
differentiation are changes in the expression of  cell surface 
antigens. FACS analysis showed a down-regulation of  
CD14 occurring in a substrate dependent manner, which 
was the highest in MO maintained on fibronectin in their 
study[38]. 

In our experiments, MCS invaded by MO and cultured 
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Figure 6  Mixed spheroids of MO and IEC or the control cell line. Mixed spheroids 
of the IEC lines HT-29 and WiDr or the control cell line J82 and MO were 
generated and cultured for seven days, disaggregated and examined by flow 
cytometry. A: There was a strong decrease of surviving MO/MAC (CD33+ cells) 
inside IEC spheroids compared to control spheroids over the seven-day culture 
period. In HT-29 spheroids the percentage decreased from 21.7% (24 h) to 1.4% 
(7 d). In WiDr spheroids a slighter decrease was observed with 14.6% MO/MAC 
after 24 h and 2.4% after seven days. In spheroids of the control cell line J82 no 
selection of a MO/MAC subpopulation could be observed. The number of MO/
MAC inside the aggregates was nearly constant with 15.2% (24 h) and 13.2 (7 d); 
B: Addition of a blocking anti-Fas antibody 30 min before generation of the mixed 
spheroids did not change the results. In IEC-MCS a strong decrease of MO/MAC 
was observed (HT-29: 14.2% 24 h, 0.8% 7 d, WiDr: 20.1% 24 h, 2.3% 7 d). The 
MO/MAC number in control cell MCS was nearly constant with 13.9% (24 h) and 
12.0% (7 d).
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Figure 7  Western-blot for caspase-3 of mixed spheroids after 24 h and three 
days. Mixed spheroids of IEC and MO, control cells and MO or control spheroids 
generated only from IEC or control cells were disaggregated after 24 h and three 
days of culture. Western-blots for activated caspase-3 were performed. Lane 1: 
HT-29 without MO 24 h; lane 2: HT-29/MO (1:1) 24 h; lane 3: J82 without MO 24 h; 
lane 4: J82/MO (1:1) 24 h; lane 5: HT-29 without MO 3 d; lane 6: HT-29/MO (1:1) 3 
d; lane 7: J82 without MO 3 d; lane 8: J82/MO (1:1) 3 d; lane 9: positive control for 
activated caspase-3. No activated caspase-3 could be detected in co-cultures of 
MO and IEC or in spheroids generated only from IEC.
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        Normal spheroid		                  Mixed spheroid

Figure 8  Immunohistochemical staining for the ECM-protein fibronectin in “normal” 
and mixed spheroids of the IEC line HT-29 after seven days. Fibronectin could be 
detected in spheroids invaded by MO and cultured for seven days. Expression was 
preferentially localized in the center of aggregates. In mixed spheroids cultured for 
seven days no fibronectin expression was observed.
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for seven days contained a large amount of  ECM protein 
fibronectin. In addition, the expression of  fibronectin was 
up-regulated during the culture period, which is correlated 
with the previously described down-regulation of  CD14 
and other MO-specific surface markers[18]. In mixed 
spheroids no fibronectin expression could be detected, 
which could be due to a stronger degradation of  ECM 
proteins by the larger amount of  MO added or a lack of  
synthesis induction. Fibronectin present in the described 
co-culture model seems to be an important factor 
contributing to the in vitro differentiation of  IMACs as well 
as the active invasion of  MO into the three-dimensional 
aggregates, indicating that only a subpopulation of  blood 
MO is able to differentiate into IMACs.

The loss of  MO in the “mixed spheroids” could have 
several reasons. First, differentiation into the intestinal 
phenotype is necessary for survival in the epithelial cell 
environment. Second, the higher number of  mononuclear 
cells in the mixed spheroids compared to the model with 
MO invasion induces factors that lead to cell death or 
prevent the synthesis of  survival factors. Third, we cannot 
exclude that this is a self  protection effect of  the tumor 
cell lines used and that MO only enter the MCS in the 
MCS model. 

We cannot exclude that there is a pre-pr imed 
subpopulation of  MO in the peripheral blood that is 
especially suited to get in contact with IEC. According 
to such a hypothesis only this pre-primed subpopulation 
would enter the MCS model or the mucosa and further 
differentiate into IMACs. This natural selection would 
not be observed in co-cultures of  all elutriated peripheral 
MO with conditioned media, membrane preparations 
or in mixed spheroids. The number of  differentiating 
cells would be too low to reach a significant difference. 
In the present study, we investigated this possibility of  
a pre-primed subpopulation of  MO suited for IMAC 
differentiation.

To understand the differentiation process of  IMACs in 
healthy individuals may further help to find an approach 
for the therapy of  IBD. Local induction of  a tolerogenic 
and anergic IMAC cell type could down-regulate or stop 
mucosal inflammation. A therapeutic approach inducing 
differentiation of  this cell type would be one step up the 
inflammatory cascade not aimed at T-cells but at the site 
of  the first contact with antigen entry in the mucosa. 
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according to the iron nutrition in humans, with intense 
staining of transferrin receptor observed in iron deficient 
subjects. 

CONCLUSION: It is concluded that the intestine takes 
up iron through a sequential transfer involving interaction 
of luminal transferrin, transferrin-transferrin receptor and 
ferritin. 

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Iron homeostasis is accomplished by regulating absorption 
in the proximal small intestine and is regulated according 
to the body’s needs. Failure to maintain this equilibrium 
leads to pathological conditions resulting in either iron 
deficiency or iron overload. Iron deficiency anemia remains 
the most important micronutrient deficiency world wide. 
Iron is essential because of  its unique ability to serve as 
both an electron donor and acceptor. Because of  iron’s 
virtual insolubility and potential toxicity under physiological 
conditions, special molecules have evolved for its acquisition, 
transport and storage in soluble, nontoxic form. In humans, 
heme iron is absorbed more efficiently than non-heme 
iron[1]. Recent studies demonstrate that non-heme iron 
is transported into the cell in the ferrous [Fe (Ⅱ)] form, 
mainly by carrier divalent metal transporter 1 (DMT1)-also 
known as natural resistance associated macrophage protein 
2 (Nramp2) or divalent cation transporter 1 (DCT1)[2] . 
However, iron absorption is not impaired by mutation of  
DMT-1, suggesting that DMT-1 is not the only transporter 
operating within the endosomes of  crypt cells. Studies of  
Conrad et al[3], showed that ferric iron is absorbed by β3 
integrin and mobilferrin pathway which is shared with other 
nutritional metals .

In last few decades, several candidate proteins involved 
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Abstract
AIM: To elucidate the sequential transfer of iron 
amongst ferritin, transferrin and transferrin receptor 
under various iron status conditions.
 
METHODS: Incorporation of 59Fe into mucosal and 
luminal proteins was carried out in control WKY rats. The 
sequential transfer of iron amongst ferritin, transferrin 
and transferrin receptor was carried out in iron deficient, 
control and iron over loaded rats. The duodenal 
proteins were subjected to immunoprecipitation and 
quantitation by specific ELISA and in situ  localization 
by microautoradiography and immunohistochemistry in 
tandem duodenal sections. Human duodenal biopsy (n  
= 36) collected from subjects with differing iron status 
were also stained for these proteins. 

RESULTS: Ferritin was identified as the major protein 
that incorporated iron in a time-dependent manner in 
the duodenal mucosa. The concentration of mucosal 
ferritin was significantly higher in the iron excess group 
compared to control, iron deficient groups (731.5 ± 
191.96 vs  308.3 ± 123.36, 731.5 ± 191.96 vs  256.0 
± 1.19, P < 0.005), while that of luminal transferrin 
which was significantly higher than the mucosal did not 
differ among the groups (10.9 ± 7.6 vs  0.87 ± 0.79, 
11.1 ± 10.3 vs  0.80 ± 1.20, 6.8 ± 4.7 vs  0.61 ± 0.63, 
P < 0.001). In situ  grading of proteins and iron, and 
their superimposition, suggested the occurrence of 
a sequential transfer of iron. This was demonstrated 
to occur through the initial binding of iron to luminal 
transferrin then to absorptive cell surface transferrin 
receptors. The staining intensity of these proteins varied 
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in the transmembrane transport of  iron have been 
identified[4] . Several years ago, Granick et al demonstrated 
that ferritin sequesters iron and provides the block to 
iron uptake. Although this model remains unproven, the 
hypothesis that the amount of  mucosal ferritin dictates the 
extent of  iron absorbed by the enterocytes is still intriguing. 
It has been postulated that iron absorption was the primary 
method of  maintaining body iron homeostasis and was 
regulated by a mucosal receptor that blocked iron absorption 
when it became satiated with iron. For two decades, it was 
believed that ferritin was the receptor that regulates iron 
absorption, and that apoferritin enhances iron absorption 
while holoferritin blocks iron uptake. This hypothesis was 
disproved by immunological studies showing that there was 
little or no apoferritin in the absorptive cells of  iron deficient 
animals[5]. Despite the close relationship between ferritin 
levels and intestinal iron absorption[6] it is not clear whether 
this protein plays a passive or active role in transport 
regulation.

There are studies to argue for[7-11] and against[12-14] the 
view that transferrin (Tf) is an important mediator of  iron 
absorption. The proposal that mucosal Tf  acts as a shuttle 
protein for iron absorption was suggested by Huebers  
et al[15]. Selective localization of  transferrin in the duodenal 
epithelium in rat[16,17] and in human[17] , and the co-localization 
of  transferrin receptor (TfR) and transferrin in coated pits 
on the basal and lateral membranes of  crypt cells in mouse 
have been demonstrated[18]. However, an ultrastructural 
study of  Parmley et al[19] failed to identify TfR on the surface 
of  enterocyte microvilli. Thus, the role of  transferrin 
and transferrin receptor in the duodenal uptake was not 
identified with certainty. In 1983, it was postulated that 
transferrin was secreted into the intestinal lumen to bind iron 
and enter the absorptive cell as a transferrin iron complex in 
a manner similar to non-intestinal cells[15]. Recent studies of  
transferrin receptor knockout mice (TfR-/-) provide new 
insights regarding the physiologic role of  the transferrin/
transferrin receptor cycle. Homozygous TfR-/- animals 
die in utero with impaired erythropoiesis and defective 
neurological development. Thus, the TfR-/- mice provide a 
convincing demonstration that the transferrin/transferrin 
receptor cycle plays a central role in the maintenance 
of  normal iron metabolism. Whether transferrin is 
associated with receptor and whether it plays any role in 
iron absorption at this site is yet to be determined. A protein 
called hereditary hemochromatosis (HFE) has been shown 
to interact with transferrin receptor 1 (TfR1)[20] to influence 
the rate of  receptor mediated uptake of  transferrin-bound 
iron[21-24] . Thus, these investigations of  exact localization 
of  mucosal transferrin and transferrin receptor, inside 
or outside the enterocytes, are conflicting. Therefore, an 
attempt was made to describe the sequential movement 
of  iron across intestine. The events were sequenced by 
in situ localization of  iron by microautoradiography and 
immunohistochemistry of  ferritin, transferrin and transferrin 
receptor in serial sections of  intestine.

MATERIALS AND METHODS
Radioactive 59FeCl3 (sp.act 4.0 Ci/g iron in 0.01 mol/L  
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HCl) was obta ined from BRIT (Mumbai , India) . 
Photographic emulsion LM-1 was obtained from 
Amersham (Amersham International plc, UK). SIH 
universal anti-rabbit kit, human and rat serotransferrin was 
obtained from Sigma Aldrich Co (St. Louis, USA). Ferritin, 
transferrin antisera against purified proteins were produced 
in New Zealand white rabbits. Polyclonal antiserum against 
rat placental transferrin receptor was a gift from James D. 
Cook, M.D (University of  Kansas Medical Center, Kansas 
City, USA). All other chemicals used were of  analytic grade 
and procured locally.

Studies in rats
Rats from National Centre for Laboratory Animal Sciences 
(National Institute of  Nutrition, Hyderabad) were used for 
the study. All animal experiments were approved by the 
institutional animal ethics committee. 

Incorporation of  radioactive iron into various iron 
binding protein was carried out in Wistar/Kyoto (WKY) 
adult male normal rats (body weight 200 g). Food was 
withheld for 16-18 h before administering 1 mL of  
7-10 μci of  59FeCl3 in 0.01N HCl by gavage. Rats were 
sacrificed at various time intervals starting at 15, 30 min, 1, 
2, 4 and 12 h to study the time-dependent incorporation 
of  iron into luminal and mucosal proteins of  various 
segments. All the subsequent operations were carried 
out on ice. The luminal content was collected by flushing 
with 5-10 mL of  saline containing protease inhibitors. 
The mucosal scrapings were obtained by scrapping off  
the everted segments with a glass slide. The intestinal 
contents obtained from three rats from each group were 
pooled together for each time point. The contents were 
homogenized in 1:4 v/v of  saline containing a cocktail 
of  protease inhibitors (PMSF 75 μg/mL, leupeptin 1 
μg/mL and iodoacetate186 μg/mL), and subjected to 60% 
ammonium sulphate fractionation. A clear supernatant was 
prepared for subsequent analysis. 

Further to explore the specific role of  duodenal 
transferrin and ferritin during iron absorption, time-
dependent (5 min-4 h) incorporation of  radioactive iron 
into these proteins, along with quantitation by specific 
ELISA and immunoprecipitation techniques for ferritin 
and transferrin, was carried out in control, iron-deficient, 
and excess iron fed rats. For this, 74 WKY male weanling 
rats (body weight 37.5 ± 7.63) were randomly selected and 
housed individually into iron deficient (n = 30), control (n 
= 24) and iron excess (n = 24) groups. They were allowed 
to have free access to food and water for 7 weeks. The 
rats were placed on one of  the three diets each containing 
identical protein, fat, carbohydrate, and complete vitamin 
and fiber supplements. The diets were produced in 
accordance with the recommendations of  American 
Institute of  Nutrition (AIN93)[25]. The diet also contained 
a balanced mineral mix, differing only in the iron content. 
The deficient group received iron deficient semi-synthetic 
diet containing < 10 mg iron/kg diet, while the iron 
adequate and excess groups received diet containing 35 
and 250 mg/kg diet, respectively. At the end of  this period 
rats were administered 7-10 μCi of  radioactive iron and 
sacrificed at different time points. Duodenal segments 



of  intestine were collected at 5, 15, 30 min, 1, 2, 4 h and 
processed. Homogenates of  luminal and mucosal contents 
were analyzed for ferritin and transferrin by specific 
sandwich ELISA. Incorporation of  radiolabelled iron into 
these proteins was studied by imunoprecipitation with 
specific antibodies.

Finally, studies were carried out to understand the 
sequential movement of  iron across intestine under various 
iron status conditions. WKY male weanling rats (body 
weight 36.8 ± 6.56) were equally (n = 8) distributed into 
iron deficient, control and iron overload groups. For iron 
overloading, in addition to iron excess diet as mentioned 
above, we gave 4 intra-peritonial injections of  1 mL of  
imferon, an iron sorbitol citric acid complex in water 
(50 mg of  iron/mL, Rallies India Ltd, Mumbai, India) at 
weekly intervals. After 7 wk, rats were fasted overnight 
and given 100 μCi of  59FeCl3 with 0.25 mg of  carrier 
iron as ferrous sulphate by gavage. Duodenal segment 
of  intestine were collected at 5, 15, 30 min, 1, 2, 4, 16 h. 
The segments were flushed with formalin, cut opened 
longitudinally and fixed in 10% neutral formalin for 12 h. 
These intestinal segments were rolled longitudinally (Swiss-
roll), and further processed for microautoradiography and 
immunohistochemistry. 

Western blotting and autoradiography 
The protein content was estimated by the method of  
Bradford[26]. Both luminal and mucosal proteins (100 μg) 
were subjected to 4%-20% PAGE along with rat liver 
ferritin as a marker. The separated protein bands were 
visualized by autoradiography and probed with ferritin 
antibody. 

ELISA of ferritin and transferrin 
Ferritin and transferrin proteins in the luminal and mucosal 
contents were quantified using a specific sandwich ELISA 
system developed by us. 

Immunoprecipitation 
In order to understand the role of  different iron binding 
proteins during absorption, luminal contents and mucosal 
proteins were lyophilized. Duodenal mucosal and luminal 
proteins obtained at initial time points (5, 15, 30 min) were 
reconstituted and subjected to immunoprecipitation with 
ferritin and transferrin antisera. Equal volumes (1 mL) of  
duodenal mucosal and luminal proteins (2-4 mg) and 1:32 
diluted ferritin and transferrin antisera were incubated 
at 37℃ for 1 h and at 4℃ overnight. The specificity of  
ferritin and transferrin antisera was demonstrated by 
replacing immune serum with non-immune serum in the 
immunoprecipitation protocol. The immunoprecipitate 
was collected and washed three times with PBS. 59Fe 
radioactivity in the fraction was counted in a gamma 
counter (Packard Autogamma, Cobra Ⅱ). A known activity 
of  59FeCl3 was run with samples to correct for decay and 
counting efficiency of  the gamma counter. 

Preparation of intestinal sections for microautoradi-
ography and immunohistochemistry
An automatic tissue processor (Shandon, Processor 

2LE) using ascending grades of  isopropyl alcohol and 
chloroform was used. The processed tissue samples 
were embedded in paraffin (58-60℃) using a Leica 
tissue-embedding unit. A set of  10 serial sections of   
4 μ thickness were taken from each block using Reichert-
Jung 2030 rotary manual microtome. The sections were 
mounted on chromalum-gelatin coated glass slides 
and further processed for immunohistochemistry and 
microautoradiography according to standard procedures. 

Microautoradiography 
In situ localization of  radiolabelled iron was carried out 
in dehydrated sections. The sections were processed with 
photographic emulsion according to the manufacturer’s  
guidelines (Amersham LM-1, Amersham UK). These 
sections were stained with hematoxylin, dehydrated and 
mounted with DPX mounting medium. For signals, 
the sections were viewed under light microscope (Leitz 
Ortholux) and photographed.

Immunohistochemistry
Serial sections were used for immunohistochemical 
localization of  transferrin, transferrin receptor and 
ferritin, using respective antisera. The binding of  each 
antiserum to their respective proteins was done using 
Sigma SIH kit. Counter-staining was done with Mayer’s 
hematoxylin. Control slides were layered with non-immune 
serum instead of  primary antiserum. The localization 
of  the antigen was done using goat anti-rabbit HRPO 
conjugate. The comparison of  staining intensity and 
the quantification of  positively stained cells was carried 
out under light microscope with the magnification set at  
10 ×, 25 × or 40 ×. In addition, the distribution of  
intestinal mucosal ferritin, transferrin and transferrin 
receptor in relation to iron status was evaluated in human 
biopsy specimens. 

Human duodenal mucosal biopsy 
Endoscopic intestinal (duodenal) biopsy specimens were 
collected by a gastroenterologist from 30 males and 6 
females attending the Gastroenterology Department 
of  Gandhi Hospital (Secunderabad, India) for various 
upper GI tract related ailments. Informed oral consent 
was obtained from all the subjects. All the subjects were 
classified based on their hematological and iron status 
parameters. Accordingly, a cut off  value of  hemoglobin  
< 13 g/dL for male and < 12 g/dL for female was 
classified as anemia, while anemia with serum ferritin 
< 12 μg/L as iron deficiency anemia. Biopsy specimens 
of  3-4 mm were collected and immediately spread on a 
wire mesh. These specimens were then immersed in 10% 
neutral buffered formalin solution and processed for 
immunohistochemistry of  ferritin, transferrin and transferrin 
receptor, as described earlier.

Haematological and iron status indicators 
Fasting blood samples were collected from rats and 
human subjects to estimate haemoglobin and iron status  
parameters. Hemoglobin was estimated by an automated 
hematology counter (Serono system 9000 Rx). Quantitation 
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of  human and rat serum ferritin, rat mucosal, and luminal 
ferritin and transferrin was estimated by homologous 
sandwich ELISA systems developed by us. Liver iron was 
estimated by dry ashing followed by an estimation of  iron in 
the mineral solution by bathophenathroline method[1]. 

RESULTS
Initially, a kinetic study was carried out to understand the 
in vivo time course of  iron absorption of  59Fe given by oral 
gavage to rats with normal iron status condition. Specific 
activity of  duodenal mucosa was found to be highest, 
followed by jejunum, ileum and stomach at all time points 
studied. The specific activity of  59Fe was found to increase 
with time and attained a peak at 30 min in duodenal 
mucosa (data not shown). 

Ferritin takes up radio-labelled iron in a time dependent 
manner and has a direct role in iron absorption
In order to understand the role of  ferritin in iron 
absorption, an autoradiogram was performed with proteins 
obtained from 60% ammonium sulphate precipitation of  
luminal and mucosal fractions after oral administration 
of  59Fe. As shown in Figure 1, upper panel, rats with 
normal iron status showed a single radioactive protein 
band identical to purified rat liver ferritin. The intensity 
of  the radioactive band associated with ferritin increased 
with time and showed maximal band intensity at 30 min 
and decreased subsequently with no change in the ferritin 
protein band intensity (Figure 1, lower panel). These 
results suggested that intestinal ferritin is an important 
component of  the intestinal iron transport system and 
seems to take up iron and facilitate its transfer across the 
mucosal cells. Thus these results demonstrate that ferritin 
is not just a sink but takes up iron and releases it in a time-
dependent manner during the absorptive process. 

To determine the specific role of  iron binding proteins 
like ferritin, transferrin and transferrin receptor, rats were 
given different amounts of  iron. Haematological and 
iron status parameters indicated the induction of  iron 
deficiency and iron overloading in respective groups (data 
not shown). Table 1 shows the ferritin and transferrin 
concentrations in the intestinal luminal and mucosal 
contents of  rats with various iron status parameters. The 
concentration of  ferritin was higher in mucosa than in 
the lumen of  duodenum in all the groups. In iron excess 

group, there was a significantly higher concentration 
of  ferritin, both in lumen and mucosa, compared to 
deficient and control groups. In contrast, the transferrin 
concentration was significantly higher in lumen than in 
mucosa within the group and was similar between the 
groups. 

Reciprocal relationship between luminal transferrin and 
mucosal ferritin iron
To understand the interaction between luminal transferrin 
and mucosal ferritin after oral administration of  59Fe, rats 
were sacrificed at 5, 15 and 30 min. As shown in Figure 2A 
the percentage of  radioactive iron in duodenal lumen was 
found to decrease with time. The highest luminal specific 
activity was seen in iron-deficient rats followed by control 
and iron excess fed rats. In deficient and control rats, there 
was a progressive increase in specific activity while in the 
excess iron fed group, the radioactivity was retained at 
the site of  absorption (Figure 2B). This was supported by 
the findings on luminal and mucosal radioactivity, which 
showed a faster transit of  iron from lumen to mucosa in 
iron-deficient and control rats. On the other hand, in the 
iron excess fed rats luminal radioactivity showed slower 
transit as indicated by increase in the radioactivity from 30 
min onwards. The plasma radioactivity during the same 
time periods reflected the slower transit of  duodenal iron 
in iron excess fed rats (plasma specific activity of  150 ± 
20 dpm/mL during 15-60 min) which showed no peak in 
plasma iron as compared to the iron-deficient and control 
groups (plasma specific activity of  700 ± 50 and 400 ±
50 dpm/mL, respectively). The luminal transferrin iron 
declined with time in all the groups while that of  mucosal 
ferritin increased only in deficient and sufficient groups 
during the 5-30 min of  iron uptake (Figure 2). As shown 
in Figure 2B percentage of  ferritin bound iron reached a 
peak and showed a decline confirming the release of  iron 
from ferritin in deficient and control groups. In the iron 
excess group the percentage ferritin-bound iron did not 
change with time, confirming the blockage of  iron in this 
group. 

Microautradiography demonstrate the sequential transfer 
of radiolabelled iron 
In order to study the in vivo translocation of  iron after 
oral administration of  radiolabelled iron, duodenal 

Autoradiography

Western blot

59Fe bound to ferritin

Ferritin

15 min      30 min        1 h

Figure 1  Ferritin takes up radiolabelled iron in a time dependent manner and has 
a direct role in iron absorption: Upper panel: Autoradiogram of duodenal proteins. 
Duodenal mucosal proteins (100 mg) obtained after 15 min, 30 min, 1 h after an 
oral dose of 7-10 mCi of 59FeCl3 were subjected to 4%-20% PAGE and dehydrated. 
The radioactive bands were developed on X-ray film. As shown in the figure, one 
radioactive band corresponding to ferritin whose intensity was maximal at 30 min 
and then decreased with time. Lower panel: These proteins were subjected to 
western blot with ferritin antibody.

Table 1  Ferritin and transferrin concentrations in rat duodenum 
under various iron status conditions

Parameter Control Iron deficient Iron excess

Ferritin (ng/mg protein)
Lumen    126.0a ± 61.42   105.8a ± 35.81 228.8c ± 73.54
Mucosa      308.3c ± 123.36 256.0c ± 1.19   731.5e ± 191.96

Transferrin (mg/mg protein)
Lumen 10.9b ± 7.6   11.1b ± 10.3 6.8b ± 4.7
Mucosa   0.87d ± 0.79   0.80d ± 1.20 0.61d ± 0.63

Values with different superscript letters within each column and row are 
significantly different at a,c,eP < 0.005 for ferritin and b,dP < 0.001 for transferrin 
by one way ANOVA (n = 5).
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segments were processed for microautoradiography under 
various iron status conditions. Table 2 shows the grading 
of  staining intensities of  radiolabelled iron, ferritin, 
transferrin/transferrin receptor in the iron deficient and 
iron excess groups. The radioactivity at 5 min was localized 
on the surface of  the villi in the iron deficient group 
(top left panel ID, 5 min) (Figure 3). Subsequently, the 
radioactivity was present in the columnar epithelial cells 
(absorptive cells) at the tip of  the villi between 15 min to 
1 h in iron deficient (top right, panel ID, 15, 30 min, 1 h, 
and Table 2). At 2 and 4 h most of  the radioactive iron 
was seen inside the villi in the lamina propria. A similar 
trend was observed in the control group (middle, panel C, 
5 min and 15, 30 min, 1 h). However, in iron-overloaded 
intestine, high intensity radioactivity was noticed at 5 min 
on the surface (bottom left, panel OL, 5 min) but was 
minimal signals at 15 and 30 min (bottom right panel OL, 
15 min and Table 2). The radioactive signals at 15 and 30 
min associated with iron were maximal intraepithelially 
in iron-deficient rats and plasma radioactivity indicated 

maximum absorption. In iron-overloaded rats the signal 
was maximal at 5 min and seen only at the absorptive 
surface and retained at the site of  absorption (Table 2). 

Ferr i t in appears in the epi thel ia l cel ls af ter oral 
administration of iron
Immunoh i s tochemi s t r y w i th f e r r i t i n an t i body 
demonstrated that at 5 min, ferritin staining was maximal 
intraepithelially in iron-deficient intestine (Figure 4), 
while intense staining was seen both intraepithelially and 
intravascularly, in iron-overloaded intestine (Figure 4 top 
right, panel OL, 5 min Fe). The intensity of  staining within 
the villi at 1 h (bottom left panel ID-1 h, Fe) was minimal 
and similar to that seen at basal status in iron deficient 
intestine. On the other hand, the staining intensity was 
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Figure 2  Reciprocal relationship between luminal transferrin and mucosal ferritin. A: Luminal and mucosal proteins collected after oral administration of 59Fe after various 
time intervals were subjected to immunoprecipitation with ferritin and transferrin antibodies. The bar graph represents percentage incorporation of 59Fe in luminal transferrin 
(crossed bars) and mucosal ferritin (open bars) of duodenum; B: Percentage of ferritin bound iron out of total protein bound iron with time, in various iron status conditions.
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Table 2  Summary of in situ  grading of sequential autoradi-
ographic and immunohistochemical staining signals

Radioactive 
iron/protein

Iron status Basal 5 min 15 min 30 min 2h

59Fe ID      - SUR+ IE+++ IE+++ -
OL      - SUR+++ IE± IE± -

Tf ID IV± IV++ IE+++ IE+
IV++ IV++

OL IV± IE± IE±
IV± IV±

TfR ID   SUR± SUR++ IE++ IE+ SUR±
OL   SUR± SUR++ SUR+ - -

Fe ID   IE± IE±
  IV± - -

OL   IE± - IE± IE±
IV+++

Tf: transfferin; TfR: Transferrin receptor; Fe: Ferritin; ID: Iron deficient; OL: 
Iron overload; IE: Intra epithelial; IV: Intra vascular; SUR: Surface; Grading +:  
minimal staining; ++: good; +++: intense; –: nil.

5 min after oral 
administration of iron

15 min-1 h after oral 
administration iron

Iron 
deficient

Control

Iron 
overload

59Fe59Fe

59Fe
59Fe

59Fe
59Fe

Figure 3  Microautoradiography demonstrated the sequential transfer of iron: 
Microautoradiography of duodenal sections of intestine obtained after oral  
administration of 100 mCi of 59FeCl3 and 250 g of carrier iron in iron deficient top 
panel (ID), control middle panel (C) and iron overload bottom panel (OL) rats. 
These photographs illustrate the progressive transfer of iron into the villi (25 x).
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lower in iron-loaded intestine after 15 min indicating the 
presence of  holoferritin and blocking of  iron absorption 
(Table 2).

Microautoradiography and immunohistocheminstry with 
transferrin and transferrin receptor demonstrates the in 
vivo uptake of iron through transferrin receptor
The in situ localization of  radioactive iron in the iron 
deficient group indicated its presence on the cell surface  
(5 min) and then intraepithelially (15, 30 min) in the villi 
(Table 2). The intensity of  transferrin staining was found to 
be maximal at the tip of  the epithelial cells at 15 min (Figure 5,  
left panel ID 15 min Tf) and subsequently decreased to 
basal status. Staining of  the blood vessels for transferrin 
started to appear from 2 h onwards in ID (bottom left 
panel ID, 2 h Tf). The staining for transferrin at 15 min 
within the epithelial cells was not observed in iron-overload 
group (Table 2). In the iron-overload group, staining due 
to transferrin was minimal at 5-30 min (Figure 5B, top 
left panel Tf, OL 30 min). In both groups, the transferrin 
receptor was localized mainly on the surface of  the duodenal 
villi, thus demonstrating margination of  transferrin receptor 
after oral administration of  iron (right top panel Figure 5A, 
TfR, Basal). This, however, at 15 min was internalized at 
the tip of  the epithelial cells along with iron and transferrin 
(Figure 5A). After 2hr TfR reappeared on the surface of  the 
villi in the iron deficient (Figure 5A, middle right panel, TfR, 
ID, 15 min, 2 h) demonstrating the in vivo receptor recycling. 
In contrast, in the iron-overload group TfR was seen only 
at the surface even at 30 min and 1 h (Figure 5B, bottom 
panel, TfR, OL, 15 min, 1h) showing no internalization of  
receptor. 

The radioactive signals at 15 min were maximal 
intraepithelially in the iron deficient group. During this 
time period, transferrin and its receptor were also co-
localized maximally within the epithelial cells (Figure 5C).  
The intensities of  both these proteins subsequently 

diminished and minimal staining was seen at the margin 
of  the absorptive surface. The intensity of  transferrin 
receptor staining was maximal along the entire margin 
during different time points in the iron-overloaded 
intestine. This was a striking difference between the two 
extreme conditions. Microautoradiography along with the 
immunohistochemistry of  ferritin and the transferrin/
transferrin receptor demonstrated the in vivo internalization 
of  transferrin and its receptor along with radiolabelled iron 
and recycling of  the receptor to the surface. This clearly 
shows a transferrin-mediated iron uptake at the absorptive 
surface of  the rat intestine. 

Staining intensity of ferritin, transferrin/ transferrin 
receptor in human duodenal biopsy under different iron 
nutritional status
In addition, we have performed immonohistochemistry 
of  ferritin, transferrin/transferrin receptor in human 
duodenal biopsy specimens collected from various iron 
status conditions. All the subjects were classified according 
to their indicators of  iron status such as haemoglobin, 
serum ferritin (Table 3). According to these parameters, 13 
of  them belonged to normal group, 6 had iron-deficient 
anemia, 14 anemia, one each had blood transfused, iron 
injected and iron given orally as supplement. Representative 
immunohistochemical images for ferritin, transferrin and 
transferrin receptor of  duodenal biopsy from normal, iron 
deficient anemia and blood transfused are given in Figure 6.  
The staining intensity for ferritin varied according to iron 
status and thus staining was +++ normal (top left), ± 
iron deficient (middle left panel Fe ID) and ++ in blood 
transfused (Figure 6 bottom left panel Fe BT) subjects. 
The intensity of  transferrin staining was also similar to that 
of  ferritin staining in normal, iron-deficient and in blood 
transfused subjects (center top, middle and bottom panels 
respectively). The transferrin receptor on the other hand, 
stained more intensely with a grading score of  (+++) in 

Ferritin-iron deficient Ferritin-iron overload

5 min after oral
administration 
of iron

1 h after oral 
administration 
of iron

Figure 4  Ferritin appears in the epithelial 
cells after oral administration of 59Fe: 
Immunohistochemical localization of 
ferritin (Fe) in the duodenal sections 
of intestine of iron deficient left panel 
(ID) and iron overload right panel (OL) 
rats at various time points after oral 
administration of radioactive iron (25 X).

Ferritin

Ferritin

Ferritin Ferritin

Kolachala VL et al.  Role of transferrin in iron absorption    	                                                          	          1047

www.wjgnet.com



Transferrin -Tf  iron deficient Transferrin receptor-TfR
iron deficient

Basal

15 min after oral 
administration of iron

2 h after oral 
administration of iron

A

Tf

Tf

Tf

TfR

TfR

TfR

Transferrin- 
Tf basal

Transferrin 
receptor-TfR
30-1 h

Tf

TfR

B C            Iron overload         59Fe-iron	                Transferrin-Tf	      Transferrin receptor-TfR
59Fe

Tf TfR

10X 10X 25X

          Iron deficient -15 min after oral administration

Figure 5  Microautoradiography and immunohistocheminstry with transferrin and transferrin receptor demonstrates the in vivo uptake of iron through transferrin receptor. 
A: Immunohistochemical localization of transferrin left panel (Tf) and transferrin receptor right panel (TfR) in the duodenal sections of intestine of iron deficient rat (ID); B:  
transferrin stain in iron over loaded rat (top panel) (OL)at basal status and tranferrin receptor on the surface of the epithelial cells showing no internalization(bottom panel) 
in iron overloaded condition after oral administration of radioactive iron (10X); C: Co-localization of iron, transferrin and transferrin receptors in the duodenal sections of 
intestines of iron deficient rats obtained 15 min after oral administration of radioactive iron. Microautoradiographic localization of iron immunohistochemical localization of 
transferrin transferring receptor.
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the iron-deficient subjects (Figure 6 middle right panel ID 
TfR) compared to + in normal (top right panel, TfR) and 
blood transfused subjects (bottom right panel BT TfR). 

DISCUSSION
Ferritin, transferrin and transferrin receptor are the 
important proteins that regulate iron homeostasis in almost 
all the cells. However, the actions of  these proteins in the 

absorptive cells remain unclear. Data on the role of  these 
proteins were obtained mainly by studying one protein at 
a time. By attempting to sequence serially the role of  these 
proteins together, during intestinal uptake, we were able to 
provide evidence for in vivo receptor mediated uptake of  
iron.

 The radioactive signals at 15 to 30 min associated with 
iron were maximal intraepithelially in iron deficient rats. 
Along with iron, both transferrin and transferrin receptor 

Table 3  Classification of human subjects according to iron status indicators

Sex No Age (yr) Hb (g/dL) PCV RBC M/cu mm Serum ferritin (mg/L)

Normal M 12 36.5 ± 10.6 14.8 ± 0.9 44.5 ± 3.3 5.8 ± 0.7   43 ± 22.1
F   1     7.2 12.4     36 4.5 71.7

Iron deficient anemia M   4 24.5 ± 20.9  7.4 ± 2.6 23.3 ± 9.0 4.1 ± 1.7 7.2 ± 4.0
F   2   20.5   7.3      26.5 3.5   6.5
M 10 44.3 ± 16.5  11.1 ± 1.64 33.6 ± 5.2 4.5 ± 1.4 75.3 ± 32.2

Anemia F   4  21 ± 6.6  6.8 ± 3.0 20.8 ± 9.0 2.1 ± 1.2 57.4 ± 13.4

Iron supplements F
Blood transfusion M   1 32   9.5 29 4.7      28.6
Iron injection F   1 32   8.4 27 4.3 101
Oral iron F   1 20   9.7 30               3   38

Values are mean ± SD. Cut off values for defining deficiency, Hb: Male < 13 g/dL, Female < 12 g/dL, serum ferritin < 12 mg/L.

Normal

ID

BT

Fe

Fe

Fe

Tf

Tf

Tf

TfR

TfR

         Ferritin-fe			            Transferrin-Tf			           Transferrin receptor-TfR

Figure 6  Staining intensity of ferritin, transferrin and transferrin receptor in human duodenal biopsy under different iron nutritional status: Immunohistochemical localization 
of ferritin (Fe), transferrin (Tf) and transferrin receptor (TfR) in the duodenal biopsy sections of normal (top panel, N), iron deficient (middle panel, ID) and blood transfused 
(bottom panel, BT) human subjects. Staining intensity; ± represents Light, + normal, ++ good, +++ intense.

Kolachala VL et al.  Role of transferrin in iron absorption    	                                                          	          1049

www.wjgnet.com



were co-localized at this time. The intensities of  both 
these proteins were subsequently decreased and minimal 
amounts were seen at the margin of  absorptive surface 
in iron deficient intestine. In addition, ferritin appeared 
intraepithelial in iron deficient and control groups, 
suggesting its modulation during the absorptive phase. 
Presence of  most of  the radiolabelled signal only on 
absorptive surface at 5 min and beyond in iron-overloaded 
rats suggest its restricted entry into the duodenum due to 
the presence of  mucosal holo ferritin. This is supported 
by the intense ferritin staining seen both intraepithelial 
and intravascular in iron overloaded intestine, especially 
during absorptive phase and beyond. Further, the presence 
of  transferrin receptor along the entire margin during 
different phases of  iron uptake suggests no internalization 
of  transferrin receptor in iron excess condition. 

It is interesting to note that the concentration of  
mucosal ferritin and the iron associated with it was similar 
in control and iron deficient groups, and was significantly 
lower than that seen in the excess iron fed group. This 
could be due to the regulatory role of  mucosal ferritin at 
the site of  adsorption in the case of  iron excess, while in 
the case of  normal and iron deficient duodenum it could 
release the incorporated iron. 

A positive relationship between in situ localization of  
ferritin and better iron status was demonstrated in rats and 
humans. The results on autoradiography of  rat duodenal 
mucosal and luminal preparations suggests that intestinal 
ferritin takes up iron and releases it in a time dependent 
manner during the absorptive process. This is supported 
by the findings on localization of  iron in the duodenal 
mucosa during absorption which showed a positive 
relationship, with better iron status at 5 min and a negative 
relationship at 15 min-1h. Similarly in human subjects, the 
intensity of  ferritin staining was lowest in iron deficient 
subjects, highest in normal subjects and in between in the 
case of  the blood transfused subjects. These observations 
suggest that mucosal ferritin is an important component 
of  the intestinal iron transport system which takes up iron 
and facilitates its transfer across the mucosal cells

The studies of  Miyoshi et al[27] support the presence of  
ferritin in duodenum. Their studies showed accumulation 
of  iron in the apical area of  duodenal villous cells with 
in ferritin. The presence of  maximal 55Fe radioactivity 
at 5 min over the brush border and terminal web was 
demonstrated by Bedard et al[28]. They observed that during 
the next 3 h, radioactivity was present almost exclusively 
in absorptive cells and in lamina propria. In contrast, 
Conrad and Crosby[29] observed very little radioactivity 
in the small intestinal mucosa of  iron-depleted and iron 
overload rats from 2-48 h after gastric administration of  
59Fe. This discrepancy may be due to the fact that they did 
not included time points earlier than 2 h. Because it is an 
inducible protein, it is possible that ferritin expression at 
the sites of  absorption may be related to the iron status. 
This suggests that iron absorption is probably dependent 
on the relative concentrations of  mucosal apo and holo 
ferritins, and is inhibited in conditions of  iron overload 
and enhanced in iron deficiency.

Quantitatively, the amount of  transferrin in the 
lumen is 10 times higher than that of  mucosa and is 
not dependent on iron nutritional status (Table 1). The 
observation on identical amounts of  luminal transferrin, 
irrespective of  iron nutritional status, implies that this 
protein may be presenting equal amount of  iron for 
absorption. The net amount of  iron, which is taken up 
by the mucosa, thus depends on mucosal transferrin 
receptors. Duodenal mucosal transferrin receptor showed 
reciprocal relationship with iron status. The significance 
of  this may be to present equal amounts of  iron for 
absorption through binding to luminal transferrin. 
Consequently, the amount of  iron absorbed by the mucosa 
may depend only on the mucosal transferrin receptor 
which has inverse relationship with better iron status.

Huebers et al[8,15] suggest that luminal transferrin acts as 
a shuttle protein for iron uptake. Autoradiographic studies 
by Conrad and Crosby[30] and Bedard et al[28] also suggest 
that intestinal crypt cells are able to take up transferrin-
bound iron from circulation. According to some other 
investigators, however, transferrin is unlikely to be a 
major transporter of  iron from lumen to the baso-lateral 
membrane[31-33]. According to Idzerda[34], the transferrin 
gene is not expressed in the intestine and, therefore, 
cannot be synthesized. Thus, it is possible that the luminal 
transferrin may be imported from plasma, as hypothesized 
by Parmley et al[19] . 

Although the receptor mediated cellular uptake of  
iron is well known and takes place in all dividing cells, 
such a mechanism operating in the intestine has not 
been documented earlier. The results of  this study, in 
conjunction with earlier observations[5,35-37], allow us to 
propose a model for intestinal iron absorption whereby., 
the recycling of  transferrin and transferrin receptors 
enables luminal transferrin bound iron to enter the 
enterocytes. The receptor density at the absorptive surface, 
which is inversely proportional to better iron nutritional 
status, might regulate this iron uptake process. 

The presence of  transferrin and its receptor on the 
margin during basal condition, and the appearance of  both 
the receptor and the ligand at 15 min intraepithelially along 
with the radiolabelled iron in iron depleted rat intestine, 
support the above model. The appearance of  TfR after 2 
h on the margin of  villi suggests that the receptor protein 
returned to the surface after releasing iron. In contrast, 
there was no evidence of  intraepithelial transferrin and 
transferrin receptor in iron overloaded intestine, as 
evidenced by the presence of  receptor on the margin even 
at 30 min. 

Though the staining intensity of  transferrin in 
duodenal section was high in control subjects, there was 
no obvious difference between iron deficient subject and 
blood transfused subjects. Staining for transferrin was 
intense in the apical portion and blood vessels, while 
that of  transferrin receptor was more concentrated at 
the epithelial lining of  duodenum (Figure 6). The higher 
intensity of  transferrin receptor in iron deficient subjects 
and minimal in control and blood transfused subjects 
suggests a role for it in iron absorption. This is supported 
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by the reciprocal relationship observed between transferrin 
receptor and ferritin staining. Similar finding on TfR 
staining at the margin of  the villi was observed by Banerjee 
et al[36] . The ultrastructural studies of  Levine et al[31] have 
shown that transferrin receptor and transferrin are co-
localized in coated pits on the basal and lateral membranes 
of  crypt cells. Further, Anderson et al[35] confirmed that 
the TfR is a prominent protein on the basal and lateral 
membranes of  intestinal epithelial cells. 

The above findings, along with earlier observation, 
suggest that luminal transferrin must be presenting equal 
amount of  iron for absorption since this protein does 
not respond to iron status. The net amount of  iron taken 
up by mucosa depends on mucosal transferrin receptors, 
which respond reciprocally with better iron status. These 
results suggest that mucosal ferritin, luminal transferrin 
and mucosal cell surface transferrin receptors are closely 
related to iron status and interact with each other in 
carrying iron across the intestinal mucosa.
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Abstract
AIM: To investigate the influence of heme oxygenase-1 
(HO-1) gene transfer on the viability and function of 
cultured rat islets in vitro.

METHODS: Islets were isolated from the pancreata of 
Sprague-Dawley rats by intraductal collagenase diges-
tion, and purified by discontinuous Ficoll density gradient 
centrifugation. Purified rat islets were transfected with 
adenoviral vectors containing human HO-1 gene (Ad-
HO-1) or enhanced green fluorescent protein gene (Ad-
EGFP), and then cultured for seven days. Transfection 
was confirmed by fluorescence microscopy and Western 
blot. Islet viability was evaluated by acridine orange/ 
propidium iodide fluorescent staining. Glucose-stimulated 
insulin release was detected using insulin radioimmuno-
assay kits and was used to assess the function of islets.  
Stimulation index (SI) was calculated by dividing the 
insulin release upon high glucose stimulation by the 
insulin release upon low glucose stimulation. 

RESULTS: After seven days culture, the viability of 
cultured rat islets decreased significantly (92% ± 6% vs  
52% ± 13%, P  < 0.05), and glucose-stimulated insulin 
release also decreased significantly (6.47 ± 0.55 mIU/
L/30IEQ vs  4.57 ± 0.40 mIU/L/30IEQ, 14.93 ± 1.17 
mIU/L/30IEQ vs  9.63 ± 0.71 mIU/L/30IEQ, P  < 0.05). 
Transfection of rat islets with adenoviral vectors at an 
MOI of 20 was efficient, and did not impair islet function. 
At 7 d post-transfection, the viabil ity of Ad-HO-1 
transfected islets was higher than that of control islets 

(71% ± 15% vs  52% ± 13%, P  < 0.05). There was no 
significant difference in insulin release upon low glucose 
stimulation (2.8 mmol/L) among Ad-HO-1 transfected 
group, Ad-EGFP transfected group, and control group (P 
> 0.05), while when stimulated by high glucose (16.7 
mmol/L) solution, insulin release in Ad-HO-1 transfected 
group was significantly higher than that in Ad-EGFP 
transfected group and control group, respectively (12.50 
± 2.17 mIU/L/30IEQ vs  8.87 ± 0.65 mIU/L/30IEQ; 12.50 
± 2.17 mIU/L/30IEQ vs  9.63 ± 0.71 mIU/L/30IEQ, P  < 
0.05). The SI of Ad-HO-1 transfected group was also 
significantly higher than that of Ad-EGFP transfected 
group and control group, respectively (2.21 ± 0.02 vs  2.08 
± 0.05; 2.21 ± 0.02 vs  2.11 ± 0.03, P  < 0.05). 

CONCLUSION: The viability and function of rat islets 
decrease over time in in vitro  culture, and heme 
oxygenase-1 gene transfer could improve the viability 
and function of cultured rat islets.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Diabetes affects more than 200 million people worldwide[1]. 
The mainstay treatment for type Ⅰ diabetic patients is 
chronic insulin injection. While exogenous insulin therapy 
has dramatically reduced mortality in diabetes, patients 
often succumb to the long-term sequelae of  diabetic 
angiopathy, either in the form of  nephropathy, neuropathy 
or retinopathy. Vascularized pancreas transplantation 
reliably restores normoglycemia and maintains long-
term glucose homeostasis, but it has significant surgical 
morbidity and mortality[2]. In 2000, with the success of  
the ‘Edmonton protocol’, which had produced insulin 
independence in 85% of  type Ⅰ diabetic patients one year 
after allogeneic islets transplantation combined with a non-
steroid immunosuppressive regimen, islet transplantation 
has progressed from research to clinical reality[3].
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The technique to maintain isolated islet preparations 
in tissue culture has been adopted by most islet transplant 
centers. Islet culture for a brief  period (24 to 72 h) has 
emerged as the current standard procedure prior to clinical 
transplantation[4,5]. It offers advantages over immediate 
infusion post-isolation, enabling assessment of  islet 
quality and safety, and reducing islet immunogenicity 
as well as recipient travel to the transplantation site and 
immunosuppression before transplantation[6]. But in vitro 
culture of  islets has been shown to result in loss of  viable 
tissue over time, and a decrease in glucose responsiveness 
has been observed in those islets which survive[7,8].

Several phenomena, including activation of  free 
radicals, apoptosis and necrosis, may be responsible for 
these effects. Therefore, approaches towards enhancing 
islets resistance to these insults would facilitate both 
clinical and investigative trials. As a cellular graft, islets are 
especially suited for gene therapy. An attractive strategy for 
protecting islets in in vitro culture is to use gene therapy to 
transduce islets with cytoprotective genes that can make 
islets more resistant to injury.

Heme oxygenase-1 (HO-1) is the rate-limiting enzyme 
in the heme degradative pathway that catalyzes the oxidation 
of  heme into biliverdin, carbon monoxide (CO), and free 
iron[9,10], and it has been described as a ubiquitous inducible 
stress protein capable of  cytoprotection via radical 
scavenging and apoptosis prevention. Overexpression of  
HO-1 by chemical induction or gene therapy has been 
used to reduce the deleterious effects of  oxidative stress 
and apoptosis in various cell types and animal models[11-14]. 

Compared with chemical induction, gene transfer 
can provide effective, targeted, and relatively persistent 
expression of  HO-1. The aim of  the present study was 
to investigate the influence of  HO-1 gene transfer on 
the viability and function of  cultured rat islets, and to 
explore the potential value of  HO-1 gene transfer in islet 
transplantation.

MATERIALS AND METHODS
Animals 
Twenty male Sprague-Dawley rats weighing 250 to 300 g 
were purchased from Shanghai Experimental Animal 
Center of  Chinese Academy of  Sciences.

Rat islet isolation and culture 
Rat islets were isolated from the pancreata of  the outbred 
male Sprague-Dawley rats by a collagenase digestion 
technique and discontinuous Ficoll density gradient 
centrifugation[15]. The main bile duct was located and 
clamped at both ends. Ten milliliters of  collagenase P 
(Roche Applied Science, Indianapolis, Ind, USA) solution 
(1 g/L, pH 7.8) was injected into the duct and then the 
distended pancreas was surgically resected, and incubated 
at 38℃ for 15 min. The digested gland was vigorously 
shaken for 10 s and the digestion was stopped by Hank’s 
solution (4℃) with 100 mL/L fetal calf  serum (Gibco, 
BRL, USA). The tissue was filtered through a 600 μm 
screen, and then washed by Hank’s solution twice. Islets 
were purified by centrifugation at 3000 r/min for 20 
min on discontinuous Ficoll (Pharmacia Fine Chemicals, 

Uppsala, Sweden) gradients. After several washes with 
Hank’s solution, islets were suspended in RPMI-1640 
medium (Gibco, BRL, USA) containing 100 mL/L fetal 
calf  serum (Gibco, BRL, USA), 20 mmol/L HEPES 
(Sigma-Aldrich Chemicals, Louis Mo, USA), 100 kU/L 
of  penicillin and 100 g/L of  streptomycin at 37℃ in a 
humidified atmosphere of  50 mL/L CO2. Islets purity was 
assessed by dithizone (Sigma-Aldrich Chemicals, Louis 
Mo, USA) staining, and islets were counted and scored in 
size. An algorithm was used for the calculation of  150 μm-
diameter islet equivalent number (IEQ).

Adenoviral vectors
Adenoviral vectors were prepared by use of  the AdEasy 
system (Stratagene, Baltimore, USA). Human HO-1 cDNA 
was cloned into pAdTrack-CMV. Once constructed, 
the shuttle vector was linearized with Pme I and co-
transformed into E. coli BJ5183 together with pAdEasy-1, 
the supercoiled viral DNA plasmid. Transformants 
were selected on kanamycin and the recombinants were 
subsequently identified by restriction digestion. Once a 
recombinant was identified, it was produced in bulk using 
the recombination-deficient XL10-Gold® strain. Purified 
recombinant adenoviral plasmid DNA was then linearized 
by Pac I to expose its inverted terminal repeats (ITR) and 
transfected into HEK293 cells where deleted viral genes 
necessary for virus assembly were complemented in vivo. 
The pAdEasy-1 vector will not replicate in cells other 
than complementing cells (293 cells). This vector has been 
developed to infect but not replicate in non-permissive 
target cells. Ad-EGFP was generated using the same 
system and supplied by the Institute of  Genetics of  Fudan 
University. Viral titers were determined by plaque assay 
and expressed as plaque forming units per mL (pfu/mL). 
Viral titers of  Ad-HO-1 and Ad-EGFP were 1.96 × 109 
and 1.99 × 109 pfu/mL, respectively.

Adenovirus infection 
Aliquots of  30 IEQ were resuspended in 0.5 mL serum-
free culture medium and placed in a 24-well culture plate 
and incubated with Ad-HO-1 and Ad-EGFP vectors at 
a multiplicity of  infection (MOI) of  20 at 37℃ for 4 h 
with agitation every 1 h. MOI was calculated using the 
assumption that islets contain on average 1000 cells. After 
infection, islets were washed twice with culture medium 
and incubated for at least 48 h before further analysis 
to allow for transgene expression. Control islets were 
mock infected. Mock infected islets underwent a similar 
procedure, but were not exposed to viruses during the 
incubation period and were not incubated with any vectors.

Western blot analysis
Islet cells (48 h post-transfection) were washed with 
cold phosphate buffered saline (PBS) and lysed in 2% 
SDS, Tris-HCl 60 mmol/L (pH 6.8) buffer, incubated at 
95℃, sonicated in a water bath at 37℃ and centrifuged 
at 12 000 r/min for 15 min. Assessment of  the total 
protein content was carried out with the BCA detection 
kit (Pierce Biotechnology, Rockford, IL, USA). Aliquots 
corresponding to 100 μg of  protein were subjected 
to electrophoresis on a 15% SDS-PAGE pre-cast gel 
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and transferred electrophoretically to a nitrocellulose 
membrane. The membranes were incubated with 50 g/L 
non-fat dry milk in TBS (20 mmol/L Tris, 500 mmol/L 
NaCl, pH 7.5) overnight at 4℃ to block non-specific 
binding. The blots are then incubated with the murine 
antihuman HO-1 monoclonal antibodies (StressGen, 
Victoria, BC, Canada) at a dilution of  1:200 for 2 h at 
room temperature; this was followed by a 1 h incubation with 
the AP-conjugated rabbit antimouse polyclonal antibody 
(Promega, USA) at a dilution of  1:1000. The protein 
bands were visualized by the NBT + BCIP staining system 
(Haoyang Biological Manufacture Co, Ltd, Tianjin, China).

Islet viability 
Islet viability was evaluated by acridine orange (AO)/
propidium iodide (PI) (Sigma-Aldrich Chemicals, Louis 
Mo, USA) fluorescent staining. The fluorescent dye, 
containing 10 μL AO (670 μmol/L) and 1mL PI (750 
μmol/L), was used at a 1:10 dilution. After the islets were 
washed twice with Hank’s solution, the fluorescent dye 
was added to each well. Ten minutes later, islets were 
analyzed under a fluorescence microscope. Living cells 
were identified by green staining (AO), whereas dead cells 
showed a brown-red staining (PI).

Islet function
In vitro function of  freshly isolated islets and cultured islets 
was assessed by glucose-stimulated insulin release. Islets 
of  different groups were washed with PBS twice, and 
incubated first in low (2.8 mmol/L) and then in high (16.7 
mmol/L) concentrations of  glucose in culture medium. 
The static incubation assay was performed in a 24-well flat-
bottomed culture plate with 30 IEQ/well and 3 duplicate 
wells for each islet group. Supernatant from each well was 
collected after each 1 h incubation, and the concentration 
was measured using an insulin radioimmunoassay kit 
(Jiuding Biotech Co, Ltd, Tianjin, China). Stimulation 
index (SI) was calculated by dividing the insulin release 
upon high glucose by the insulin release upon low glucose 
stimulation.

Statistical analysis
Data are expressed as mean ± SD. Statistical and graphical 
analysis was performed with software of  SPSS10.0. 
Analyses were performed using the two-tailed Student’s 
t-test where appropriate.

RESULTS
Purity and viability of freshly isolated rat islets
The purity of  freshly isolated islets was above 90% 
calculated from the ratio of  dithizone stained cells to 
dithizone nonstained cells as a percentage of  the total cell 
number (Figure 1A). The viability of  freshly isolated islets 
was above 90% calculated from the ratio of  AO staining 
cells (living cells) to PI staining cells (dead cells) as a 
percentage of  the total cell number (Figure 1B).

Effect of in vitro culture on insulin release 
The glucose-stimulated insulin release was used to assess 
the function of  cultured rat islets. As shown in Figure 2, 
after 7 d culture, the insulin release upon low and high 
glucose stimulation decreased from 6.47 ± 0.55 to 4.57 ±
0.40 mIU/L/30IEQ, and from 14.93 ± 1.17 to 9.63 ± 0.71 
mIU/L/30IEQ, respectively. In other words, islet function 
decreased conspicuously over time in in vitro culture.

Exogenous gene expression in adenovirus-transduced rat 
islets
Typical fluorescence micro-photographs of  rat islets 
transfected with Ad-EGFP at an MOI of  20 were taken 
at 48 h post-transfection. As shown in Figure 3A and 
B, the fluorescence in Ad-EGFP transfected islets was 
intense. Western blot was used to detect the expression 
of  human HO-1 protein in three groups of  islets. Figure 
4 shows that human HO-1 protein was detected in Ad-
HO-1 transfected islets but not in uninfected or Ad-
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Figure 2  Effect of culture on glucose-stimulated insulin release. The insulin 
release upon either high or low glucose stimulation decreased conspicuously after 
seven days culture, P < 0.05

A B
Figure 1  Purity and viability of 
freshly isolated rat islets. A: Islets 
stained with DTZ (red staining 
indicates islets; islet purity was 
above 90%); B: Islets stained with 
AO/PI (green staining indicated live 
cells, red staining indicated dead 
cells; islet via bility was above 90%). 
Bar = 150 μm, × 200 magnification.
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EGFP transfected islets. Therefore, adenovirus mediated 
exogenous gene transfer into rat islets was successful.

Effect of HO-1 gene transfer on the viability of cultured rat islets 
The viability of  islets was assessed by AO/PI fluorescent 
staining.

Representative pictures are shown in Figure 5. The 
viability of  control islets was greatly reduced as shown by 
the large number of  dead cells within the islets (Figure 
5A). Nevertheless, the number of  dead cells was reduced 
when islets were transfected with HO-1 gene (Figure 
5B). Quantitative analysis of  islet viability was performed 
by using fluorescence microscopy to determine the 
proportion of  living cells within islets. As shown in Figure 
5C, islet viability decreased greatly after 7 d culture (92% 
± 6% vs 52% ± 13%, P < 0.05), but HO-1 gene transfer 
could reverse the viability reduction (71% ± 15% vs 52% ± 
13%, P < 0.05). 

Influence of adenoviral transfection on insulin release
Since adenoviral transfection at a high transfecting 
dose may damage islets and interfere with their biologic 
function[16], glucose-stimulated insulin release was 
employed to evaluate the inf luence of  adenoviral 
transfection at an MOI of  20 on insulin release. As shown 
in Figure 6, there was no significant difference in glucose-
stimulated insulin release between Ad-EGFP transfected 
islets and control islets at 7 d post-transfection (4.30 ±
0.40 vs 4.57 ± 0.40 mIU/L/30IEQ, 8.87 ± 0.65 vs 9.63 ±
0.71 mIU/L/30IEQ, respectively). It demonstrated that 
adenoviral transfection at an MOI of  20 was safe for islets.

Effect of HO-1 gene transfer on the function of cultured rat 
islets 
After 7 d culture post transfection, the insulin release 
upon low and high glucose of  uninfected (control islets), 

Ad-EGFP transfected, and Ad-HO-1 transfected islets 
were 4.57 ± 0.40 vs 9.63 ± 0.71 mIU/L/30IEQ, 4.30 ± 
0.40 vs 8.87 ± 0.65 mIU/L/30IEQ, 5.67 ± 0.99 vs 12.50 
± 2.17 mIU/L/30IEQ, respectively. SI of  control group, 
Ad-EGFP group, and Ad-HO-1 group were 2.11 ± 
0.03, 2.08 ± 0.05, 2.21 ± 0.02, respectively. As shown in 
Figures 6 and 7,the insulin release upon high level glucose 
stimulation and SI of  Ad-HO-1 transfected islets were 
significantly higher than those of  Ad-EGFP transfected 
islets and control islets(P < 0.05).Therefore, HO-1 gene 
transfer can improve the function of  cultured islets.

DISCUSSION
With recent advances in techniques of  islet isolation and 
the introduction of  more potent and less diabetogenic 
immunosuppressive therapies, islet transplantation has 
progressed from research to clinical reality, and it has 
been regarded as a safe and viable route to achieve insulin 
independence in a population of  patients with type Ⅰ 
diabetes[3]. Many transplant protocols incorporate a 
period of  short-term (24 to 72 h) islet culture before 
transplantation for the recipient to be treated with 
immunodepleting agents[4,5,17,18], and to provide time for 
in vitro assessment of  islet quality. Short-term islet culture 
indeed has some benefits, such as purification of  the islet 
preparation, immunomodulation[6], and possibly improved 
allograft survival. However, cultured islets are known 
to degrade rapidly[19,20], and lose viability and functional 
responsiveness to glucose stimulation with the extension 
of  culturing time[7,8]. Islet loss as high as 30% to 50% has 
been reported after 48 hours of  culture[21].

The islet, once removed from its natural surroundings 
wi th in the pancreas and p laced wi th in the a l ien 
environment of  the culture plate, becomes deprived 
of  normal physiological organization and exposed to a 
number of  hostile factors, such as hypoxia, activation 
of  free radicals, apoptosis and necrosis that cause its 
premature demise. The quality of  the transplanted islets 
is of  the utmost importance to successfully achieve 
normal levels of  glucose in transplant recipients, 
therefore, preservation of  viability and function of  islets 
post-isolation is a pre-requisite in islet transplantation. 
Pancreatic islets, as a cellular graft, are especially suited for 
gene therapy, as they can be infected efficiently ex vivo and 
then transplanted with minimal systemic exposure of  the 
recipient to the vector. 

A                    B                    C

β-actin

HO-1

Figure 4  Western blot for hHO-1. Islets infected with Ad-HO-1, Ad-EGFP, or 
mock infected for 48 h were examined by Western blot. HO-1 expression was 
only detected in Ad-HO-1 group. A: control group; B: Ad-HO-1 group; C: Ad-EGFP 
group.

A B
Figure 3  Ad-EGFP transduced 
islets. Microphotographs were 
taken at 48 h post-transfection (A, 
B). Fluorescence was intense at an 
MOI of 20 (B). Bar = 200 μm, × 100 
magnification.
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HO-1 has been identified as a ubiquitous stress protein 
induced in many cell types by various stimulants, such as 
hemolysis, inflammatory cytokines, oxidative stress, heat 
shock, heavy metals, and endotoxin[22]. HO-1 is the rate-
limiting enzyme of  heme degradation into its byproducts 
biliverdin, CO, and iron[9,10]. Biliverdin is subsequently 
reduced into bilirubin, a powerful anti-oxidant, and it may 
inhibit the generation of  reactive oxygen species[23].

CO has a cytoprotective role in different systems[24-26], 
including pancreatic β-cells[27]. Heme catabolism by 
HO-1 also releases free iron, which has the potential 
to exacerbate the cytotoxic effects of  reactive oxygen 
species[28,29].

However, generation of  intracel lular free iron 
upregulates the expression of  ferritin[28,29], which has a high 
capacity to store free iron[29]. Ferritin has been shown to 
protect endothelial cells against activated neutrophils as 
well as H2O2-mediated cytotoxicity[29], suggesting that some 
of  the effects of  HO-1 may be mediated by ferritin[28,29]. 
As HO-1 is not expressed constitutively, it has been 
demonstrated that overexpression of  HO-1 by chemical 
induction can protect islet cells from apoptosis and 
improve in vivo function after transplantation[22]. Compared 
with chemical induction, gene transfer can provide 
effective, targeted, and relatively persistent expression of  
HO-1.

Adenoviral vectors are useful for efficient gene delivery 

to differentiated and non-proliferating cells, such as 
isolated pancreatic islets[30]. In addition, adenoviral vectors 
can be produced in high titers and there is no risk of  
insertional mutagenesis as their genomes are not integrated 
into chromosomes. In the present study, recombinant 
adenoviral vectors were generated by use of  the AdEasy 
system, and employed to transfect rat islets at an MOI of  
20. According to fluorescence photographs taken at 48 h 
post-transfection, the expression of  EGFP was intense. 
Furthermore, human HO-1 protein was detected by 
Western blot in Ad-HO-1 transfected islets at the same 
time. This demonstrated that recombinant adenoviral 
vectors were efficient to deliver exogenous genes into 
rat islets in vitro. Insulin release upon glucose stimulation 
was a measure of  islet function, which was a prerequisite 
to any gene therapy program for diabetes treatment by 
islet transplantation[31]. In our experiments, no significant 
difference in glucose-stimulated insulin release was 
detected between Ad-EGFP transfected islets and control 
islets at 7 d post-transfection. This is consistent with the 
results reported by others showing that adenoviral vectors 
at a low transfecting dose (MOI 20) provided effective 
transfer of  a marker gene into islet cells without impairing 
cell function[16]. 

Even though many clinical islet transplant protocols 
culture islets for only 24 to 72 h, islets were cultured for 
seven days in our study. This culture period was selected 
to minimize the effects of  isolation factors on islet 
function, while maximizing the effect of  culture. After 
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Figure 6  Effect of HO-1 gene transfer on insulin release of cultured rat islets. At 
7 d post-transfection, no significant difference in glucose-stimulated insulin release 
was detected between Ad-EGFP transfected islets and control islets, however, 
the insulin release upon high glucose stimulation of Ad-HO-1 transfected islets 
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P < 0.05.

2.25

2.15

2.10

2.05

2.00

1.95

1.90

In
su

lin
 (

m
IU

/L
/3

0I
EQ

)

Ctrl                            EGFP                       HO-1

Figure 7  Effect of HO-1 gene transfer on stimulation index of cultured rat islets. 
The SI of Ad-HO-1 transfected islets was significantly higher than that of Ad-EGFP 
transfected islets and control islets, P < 0.05.

A B C

Figure 5  Effect of HO-1 gene transfer on the viability of cultured rat islets. At 7 d post-transfection, the control group showed the presence of numerous dead cells (red) 
at the center of the islets (A), while the Ad-HO-1 group showed more living cells (B). Bar = 200 Um, × 100 magnification. The islet viability was decreased greatly after 7 d 
culture (P < 0.05), whereas HO-1 gene transfer could reduce the loss of islet viability (P < 0.05).
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seven days culturing, the insulin release upon either low or 
high concentration glucose stimulation was significantly 
lower than that of  freshly isolated islets (P < 0.05). This is 
consistent with previous reports showing that islet function 
degrades in in vitro culture over time. Nevertheless, the 
insulin release upon high concentration glucose stimulation 
and stimulation index (SI) of  Ad-HO-1 transfected 
islets were significantly higher than those of  Ad-EGFP 
transfected islets and control islets (P < 0.05). As glucose-
stimulated insulin release was a favourable marker of  the 
function of  islets, our study demonstrated that HO-1 
gene transfer conferred cytoprotection and improved 
islet function in in vitro culture. This was probably related 
to the effect of  CO, which was not only a stimulator of  
insulin release but also a trigger of  the transients of  [Ca2+] 
i assumed to coordinate the secretory activity of  the 
β-cells[32]. Furthermore, results of  fluorescence microscopy 
studies with AO/PI staining indicated that HO-1 gene 
transfection significantly improved islet viability and 
survival during in vitro culture.

Despite the efficient transfection capacity of  adenoviral 
vectors, the transgene cannot integrate into the host cell 
genome, leading to transient transgenic expression. In our 
study, we found that the EGFP expression time in cultured 
islets was more than 3 wk (data not shown). However, for 
some therapeutic strategies, such as islet cytoprotection 
in in vitro culture or early after transplantation, temporal 
expression of  the cytoprotective transgene mediated by 
adenoviral vectors is still recommended because the factors 
related to early islet injury usually play a major role in the 
outcome of  islet transplantation.

In summary, we demonstrated that adenoviral vectors 
could successfully transfer exogenous HO-1 gene into rat 
islet cells, and HO-1 gene transfer could improve rat islet 
viability and function in in vitro culture. Strategies using 
HO-1 gene transfer to islets might lead to better outcome 
in islet transplantation.
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transplantation. Short-term islet culture indeed have some benefits, such as 
purification of the islet preparation, immunomodulation, assessment of islet 
quality, and possibly improved allograft survival. But in vitro culture of islets has 
been shown to result in a loss of viability over time, and a decrease in glucose 
responsiveness has been observed for those islets which survive.

As a cellular graft, islets are especially suited for gene therapy applications. 
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lower (22.385 ± 2.252 vs  40.598 ± 4.218, P  < 0.01).

CONCLUSION: Uric acid can strongly enhance T cell 
immune responses induced by HBsAg-pulsed-DCs 
vaccine. Uric acid may serve as an effective adjuvant of 
DC vaccine against HBV infection. 

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
It is generally accepted that dendritic cells (DCs) are the 
most efficient and powerful antigen presenting cells and 
play a center role in exciting T cell immune reactions. T-cell 
mediated immune responses, especially Hepatitis B virus 
(HBV) specific- cytotoxic T lymphocyte (CTL) response, 
may play an important role in resolving HBV infection[1,2]. 
hepatitis B surface antigen (HBsAg) pulsed DCs can 
activate lymphocytes to become HBsAg-specific CTLs or 
specific CD4+ T cells in vivo[3]. Shimizu et al[4] immunized 
HBV transgenic mice with DCs loading HBsAg, and 
found that DC vaccine could break tolerance to HBV and 
induce an effective anti-viral immune response. Chen et 
al[5] reported that HBsAg-pulsed DCs from the peripheral 
blood could effectively suppress HBV replication in 
chronic hepatitis B patients. However, anti-HBV immune 
effects of  DC vaccine are varied and instable. This may be 
due to the diversity of  DC vaccine preparations; however, 
the main cause may be the insufficiency of  DC vaccines. 
For example, some researchers carried out similar immune 
therapy in volunteers, but no evident immune response 
was shown[3,6-8]. Therefore, the basic research of  DC 
vaccine as well as how to improve the immune response to 
DC vaccine is still a significant challenge.

Recently, it was reported that uric acid (UA) could 
stimulate DCs to mature, promote DCs to present 
foreign antigens and stimulate T lymphocytes[9,10]. These 
findings demonstrate the adjuvant effects of  uric acid 
and encourage the potential application of  uric acid in 
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Abstract
AIM: To study the induction of T cellular immune 
responses in BALB/c mice immunized with uric acid and 
dendritic cells (DCs) pulsed with hepatitis B virus surface 
antigen (HBsAg).

METHODS: DCs were generated from bone-marrow 
cells of BABL/c mice, and then pulsed or unpulsed with 
HBsAg protein (HBsAg-pulsed-DCs or unpulsed-DCs) in 
vitro. BABL/c mice were immunized with HBsAg-pulsed-
DCs (1 × 106) and uric acid, injected through the tail 
vein of each mouse. The mice in control groups were 
immunized with HBsAg-pulsed-DCs alone, unpulsed-
DCs alone or 200 μg uric acid alone or PBS alone. 
The immunization was repeated 7 d later. Cytotoxic T 
lymphocytes (CTLs) in vivo were determined by the 
CFSE labeled spleen lysis assay. Spleen cells or spleen T 
cells were isolated, and re-stimulated in vitro with HBsAg 
for 120 h or 72 h. Production of IFN-γ and IL-4 secreted 
by spleen cells were determined by ELISA method; 
proliferation of spleen T cells were detected by flow 
cytometry. 

RESULTS: The cytotoxicities of HBsAg-specific-CTLs, 
generated after immunization of HBsAg-pulsed-DCs 
and uric acid, were 68.63% ± 11.32% and significantly 
stronger than that in the control groups (P  < 0.01). 
Compared with control groups, in mice treated with 
uric acid and HBsAg-pulsed-DCs, the spleen T cell 
proliferation to HBsAg re-stimulation was stronger (1.34 
± 0.093 vs  1.081 ± 0.028, P  < 0.01), the level of IFN-γ 
secreted by splenocytes was higher (266.575 ± 51.323 
vs  135.223 ± 32.563, P  < 0.01) , and IL-4 level was 

PO Box 2345, Beijing 100023, China                                                                                                                World J Gastroenterol  2007 February 21; 13(7): 1060-1066
www.wjgnet.com                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                       © 2007 The WJG Press. All rights reserved.



vaccination.
This study aimed to observe the T cell immune 

response after immunization with HBsAg pulsed DCs 
(HBsAg-pulsed-DCs) and uric acid in mice. The results 
demonstrated that administration of  uric acid could 
enhance the T cell immune response to HBsAg-pulsed-
DCs. 

MATERIALS AND METHODS
Mice 
Male or female BALB/c (H-2d) mice aged 8 to 10 wk were 
obtained from the Department of  Experimental Animals, 
Tongji Medical College, Huazhong University of  Science 
and Technology, Wuhan, China. All animal experiments 
followed the guidelines for the care and use of  animals 
established by Tongji Medical College, Huazhong 
University of  Science and Technology, and were approved 
by the Ethics Committee of  Tongji Medical College.

Agents 
Uric acid (UA, Sigma-aldr ich) was dissolved at a 
concentration of  5 mg/mL in 0.1 mol/L sodium borate 
buffer (pH 8.5) for more than 72 h[9,11]. The HBsAg 
protein was synthesized by Shanghai SanGon Company, 
China. The purity (> 99%) of  the protein was confirmed 
by high performance liquid chromatography (HPLC) 
and mass spectrometry. Carboxy-fluorescein diacetate, 
succinimidyl ester (CFSE, Molecular Probes, USA) was 
dissolved in dimethyl sulfoxide (DMSO) at a concentration 
of  10 mmol/L. 

Preparation and culture of bone marrow DCs 
DCs were prepared as described previously[12]. Briefly, bone 
marrow cells were collected from the femur and tibiae 
of  BALB/c mice, and DCs were grown from precursors 
at a starting concentration of  2 × 106 cells per ml in 
complete RPMI 1640 (RPMI 1640 supplemented with 
10% inactivated fetal calf  serum, 2 mmol/L L-glutamine, 
100 U/mL penicillin G and 100 μg/mL streptomycin), 
and cultured in six-well flat bottom plates (Falcon) at 37℃, 
5% CO2 for 3 h and then non-adherent cells were washed 
out. rmGM-CSF at 10 ng/mL (PeproTech, Rocky Hill, 
NJ) and rmIL-4 at 10 ng/mL (PeproTech, Rocky Hill, NJ) 
were added to the culture. On days 3, 5 and 7, half  of  the 
medium was replaced with a fresh medium. On day 7, cells 
were incubated with uric acid (100, 200 and 400 μg/mL) 
or 1 μg/mL lipopolysaccharide (LPS, Sigma), respectively. 
Serum-free RPMI 1640 was used as control. On day 9, 
cells and culture supernatants were collected for further 
experiments and analysis.

Analysis of cell surface markers on DCs by flow cytometry
Expression of  DC cell surface molecules (CD11c, CD83, 
IA/IE, CD86) were determined by flow cytometric 
analysis. Cells were washed twice with an ice cold FACScan 
buffer (PBS containing 2% FCS and 0.1% sodium 
azide). The same buffer was used for the incubation 
with antibodies as well as for all washes. Twenty percent 
of  mixed sera of  mice and rats were used to prevent 
nonspecific antibody binding. FITC-conjugated anti-mouse 
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CD1lc (Clone: N418, eBioscience) and IA/IE(Clone:
M5/114.15.2, eBioscience) or PE-conjugated anti-mouse 
CD83 (Clone:Michel-17, eBioscience) and CD86 (Clone: 
RMMP-2, Caltag Laboratories) were added, respectively, 
to the cells and the samples were left on ice for 45 min 
in the dark. Fluorescence profiles were generated on an 
FACScan flow cytometer (Becton Dickinson). Histogram 
was produced with the CellQuest software package. 

Measurement of IL-12P70 concentrations
T he concen t r a t ion o f  IL -12P70 in DC cu l tu r e 
supernatants was determined by using an enzyme-linked 
immunosorbent assay (ELISA) kit (R&D Systems) 
according to the manufacturer’s instructions. 

Preparation of HBsAg-pulsed-DCs 
Mature DCs stimulated by 1 μg/mL LPS were collected 
and used to pulse with HBsAg. The procedure for pulsing 
DCs was the same as previously described[13]. Briefly, 1 × 
106 mature DCs were incubated with 10 μg/mL HBsAg 
for 6 h. DCs were washed three times and resuspended in 
PBS.

Immunization of mice
Totally 1 × 106 HBsAg-pulsed-DCs (total volume 200 
μL) were injected through the tail vein of  each mouse, 
together with 200 μg uric acid. The mice immunized with 
HBsAg-pulsed-DCs (1 × 106) or unpulsed-DCs (1 × 106) 
alone were used as controls. The mice treated with 200 μg 
uric acid or 200 μL PBS alone were used as controls as 
well. Ten mice were in each group. The immunization was 
repeated 7 d later. 

Assay of CTL cytotoxic activity in vivo
Seven days after immunization with DCs for the second 
and last time, each mouse received spleen cells labeled with 
CFSE. To prepare target cells to detect in vivo cytotoxic 
activity [14,15], erythrocytes were removed from naive  
BALB/c spleen cell suspensions by lysis in ammonium 
chloride solution. The cells were then washed and split 
into two populations. One population was pulsed with 10 
μg/mL HBsAg, incubated at 37℃ for 4 h, and labeled 
with a high concentration of  CFSE (5.0 μmol/L) (CFSEhigh 
cells). Another population as control target cells was left 
without HBsAg and was labeled with a low concentration 
of  CFSE (0.5 μmol/L) (CFSElow cells)[16]. An equal number 
of  cells from each population were mixed together, and 
each mouse received a total of  2 × 107 mixed cells in 400 
μL of  PBS. Cells were intravenously injected into all mice 
as above. And 10 h later, the mice were sacrificed and their 
spleen cells were obtained. Cell suspensions were analyzed 
by flow cytometry, and each population was detected for 
their differential CFSE fluorescence intensities. Up to 
1 × 104 CFSE-positive cells were collected for analysis. 
To calculate specific lysis, the following formula was 
used: Ratio = (percentage CFSElow/percentage CFSEhigh). 
Percentage specific lysis = [1- (ratio unprimed/ratio 
primed) × 100][14,15]. 

Cytokine production by spleen cells
Spleen cells from the immunized mice were depleted 



of  erythrocytes and washed twice with PBS. The cells 
obtained were resuspended with complete RPMI 1640, 
and seeded in duplicate into f lat-bottomed 24-well 
microtitration plates(Costar, Brumath, France) at 2 × 106 
cells per well in 1 mL of  culture medium containing 10 
μg/mL HBsAg. The cell-free culture supernatants were 
harvested after 72 h and assayed for IFN-γ and IL-4 
activity. The cytokine concentrations were determined by 
using a commercial ELISA kit (eBioscience Inc.) according 
to the manufacturer’s instructions, and the standard curves 
corresponding to known amounts of  mouse recombinant 
IFN-γ, IL-4. The sensitivity limits for the assays are 15 pg/
mL for IFN-γ, and 4 pg/mL for IL-4.

Cell proliferative response of spleen T cells
Erythrocytes were removed from the spleen cells of  
mice 14 d after immunization as above. The cells were 
resuspended with complete RPMI 1640, and then T cells 
were separated by a nylon wool column method[17]. In 
brief, 1 × 108 cells were drained through a nylon wool 
column (Polysciences. Inc., Warrington, PA) for 45 min 
at 37℃, and then nonadherent T cells were collected 
after two washes. T cells were labeled with 2.5 μmol/L 
CFSE and washed three times in the medium as described 
above, counted, and resuspended at a concentration of  1 

× 106 cells/mL. The samples were seeded in triplicate into 
24-well microtitration plates (Costar, Brumath, France) at 2 
× 106 cells per well in 2 mL of  culture medium containing 
10 μg/mL HBsAg or PBS. T cells from the untreated mice 
were used as the negative control; and T cells from the 
untreated mice stimulated with 10 μg/mL concanavalin A 
(ConA) and 10 μg/mL HBsAg or PBS was served as the 
positive controls. The plates were incubated for 72 h in 
5% CO2 at 37℃. Cell proliferation was estimated by flow 
cytometry[16]. Histogram was produced with the Motif  3.0 
software package.

Statistical analysis 
All data were presented as mean ± SD and analyzed 
using the Student-Newman-Keuls test and LSD multiple 
comparisons with SPSS11.5 software in the experiments.  
P < 0.05 was regarded as statistically significant.

RESULTS
Cell surface markers on DCs
We demonstrated an increase in CD83, IA/IE, and CD86 
expression by DCs, stimulated with uric acid previously 
(Figure 1, Table 1). The effect of  uric acid was dose-
dependent and was still observed when the uric acid was 
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Figure 1  The cell surface markers analysis on dendritic cells by flow cytometry after exposure to uric acid or LPS. Bone marrow-derived DCs were stimulated with 100, 200 
and 400 μg/mL uric acid or 1 μg/mL LPS or Serum-free RPMI media 1640 for 48 h and immunostained with mAbs against CD11c, CD83, CD86 and IA/IE molecules (open 
histograms). Shade histograms represent the isotype control mAb staining of the cells. The histograms (Figure 1) and data (Table 1) are representative of five independent 
experiments.
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administered at 100 μg/mL. After stimulation with uric 
acid (100-400 μg/mL), the percentage of  various markers 
increased from 2.0- fold to 3.0-fold. The stimulatory effect 
elicited by uric acid at a concentration of  200-400 μg/mL 
was similar to that induced by LPS (1 μg/mL). After 
stimulation with uric acid or LPS, the CD11c expression 
in each group was high and similar, including the imDC 
group. 

IL-12 p70 production in DC supernatants
Using the ELISA technique, the IL-12 p70 secretion by 
DCs was detected 48h after stimulation with uric acid 
or LPS. IL-12p70 production was markedly increased in 
response to uric acid stimulation in a dose-dependent 
manner. The IL-12p70 production stimulated by 200-400 
μg/mL uric acid was similar to LPS treatment (Table 2).

Cytokine production by spleen cells
The supernatants of  cultured immune spleen cells were 
evaluated for the production of  IL-4 (Th2 cytokine) or 
IFN-γ (Th1 cytokine) in response to HBsAg re-stimulation 
on day 14 (Figure 2, Table 3).

The production of  IL-4 in mice immunized with 
HBsAg-pulsed-DCs and uric acid was lower than that 
of  mice immunized with HBsAg-pulsed-DCs alone or 
unpulsed-DCs alone or PBS alone(P < 0.001 for all)  
(Figure 2A).

The production of  IFN-γ (Figure 2B) in mice 
immunized with HBsAg-pulsed-DCs and uric acid was 
significantly greater (P < 0.001 for all) than that in mice 
immunized with HBsAg-pulsed-DCs alone. Spleen cells 
from mice immunized with unpulsed-DCs alone or PBS 
alone produced a few IFN-γ.

Spleen cells from mice immunized with uric acid alone 
failed to enhance the secretion of  IFN-γ or inhibit the 
secretion of  the IL-4 (Figure 2). 

Cell proliferative response in spleen T cells 
Fourteen days after immunization, CFSE-labeled-T cells 
from each mouse were re-stimulated with 10 μg/mL 
HBsAg or PBS for 72 h in vitro, and cellular proliferations 
were assayed by flow cytometry (Figure 3, Table 4). 

A strong prol i ferat ive response to HBsAg re-
stimulation was observed in T cells of  mice immunized 
with HBsAg-pulsed-DCs and uric acid (Figure 3).  

Proliferative response to HBsAg re-stimulation was 
also observed in T cells of  mice treated with HBsAg-
pulsed-DCs. Insignificant proliferation was observed in T 
cells of  mice treated with unpulsed-DCs. No proliferation 
to HBsAg re-stimulation was observed in T cells of  mice 
treated with uric acid alone or PBS (Figure 3). 

PBS re-stimulation in vitro failed to stimulate T cell 
proliferation in each mouse (Table 4). 

Determination of HBsAg-specific-CTL cytotoxicity 
We directly determined the activity of  HBsAg-specific-
CTLs with an in vivo cytotoxicity assay. The extent of  lysis 
of  HBsAg-pulsed spleen cells was expressed as R-values 
(Figure 4) and the cytotoxicity activity of  HBsAg-specific-
CTLs were calculated (Table 5). 

A significant strong cytotoxicity of  HBsAg-specific 
CTLs was observed in the mice immunized with HBsAg-
pulsed-DCs and uric acid; whereas immunization with 

Table 1  Surface molecular expression of DCs (%, mean  ±  SD)

Group n    CD11C     CD83     CD86     MHC

RMPI-1640 5 72.85 ± 1.64 21.66 ± 5.34f 37.77 ± 1.62f 27.34 ± 1.81f

UA100 5 73.16 ± 1.05 47.71 ± 4.75b,d 78.48 ± 2.98b,f 75.83 ± 2.49b,f

UA200 5 73.18 ± 0.95 52.23 ± 0.83b 80.14 ± 1.01b 79.47 ± 0.92b

UA400 5 73.36 ± 1.46 52.33 ± 0.94b 81.08 ± 1.25b 80.36 ± 1.22b

LPS 5 73.44 ± 1.33 53.28 ± 1.12b 82.50 ± 2.29bb 81.42 ± 2.21b

bP < 0.001 vs RMPI-1640; dP < 0.01 vs LPS; fP < 0.001 vs LPS.

Table 2  IL-12 p70 production in DC supernatants (mean ± 
SD, n  = 5, ng/mL)

Group imDC UA100 UA200 UA400 LPS

IL-12P70 2.53 ± 0.27 3.52 ± 0.22b 3.99 ± 0.28b 4.37 ± 0.19b 4.38 ± 0.17b

bP < 0.001  vs  imDC.
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Figure 2  Cytokine production by splenocytes. Fourteen days after immunization, 
spleen cells were isolated, then stimulated with HBsAg (10 μg/mL) in vitro. 
Values were measured at 72 h for IL-4 (A), IFN-γ (B) by ELISA. The results are 
representative of ten samples from each group. The data show the mean ± SD.

Table 3  IFN-γ production of spleen cells (mean ± SD,  n  = 10, 
 pg/mL)

Group IL-4 γ-IFN

PBS 40.598 ± 4.218 135.223 ± 32.563

UA 39.387 ± 3.657 141.500 ± 32.654

Unpulsed-DC 37.352 ± 3.238   149.32 ± 37.354
HBsAg-pulsed-DC  22.385 ± 2.252b   266.575 ± 51.323b

UA-DC  15.123 ± 1.353d   429.216 ± 59.232d

bP < 0.01, dP < 0.001 vs PBS group.
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HBsAg-pulsed-DCs alone or unpulsed-DCs induced low 
cytotoxicities of  HBsAg-specific CTLs (Table 5). 

In mice immunized with uric acid 200 μg alone or PBS, 
R values or CTL cytotoxicity were similar (P > 0.05) (Figure 
4). It demonstrated that no significant specific lysis was 
observed and immunization with uric acid 200 μg alone 
failed to induce HBsAg-specific CTLs.

DISCUSSION
It has been shown that T-cell mediated immune responses 
are very important in overcoming HBV infection[1,2] 

and DCs can efficiently prime T-cell response, so 
the development of  a vaccine of  DCs has attracted 
considerable interest[18,19].

Several studies indicated that uric acid had excellent 
immune adjuvant activity, which could promote the specific 
immune response to vaccines efficiently[9,11]. Shi and 
colleagues have shown that the generation of  responses 
from specific CTL activity was significantly enhanced, 
when uric acid was injected into mice along with the gp120 
protein of  the human immunodeficiency virus (HIV)[9]. 
Hu and colleagues showed that eliminating uric acid, by 
administration of  allopurinol or uricase, delayed tumor 
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Figure 3  Celluar proliferative 
response in spleen T cells after 
stimulation with HBsAg or PBS for 
72 h in vitro. Celluar proliferative 
response was estimated by flow 
cytometry.  Spleen T cel ls  of 
PBS group mice were cultured 
with HBsAg or PBS and ConA, 
used as ConA group. Histogram 
was produced by the modfit 3.0 
software packages. These results 
showed were from individual mice 
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Table 4  T cell proliferative response

Group n SI (HBsAg)    SI (PBS)

PBS 10 1.09 ± 0.028 1.062 ± 0.027
UA 10 1.17 ± 0.035 1.067 ± 0.031
Unpulsed-DC 10 1.19 ± 0.055 1.076 ± 0.035
HBsAg-pulsed-DC 10 1.34 ± 0.093b 1.081 ± 0.028
UA-DC 10 1.59 ± 0.156d 1.081 ± 0.029
ConA 10 2.53 ± 0.179d 2.487 ± 0.146

bP ≤ 0.01, dP ≤ 0.001, vs PBS group.

Table 5  HBsAg-specific CTL cytotoxicity (%, mean ± SD,  
n  = 10)

Group PBS UA Unpulsed-
DC

HBsAg-
pulsed-DC

UA-DC

Cytotoxicity 3.51 ± 1.14 3.52 ± 1.15 6.32 ± 2.18 27.32 ± 7.32b 68.63 ± 11.32d

bP ≤ 0.01, dP ≤ 0.001, vs PBS group.
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Figure 4  Analyze CTL activity against HBsAg of immunization mice by flow cytometry in vivo at 2 wk. Flow cytometric analysis of each mouse was adoptively transferred 
with a 1:1 mixture of Protein-pulsed (CFSEhigh) and unpulsed (CFSElow) naive mouse splenocytes 10 h previously. Then ratio between percentage of CFSElow cells and 
CFSEhigh cells were calculated. HBsAg-specific CTL cytotocity was determined (Table 5). These histogram results were from individual mice that were representative of ten 
experiments.

       CFSE			        CFSE			    CFSE			   CFSE		              CFSE

       PBS			         UA		               Unpulsed-DC		         HBsAg-pulsed-DC		          UA-DC
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immune rejection, whereas subcutaneous administration 
of  uric acid enhanced the rejection process[11]. 

Uric acid crystals might be the biologically active 
form. It was shown that preformed crystals were highly 
stimulatory, whereas soluble uric acid was not[9-11]. 
The concentrations of  uric acid that stimulated DCs 
corresponded to one at which uric acid crystals were 
precipitated. Injection of  purified uric acid (> 70 μg /mL)  
was shown to boost CTL responses in spleen cells isolated 
from mice, which had been primed with particulate 
antigens, by triggering increased DC expression of  
the costimulatory molecules CD86 and CD80[9,11]. 
Allopurinol and uricase treatment, which substantially 
reduced plasma uric acid concentrations, was shown to 
markedly inhibit this T-cell priming. Uric acid crystals are 
known to stimulate monocytes to produce inflammatory 
mediators[20], and it seems likely that DCs are stimulated in 
a similar way.

As highly specialized antigen presenting cells (APC), 
DCs play a central role in antigen presentation to CD4+ or 
CD8+ T cells and allogeneic T cell proliferation[8]. It has 
been known that phenotypic and functional maturation was 
critical for DCs to activate immune responses effectively[21]. 
In a previous study, it was reported that uric acid could 
promote expression of  co-stimulatory molecules (CD86, 
CD80) on DC surfaces[9]. Our data showed that uric acid 
promoted maturation of  DCs (CD83high) and up-regulated 
the expression of  co-stimulatory molecules CD86, and 
IA/IE (MHC-I molecule). 

DCs have a crucial role in determining the type of  T 
cell mediated response[22,23]. IL-12 is an important immune 
modulatory molecule, which specifically promotes Th1 
cell differentiation and suppresses Th2 cell function, and 
induces a Th1 cell immune response[24]. In this study, uric 
acid could promote DCs to secrete IL-12p70 in vitro; after 
combination of  immunization with uric acid, in spleen 
cells of  mice, production of  IFN-γ was significantly up-
regulated，and IL-4 production was down-regulated. This 
indicated that uric acid might enhance Th1 cell immune 
responses by promoting DC to secrete IL-12. And then 
Th1 cells can induce the proliferation of  CTLs and 
amplification of  CD8+ T cell responses[25]. 

In addition, we showed that combination immunization 
of  uric acid and HBsAg-pulsed-DCs could elicit a 
strong T cell-mediated immune response. Compared 
with HBsAg-pulsed-DCs vaccine alone, combination 
immunization elicited significantly greater T cell immune 
responses as evidenced by T cell proliferation to HBsAg 
re-stimulation, Th1 cytokine secretion and HBsAg-specific 
CTL responses. Uric acid may enhance the T cell immune 
responses by stimulating DC maturation and enhance its 
functions. 

In hyperuricemia, it is well-known that uric acid can 
precipitate in the joints, where they cause gout, and/or in 
other tissues causing inflammation[26]. Therefore, the dose 
of  uric acid administration is of  crucial importance. In our 
study, the dose of  uric acid was 200 μg. According to Shi 
and Hu et al[9,11], this dose of  uric acid was safe and had an 
adjuvant effect.

We immunized both treated and control mice with 

200 μg uric acid alone for two weeks. As expected, the T 
cell mediated immune responses were not enhanced. It 
demonstrated that uric acid has no adjuvant activity in the 
absence of  exogenous antigens. It is important that no 
autoimmunity is induced, using uric acid as an adjuvant of  
vaccine. 

In the murine model, combination of  uric acid and 
HBsAg-pulsed-DCs seemed to be very effective. However, 
the anti-HBV effect of  this vaccine strategy must be tested 
further in the HBV animal model.

In summary, we have demonstrated that uric acid can 
strongly enhance T cell immune responses to HBsAg-
pulsed-DCs. We conclude that uric acid might serve as an 
effective adjuvant for DC vaccine against HBV infection. 
This strategy provides a model to develop therapeutic 
vaccines against HBV infection. 
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mild pain at the bone marrow needle puncture site. 
No other complications or specific side effects related 
to the procedure were observed. Bilirubin levels were 
lower at 1 (2.19 ± 0.9) and 4 mo (2.10 ± 1.0) after cell 
transplantation that baseline levels (2.78 ± 1.2). Albumin 
levels 4 mo after BMC infusion (3.73 ± 0.5) were 
higher than baseline levels (3.47 ± 0.5). International 
normalized ratio (INR) decreased from 1.48 (SD = 0.23) 
to 1.43 (SD = 0.23) one month after cell transplantation.

CONCLUSION: BMC infusion into hepatic artery of 
patients with advanced chronic liver disease is safe and 
feasible. In addition, a decrease in mean serum bilirubin 
and INR levels and an increase in albumin levels are 
observed. Our data warrant further studies in order to 
evaluate the effect of BMC transplantation in patients 
with advanced chronic liver disease.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Chronic liver disease may progress to end-stage liver 
disease (ESLD), liver failure and death. Patients with 
ESLD may experience serious complications such as 
encephalopathy, ascites and esophagogastric variceal 
hemorrhage. Liver transplantation is the only available 
therapy for patients with chronic liver failure. Because 
of  the shortage of  donated organs, up to 10%-15% of  
these patients die without receiving an organ in developed 
countries[1]. In some undeveloped countries the number of  
deaths on the waiting list might be greater. In some regions 
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Abstract
AIM: To evaluate the safety and feasibility of bone 
marrow cell (BMC) transplantation in patients with 
chronic l iver disease on the wait ing l ist for l iver 
transplantation. 

METHODS: Ten patients (eight males) with chronic 
l iver disease were enrolled to receive infusion of 
autologous bone marrow-derived cells. Seven patients 
were classified as Child-Pugh B and three as Child-Pugh 
C. Baseline assessment included complete clinical and 
laboratory evaluation and abdominal MRI. Approximately 
50 ml of bone marrow aspirate was prepared by 
centrifugation in a ficoll-hypaque gradient. At least of 
100 millions of mononuclear-enriched BMCs were infused 
into the hepatic artery using the routine technique for 
arterial chemoembolization for liver tumors. Patients 
were followed up for adverse events up to 4 mo.

RESULTS: The median age of the patients was 52 
years (range 24-70 years). All patients were discharged 
48 h after BMC infusion. Two patients complained of 
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of  Brazil it takes an average of  more than two years until 
liver transplantation. Therefore, alternative methods such 
as cell therapy are necessary to increase patient survival 
on the liver transplant waiting list. Several sources of  stem 
cells have been proposed for cell therapy. Embryonic stem 
cells are the most potent in terms of  their differentiation 
potential but may be oncogenic when transplanted in vivo 
and their use has been a matter of  controversy because 
of  ethical issues[2]. A number of  studies during the last 
decade have identified cells both within and outside the 
liver that have properties of  hepatic stem cells and might 
differentiate into hepatocytes or bile duct epithelial cells[3-5]. 
Hematopoietic tissue is most accessible and of  special 
interest , and it has been demonstrated that bone marrow 
contains multipotent adult progenitor cells that can 
generate a variety of  cell types found in other tissues[6-8].

Studies in animal models of  liver diseases have 
demonstrated that bone marrow cell (BMC) transplantation 
may accelerate the liver regeneration process, reduce 
hepatic fibrosis and improve liver function and survival 
rate[9-11]. However, its mechanism is still controversial. 
Several studies have suggested that hematopoietic cells may 
generate hepatocyte-like cells, while others hypothesized 
that they should act mainly by fusion with hepatocytes or 
by paracrine effect[12-15]. Fusion between hepatocytes and 
hematopoietic cells produces heterokaryotic hybrid cells 
that initially contain the genetic elements and organelles 
of  both cell types and may then express the hepatocyte 
phenotype. Several studies suggest that cytokines and 
growth factors produced by infused hematopoietic cells 
may support liver function and repair in adult animals 
without forming new hepatocytes from the infused cells[15]. 
Based on the findings from other studies that suggest 
improvement of  liver fibrosis in experimental models of  
liver disease and because bone marrow cell transplantation 
itself  is already an established treatment for hematological 
and oncological diseases, we conducted a clinical trial to 
evaluate the safety and feasibility of  autologous BMC 
therapy in patients with chronic liver disease on the waiting 
list for liver transplantation.

MATERIALS AND METHODS
Subjects
The study group comprised 10 patients with chronic liver 
disease (8 males, 2 females, age: 24 to 70 years) on the 
waiting list for liver transplantation. They were enrolled 
to receive infusion of  autologous BMC from September 
2005 to January 2006. Informed written consent was 
obtained from all subjects. The study protocol conformed 
to the ethical guidelines of  the 1975 Declaration of  
Helsinki and was approved by the Ethics Committee of  
Hospital São Rafael, Salvador, Brazil and by the Brazilian 
National Ethics Committee (CONEP). Eligible patients 
had all the following inclusion criteria: age range between 
18-75 years, advanced chronic liver disease of  different 
etiologies classified as Child Pugh B or C, absence of  liver 
tumors and appropriate use of  contraception method for 
women of  child-bearing potential. Patients were excluded 
from the study if  they had one or more of  the following 

exclusion criteria: risk for bone marrow aspiration, 
sepsis, human immunodeficiency virus infection, active 
hepatic encephalopathy, liver tumor, history of  malignant 
neoplasm except for non-melanoma skin cancer, 
decompensated heart failure, platelet count < 30 000/mm3, 
international normalized ratio (INR) > 2.2, renal failure 
(creatinine > 2.5 mg/dl), participation in other clinical 
trials, pregnancy or lactation.

Baseline assessment included complete clinical and 
laboratorial evaluation as well as abdominal magnetic 
resonance imaging to exclude liver tumor. Laboratory tests 
consisted of  complete blood count, serum bilirubin levels, 
prothrombin time, serum blood glucose, urea, creatinine, 
alpha-fetoprotein, total proteins and albumin levels, serum 
aminotransferase concentrations, alkaline phosphatase 
and gamma-glutamyl transferase levels, thyroid stimulating 
hormone (TSH) concentrations. Patients were followed up 
for adverse events with clinical and laboratory evaluations 
on d 1, 2, 3, 7, 15, 30, 45, 60, 90, 120 after BMC 
transplantation. 

Bone marrow cell therapy
Approximately 50 ml of  bone marrow was aspirated 
from the iliac crest. An enriched fraction of  bone marrow 
mononuclear cells was prepared by centrifugation of  
total bone marrow in a ficoll-hypaque gradient. At least 
100 millions of  mononuclear-enriched BMC suspended 
in 20 ml of  saline was infused into the hepatic artery of  
included patients by a catheter, using the routine technique 
for arterial chemoembolization of  liver tumors[16]. 

Statistical analysis
Exploratory data analysis was conducted to calculate 
means, standard deviations and 95% confidence intervals 
of  measurements (laboratory tests, Child Pugh score at 
baseline at 1 and 4 mo). Relative mean changes at 1 and 
4 mo with respect to the baseline level were calculated. 
To examine the development of  laboratory parameters 
after BMC infusion individual response profiles were 
plotted as a function of  weeks after intervention. In 
addition, estimates of  the mean response profiles and 95% 
confidence intervals were obtained by calculating moving 
averages of  patients’ measurements over a period of  4 
weeks and by applying linear interpolation. All statistical 
analyses were conducted by the statistical software package 
STATA (StataCorp. 2005. Stata Statistical Software: Release 
8. College Station, TX: StataCorp LP). 

RESULTS
The median age of  the study population was 52 years (range 
24-70 years). Four patients had alcoholic liver disease, 4 
had chronic hepatitis C, one had chronic cholestatic liver 
disease and one cryptogenic cirrhosis (Table 1). Seven 
patients were classified as Child-Pugh B and 3 patients as 
Child-Pugh C. None had a liver tumor.

The number of  BMCs infused in each patient is shown 
in Table 1. All patients were discharged 48 h after BMC 
infusion. Two patients complained of  mild pain at the 
bone marrow needle puncture site. No other complications 
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or specific side effects related to the infusion procedure 
were reported. A 70-year old patient with a history of  
previous episodes of  hepatic encephalopathy developed 
reversible grade I encephalopathy 33 d after BMC infusion. 
The episode was controlled without requirement of  
hospitalization and was not considered an adverse event 
since 3 identical episodes were documented for this patient 
in the last year before his inclusion in the study.

Total bilirubin levels were 21% lower at 1 mo (2.19 
± 0.91) and 24% lower at 4 mo (2.10 ± 1.04) after BMC 

transplantation that baseline levels (2.78 ± 1.16) (Table 
2). When individual response profiles were evaluated, a 
decrease in total bilirubin levels was observed in 7 of  10 
patients after BMC transplantation (Figure 1). The mean 
profile of  bilirubin levels after BMC infusion is shown in 
Figure 2. 

Albumin levels were 1% lower at 1 mo (3.44 ± 0.52) 
and 7% higher at 4 mo after BMC infusion (3.73 ± 0.51) 
that baseline levels (3.47 ± 0.51) (Table 2). The analysis 
of  individual levels showed an increase in albumin levels 

Table 1  Clinical characteristics of studied patients and the 
number of transplanted autologous BMCs

Table 2  Characteristics of the distribution of serum bilirubin, 
albumin and INR levels in 10 patients with chronic liver failure 
at baseline, 1 and 4 mo after transplantation of autologous 
BMCsPatient

ID
Age 
(yr)

Sex Etiology of 
cirrhosis

BMCs transplanted
(n)

JWOR 49 Male Alcohol + HCV 2.8 × 108

FMB 60 Male Alcohol 5.2 × 108

EAS 63 Female HCV 3.2 × 108

RNR 24 Male Cholestatic         13.1 × 108

IAN 49 Male Alcohol + HCV 2.6 × 108

NPA 55 Female Cryptogenic 3.5 × 108

RBC 49 Male Alcohol 4.8 × 108

RMV 66 Male HCV 3.4 × 108

GAFL 70 Male Alcohol 1.6 × 108

ABSF 40 Male HCV 2.4 × 108

Bilirubin
(mg/dL)

Minimum Maximum Mean Median Standard
deviation

Relative mean 
change from 
baseline (%)

Baseline 1.2   4.83   2.78   2.45 1.16
   1 mo 0.5   3.56   2.19   2.28 0.91 -21
   4 mo   0.72   4.16 2.1   1.87 1.04 -24

Albumin (unit)
Baseline 2.5 4.4   3.47 3.5 0.51
   1 mo 2.9 4.5   3.44   3.25 0.52 -1
   4 mo 3.1 4.8   3.73 3.6 0.51   7

INR (unit)
Baseline   1.08   1.89   1.46   1.48 0.23
   1 mo 1.1   1.94   1.44   1.43 0.23 -1
   4 mo   1.16   1.75   1.42   1.43 0.18 -3
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Figure 1  Serum bilirubin levels in 10 patients with chronic liver disease as a function of weeks after transplantation of autologous BMCs.
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in 6 patients and a reduction in 1 patient 4 mo after BMC 
transplantation (figure 3). The mean profile of  serum al-
bumin levels is shown in Figure 4. 

INR levels were 1% lower at 1 mo (1.44 ± 0.23) and 
4% lower at 4 mo (1.42 ± 0.18) after BMC transplantation 
that baseline levels (1.46 ± 0.23) (table 2). INR levels 
reduced in 7 patients and increased in 1 patient after BMC 
transplantation (Figure 5). The mean profiles of  INR lev-
els are shown in figure 6. 

The data about other relevant laboratory parameters 
(WBC, hemoglobin, ALT, AST, GGT, creatinine) before 
and after the intervention are shown in table 3. 

DISCUSSION
There is an urgent need to search for alternatives to whole 
organ transplantation. Based on the ability of  stem cells 
to differentiate into specific cell types according to their 
environment, cell transplantation has become an attractive 
therapeutic method for the treatment of  patients with 
liver disease aiming, at least, at a temporary support of  
hepatic function until a liver becomes available for organ 
transplantation. 

This phase I study aimed to evaluate the feasibility and 
safety of  autologous bone marrow cell transplantation into 
the hepatic artery of  patients with advanced chronic liver 
disease. In the present study, we infused BMCs into the 
hepatic artery using the same routine technique for arterial 
chemoembolization of  liver tumors which is feasible and 
not associated with serious local side effects[16], and used 
the hepatic artery for cell infusion since the blood inflow 
to the liver could be mostly secured. Our results confirmed 
the feasibility and safety of  BMC infusion into hepatic 
artery in such patients. BMC transplantation was well 
tolerated to all patients and only two patients complained 
of  mild pain at the bone marrow needle puncture site. 
We did not detect any other side effects. The episode of  
reversible hepatic encephalopathy 33 d after BMC infusion 
in a 70-year old man with alcoholic cirrhosis was not 
interpreted as an adverse event related to the procedure 
because identical episodes were observed in the previous 

year.
In addition to the evaluation of  safety and feasibility, 

our results indicated that there were alterations of  liver 
function parameters after transplantation of  autologous 
BMCs in patients with advanced chronic liver disease. 
Four months after BMC transplantation the mean serum 
bilirubin and INR levels decreased while the mean albumin 
levels increased. Of  note, 7 patients had their bilirubin 
levels reduced while 6 patients had their albumin levels 
increased. The greatest reduction in the bilirubin levels was 
observed in a 24-year old patient (R.N.R.) with chronic 
cholestatic liver disease who had the highest amount of  
transplanted BMCs (13.1 × 108) compared to the others 
(Table 1). The number of  transplanted BMCs was lower in 
patients with cirrhosis caused by HCV and in the 70-year 
old patient.

Recently, two phase I studies using granulocyte-colony 
stimulating factor (G-CSF) to mobilize BMCs in patients 
with chronic liver disease were conducted[17,18]. Gaia et al[17] 

evaluated the feasibility and safety of  BMC mobilization in 
8 patients with end stage liver cirrhosis following G-CSF 
administration. Mobilization (monitored by the number of  
CD34 + ve cells) was observed in all patients after G-CSF 
administration, which was well tolerated and free of  
adverse events. Child-Pugh score decreased by 2 or more 
points in four patients, increased in one patient, while 
it was unchanged (or decreased by less than 2 points) in 
three patients. Overall, the MELD score decreased from a 
median pre-treatment value of  17.5 (range 11-20) to 14.5 

Table 3  Characteristics of the distribution of laboratory 
parameters in 10 patients with chronic liver failure at baseline, 
1 and 4 mo after BMC transplantation

Minimum Maximum Mean Median Standard 
deviation

Relative  mean 
change from 
baseline (%)

Hemoglobin (g/dL)
Baseline   11.30  16.90   13.16 12.2   1.90
1 mo     9.50  16.00   12.26 11.95   1.81   -8
4 m   10.30  15.10   12.80 12.7   1.47   -3
WBC (x 103/mm3)
Baseline     2.60    5.40      3.94 4   0.97
1 mo     2.30    5.10      3.35 2.85   1.04 -15
4 mo     2.30    6.00      3.60 3.25   1.14   -9

GGT (U/L)
Baseline 50.00 543.00 172.20 139   147.50
1 mo 48.00 474.20 157.20 134.5   129.00   -9
4 mo 47.00  489.67 163.50 132.5   133.25   -5

AST (U/L)
Baseline 29.00 192.00 100.60 92.5 56.24
1 mo 26.00 173.00    86.90 79 47.58 -14
4 mo 29.00 180.00    85.80 64 46.87 -15

ALT(U/L)
Baseline 11.00 120.00    56.00 43 35.54
1 mo 22.00 115.00    54.80 42.5 32.71   -2
4 mo 17.00 131.00    53.50 41 34.97   -4

Creatinine (mg/dL)
Baseline     0.60     1.50      0.86 0.8   0.26
1 mo     0.70     1.30      0.90 0.85   0.20     5
4 mo     0.60     1.20      0.87 0.85   0.19     1
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Figure 2  Mean profile of serum total bilirubin levels including a 95% confidence 
band in 10 patients with chronic liver disease as a function of weeks after 
transplantation of autologous BMCs.
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(range 9-20) at end of  follow-up. In another study Gordon 
et al[18] evaluated the safety and tolerability of  autologous 
CD34+ cel l injection into five patients with l iver 
insufficiency. Included patients were given subcutaneously 
520 μg G-CSF and CD34+ cells were collected and then 
returned to the patients via the hepatic artery or the portal 
vein. No major complications or specific side effects 
related to the procedure were observed. Three of  the five 
patients showed a reduction in serum bilirubin and four 
of  five showed an increase in serum albumin. The results 
of  these two studies appear to be in agreement with ours. 

The choice of  utilizing purified stem cells instead of  
mononuclear cell fraction depends on a future comparison 
of  the efficacy in the two cell populations. In addition, 
purification procedures to obtain a specific cell population 
increase the costs of  the therapy. 

Studies in animal models of  liver diseases have 
demonstrated that bone marrow cell transplantation 
decreases hepatic fibrosis and improves survival rate. Sa-
kaida et al[11] investigated the effect of  BMC transplantation 
on mice with established liver fibrosis induced by carbon 
tetrachloride (CCl4) administration. Four weeks after BMC 
transplantation, the mice had significantly reduced liver 
fibrosis, as assessed by hydroxyproline content in the livers, 
compared to mice treated with CCl4 alone. Similar results 
have been observed in other studies[9,19,20]. In addition, 
improvement in several parameters of  liver function, such 
as albumin and bilirubin levels and prothrombin time has 
been reported[8,12,21]. These experimental studies suggest 
that BMC infusion may be responsible for the potential 
beneficial effects on liver function as observed in our 
clinical study.

 Our study was not able to evaluate the efficacy of  
BMC infusion in patients with liver disease due to its 
design. Controlled studies would be required to address 
this issue. Further studies are also necessary to determine 
the number of  BMCs required for achievement of  
therapeutic effect, which may vary with the patient’s age 
and the etiology of  liver disease.

In summary, BMC infusion into the hepatic artery of  
patients with advanced chronic liver disease is safe and 
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Figure 3  Serum albumin levels in 10 patients with chronic liver disease as a function of weeks after transplantation of autologous BMCs.
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feasible. In addition, in most patients there is a decrease 
in mean serum bilirubin and INR levels, and an elevation 
of  serum albumin. Our results warrant further studies in 
order to evaluate the effects of  BMC transplantation in 
patients with advanced chronic liver disease. 
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Racial differences exist with respect to HCV risk factor 
ascertainment and testing, (3) Minority patients, positive 
for HCV, are less likely to be referred for subspecialty 
care and treatment. Overall, minorities are less likely 
to be tested for HCV than whites in the presence of a 
known risk factor.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Several studies have suggested that hepatitis C (HBV) 
manage-ment is suboptimal in primary care settings[1-5]. In 
fact, only 59% of  primary care physicians (PCPs) reported 
asking patients about HCV risk factors[3]. A similar 
conclusion was made by another study which found that 
46% and 62% of  physicians reported that they routinely 
asked patients about a history of  blood transfusion and 
injection drug use, respectively[4]. Shehab reported that 
HCV testing is rarely initiated in primary care clinics based 
on physician identified risk factors such as transfusion 
prior to 1992 or a history of  injection drug use[1]. Similar 
studies among urban primary care practices, comprising 
patients at highest risk for exposure to HCV risk factors, 
have not been reported. Such a study would be important 
to better assess the feasibility of  implementing wide scale 
risk assessment, testing, and treatment strategies. 

The purpose of  this retrospective cohort study is to 
assess the rates of  HCV risk factor ascertainment, testing 
and referral for treatment in urban primary care practices, 
with particular attention to the effect of  race and ethnicity 
as determined by systematic review of  the medical records. 

MATERIALS AND METHODS
A retrospective chart review was conducted in four 
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Abstract
AIM: To determine rates of hepatitis C (HCV) risk factor 
ascertainment, testing, and referral in urban primary 
care practices, with particular attention to the effect of 
race and ethnicity. 

METHODS: Retrospective chart review from four 
primary care sites in Philadelphia; two academic primary 
care practices and two community clinics was performed. 
Demographics, HCV risk factors, and other risk exposure 
information were collected. 

RESULTS: Four thousand four hundred and seven 
charts were reviewed. Providers documented histories 
of injection drug use (IDU) and transfusion for less than 
20% and 5% of patients, respectively. Only 55% of 
patients who admitted IDU were tested for HCV. Overall, 
minorities were more likely to have information regarding 
a risk factor documented than their white counterparts 
(79% vs  68%, P  < 0.0001). Hispanics were less likely 
to have a risk factor history documented, compared 
to blacks and whites (P  < 0.0001). Overall, minorities 
were less likely to be tested for HCV than whites in 
the presence of a known risk factor (23% vs  35%, P  = 
0.004). Among patients without documentation of risk 
factors, blacks and Hispanics were more likely to be 
tested than whites (20% and 24%, vs  13%, P  < 0.005,  
respectively). 

CONCLUSION: (1) Documentation of an HCV risk 
factor history in urban primary care is uncommon, (2) 
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urban primary care clinic sites in Philadelphia. These sites 
included two federally qualified health clinics serving 
predominantly minority populations and two university-
based primary care practices; a family medicine practice 
and an internal medicine practice. Each of  the four study 
sites is unique in the population that it serves. Clinic #1 is 
a community clinic which serves a predominantly Hispanic 
population (84%), comprised of  mostly female patients 
(66%); in 2005 this clinic served approximately 15 000 
patients. Clinic #2 is a community clinic which serves a 
predominantly black population (65%-70%); this clinic 
served approximately 7000 patients in 2005. The majority 
of  the patients attending the two community clinics 
are either uninsured, or covered by a Medicaid HMO. 
The two university-based practices serve racially diverse 
populations. Approximately 60% of  the patients attending 
the Family Medicine university-based practice (clinic 
#3, patient population served in 2005, 23 000) are black. 
The majority of  the patients attending the practice have 
traditional insurance. Those with Medicare coverage and 
the uninsured make up a small percentage of  the patient 
population, 6% and 5% respectively. Approximately 45% 
of  the patients attending the Internal Medicine university-
based practice (patients served in 2005, 21 000) are black 
(clinic #4), and the majority of  the patients attending the 
practice have traditional insurance. 

Random charts were selected at systematic intervals, 
based upon practice size, so that a total of  approximately 
1000 charts were reviewed from each practice. The 
number of  charts required was calculated by taking into 
account the prevalence of  risk factors among minority and 
non-minority subjects, the rate of  risk factors recognized, 
the proportion of  persons at risk screened for HCV and 
of  those who tested positive. All these assumptions were 
derived from previous studies and from the authors’ 
experience. 

All patient visits in each selected chart were reviewed 
by a team of  trained chart reviewers. No identifying 
information was collected. Data were available dating 
back to the patients’ first visit, with a mean of  3.6 years 
(standard deviation 4.9 years) prior to the patients’ most 
recent documented visit. Specific data collected included 
sex, age, race/ethnicity, as well as documentation of  HCV 
risk factors. An HCV risk factor was broadly defined as 
any potential exposure to HCV; these included injection 
drug use, blood transfusion prior to 1992, percutaneous 
exposure as in the case of  an exposed health care worker), 
non-injection drug use, tattoos, body piercing, history 
of  sexually transmitted diseases, incarceration, and 
unprotected sex[9]. When documentation of  an HCV risk 
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factor was identified, it was determined if  HCV testing was 
ordered and if  the patient was referred for subspecialty 
care.

Statistical analysis
Data were collected using a standardized data collection 
instrument. Al l char t reviewers were tra ined and 
accompanied by an investigator. An investigator (SBT, 
VJN) re-reviewed at least 10% of  all charts at random to 
check for accuracy. Trained data entry personnel entered 
the data into data management software (Microsoft 
Access). All data were analyzed using SAS v 9.14. 
Descriptive statistics and frequency tables were generated. 
Chi-square tests and logistic regression were used to assess 
statistical differences. 

RESULTS
Study cohort  
The total number of  charts reviewed was 4407. One 
thousand one hundred eighty two charts were sampled 
from clinic #1; 948 charts from clinic #2; and 1089 from 
clinic #3 and 1 188 charts were reviewed from clinic #4 
(Table 1). In order to facilitate a comparison of  HCV 
management practices between races, we included only 
those charts in which race information was recorded. 
Approximately 23% of  the charts reviewed did not include 
the race or ethnicity of  the patient with clinic #1 having 
the lowest percentage of  undocumented race/ethnicity 
(11%). Clinic #2 was missing approximately 24% of  
race/ethnicity documentation as compared to 26% for 
the Internal Medicine university-based practice and 31% 
for the Family Medicine university-based practice. Of  the 
3 413 charts with documented race/ethnicity which were 
included in the analysis, 1333, 1103, and 846 were reported 
as black, Hispanic, and white patients, respectively. Racial/
ethnic groups were similar with respect to the average age 
of  patients at the time of  review (mean age 43). Forty-
four percent of  blacks were male, as compared to 34% of  
Hispanics and 45% of  whites. 

Documentation rate of HCV risk factors and the effect of 
race/ethnicity
Primary care providers documented a history (positive or 
negative) of  IDU and/ or transfusion, arguably the most 
important risk factors for HCV acquisition, for 12% and 
2% of  patients, respectively. Only 0.48% (n = 21) of  the 
total study population (n = 4407) were documented as 
having a positive history of  transfusion prior to 1992. 
A history of  percutaneous exposure as a health care 

Table 1  Population demographics

Primary care 
practice

Total Mean Gender Insured (%) Race
age (% male) White (%) Black (%) Hisp (%) OTH (%) Unknown (%)

Clinic #1 1182 40 34 62   1   4 84 < 0.5 11
Clinic #2   948 41 62 57   4 65   7  1 24
Clinic #3 1089 42 34 95 26 37   2  5 31
Clinic #4 1188 48 43 98 45 22   2  6 26



Table 2  Prevalence of HCV risk factors documented in patient charts by race/ethnicity

worker was rarely specified (n = 4). Patients’ histories of  
prostitution, incarceration, tattoos or body piercing were 
recorded for less than 2% of  patients. Ascertainment of  a 
history of  non-injection drug use and sexually transmitted 
diseases occur red for 67% and 34% of  pat ients, 
respectively (Table 2). 

W h e n d o c u m e n t a t i o n o f  H C V r i s k f a c t o r 
ascertainment was compared between different races/
ethnicities, overall, minorities were more likely to have 
information regarding a risk factor documented than their 
white counterparts (79% vs 68%, P < 0.0001). Hispanics 
were much less likely to have had a history of  IDU 
(positive or negative) documented than other groups; 
(4.4% ascertainment rate compared with 18% and 16% 
for blacks and whites, respectively) (P < 0.0001). Blacks 
and Hispanics were more likely to have had a documented 
history of  non-IDU (72% and 74%, respectively) as 
compared to whites (63%, P < 0.05). Hispanics were more 
likely to have a chart entry regarding sexually transmitted 
diseases than were blacks (50% vs 39%) and blacks were 
more likely to have this history documented than whites 
(39% vs 19%, P < 0.001). Statistical comparisons were not 
used to assess differences between racial/ethnic groups for 
prostitution, incarceration, tattoos or body piercing due to 
the low rate of  ascertainment.

Among patients who denied IDU, higher rates of  other 
risk factors were reported among minorities. For example, 
64% (29/45) of  the minorities who denied IDU admitted 
non-injection drug use as compared to 31% (5/16) of  the 
whites (P < 0.05). In addition, 25% of  minorities (55/216) 
who denied IDU had a history of  an STD documented as 
compared to 5% (7/123) of  whites (P < 0.05).

Overall, females (74%, n = 2 469) were more likely 
than males (71%, n = 1 818) to have information 
regarding a risk factor history (positive or negative 
history) documented in the chart (P = 0.0091). However, 
among those individuals who had risk factor information 
documented, males (54%) were more likely to have a 
positive risk factor history than females (30%) (P < 0.0001). 
Among individuals with a documented positive HCV risk 

factor, there was no difference in the percentage of  males 
and females tested for HCV (P = 0.176). 

The odds of  having documented information regarding 
HCV risk factors decreased by 1.4% with each additional 
year of  age (P < 0.0001). Among those individuals who 
had risk factor information documented (n = 3113), the 
odds of  having a positive risk factor history decreased 
by 1.7% with each additional year of  age (P < 0.0001). 
Among individuals with a documented positive HCV risk 
factor (n = 1158), the odds of  being tested increased by 
1.3% with each additional year of  age (P = 0.025). 

HCV testing
Overall, minorities were less likely to be tested for HCV 
than whites in the presence of  a known risk factor (23% 
vs 35%, P = 0.004). Of  the 12% of  patients for whom 
information regarding IDU was recorded (n = 531), 19% 
admitted this behavior. Of  this group (blacks n = 54, 
Hispanics n = 19, whites n = 11), 55%-58% were tested for 
HCV, with no differences among the race or ethnic groups. 
Of  the 21 patients documented as having a history of  
blood transfusion prior to 1992, approximately 67% were 
tested for HCV. Because the rate of  documentation was 
so low for a history of  transfusion, comparisons between 
racial/ethnic groups could not be made with respect to the 
rate of  testing in the presence of  this risk factor. Thirty-
six percent of  patients with tattoos and 50% of  individuals 
with body piercing and with no identified other risk factor 
were tested for HCV (Table 3). Of  those patients with a 
history of  incarceration, 30% were tested. In the absence 
of  IDU or prior blood transfusion, a history of  sexually 
transmitted disease, non-injection drug use, engaging in 
sexual activity with or as a commercial sex worker, or a 
history of  HIV testing were associated with testing rates 
of  19%, 22%, 33% and 24%, respectively. Due to the low 
rate of  documentation of  risk factors by the physicians, 
it was not possible to compare rates of  testing between 
racial groups for piercing, incarceration, prostitution, and 
tattoos. 

Among patients who denied risk factors when asked, 

Black Hispanic White
n  = 1333 n  = 1103 n  = 846

HCV risk factor Info available With risk factor Info available With risk factor Info available With risk factor
 n  (%) n  (%) n  (%) n  (%) n  (%) n  (%)

IDU 241 (18)   54 (22)    48 (4.4)e   19 (40) 134 (16)   11 (8.2)

Transfusion   22 (1.7)     7 (32)   11 (1.0)     2 (18)    29 (3.4)    9 (31)
HCV needle stick     1 (0.1)       1 (100)     2 (0.2)       2 (100)      1 (0.1)      1 (100)

History of drug use 957 (72)a    359 (38)b,c 820 (74)a   94 (11) 535 (63)  53 (10)

History of STD 517 (39)b    350 (68)b,c 550 (50)b 185 (34) 164 (19)   53 (32)
History of HIV testing 452 (34)b 390 (86) 396 (36)b  305 (77)a 119 (14) 108 (91)

Tattoos  15 (1.1)   11 (73)    2 (0.2)    1 (50)    21 (2.5)   17 (80)
Piercing    2 (0.2)   0 (0)   1 (0.1)  0 (0)     1 (0.1)       1 (100)
Prostitution    9 (0.7)     6 (67)   3 (0.3)    2 (67)       1 (0.12)       1 (100)

Incarceration  38 (2.8)   36 (95) 12 (1.1)    12 (100)     4 (0.5)     3 (75)

aP < 0.05 vs whites; cP < 0.05 vs Hispanics; bP < 0.001 vs whites; eP < 0.05 vs blacks and whites.
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the proportion tested for HCV was higher for blacks (20%, 
n = 187) and Hispanics (24%, n = 29) than for whites (13%, 
n = 123) (P < 0.05). 

Overall, seven percent of  patients in whom no risk 
factors were documented (n = 3212) were still tested for 
HCV. Hispanics (9.9%, n = 848) were more likely to be 
tested than both blacks (5.4%, n = 737) and whites (6.4%, 
n = 733) in the absence of  any documented risk factor. 

HCV referral practices
Of  the 93 patients who were identified as being HCV 
positive (and for whom race/ethnicity was known), 37 
(40%) had chart documentation of  referral to a specialist. 
Of  this group, 71% of  white patients were referred, as 
compared to 40% of  Hispanics (P = 0.06), and 32% of  
blacks (Figure 1). Among HCV positive patients whose 
race was not known (n = 15), 47% were referred to a 
specialist. Of  these, 10 patients were from clinic #2, which 
serves a predominantly black population. 

DISCUSSION
Overall, minorities were more likely to have information 
regarding HCV risk factors documented than their 
white counterparts. However, the ascertainment of  IDU 
and blood transfusion prior to 1992, arguably the most 
important risk factors for HCV acquisition, was low, 12% 
and 1.8% respectively. Perhaps the greatest significance of  
these findings is that even in populations with expected 
high rates of  risk factors, recommended management 
practices for risk factor ascertainment are infrequently 
followed[9].

Overall, minorities were less likely to be tested for 
HCV than whites in the presence of  a known risk factor. 
The underlying reason for this is unknown but deserves 
further study. Rates of  testing among patients who had 
a documented history of  IDU or blood transfusion 
prior to 1992 were low, regardless of  race. This finding 
demonstrates that recommendations regarding HCV 
testing practices are infrequently followed[9-12]. The reason 
for low rates of  testing among minorities in the presence 
of  a risk factor is likely to be multifactorial. Practitioners 
may be more l ikely to ask minority patients about 
risk behaviors, given an implicit understanding of  the 

surrounding urban community and the epidemiology of  
HCV, but less likely to test if  the provider feels that the 
patient would not be a candidate for treatment or if  the 
patient would not opt for treatment.

Minorities were more likely than non-minorities to be 
tested for HCV in the absence of  a recorded risk factor, 
or if  such a history was denied. This finding could be 
explained by undocumented factors which might have led 
to testing, or the more frequent documentation of  non-
intravenous drug use in this population, which might be, 
in turn, interpreted as a risk for the acquisition of  HCV. 
Unfortunately, medical record information did not allow 
us to more carefully assess these factors. 

The rate of  referral among patients who tested positive 
for HCV differed among the race groups. Specifically, 
minorities were less likely than whites to be referred for 
subspecialty evaluation. Although of  potential significance, 
this finding may have been affected by missing referral 
information, local resources, as well as patient and provider 
perception of  the need for and benefit of  treatment.

Our study is limited in scope due to several factors. 
We performed the study in a relatively small number of  
practices which may reflect idiosyncrasies of  a few treating 
physicians or have been affected by patient demographics 
which were unique to the local area. Moreover, we could 
not assess whether cultural, educational, or economic 
factors affected risk assessment and testing practices. 
Despite these limitations, the low rate of  testing in a 
potentially high-risk population has serious implications; 
any strategy to test patients at risk for acquisition of  HCV 
must be preceded by a plan that increases the rate of  risk 
factor ascertainment in primary care. 

Therefore, recommendations must be developed 
for physicians to increase the rate of  identification of  
individuals who may have been exposed to HCV in the 
past as well as appropriate testing. Although primary care 
physicians are responsible for screening for multiple health 
problems during a routine health care visit, the benefits 
of  identifying HCV risk factors and infection must not be 
overlooked. Risk factor screening and identification allows 
for patients to be educated regarding the risks of  injection 
drug use and needle sharing. Appropriate testing and 
diagnosis of  HCV allows for the patient to be evaluated 

Table 3  Rates of testing among individuals with a documented 
non conventional HCV risk factor but no conventional risk 
factors

Number
with only non-conventional 

risk factors1

Tested (%)

Tattoos   33    36.4
Piercing     4    50.0
History of drug use 513    21.6
Prostitution     6    33.3
Incarceration   60    30.0
History of STD  706    19.4
History of HIV testing  903    24.1

1Patient may be included in more than one category.

Total HCV positive patients
n = 108

HCV positive patients 
(Race known)
n = 93 (86%)

HCV positive patients
(Race unknown)
n = 15 (14%)

Documentation of referral
n = 37 (40%) 

Documentation of referral
n = 7 (47%)

White 
71%

Black                   
32%

Hispanic             
40% 

(P = 0.06)

Figure 1  HCV referral practices.
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for treatment and receive counseling regarding alcohol 
cessation. In addition to physician education, patient 
education campaigns must also be developed to increase 
patient compliance with testing recommendations made by 
their physicians. 
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Background
The increasing prevalence of hepatitis C virus (HCV) infection in the United 
States makes it an important challenge for primary care physicians (PCPs) and 
subspecialists. There are several potential benefits to diagnosing hepatitis C 
in a primary care setting.Diagnosis provides the patient with the opportunity 
to be counseled regarding behaviors that may transmit the infection to others 
such as sharing needles in the context of IDU. Diagnosis also allows the health 
care provider to educate the patient regarding behaviors that may hasten the 
progression of liver disease such as alcohol intake. Furthermore, early diagnosis 
allows the patient to be provided with appropriate preventive services such 
as hepatitis A and B vaccines. Lastly, early diagnosis allows the patient to be 
evaluated for hepatitis C therapy at a time when treatment may be more effective; 
prior to progression to fibrotic liver disease.

Research frontiers
Several studies have suggested that hepatitis C management is suboptimal in 
primary care settings. The purpose of this retrospective cohort study is to assess 
the rates of HCV risk factor ascertainment, testing and referral for treatment in 
urban primary care practices, with particular attention to the effect of race and 
ethnicity as determined by systematic review of the medical records. 

Related publications
This publication is the first to result from our studies related to HCV management 
in primary care settings. Three additional manuscripts are in preparation. 
However, there are several articles, cited throughout this manuscript, from other 
investigators, that can provide additional information related to HCV management 
in primary care.  

Innovations and breakthroughs
Very few studies have examined hepatitis C risk assessment, testing and 
referral for treatment in urban primary care settings. Moreover, no studies have 
examined racial differences within these practices. The findings indicate that (1) 
Documentation of an HCV risk factor history in urban primary care is uncommon, (2) 
Racial differences exist with respect to HCV risk factor ascertainment and testing, 
and (3) Minority patients, positive for HCV, were less likely to be referred for 
subspecialty care and treatment. Overall, minorities were less likely to be tested 
for HCV than whites in the presence of a known risk factor. 

Applications
The findings presented may be applied in a number of settings where advances 
in the identification, testing and referral of primary care patients, specifically racial 

and ethnic minorities are sought. The results of this study may be of interest to 
epidemiologists and other public health professionals. The findings of this study 
address a deficit in the literature related to HCV in minorities and provide the 
background for future studies and intervention endeavors aimed at improving HCV 
identification and management in primary care settings. 

Peer review
The results show that risk factors are often missed and minority patients are less 
likely to be tested for HCV and to be referred for treatment. The authors conclude 
that, although their investigation has some selection biases, the results indicate 
the existence of a consistent reservoir of infection in subgroups of patients, 
[specifically] black and Hispanic. Although “expected” given the characteristics of 
the population selected, the results are interesting. 
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Abstract
AIM: To develop a new formulation with hydroxy propyl 
methyl cellulose and Shellac coating for extended and 
selective delivery of butyrate in the ileo-caecal region 
and colon.

METHODS: One-gram sodium butyrate coated tablets 
containing 13C-butyrate were orally administered to 12 
healthy subjects and 12 Crohn’s disease patients and the 
rate of 13C-butyrate absorption was evaluated by 13CO2 
breath test analysis for eight hours. Tauroursodeoxycholic 
acid (500 mg) was co-administered as a biomarker of 
oro-ileal transit time to determine also the site of release 
and absorption of butyrate by the time of its serum 
maximum concentration.

RESULTS: The coated formulat ion delayed the 
13C-butyrate release by 2-3 h with respect to the uncoated 
tablets. Sodium butyrate was delivered in the intestine of 
all subjects and a more variable transit time was found 
in Crohn’s disease patients than in healthy subjects. 
The variability of the peak 13CO2 in the kinetic release of 
butyrate was explained by the inter-subject variability 
in transit time. However, the coating chosen ensured an 
efficient release of the active compound even in patients 
with a short transit time.

CONCLUSION: Simultaneous evaluation of breath 
13CO2 and tauroursodeoxycholic acid concentration-
time curves has shown that the new oral formulation 
consistently releases sodium butyrate in the ileo-cecal 
region and colon both in healthy subjects and Crohn’s 
disease patients with variable intestinal transit time. This 
formulation may be of therapeutic value in inflammatory 
bowel disease patients due to the appropriate release of 
the active compound.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Butyric acid, a short chain fatty acid, is the main colonic 
bacterial product of  non-starch polysaccharides[1]. Impaired 
butyric acid metabolism (usually as butyrate species) has 
been implicated in the development of  ulcerative colitis 
(UC)[2] but there are conflicting data regarding its role in 
the pathogenesis of  UC[3-11]. Large bowel mucosa biopsy 
specimens from quiescent UC patients have also shown 
reduced oxidation of  butyrate but not of  glucose and 
glutamine, the two other major fuel sources for colonic 
epithelium[3]. In vitro studies conducted in terminal ileal 
mucosa biopsy specimens from UC patients support this 
concept[4]. A study on colonic sodium butyrate (NaB) 
metabolism using 14C-butyrate rectal instillation and 14CO2-
breath test in patients affected by extensive UC showed a 
reduction in NaB oxidation, which returned to normal on 
remission[10]. The authors concluded that while impaired 
NaB metabolism is unlikely to be a primary cause of  
UC, impairment of  short chain fatty acid metabolism by 
coloncytes may be a pathogenic factor. Another study 
indicated that in quiescent UC patients, the rate of  NaB 
metabolism is not impaired[11].

It has recently been demonstrated that NaB exhibits 
anti-inflammatory properties as documented by a strong 
inhibition of  interleukin (IL)-12 production by suppressing 
both IL-12p35 and IL-12p40 mRNA accumulation, and 
enhances IL-10 secretion in Staphylococcus aureus cell-
stimulated human monocytes[12]. Investigation of  the 
effects of  NaB on some G1 phase-related proteins in a 
colon carcinoma cell line (HT29) has revealed another 
potential pharmacological property, since NaB is able 
to reduce cyclin D1 and p53 level in a dose-dependent 
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fashion and to suppress cell growth[13]. Thus, the lack of  
NaB in diets poor in carbohydrates could lead to clinically 
relevant functional alterations. In vivo, the growth 
inhibitory effects of  NaB on colon cancer cells appear to 
be somewhat less marked[14,15].

Some clinical applications of  NaB treatment have 
already been successfully evaluated. NaB enemas seem to 
provide an effective treatment for acute radiation proctitis, 
accelerating the healing process[16,17]. Oral co-administration 
of  NaB and mesalazine in patients with active UC seems 
to improve the efficacy of  mesalazine monotherapy[18,19]. 

These considerations prompted us to develop a new 
oral formulation in which NaB is released in the terminal 
ileum and colon, the target of  its potential pharmacological 
activity[19].

The main problem in the development of  controlled 
release formulation is to extrapolate in vitro release data to 
those achieved during in vivo studies. This is particularly 
crucial for drugs used in patients with gastrointestinal 
diseases in which the intestinal transit time shows a high 
variability. 

The colonic target release of  enteric coated butyrate 
requires an optimized coating able to prevent an early 
release (duodenum-jejunum-ileum) resulting in an 
absorption and metabolism of  butyrate before reaching 
the colon. The coating is expected to release NaB from the 
ileo-caecal region as a result of  a variation of  intestinal pH 
but a delayed release delivery kinetic would result in a loss 
of  a relatively high amount of  butyrate in the stools.

Tuleu et al[20] have developed pellets for colonic delivery 
of  NaB via oral route. When they are administered to rats 
a large amount is lost in the caecum for coating dissolution 
problems.

Optimization of  the tablets is therefore crucial to 
determine in the healthy subjects and patients with 
Inflammatory bowel disease (IBD) the exact delivery site 
of  butyrate in the intestine thus reducing false negative 
data in term of  efficacy due to a poor delivery of  the 
active compound in the target area.

Sodium butyrate tablets (1 g) coated with hydroxyl 
propyl methylcellulose (HPMC) and natural polymer Shellac 
have been developed and optimized by conventional in 
vitro studies. In the present study the optimal coating 
thickness was optimized in vivo by evaluating the release of  
the active ingredient by the kinetics of  13CO2 excretion in 
the breath of  healthy subjects and Crohn’s disease patients 
after oral administration of  13C-labeled NaB included 
in the 1 g tablets. The rate of  13CO2 production is the 
result of  13C-NaB intestinal absorption and metabolism 
that was evaluated by the rate of  production of  13CO2 in 
exhaled breath over 8 h. The 13C/12C isotope ratio was 
measured by isotope ratio mass spectrometry (IRMS). The 
intestinal transit time was evaluated by simultaneous co-
administration of  tauroursodeoxycholic acid (TUDCA). 

TUDCA was selected as a biomarker of  oro-ileal transit 
time since it is absorbed actively only in the ileum, the time 
of  its peak serum level reflects the oro-ileal transit time. A 
sensitive and specific enzyme immunoassay was performed 
to evaluate serum TUDCA concentration at various time 
intervals after administration as previously described[21].

To evaluate the kinetics of  the release of  NaB from 

the tablets, we compared the time of  maximum 13CO2 
excretion with that of  peak serum TUDCA concentration 
within individual subjects in order to overcome the high 
variability in intestinal transit time.

MATERIALS AND METHODS
Oral NaB formulation
Plain and coated tablets containing hydroxyl propyl 
methylcellulose and shellac with a pH dependent extended 
release coating were used in the study. Both formulations 
contained 1 g of  NaB and three batches of  tablets 
containg 5%, 10% and 20% w/w of  13C-NaB (CIL, 
Andover MA, USA) were prepared.

The difference between the two tablets was the 
internal pre-coating of  HPMC and external coating of  
shellac, which is resistant to desgregation up to pH 7. 
All other excipients of  the formulations were identical. 
The pre-coating of  HPMC was made to avoid that 
basic characteristics of  the active ingredient in the tablet 
nucleus would induce an early dissolution of  shellac 
which is resistant to acid pH and soluble to basic pH. 
In order to optimize the release of  NaB in the colon, 
different thickness films of  shellac (50, 80 and 120 μm) 
were studied. Coated tablets (Sobutir) were supplied by 
Promefarm srl, Milan, Italy. The different formulations 
were then administered to the same subjects in order to 
verify simultaneously the kinetic of  NaB release in relation 
to the oro-ileal transit time evaluated by the time of  the 
serum TUDCA peak and select the formulation that would 
be admitted to the complete study.

Subjects studied
The study was carried out in 12 healthy subjects (6 males 
and 6 females, median age 42 years, range 18-60 years) 
and 12 Crohn’s disease patients (9 females and 4 males, 
median age 40 years, range 18-65 years) with a relatively 
mild activity index ranging from 320 ≥ C.D.A.I. ≥ 220[22]. 
To avoid any difference in the transit time, we studied 
only patients with the same level of  activity index. In 
addition, the patients studied had no pure ileal or ileo-
colonic involvement and they did not receive steroid or 
immunosuppressive treatment. All patients during the 
study presented diarrhoea. Before this final controlled 
study volunteers received the different formulations under 
development and between the different studies a washout 
period of  one week was used. Thirty minutes before the 
study, 2 mL of  blood was collected for the baseline values, 
as were two separate samples of  breath in a 10 mL capped 
glass tube. After administration of  the 1 g 13C-NaB tablet 
and of  500 mg TUDCA as gelatine capsules (Tudcabil®, 
Pharmacia Upjohn, Milan, Italy), the subjects received a 
standard liquid test meal of  375 Kcal, containing 17 g of  
fat, 10.4 g of  protein and 10 g of  carbohydrates. Breath 
and blood samples were collected at 30 min intervals 
over an 8-h period (unless otherwise specified). The oro-
ileal transit time was defined as the time interval between 
administration of  TUDCA and the peak serum TUDCA 
(Cmax) time[21]. The time of  the maximum 13CO2 breath 
excretion was used to represent the time of  release and 
absorption of  sodium butyrate. The study approved by 
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the Ethical Committee of  University of  Bologna was 
conducted according to the institutional guidelines.

Analytical methods
13CO2 breath test: 13CO2 in each of  the duplicate breath 
samples was analyzed by continuous flow isotope ratio 
mass spectrometry (IRMS; ANCA, PDZ Europa Ltd, 
Cheshire U.K.). The results were expressed as δ13C that 
was calculated from:

13C/12C (sample)δ13C =  13C/12C (std)
- 1  × 1000

where 13C/12C (std) is the Pee Dee Belemnite (PDB) 
reference standard 13C/12C ratio, the final value was 
expressed as a milli percentage (δ13C%).

Serum TUDCA enzyme immunoassay 
Serum TUDCA levels were determined by a specific 
chemiluminescent enzyme immunoassay previously 
developed and optimized in our laboratory[21]. The method 
is a solid-phase competitive format with a TUDCA-
specific polyclonal antibody immobilized on 96 wells black 
polystyrene microtiter plates. A horseradish peroxidase 
(HRP)-UDCA conjugate was synthesized, purified, 
properly characterized, and used as enzymatic tracer. 

For the TUDCA assay 100 μL of  the sample 
(serum diluted 1/50, v/v with assay buffer: 0.05 mol/L 
phosphate/EDTA buffer, pH 7.4, containing 1 g/L bovine 
serum albumin) or of  six standard TUDCA solutions 
with a concentration ranging from 0.01 to 1000 nmol/L 
was incubated in the 96-well microtiter plates coated with 
the antibody for 1 h at 37℃ with 100 μL of  the properly 
diluted HRP-UDCA tracer. After washed with assay 
buffer, 100 μL of  the chemiluminescent substrate (H2O2/
luminol/enhancer SuperSignal ELISA Pico, Pierce, Ⅱ, 
USA) was added and the light signal was measured using 
a PMT based luminometer microtiter reader (Luminoskan 
Ascent, Thermo Electron Corporation MA, USA) .

TUDCA concentrations were determined by a plot of  
chemiluminescent (CL) signal vs the log of  concentration 

and the best data fit was obtained by linear regression of  
the six point standards. Serum TUDCA was expressed as 
nmol/L of  serum.

RESULTS
Optimization of NaB oral formulation
The 13C-NaB dose to include in the 1 g NaB tablet was 
standardized by quantifying the amount of  label to 
produce a breath CO2 enrichment of  the 13C-isotope that 
could be accurately evaluated with respect to the baseline 
value representing its natural abundance.

During the course of  three separate weeks, three 
1-g NaB tablets containing 5%, 10% and 20% w/w of  
13C-NaB respectively, were administered to six healthy 
subjects. The excretion rate of  13CO2 in breath was 
measured and the maximum value was calculated. The 
dose of  100 mg of  the label was chosen giving a δ13C% 
of  15.3 that was much higher than the baseline value 
of  -28%. This wide cut off  could allow the accurate 
evaluation of  not only the maximum excretion of  13CO2 
but also small variations during the 8-h study period and 
eventually low 13CO2 excretion resulting in patients with 
impaired metabolism of  NaB. The coating thickness was 
optimized according to the kinetics of  the 13CO2 excretion 
accounting for the release and absorption of  butyrate from 
the tablet. The results obtained with 50, 80 and 120 μm 
thickness coating suggested that the coating size of  80 μm 
was the most adequate to prevent a too early release and 
absorption of  NaB as occurred with the 50 μm thickness 
and to ensure complete release of  the active ingredient in a 
time comparable with the oro-ileal transit time.

The NaB tablet containing 10% w/w of  13C-NaB 
and 80 μm-thick coating was used to evaluate the final 
performance of  the formulation. The intra-subject 
variability was evaluated by administering either coated 
or uncoated NaB formulations three times to the same 
subject in separate experiments and monitoring the 
excretion of  13CO2 at 15 min time intervals (Figure 1). 
In the uncoated tablet, the intra-subject variability was 
very low and the curves were almost super impossible. 
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Figure 1  Excretion of breath 13CO2 after oral administration of uncoated (A) and shellac-coated (B) 1 g NaB tablets containing 10% w/w of 13C-NaB in 12 healthy subjects. 
The experiment of each formulation was repeated three times in the same subject for different weeks.

Roda A et al .  Sodium butyrate release in the ileo-cecal intestinal region                                                            1081

www.wjgnet.com

A B



The maximum excretion was achieved 45 min after 
administration of  the dose and the absorption started 
just in the first 15 min. A slightly higher variability was 
observed when the coated formulation was administered 
as a result of  an intra-subject variability in gastric emptying 
and overall gastrointestinal transit. The mean peak 13CO2 

excretion time of  the coated tablets was 180 min (range 
150-225 min), showing the extended release of  NaB 
caused by the shellac coating.

Serum TUDCA chemiluminescent enzyme immunoassay 
Chemiluminescent enzyme immunoassay fulfilling all the 
standard requirements of  accuracy and precision was used. 
The intra and inter studies showed that the coefficient of  
variation was always below 9%. The limit of  quantification 
of  10 nmol/L allowed direct analysis of  TUDCA in a 
20-fold diluted serum sample.

The mean serum TUDCA profiles together with the 
kinetics of  13CO2 excretion obtained in the healthy subjects 
and Crohn’s disease patients are shown in Figure 2. The 
serum TUDCA profile was characterized by two peaks. 
The first peak was reached 180-200 min after TUDCA 

administration and represented the oro-ileal transit time, 
the second peak was observed after 300-400 min as a result 
of  the enterohepatic circulation of  the absorbed TUDCA.

In the healthy subjects peak of  serum TUDCA 
concentration was achieved at a median of  4 h (range 3-5 h) 
after NaB administration. The mean peak 13CO2 excretion 
time occurred slightly earlier at 3.5 h and the range of  
variability was similar to that of  TUDCA. A similar 
behavior was observed in Crohn’s disease patients with a 
higher variability due to variation in the intestinal transit 
time.

Top panel and bottom panel are shown in Figure 3. 
The Tmax was obtained in control subjects and Crohn’s 
disease patients using the serum TUDCA and 13CO2 breath 
tests. No subject and Crohn’s disease patient had an earlier 
release of  13CO2 after administration of  the coated tablets 
with respect to the Tmax of  TUDCA. Similarly no subject 
and patient missed to give a peak of  13CO2 excretion or 
reported the loss of  intact tablets in stools.

The ileal release was defined (a priori) as the 13CO2 
peak occurring within 30 min from the time of  TUDCA 
peak whereas colonic release was considered as the 13CO2 
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Figure 3  Tmax obtained in control subjects (A) and Crohn’s disease patients (B) using serum TUDCA and 13CO2  breath tests. 

Figure 2  Profiles of the mean 13CO2 breath excretion (  ) and serum TUDCA concentrations (  ) plotted against time. Data were collected after administration of the Shellac-
coated tablet containing 10% w/w of 13C-butyrate and two gelatine capsules containing 250 mg each of TUDCA. Data are expressed as mean ± SD in 12 healthy subjects (A) 
and 12 Crohn’s disease patients (B).
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peak occurring after this interval.
The temporal correspondence between the maximum 

13CO2 excretion times, with the TUDCA time at the 
Cmax representing the biomarker oro-ileal transit time 
even if  occurring at different times, usually slightly earlier 
suggested that the active ingredient was still delivered in 
the colon in high concentration and therefore we expected 
that it would exert its activity in IBD patients.

In all the studied subjects, NaB was efficiently released 
by the coated tablet, suggesting that the formulation 
developed could be used in these subjects to prevent an 
early absorption and deliver a large amount of  NaB in the 
colon just starting from the terminal ileum as shown by 
the kinetic profile of  13CO2 and serum TUDCA.

DISCUSSION
The present study was designed to evaluate a new NaB 
formulation able to deliver the active ingredients of  
1 g tablets coated with shellac into the colon by oral 
administration. The coating delayed the release of  the 
active ingredients by two-three hours with respect to the 
uncoated formulation, thus a large amount of  NaB could 
reach the colon, as demonstrated by the temporal similarity 
between the profiles of  13CO2 breath test and serum 
TUDCA concentration. In fact, TUDCA is absorbed by an 
active carrier-mediated mechanism only in the ileum[23, 24], 
and previous studies comparing the TUDCA serum levels 
after its oral administration with other markers of  intestinal 
transit-time such as sulfasalazine showed that this method 
provides a valid and practical means of  assessment of  the 
oro-ileal transit-time[21]. Comparison of  the peak times 
of  13CO2 excretion and serum TUDCA concentration 
could confirm the efficacy of  shellac coating in delivering 
NaB to the colon independently of  intestinal transit-time 
variability. The dissolution of  Shellac coating at pH 7 and 
its thickness driving the kinetics of  the dissolution process 
has been well optimized and a large amount of  NaB which 
starts to be delivered after two hours reaches the intact 
ileo-cecal region as shown by the kinetics of  TUDCA 
intestinal absorption.

It was recently reported that topical butyrate improves 
the efficacy of  5-ASA in refractory distal ulcerative 
colitis [17], due to the presence of  NaB in the colon 
administered topically in situ. Vernia et al[16] demonstrated 
in a pilot study that oral butyrate may improve the efficacy 
of  oral mesalazine in active ulcerative colitis but a large 
scale investigation to confirm the present findings is still 
required. In this case the NaB was administered as tablets 
coated with a pH-dependent soluble polymer. More 
recently it has been reported that chronic feeding (tablets, 
4 g a day for 8 wk) of  this enteric coated NaB formulation 
(tablets, 4 g a day for 8 wk) (tablets, 4 g a day for 8 wk) can 
effectively induce clinical improvement/remission in mild 
Crohn’s disease[25].

An adequate enteric coating is needed for therapy of  
ileo-colonic disorders since when uncoated uncoated oral 
formulation of  NaB is administered in an uncoated oral 
formulation, the compound is promptly dissolved and 
rapidly metabolized before reaching the colon as shown 
by the time of  the maximum 13CO2 excretion occurring 

within 30-45 min after the 13C butyrate oral administration. 
A specific enteric coated formulation has been therefore 
designed to deliver the drug in that portion of  the intestine 
keeping into account the high variability of  the intestinal 
transit time observed in IBD patients.

The amount of  13CO2 excreted in breath was similar 
among the Crohn’s disease patients, showing that the 
rate and efficiency of  NaB metabolism are similar in the 
healthy subjects. The patients were characterized by a mild 
active disease accounting for the efficient metabolism 
of  butyrate and the oral formulation was expected to 
deliver NaB into the colon in a similar extent as to enema 
administration.

Furthermore the new coated 13C-NaB oral formulation 
containing 13C-labeled butyrate can also be used to evaluate 
the rate of  colocyte-metabolized NaB by performing 13CO2 
breath test before and after chronic administration of  
NaB. The impairment of  NaB utilization by colonocytes 
that has been observed in previous studies[2-4] can then 
readily be evaluated by measuring the reduction in 
cumulative 13CO2 excretion in the 8-h period following oral 
administration of  colon-targeted NaB tablets. A similar 
approach could also be used to evaluate the effectiveness 
of  therapies for IBD patients with mesalazine (either 
alone or in combination with NaB) and new formulations 
designed to improve NaB absorption and metabolism. The 
reported NaB formulation can effectively improve oral 
administration of  NaB ensuring the release of  the active 
compound in the lower intestine portion which is the 
target for its pharmacological activity. 
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INTRODUCTION
Human cytomegalovirus (HCMV) is a ubiquitous, species-
specific beta-herpes virus that can establish lifelong latency 
in the host after the primary infection. HCMV infection 
is endemic within the human population, and its role as 
a pathogen in the colon and ileum is still unclear. Early 
studies suggested that HCMV infection initiates some 
cases of  ulcerative colitis (UC)[1,2] , plays a role in UC 
exacerbation[3], causes self-limited colitis[4], and increases 
the incidence of  complications, emergency surgery or 
death in patients with UC[3,5,6].

Pouchitis is a frequent complication in patients with 
UC who have undergone colectomy with ileal pouch-
anal anastomosis (IPAA). The etiology of  pouchitis is 
still unknown, but several theories have been proposed, 
such as genetic susceptibility, a possible novel third form 
of  inflammatory bowel disease (IBD) in the pouch, 
recurrence of  UC in the pouch, misdiagnosis of  Crohn’s 
disease, ischemic complication of  surgery, fecal stasis, and 
bacterial overgrowth. Recent studies have reported HCMV 
infection as a cause of  pouchitis in 3 immunocompetent 
patients[7,8]. The diagnosis of  this specific infectious agent 
as a possible cause of  pouchitis is crucial before initiating 
immune modifier therapy, fecal diversion, or pouch 
excision. We explored the presence of  viral gene products 
and proteins in the pouches of  a series of  patients who 
have undergone proctocolectomy with IPAA. 

MATERIALS AND METHODS
Patients
Enrolled in this study were 34 Japanese patients (17 
females, 17 males) who underwent proctocolectomy 
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Abstract
AIM: To detect the presence of human cytomegalovirus 
(HCMV) proteins and genes on the ileal pouch of 
patients with ulcerative colitis who have undergone 
proctocolectomy with ileal pouch-anal anastomosis 
(IPAA).

METHODS: Immunohistochemistry, polymerase chain 
reaction (PCR) and PCR sequencing methods were 
utilized to test the presence of HCMV in pouch specimens 
taken from 34 patients in 86 endoscopies.

RESULTS: HCMV genes and proteins were detected in 
samples from 12 (35.2%) patients. The rate of detection 
was signif icant in the endoscopies from patients 
diagnosed with pouchitis (5 of 12, 41.6%), according to 
the Japanese classification of pouchitis, in comparison 
to patients with normal pouch (7 of 62, 11.2%; P = 
0.021). In all patients with pouchitis in which the HCMV 
was detected, it was the first episode of pouchitis. The 
virus was not detected in previous biopsies taken in 
normal endoscopies of these patients. During the follow-
up, HCMV was detected in one patient with recurrent 
pouchitis and in 3 patients whose pouchitis episodes 
improved but whose positive endoscopic findings 
persisted. 

CONCLUSION: HCMV can take part in the inflammatory 
process of the pouch in some patients with ulcerative 
colitis who have undergone proctocolectomy with IPAA. 

© 2007 The WJG Press. All rights reserved.
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with IPAA at the Department of  General and Digestive 
Surgery, Niigata University Hospital between 1990 and 
2003. The patients’ age ranged from 24 to 68 years (mean 
34.8 ± 15.4 years). Oral and written informed consent was 
obtained from each patient. The study protocol adhered to 
the ethical guidelines of  the 1975 Declaration of  Helsinki 
and was approved by the institution’s ethical committee. 
We reviewed the clinical and endoscopic records of  all 
the enrolled patients. The patients had a history of  UC 
between 1 to 5 years and underwent the operation in two 
or three steps. The diagnosis of  pouchitis was based on 
clinical and endoscopic criteria according to the modified 
pouchitis disease activity index (mPDAI)[9] and the Japanese 
classification of  pouchitis (JCP)[10]. JCP defines pouchitis 
as a condition with severe endoscopic findings, or with 
two or more clinical symptoms and moderate endoscopic 
findings. Eighty-six endoscopies were performed in 34 
patients. Twenty-eight endoscopies were performed in 
patients complaining of  symptoms, 46 endoscopies were 
carried out in routine controls after surgery, and 12 were 
performed during pouchitis follow-up. Biopsies were 
performed both in areas with pathological findings (edema, 
granularity, friability, erythema, loss of  vascular pattern, 
mucous exudates, erosion or ulceration) and in areas with 
mucosa of  normal appearance.

Immunohistochemistry (IHC)
Immunostaining for HCMV was performed on paraffin-
embedded sections with a cocktail of  two monoclonal 
mouse antibodies against human cytomegalovirus (clone 
CCH2 & DDG9, Dako Cytomation, CA, USA) at a 
dilution of  1:100. All paraffin-embedded samples from 
each patient were used for IHC. According to the company 
specifications, antibody CCH2 reacts with an early nuclear 
protein identical with non-structural DNA-binding protein 
p52 (UL44), whereas antibody DDG9 reacts with an 
immediate-early nuclear protein with a molecular weight of  
about 76 kDa. For both antibodies, the reactivity persists 
also at later stages during HCMV infection where the 
localization is less distinctly nuclear and appears to be in 
the cytoplasm. Five-μm thick sections were deparaffinized 
and rehydrated using graded alcohol concentrations, 
then the sections were digested with trypsin (Sigma 
Chemica l s, Ger many) a t 37℃ for 20 min . Af ter 
endogenous peroxidase was blocked by incubation with 
30 mL/L hydrogen peroxide for 20 min, the sections were 
incubated overnight at 4℃ with the cocktail of  anti-human 
cytomegalovirus antibodies. Control slides from the same 
biopsy block were incubated with PBS without the primary 
antibody. They were then incubated at room temperature 
for 30 min with goat anti-mouse immunoglobulin 
conjugated to a peroxidase-labeled amino-acid polymer, 
Simple Stain Max PO (Nichirei Histofine, Tokyo, Japan). 
The sections were reacted with diaminobenzidine in 50 
mol/L Tris-HCL (pH 7.5) with 0.3% (vol/vol) hydrogen 
peroxide for 5 min and counterstained with hematoxylin.

Polymerase chain reaction (PCR) and PCR sequencing
To confirm that our probe was specific for HCMV 
nucleic acids, DNA samples were extracted from two 
paraffin sections 20 μm in size, and cut from the same 

biopsy specimens described above with a QIAamp 
DNA minikit (Qiagen, Tokyo, Japan). From each 
sample, 200 ng of  DNA was amplified by PCR with the 
primer 5’-TGCAGTTTGGTCCCTTAAAG-3’ and 5’
-AAGAATCCTCACCTGGCTTA-3’ from the HCMV 
large structural phosphoprotein (UL32) and the primer 
5’-TCCAACACCCACAGTACCCGT-3’ and 5’-CGG
AAACGATGGTGTAGTTCG-3’ from the HCMV 
glycoprotein B (UL55), using a method specific for UL32 
gene[11] and UL55 gene[12]. The amplified DNA products 
were visualized on 2% agarose gel (NuSieve GTG 
agarose, FMC Bio Products, Rockland, USA) stained with 
0.01% (vol/vol) ethidium bromide and visualized under 
ultraviolet light. The bands of  UL32 gene were cut out 
and the DNA was analyzed by automated sequencing 
(ABI Prism 310 Diagnostics Systems, Applied Biosystems, 
Tokyo, Japan). The HCMV sequence was confirmed by 
NCBI Blast, and found to be identical to that of  UL32. 
To avoid potential PCR contamination, all preparations 
were processed masked, no positive controls were used 
in any PCR reactions and a separated room was used for 
the preparation of  the reaction mixture. The distilled 
water control gave negative results in each assay run, and 
confirmed the efficiency of  these preventive measures. 
When IHC and/or PCR were positive, the sample was 
considered to be HCMV-positive, and when both of  them 
were negative, the sample was considered to be HCMV-
negative.

Statistical analysis 
The results of  HCMV detection are expressed in numbers 
of  patients and percentages. The results of  the cumulative-
life steroid dose are given as means ± SD. Statistical 
significance was calculated with SPSS 13 (SPSS Inc., 
Chicago, IL, USA) using Fisher’s exact test and Student’s  
t-test when appropriate, and the results were considered 
significant at p ≤  0.05. 

RESULTS
Twenty-eight endoscopies were performed in patients 
complaining of  symptoms and 46 endoscopies were 
performed in routine controls at different time points 
after surgery. Four hundred and seventy-three specimens 
were evaluated, 103 from patients with pouchitis and 
370 from patients with a normal pouch. We detected 
HCMV in samples from 12 endoscopies using IHC and 
PCR. These endoscopies were performed because the 
patients were complaining of  symptoms (8 endoscopies) 
or during routine controls after surgery (4 endoscopies). 
Immunoreactivity was observed in the submucosal layer 
with predominant nuclear staining of  cells (Figure 1). 
There were not any differences in the staining pattern 
between the HCMV-positive patients with and without 
pouchitis either using mPDAI or JCP. We performed PCR 
for all samples, and amplified products from both genes 
were detected in the same sample with positive IHC (Figure 
2). No HCMV was detected in the distilled water control 
that was run through the same PCR reaction. 

HCMV was significantly detected in endoscopies 
of  patients diagnosed with pouchitis (5 of  12, 41.6%) 
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compared to those with normal pouch (7 of  62, 11.2%; 
P = 0.021, Table 1). According to mPDAI, HCMV was 
more frequently detected in patients with pouchitis (3 of  
11, 27.2%) than in those with normal pouch (9 of  63, 
14.2%), but this result was not statistically significant. In all 
patients with pouchitis in which the HCMV was detected 
in endoscopy, it was the first episode of  pouchitis. In 
these patients HCMV was not detected in biopsies taken 
in previous normal endoscopies. The odds ratio suggested 
that the presence of  HCMV was 5 times more frequent 
in patients with episodes of  pouchitis than in patients 
without.

There was not correlation between the presence of  
HCMV and the duration of  UC, the period of  pouchitis, 
the number of  operations, the age, and the gender of  the 
patients. There was no significant difference between the 
cumulative-life steroid dose and HCMV presence. The 
mean of  the cumulative-life steroid dose was 17152.5 mg 
± 16 999.0 mg in HCMV-negative patients, and 13 347.8 
mg ± 12 966.7 mg in HCMV-positive patients (p = 
0.52). After the diagnosis of  pouchitis, all patients began 
treatment with oral metronidazole (500 mg/d). During the 
follow-up, 2 patients diagnosed with pouchitis were lost 
and one of  them was HCMV-positive. In the samples from 
12 endoscopies performed during follow-up, HCMV was 
detected using IHC and PCR in 4 (4 of  10, 40%) patients. 
One of  these patients had recurrent pouchitis and 3 
showed improvement of  pouchitis episodes but persistent 
positive endoscopic findings. 

DISCUSSION
It has been suggested that HCMV plays a role in the 
onset, exacerbation and complication of  inflammatory 

bowel disease (IBD)[2-6,13-18]. However, the etiology of  
pouchitis is still unknown and the role of  HCMV as a 
possible etiologic factor has not been studied yet. This 
is the first report exploring the correlation between 
HCMV and pouchitis in a group of  patients with UC 
who underwent proctocolectomy with IPAA. There are 
three possible causes for this association: (1) the virus is 
a simple bystander in the inflammatory process of  the 
pouch, (2) the virus takes part in the inflammatory process 
after reactivation and productive infection due to another 
pathogen infection, (3) the virus induces the inflammatory 
process after infection.

The differentiation of  latently infected monocytes[19-23] 
into tissue macrophages, as occurs with intercurrent 
infections, could lead to the productive infection and 
dissemination of  HCMV in the digestive tract mucosa 
of  infected patients. No single identifiable causative 
organism has been detected as the cause of  pouchitis, but 
the infiltration of  neutrophils and the proven response 
to antibacterial therapy suggest that pouchitis could have 
a bacterial cause[24-27]. However, different facts suggest 
that HCMV is a real gastrointestinal pathogen and that it 
can be partly related to the development of  pouchitis in 
some patients. HCMV is often detected in the absence 
of  other pathogens, and some UC complications have 
been associated with the presence of  HCMV [3,5,6]. 
Moreover, colitis and pouchitis caused by HCMV infection 
are known to respond to antiviral therapy[8,9,15], and 
immediate-early HCMV gene products enhance cytokine 
production and cytokine gene expression [28,29] which  
in vivo would lead to the pronounced inflammation in UC 

Table 1  HCMV detection during endoscopic examinations 
of UC patients with proctocolectomy and ileal pouch-anal 
anastomosis  n  (%)

	            HCMV positive          HCMV negative	   P  

mPDAI[10]

   Pouchitis		 3 (27.2)	  	   8 (72.7)		  NS
   No pouchitis	 9 (14.2)		  54 (85.7)

JCP[11]

   Pouchitis		 5 (41.6)		    7 (58.3)	                   0.021
   No pouchitis	 7 (11.2)		  55 (88.7)

mPDAI: modified pouchitis disease activity index; JCP: Japanese classification 
of pouchitis, NS: not significant.

Figure 1  Immunohistochemical 
s ta in ing  fo r  HCMV o f  b iopsy 
samples from ileoanal pouch. Cells 
in the submucosa (arrows) show 
strong nuclear staining. Original 
magnification x  600.

UL 32

UL 55

     1          2           3            4            W          N         5           6

     8            9           10            11          12

Figure 2  Agarose gel showing UL32 gene products (lanes 1-4, 5 and 6) and UL 
55 gene products (lanes 8-12). W: Water; N: HCMV-negative patient.
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and pouchitis. Although the pathway of  HCMV infection 
and inflammation is still unclear, the increased production 
of  different cytokines and arachidonic acid, as well as 
the increased activity of  cyclooxygenase 2 after HCMV 
infection[30-34], could explain the inflammatory response 
in IBD and pouchitis. In our study on a small series of  
patients with pouchitis, we hypothesized that HCMV may 
have played an important role in the etiology of  pouchitis 
in those cases. We detected by IHC an early protein and 
an immediate-early protein present during an early stage 
of  viral infection. This result corresponds to the detection 
by PCR of  genes that appear early after infection and then 
frequently decline to undetectable levels with the passage 
of  time[35]. The presence of  HCMV turned positive in 
the episode of  pouchitis. However, other factors such 
as bacterial overgrowth and fecal hydrogen sulfide 
production[36] could also be implicated in the etiology of  
pouchitis episode in patients with no detectable HCMV.

The true incidence of  HCMV infection in pouchitis 
as well as in IBD may be underestimated, as diagnostic 
evaluation for HCMV is not pursued in many of  these 
patients. In our series, the patients did not receive antiviral 
therapy and HCMV antigenemia was not measured 
because a diagnosis of  HCMV pouchitis was not sought 
on the occasion of  endoscopy. However, after the 
antibacterial treatment, HCMV persisted in 4 patients with 
positive endoscopic findings, confirming the possibility 
of  a possible role of  HCMV in the etiology of  pouchitis 
in those patients. Since multiple factors play a role in 
pouchitis, the clinician must exclude HCMV infection as 
the cause of  pouchitis, especially in patients resistant to 
treatment, before performing fecal diversion, or pouch 
excision. Concomitant evaluation of  the presence of  
HCMV may be a clinically significant component of  the 
successful treatment of  pouchitis. 

 In conclusion, the presence of  HCMV in pouchitis 
could partly explain the inflammatory response in some 
patients with UC who have undergone proctocolectomy 
with IPAA. Therefore, prospective studies with a large 
number of  patients and an analysis of  the correlation 
between antigenemia of  HCMV and immunohistological 
data are definitely needed to identify the specific role of  
this virus.
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Abstract
AIM: To identify the precise location of putative tumor 
suppressor genes (TSGs) on the short arm of chromo-
some 8 in patients with hepatocellular carcinoma (HCC). 

METHODS: We used 16 microsatellite markers informative 
in Japanese patients, which were selected from 61 pub-
lished markers, on 8p, to analyze the frequency of loss 
of heterozygosity (LOH) in each region in 33 cases (56 
lesions) of HCC.

RESULTS: The frequency of LOH at 8p23.2-21 with at 
least one marker was 63% (20/32) in the informative 
cases. More specifically, the frequency of LOH at 8p23.2, 
8p23.1, 8p22, and 8p21 was 6%, 52%, 47%, and 13% 
in HCC cases. The LOH was significantly more frequent 
at 8p23.1 and 8p22 than the average (52% vs  22%, P = 
0.0008; and 47% vs  22%, P  = 0.004, respectively) or 
others sites, such as 8p23.2 (52% vs  6%, P  = 0.003; 
47% vs 22%, P = 0.004) and 8p21 (52% vs 13%, P = 0.001; 
47% vs 13%, P = 0.005) in liver cancer on the basis of cases. 
Notably, LOH frequency was significantly higher at D8S277, 
D8S503, D8S1130, D8S552, D8S254 and D8S258  than at 
the other sites. However, no allelic loss was detected 
at any marker on 8p in the lesions of nontumor liver 
tissues.

CONCLUSION: Deletion of 8p, especially the loss of 
8p23.1-22, is an important event in the initiation or 
promotion of HCC. Our results should be useful in identi-
fying critical genes that might lie at 8p23.1-22. 

© 2007 The WJG Press. All rights reserved.

Key words: Loss of heterozygosity; Chromosome; 
Hepatocarcinogenesis; Hepatocellular carcinoma; 8p 

Lu T, Hano H, Meng C, Nagatsuma K, Chiba S, Ikegami 

M. Frequent loss of heterozygosity in two distinct regions, 
8p23.1 and 8p22, in hepatocellular carcinoma. World J 
Gastroenterol 2007; 13(7): 1090-1097

 http://www.wjgnet.com/1007-9327/13/1090.asp

INTRODUCTION
Primary liver cancer is one of  the most frequent neo-
plasms worldwide, with both an incidence and a mortality 
rate that are increasing markedly. According to a recent 
report, the global number of  new cases annually rose from 
437 400 to 564 000 between 1990 and 2000, and is expected 
to continue to rise in the future[1-4]. 

Hepatocellular carcinoma (HCC), the predominant 
histological subtype of  primary liver cancer, mostly arises 
against a background of  chronic liver disease, usually in 
association with cirrhosis. Several risk factors for HCC 
have been reported, such as chronic infection with hepa-
titis B virus (HBV), and C virus (HCV) or both, alcohol-
induced liver injury, and dietary exposure to aflatoxin 
B1 and others. Prolonged exposure to these risk factors is 
thought to cause an accumulation of  chromosomal aber-
rations and altered gene expression, and eventually results 
in hepatocarcinogenesis[4-6]. In Japan, more than 70% of  
HCCs develop in patients with chronic infections with 
HCV[7]. Carcinogenesis is mainly researched based on 
virology and the viral gene itself. However, the mecha-
nisms by which inflammation and cirrhosis contribute to 
tumor development and/or progression remain unclear. 
After the human genome was sequenced, the mechanism 
of  generation and subsequent progression was researched 
at a molecular level for HCC. Histological findings suggest 
that the initiation and subsequent development of  HCC 
are multistep processes involving qualitative and quantita-
tive changes in sequentially expressed genes, especially the 
inactivation of  tumor suppressor genes (TSGs) related to 
the deletion of  chromosomal regions critical for hepato-
carcinogenesis[8,9]. A typical alteration in many TSGs, the 
mutation of  one allele, can be detected as a loss of  hetero-
zygosity (LOH) with informative markers in TSG regions. 
Therefore, LOH assays have been widely used as an indi-
rect approach in the search for a new TSG[10]. In the last 
few years, genetic approaches to the detection of  genome-
wide LOH using microsatellite markers and chromosomal 
aberrations detected by comparative genomic hybridization 
(CGH) have indicated that frequent allelic loss in many 
different chromosomal regions, including 1p[11,12], 3p[13], 
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4q[14], 6q[15], 8p[16-19], 9p[20], 10p[21], 13q[22], 22q[23], 16q, 17p 
and Xq[24,25] , is closely associated with the tumorigenesis 
of  HCC. 

We have performed a genome-wide search for LOH 
with human genetic markers in several types of  human 
cancer and confirmed that loss of  8p is the most frequent 
chromosomal alteration in prostate cancer, especially allelic 
loss at 8p22, which not only is an important event in the 
initiation of  tumor, but also is closely associated with the 
progression of  primary cancer to metastatic cancer[26].

In our comprehensive allelotyping, less than 30% of  
microsatellite markers located at 8p21-23, were recognized 
as informative for Japanese patients. We therefore under-
took an allelotype based study of  33 HCCs using the se-
lected informative markers to obtain a comprehensive view 
of  the LOH on the most frequent altered chromosome, 
and to identify the location of  the putative TSGs in HCC. 

MATERIALS AND METHODS
Tissue collection, histopathology, and DNA extraction
Thirty-three patients with hepatocellular carcinoma who 
underwent liver resection were included in this study. Of  
these, fifty six tumor lesions and 33 adjacent morpho-
logical non-tumor lesions were obtained from surgically 
resected specimens. All specimens were formalin-fixed, 
and paraffin wax-embedded tissues were processed with 
routine histological methods. Use of  the tissues was 
approved by the Ethics Committee of  the Jikei University 
School of  Medicine before the study. The study group 
included 26 men and 7 women, ranging in age from 31 to 
76 years. Of  the 33 patients, 24 (73%) had a chronic infec-
tion with HCV, HBV or both and 15 (45%) had cirrhosis 
in the background liver tissues. Histological diagnoses were 
made according to the WHO Histological Classification of  
Tumors of  the Liver and Intrahepatic Bile Ducts (2000). 
According to histological grade, HCC was classified into 
well differentiated (WD), moderately differentiated (MD), 
and poorly differentiated (PD) types. In this study, clinico-
pathological characteristics were also classified, such as sol-
itary or multiple tumor, growth pattern of  tumor (expansive 
or infiltrative), infiltration of  capsule or not, histological 
grading of  tumor (well, moderately or poor differentia-
tion), and with or without vascular and bile duct infiltra-
tion. Simultaneously, we also compared LOH frequency 
and etiological factors, such as chronic hepatitis with HCV 
or HBV infection, and cirrhosis in the background liver 
tissues. Fibrosis degree was classified as F1, F2, F3, and 
F4 according to the histological grading and staging of  
chronic hepatitis. In this system, liver cirrhosis was classed 
as F4, which is the end-stage form of  liver fibrosis. Of  
the 33 patients who underwent liver resection, 18 had a 
solitary tumor nodule and 15 had multiple tumor nodules. 
All lesions from each case were selected and reviewed by 
two pathologists in order to confirm the original diagnosis. 
The tumor (T) and corresponding non-tumor hepatocytes 
(H), and remaining nonhepatocytes that were portal vein 
lesions (P) were micro-dissected from 15-μm tissue speci-
mens after deparaffinization and nuclear staining. Normal 
tissues were obtained from the gallbladder or lymph nodes 
collected from the same patients (Figure 1). DNA was ex-

tracted using the standard phenol/chloroform method as 
described previously[26].

LOH analysis
Matched tumors, corresponding non-tumor liver tissues, 
and normal tissue DNAs were analyzed for LOH by am-
plification of  polymorphic microsatellite markers using the 
polymerase chain reaction (PCR). Sixty-one published mic-
rosatellite markers, located at 8p23.3, 8p23.2, 8p23.1, 8p22, 
and 8p21, were selected from the Genome Database (avail-
able at http: //www. gdb. org). A total of  16 microsatellite 
markers were identified as informative in Japanese patients 
and used (Table 1).

DNA amplification was performed in 10-μL volumes 
containing 100 ng of  genomic DNA as a template. Each 
PCR mixture contained 1.5 mmol/L MgCl2, 100 μmol/L 
forward and reverse primers, 200 μmol/L each of  dATP, 
dGTP, dTTP and dCTP, 10 μCi of  [α-32P] dCTP (6000 
Ci/mmol, Amersham, Biosciences Corp., Piscataway, NJ), 
1 U of  Taq DNA polymerase (Wako Pure Chemical In-
dustries, Ltd., Osaka, Japan), and 1 × PCR buffer. After 
the initial denaturation at 94℃, 35 PCR cycles, each con-
sisting of  denaturation at 94℃ for 30 s, annealing at 65℃
-50℃ for 30 s, elongation at 72℃ for 1 min, and a final 
extension at 72℃ for 5 min, were performed in a 96-well 
Hybaid thermocycler (Gene Amp PCR System 9600, 
Takara, Tokyo, Japan). Ten microliters of  PCR products 
were denatured with 30-60 μL of  dye solution (95% for-
mamide, 10 mmol/LEDTA (pH 8.0), 0.2% xylene cyanol 
FF, and 0.02% bromophenol blue) at 95℃ for 3 min and 
then cooled on ice immediately. Three microliters of  dena-
tured products were separated on a 6% urea-formamide-
polyacrylamide gel and electrophoresed at 40 W for 2-3 h 
at room temperature. The dried gel was exposed to Hy-
perfilm MP (Amersham Biosciences Corp.) for 3-7 d and 
reexposed to another film for 2-3 wk. 

Criteria for LOH
A pair of  regular and longer-exposed autoradiographs was 
reviewed independently by two of  the authors (T. L. and 
CX. M.). Informative pairs were judged by visual inspec-
tion to show LOH, no loss or to be noninformative. 

LOH was defined as a loss of  intensity of  60% or 
greater in 1 or more alleles in the tumor (T) or correspond-
ing hepatocytes (H) compared with the identical allele in 
the normal tissue (N) (Figure 1). 

Statistical analysis
The differences in LOH frequency between tumor, 
nontumor and normal tissues for individual markers and 
background values were determined with Fisher’s exact 
test.

RESULTS
The distribution of  the frequency of  LOH at 8p23.2, 
8p23.1, 8p22 and 8p21 for hepatocellular carcinoma is 
shown in Table 2. Allelic loss at 8p23.2-21 was detected 
with at least 1 marker in 18 of  32 (56%) cases of  liver 
cancer. More specifically, the frequency of  LOH at 8p23.2, 
8p23.1, 8p22, and 8p21 with at least 1 marker was 6% (1 



of  16), 52% (16 of  31), 47% (15 of  32), and 13% (4 of  
32) for liver cancer cases respectively (Table 2). A similar 
result was obtained in the lesion-to-lesion comparison (data 
not shown). In contrast, no allelic loss at any markers on 
8p was detected in the background liver tissue. The aver-
age frequency of  LOH at 8p23.2-21 was 22% (58 of  264) 
in informative cases. We found that LOH at the 8p23.1 
and 8p22 loci was significantly higher than the average in 
HCC cases (P = 0.0008, and P = 0.004, respectively). But 
allelic loss at 8p23.2 and 8p21, the loci on either side of  
the 8p23.1-22 region, tended to be lower than the average. 
On the other hand, no allelic loss (0 of  52 lesions) was 
detected at any informative markers on 8p23.2-21 in the 
surrounding liver tissues. Moreover, allelic loss at D8S277, 
D8S503, D8S1130, D8S552, D8S1109, D8S254, and 
D8S258 was 25%, 42%, 39%, 43%, 24%, 43% and 50%, 
respectively, significantly higher than that elsewhere and 
the average frequency at 8p.

Correlations between LOH frequency and clinicopath-
ological variables are summarized in Table 3. To determine 
whether allelic loss at 8p was associated with clinicopatho-
logical characteristics and reveal its biological role in the 
initiation and/or progression of  tumors, we compared the 
frequency of  LOH based on almost all of  the clinicopath-
ological findings. Corresponding to the result described 
above, the LOH frequency tended to be higher at 8p23.1 
and 8p22 loci than at 8p23.2 and 8p21 loci for all clinico-
pathological findings, but no significant difference in LOH 
frequency was found between the liver cancer positive or 
negative for malignant factors. In other words, no associa-
tion was detected between the deletion of  8p23.1-22 and 
subsequent progression of  the tumors. 

The distribution of  LOH frequency based on the fi-
brosis (F) of  background liver tissues, which is usually 
thought to be associated with hepatocarcinogenesis, was 
also analyzed. The frequency of  LOH at 8p23.1 or 8p22 in 
F1, F2, F3, and F4 was 75% (3 of  4), 78% (7 of  9), 20% (1 
of  5), and 38% (5 of  13), or 100% (2 of  2), 56% (5 of  9), 
40% (2 of  5), and 46% (6 of  13), respectively. No statisti-
cally significant difference in LOH frequency was found 
on the basis of  the fibrosis staging at 8p. Allelic loss at 8p 
even tended to be slightly more frequent in cases of  tumor 
with earlier-stage fibrosis than in cases with advanced stage 
fibrosis of  the background liver tissues. 

DISCUSSION
Previous studies of  LOH have reported that allelic loss 
of  8p is the most frequent chromosomal alteration in a 
variety of  human cancers and have suggested that one 
or several tumor suppressor genes (TSGs) may lie within 
the short arm of  chromosome 8[16-19]. To further iden-
tify the precise location of  the putative TSGs that might 
potentially be involved in the tumorigenesis of  HCC, we 
performed a high-density LOH study of  HCC at 8p using 
recently developed microsatellite markers. Only 16 of  61 
(less than 30%) were identified as informative for Japanese 
patients. Furthermore, among the informative markers, the 
informative cases for all specimens were usually lower (from 
20% to 70%) for Japanese than for Westerners. The same-
general tendency has been found in various other types of  
cancer, possibly because Japan is not multiracial like West-
ern countries. This has led us to suggest that using this 
characteristic might be more efficient for identifying 

Figure 1  Representative examples of LOH in two cases of hepatocellular carcinoma (N: normal; H: hepatocytes; P: portal vein; T: tumor; number beside T indicates 
different lesion): case 7 showing partial loss of upper alleles in lesions of tumor 1 and tumor 2 but not in lesions of hepatocytes and portal vein at D8S1130; case 20 showing 
complete loss of upper alleles in lesion of tumor but not in surrounding non-tumor tissues at D8S503. 

N                 H                 P                T1               T2  N                     H                     P                      T 
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Table 1  Informative microsatellite markers were selected and used in this study

1ni: noninformative; in: informative.
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candidate regions of  deletion at 8p. 
In this study, LOH at 8p was detected in 56% of  infor-

mative cases of  HCC. However, no allelic loss was found 

in corresponding hepatocytes including 18 lesions of  mor-
phogenetic non-tumor tissues and 14 lesions of  cirrhotic 
liver tissues at any markers, the latter usually considered a 

No. Locus Markers Genetic map 
(cM)

Forward Reverse PCR product
size (bp)

result1

  1 8p23.3 D8S7 Not listed ACCCTGACAGCAGAGGTTTC ACCCTGACGTTCTCCCAGTA 250-252 ni
  2 8p23.2 D8S1164 Not listed CACAAATCAGATTTTTGAAGTTGC GGGTTAGACGGACAACCTCA 225 ni
  3 8p23.2 D8S264 0.7 ACATCTGCGTCGTCTTCATA CCAACACCTGAGTCAGCATA 121-145 in
  4 8p23.2 D8S262 4.3 AGCTCAAAAGCGAAGGTGAT GGCAACAAAGTGAGATCCTG 114-128 in
  5 8p23.1 sts-X53793 Not listed TCGACTACCCAGTGGTCTTG GTTCAAAATGCTTGCTCGC 127 ni
  6 8p23.1 D8S1742 Not listed CCCCCACCAAGACACA CTCAAGGGATATGAAGGGCA 130 in
  7 8p23.1 D8S277 8.2 GATTTGTCCTCATGCAGTGT ACATGTTATGTTTGAGAGGTCTG 121 in
  8 8p23.1 D8S1918 Not listed GAATGTCATGCTGGGAACG GTAGCTCTCAAAGCAAATTATGAGC 108 ni
  9 8p23.1 D8S1819 10 TCACTGAGGGACTTGGC CGTGCTGAGAATGAGACC 207 in
10 8p23.1 D8S1140 Not listed GACAACATCCGATAATGCTG GAGGACATCTAGATAATTGGAAGA 378 ni
11 8p23.1 D8S503 16.2 GGTTACGAGTTTTGTCCTTTG GAAACAAACCAATGTAGGAGTG 136 in
12 8p23.1 D8S1672 Not listed AACTGAGATCACGCCACTCC CCCATTGGTTTTAGAGTGGC 149 ni
13 8p23.1 AFM234ve1 Not listed TACCGCAAAACACACCA GCAGCCTTAGTTGACAACA 245 ni
14 8p23.1 D8S2045 Not listed CCGATTGCTTCATCGGGAC CGCCTCCTCCTCTGAAATCCT 120 ni
15 8p23.1 D8S1130 22.4 GAAGATTTGGCTCTGTTGGA TGTCTTACTGCTATAGCTTTCATAA 145 in
16 8p23.1 D8S1946 Not listed GCACAAGATCAGAGAGGTTGTG GAGGAGAGATGGTGTTGGGA 102 ni
17 8p23.1 D8S1640 Not listed TGCAGTCTGCGGGAGTTC AGCAGGGTGACTGTAAAGAAGG 175 ni
18 8p23.1 D8S2060 Not listed CTCTCCGGGAATGTAATACTGC GAGCTGGGAGTTACTGCCTG 256 ni
19 8p23.1 D8S552 26.4 CCTGTACCATACCCCTGTATC AAGGTTTGAATCTCTCAGTGG 132 in
20 8p23.1 D8S1109 26.4 TTCTCAGAATTGCTCATAGTGC TCAGCTCCTCTTCTGCTGAT 241 in
21 8p23.1 D8S2066 Not listed TTTTCTCCATCCGGTGACTC CCAACTACGGCATGGTTTCT 175 ni
22 8p23.1-22 D8S1106 26.5 TTGTTTACCCCTGCATCACT TTCTCAGAATTGCTCATAGTGC 149 ni
23 8p22 D8S1451 Not listed AACCTAAGGTTCTGTGCTACATCA AACTTACCAAGGCCGTTTAGG 149 ni
24 8p22 EST465487 Not listed TTTGTTTGGGTGGAGGACTC TGGACATCTGCCTAGGTCCT 250 ni
25 8p22 D8S1647 Not listed CCAGAATTTTGAAATAGATTCATCC AAATTTTGTAAATATCAGTGTTCCG 174 ni
26 8p22 stSG29388 32 GCAGTGAGATTTTGCTTCTGG ATGAACATTCAATGAATCAGCA 125 ni
27 8p22 D8S1713 Not listed CAGGGGCTGATTGTCAGAAC GTGGCTGTCACCAAGGTCTC 113 ni
28 8p22 SGC33312 Not listed AGGGCCTTGGGAACACTC TCAGTTTAAATGGATGGTTTTTACT 137 ni
29 8p22 D8S2080 Not listed GACTCAAAGAGAACCTGCCG TAGGTTGGTGAGCACACGTC 132 ni
30 8p22 D8S2081 Not listed ACCCAGTTACAGCACTGTAATATCA CTCTACCCCGAAATGATGGA 147 ni
31 8p22 SHGC-24261 Not listed AAGCAGAGATAAGCCCGACA TTTCTTTAGATGGAGTCCATTGC 123 ni
32 8p22 SHGC-52401 Not listed ACAGGATAGTGTTAGGCTCACATG CATTCTCTGTATCTTTTGGGGG 120 ni
33 8p22 D8S254 Not listed TGCCGGACATACATTAGTGA TTGTAAACACCACAAGCAGG 65-75 in
34 8p22 D8S2001 Not listed GACATTGAATTCCAGTATTTGTGC GGACAAATGCCACTGCAAC 138 ni
35 8p22 SHGC-5873 Not listed GACACACACATACAGAAAACCA CTTACCATGAATGGAGCTTG 225 ni
36 8p22 D8S261 35.8 TGCCACTGTCTTGAAAATCC TATGGCCCAGCAATGTGTAT 128 in
37 8p22 AFM234vf4 Not listed GGGCACAGGCATGTGT GGCTGCATTCTGAAAGGTTA 260-272 ni
38 8p22 D8S1948 Not listed TTACAAAACATACCCAGTGTTTGG CTTTTTAGTGCTTGAGACTGTCTCC 110 ni
39 8p22 D8S2028 Not listed TCAAAAGTTTTGTTTCTATTCAGGG TTTTTTCTGTTCCCCTCCG 178 ni
40 8p22 D8S258 40.3 CTGCCAGGAATCAACTGAG TTGACAGGGACCCACG 144-154 in
41 8p22 D8S1949 Not listed TGTCTTACAGCTCTCCCTCTCC CAGTAAGGATCACCAAGACAAGG 106 ni
42 8p22 D8S1983 Not listed ATTGGAAGAGGCAAATGGTG TATGTACTGGATGAAGCAGGACA 175 ni
43 8p22 D8S1786 Not listed CGAAAGATTGAGACCCCAT GTTTCCACACCGAAGCC 209 ni
44 8p22 D8S298 42.7 AGGCTTACACCCATGGACC ACGCAGCACACAACATCAT 155-167 in
45 8p21.3 D8S2050 Not listed TGCCAATATCAGTGGAAGAGG TCCTTTTTCCCTTGTTGCC 162 ni
46 8p21.3 D8S1752 Not listed TCCTGGATCAGGCAGAAA TCAGAGTTGGGTGAGCGA 140 in
47 8p21.3 D8S1734 44.9 GCTATCCACTTGTCCCAGA AGCCCAGAAATAAACCCTC 114 in
48 8p21.2 D8S2256 Not listed GTGTCTTGAGATACTGGTGA GAGAAATGTCTTTGTTGAGG 101 ni
49 8p21.2 D8S2259 Not listed TGAAAGCCTGTTTAGAGAGA CTATTGCCCTGTGTTTTGCC 105 ni
50 8p21.2 D8S1220 Not listed TTCCGTATACACATGCACCC TAGCAGCCAGACACAGGAGC 90 ni
51 8p21.1 D8S1445 Not listed GCAACAGAGCGAGACTCCGTC AAGCTTACATTCTGGGTGAC 117-139 in
52 8p21.1 D8S2261 Not listed GTATTTATTCCACAAGCATCTTA CAACCCCATCAGTCTCTCTAAT 204 ni
53 8p21.1 D8S1444 Not listed TTCTTCTAGATTTCCTACTA CATTTGTTAAAAGTACAACC 91 x
54 8p21 D8S2249 Not listed TCCACCCATTTCAGCCTTTC CTAAAACATTTAACTTTCATT 101 ni
55 8p21 D8S2248 Not listed ATACAGGTAGGTGAGGGCAA TTCTGATGCTCTTCTGGAGT 136 ni
56 8p21 D8S2247 Not listed CATTGTGGTGGAGGTCGGAG TTCCCCCATCCCATCTGAG 122 ni
57 8p21 D8S2262 Not listed ATGTTTTGTTCATGGGTCTTT AAGAAAAAGGGAAGGGGCAGT 98 ni
58 8p21 D8S339 Not listed TAGATGTTACCATTTCAC GATTAGATCTTGGATCAG 162 ni
59 8p21 D8S2245 Not listed CCTCTTTATCCCACTTTTCAG CATTTTACGAATATAAGCATCC 138 ni
60 8p21 D8S2244 Not listed ACAACTAAAGGACTTAAAGG GACAAGAAAAGAACAAATGG 145 ni
61 8p21 D8S2246 Not listed TAACCTGTGAATGAGAATAC TGACAGTTTTGAGAGAATCC 169 ni



Table 2  LOH status for the 8p23.2, 8p23.1, and 8p22 in hepatocellular carcinoma

Case Age Sex St/Mt Grading Etiology D8S 
264

D8S
262

8p23.2 D8S 
1742

D8S 
277

D8S 
1819

D8S
503

D8S 
1130

D8S 
552

D8S 
1109

8p23.1 D8S
254

D8S 
261

D8S 
258

D8S 
298

8p22 D8S 
1752

D8S
1734

D8S 
1445

8p21 8p23.2-
21

12 60 M Mt MD Alcoholic ni ni ni ni ni ni ni ○ ni ni ○ ○ ○ ● ○ ● ○ ○ ○ ○ ●
11 64 M St MD CH(C)+, 

LC
ni ni ni ○ ○ ni ○ ○ ni ○ ○ ○ ni ● ni ● ○ ○ ○ ○ ●

  1 42 M St PD CH(B)+ ni ni ni ni ○ ○ ni ○ ni ● ● ● ○ ni ni ● ○ ○ ○ ○ ●
  2 59 M St MD CH(-) ○ ○ ○ ni ni ni ○ ○ ni ● ● ● ○ ni ○ ● ni ○ ○ ○ ●
27 69 M Mt PD CH(C)+ ni ni ni ○ ○ ni ni ni ni ● ● ○ ○ ○ ni ○ ○ ○ ○ ○ ●
26 58 M St MD CH(C)+, 

LC
○ ni ○ ○ ○ ○ ● ○ ni ○ ● ○ ○ ni ○ ○ ○ ni ○ ○ ●

15 31 F Mt MD CH(C)+ ni ni ni ni ni ni ● ni ni ni ● ni ni ● ni ● ○ ni ○ ○ ●
29 73 M St WD CH(C)+ ni ni ni ni ni ni ni ● ni ○ ● ● ni ● ● ● ○ ○ ○ ○ ●
  6 72 M St MD CH(C)+ ni ni ni ni ni ○ ni ● ni ni ● ○ ni ● ○ ● ○ ○ ○ ○ ●
20 65 M St WD Alcoholic, 

LC
ni ○ ○ ● ● ● ● ● ● ● ● ● ● ● ni ● ● ○ ○ ● ●

  8 74 M Mt MD CH(-) ni ○ ○ ● ● ni ni ● ni ○ ● ● ni ni ● ● ● ni ni ● ●
  7 59 M Mt WD CH(B)+, 

(C)+
○ ○ ○ ○ ● ● ni ● ni ni ● ○ ni ni ○ ○ ○ ● ● ● ●

19 50 M Mt MD CH(B)+, 
LC

○ ● ● ● ○ ni ● ● ● ○ ● ni ni ● ○ ● ● ● ○ ● ●

28 58 M Mt MD CH(B)+ ni ○ ○ ni ○ ni ○ ● ● ○ ● ● ni ni ni ● ni ○ ○ ○ ●
  5 51 M Mt MD CH(B)+ ni ni ni ni ni ○ ni ● ni ni ● ● ni ni ni ● ni ○ ○ ○ ●
10 71 F Mt MD CH(C)+, 

LC
ni ni ni ○ ○ ○ ● ni ni ni ● ● ○ ● ni ● ○ ○ ○ ○ ●

  4 57 M Mt MD CH(C)+, 
LC

○ ○ ○ ni ● ○ ○ ○ ○ ○ ● ○ ni ○ ○ ○ ○ ○ ○ ○ ●

13 74 M Mt MD CH(-) ni ni ni ○ ni ni ni ● ni ni ● ni ni ni ni ni ○ ni ○ ○ ●
18 51 M St WD CH(B)+, 

LC
ni ni ni ni ni ○ ni ni ○ ni ○ ● ○ ni ni ● ○ ○ ○ ○ ●

16 54 M Mt MD Alcoholic, 
LC

ni ni ni ○ ni ni ○ ○ ni ni ○ ● ni ○ ni ● ○ ni ○ ○ ●

25 71 M St MD CH(B)+, 
(C)+

ni ○ ○ ○ ni ni ni ○ ni ni ○ ni ni ni ni ni ○ ni ○ ○ ○

30 56 M St MD CH(C)+ ni ○ ○ ○ ○ ni ○ ni ni ○ ○ ni ni ni ○ ○ ni ni ○ ○ ○
  9 57 M St WD CH(C)+ ni ni ni ○ ni ni ni ○ ni ni ○ ○ ni ni ni ni ○ ○ ○ ○ ○
  3 51 M St MD CH(B)+ ni ni ni ○ ○ ○ ni ○ ni ○ ○ ○ ni ○ ni ○ ni ○ ○ ○ ○
32 54 F St MD CH(B)+, 

LC
○ ni ○ ○ ○ ni ○ ○ ○ ○ ○ ○ ○ ○ ni ○ ○ ○ ○ ○ ○

21 67 M St WD CH(C)+, 
LC

ni ni ni ni ○ ni ni ni ni ni ○ ni ni ○ ○ ○ ni ni ○ ○ ○

33 76 F St WD CH(C)+, 
LC

○ ○ ○ ○ ni ni ni ○ ni ○ ○ ○ ni ni ○ ○ ○ ○ ○ ○ ○

23 71 M Mt MD CH(-) ni ni ni ni ni ni ni ○ ni ni ○ ni ni ○ ni ○ ni ○ ○ ○ ○
22 65 M Mt MD CH(C)+ ni ni ni ni ni ○ ni ni ni ni ○ ○ ni ni ○ ○ ○ ○ ○ ○ ○
31 65 F Mt MD CH(C)+, 

LC
ni ni ni ○ ni ○ ni ○ ○ ○ ○ ni ni ni ni ni ni ○ ○ ○ ○

17 37 F Mt MD CH(B)+, 
LC

ni ni ni ni ni ni ni ni ni ni ni ni ○ ni ni ○ ni ni ○ ○ ○

24 60 M Mt MD CH(-), 
LC

ni ○ ○ ni ○ ni ni ni ni ○ ○ ○ ni ○ ni ○ ○ ○ ○ ○ ○

LOH ● 0   1   1   3   4   2   5   9 3   4 16 10   1   8   2 15   3   2   1   4 20
Informative (32/33) 8 13 16 17 16 12 12 23 7 17 31 23 10 16 13 32 23 23 31 32 32
LOH/Informative (58/264 = 22%) 0% 8% 6%a 18% 25% 17% 42% 39% 43% 24% 52%b 43% 10% 50% 15% 47%c 13% 9% 3% 13%d 63%e

A total of 32 informative liver cancer cases were analyzed for LOH at the sixteen microsatellite markers. The number of informative cases and frequency of LOH 
was shown at the bottom. St: solitary tumor; Mt: multiple tumor; WD: well differetiation; MD: moderately differretiation; PD: poorly differentiation; CH: chronic 
hepatitis; LC: liver cirrhosis. ● LOH; ○ retention of heterozygosity; ni: noninformative. Significant different from the average, 52% vs 22%, bP = 0.0008; 47% vs 
22%, cP = 0.004; 63% vs 22%, eP = 0.007; No statistically significant different from the average, 6% vs 22%, aP = 0.207; 13% vs 22%, dP = 0.257.
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premalignant liver lesion. Our result suggests that allelic 
loss at 8p is an important event in the initiation or promo-
tion of  HCC. 

Furthermore, among the informative regions 8p23.2, 
8p23.1, 8p22, and 8p21, allelic loss was significantly more 
frequent at 8p23.1 and 8p22 than at 8p23.2 and 8p21 on 
both sides of  the loci. Several minimal regions adjacent 
to frequently deleted markers were also identified, such as 

D8S277, D8S503, D8S1130, and D8S552 at 8p23.1, and 
D8S254 and D8S258 at 8p22. On the basis of  the mini-
mal regions of  overlapping deletions at 8p, we identi-
fied two sites, 8p23.1 and 8p22, possibly containing TSGs 
involved in human liver carcinogenesis. That is to say, the 
commonly deleted regions were restricted to 8p23.1-22 
suggesting that the key genes exist in two distinct regions 
that might be closely related to the carcinogenesis of  



Table 3  Distribution of LOH frequency at 8p in hepatocellular carcinoma cases by clinicopathological variables	

Clinicopathological
Variables

D8S
264 

D8S 
262

8p23.2 D8S
1742

D8S
277

D8S
1819

D8S
503

D8S
1130

D8S
552

D8S
1109

8p23.1 D8S
254

D8S
261

D8S
258

D8S
298

8p22 D8S
1752

D8S
1734

D8S
1445

8p21 8p23.2-
21

Tumor size (mm)
        > 50 0/4 0/4 0/5

(0%)
0/6 1/5 0/6 2/4 4/12 0/1 3/8 10/14

(71%)
4/10 0/5 3/7 1/6 6/13

(46%)
0/10 0/10 0/15 0/15

(0%)
10/15
(67%)

        < 50 0/3 1/7 1/8
(13%)

3/11 3/11 2/6 3/7 5/11 3/6 1/9 6/17
(35%)

6/13 1/7 5/9 1/7 9/16
(56%)

3/11 2/14 1/15 4/15
(27%)

10/17
(59%)

Tumor number
        St 0/2 0/3 0/5

(0%)
1/9 1/8 1/5 2/6 3/12 1/3 3/10 6/15

(41%)
9/18 1/6 4/7 1/7 4/13

(31%)
3/20 2/18 1/24 4/24

(17%)
17/24
(71%)

        Mt 0/5 1/10 1/10
(10%)

2/7 3/8 1/6 3/6 6/11 2/4 1/7 10/16
(63%)

1/4 0/4 4/9 1/6 5/13
(38%)

0/2 0/5 0/7 0/7
(0%)

2/7
(29%)

Growth Pattern
        Eg 0/8 1/13 1/15

(7%)
3/16 4/13 2/11 4/11 9/22 3/7 3/15 14/28

(50%)
8/20 1/8 7/14 2/13 13/26

(50%)
3/20 2/21 1/29 4/29

(14%)
18/29
(62%)

        Ig 0/1 0/1 0/1
(0%)

0/1 0/3 0/2 1/1 0/1 0/0 1/2 2/5
(40%)

2/2 0/2 1/2 0/0 2/2
(100%)

0/2 0/2 0/2 0/2
(0%)

2/2
(100%)

Formation of capsule 
        Fc- 0/6 1/8 1/10

(10%)
2/3 1/4 1/4 2/3 4/7 3/4 2/5 5/6

(83%)
3/4 1/3 3/3 0/3 5/5

(100%)
2/5 1/5 0/5 2/5

(40%)
5/5
(100%)

        Fc+ 0/2 0/6 0/6
(0%)

1/14 3/12 1/8 3/9 5/17 0/3 2/12 11/25
(44%)

7/18 0/7 5/13 2/10 10/23
(43%)

1/18 1/18 1/26 2/26
(8%)

15/26
(58%)

Infiltration to capsule
        Fc-Inf- 0/6 1/8 1/10

(10%)
1/5 1/7 0/7 3/5 3/8 0/4 2/8 7/11

(64%)
3/10 0/5 4/9 0/3 7/15

(47%)
1/10 1/12 0/15 1/15

(7%)
10/15
(67%)

        Fc-Inf+ 0/1 0/3 0/3
(0%)

1/8 1/3 0/2 1/4 3/10 0/0 1/5 5/13
(38%)

5/9 0/3 3/5 2/7 6/11
(55%)

1/10 0/8 0/13 1/13
(8%)

7/13
(54%)

Septal formation
        Sf- 0/0 0/3 0/3

(0%)
1/7 2/6 1/7 3/5 3/8 1/4 2/5 7/13

(54%)
5/9 0/5 5/9 1/4 7/15

(47%)
1/12 0/12 0/16 1/16

(6%)
9/16
(56%)

        Sf+ 0/6 1/9 1/10
(10%)

2/8 1/5 0/3 1/4 3/10 1/1 2/7 5/12
(42%)

4/10 0/3 3/6 1/6 7/11
(64%)

2/9 1/9 0/12 2/12
(17%)

8/12
(67%)

Grading
        WD 0/3 0/3 0/4

(0%)
1/4 2/4 2/4 1/2 4/6 1/4 1/2 4/8

(50%)
3/6 1/2 3/5 1/5 3/7

(43%)
1/7 1/7 1/7 2/7

(29%)
4/7
(57%)

        MD 1/7 0/9 1/13
(8%)

2/13 2/12 1/9 4/12 5/17 1/12 3/6 11/21
(52%)

6/13 1/8 5/11 1/13 10/18
(56%)

2/12 1/13 0/21 2/21
(10%)

13/21
(62%)

        PD 0/0 0/1 0/1
(0%)

0/1 0/3 0/1 0/1 1/3 2/3 0/1 2/3
(67%)

1/2 1/3 0/1 0/0 1/2
(50%)

0/2 0/2 0/2 0/2
(0%)

2/2
(100%)

pT 
        pT1 0/1 0/2 0/2

(0%)
0/2 0/1 0/1 0/1 1/2 0/3 0/2 0/5

(0%)
2/6 0/1 2/3 1/2 3/6

(50%)
0/6 0/6 0/6 0/6

(0%)
3/6
(50%)

        pT2 1/7 0/7 1/10
(10%)

2/6 1/7 1/3 4/6 4/5 2/5 3/3 7/11
(64%)

5/8 1/4 5/7 0/4 7/11
(64%)

2/8 1/9 0/11 2/11
(18%)

8/11
(73%)

        pT3 0/2 0/2 0/3
(0%)

1/4 2/2 1/3 0/2 3/8 1/5 0/1 5/8
(63%)

2/4 0/1 0/2 1/4 2/5
(40%)

1/5 1/5 1/8 2/8
(25%)

5/8
(63%)

        pT4 0/0 0/0 0/0
(0%)

0/0 0/1 0/1 0/0 0/1 1/1 0/0 1/1
(100%)

1/1 0/2 0/0 0/0 1/2
(50%)

0/1 0/1 0/2 0/2
(0%)

1/2
(50%)

pN
        pN- 1/8 0/10 1/12

(8%)
3/7 3/7 2/4 3/5 6/9 1/8 0/1 5/12

(42%)
4/9 0/0 6/7 2/7 8/13

(62%)
3/11 2/10 1/13 4/13

(31%)
9/13
(69%)

        pNx 0/0 0/3 0/3
(0%)

0/6 1/5 0/4 1/4 2/9 2/6 1/5 6/12
(50%)

2/4 0/6 1/5 0/1 2/4
(50%)

0/5 0/5 0/7 0/7
(0%)

4/7
(57%)

pM
        pM- 1/6 0/11 1/13

(8%)
2/7 1/5 1/2 3/5 3/10 3/8 2/4 6/14

(43%)
3/7 1/5 5/9 1/6 6/11

(55%)
2/10 1/11 0/13 2/13

(15%)
7/13
(54%)

        pMx 0/0 0/0 0/0
(0%)

0/0 2/3 0/2 0/1 2/2 0/2 1/1 3/4
(75%)

5/6 0/1 0/1 0/0 5/7
(71%)

1/5 0/5 0/8 1/8
(13%)

7/8
(88%)

Vascular infiltration
        V- 0/7 1/10 1/13

(8%)
2/10 3/10 1/8 4/9 6/13 2/6 2/9 9/20

(45%)
6/15 0/5 7/13 0/7 11/20

(55%)
2/16 2/18 1/21 3/21

(14%)
14/21
(67%)

        V+ 1/7 0/2 1/9
(11%)

1/7 1/6 1/4 1/3 3/10 1/1 2/8 7/11
(64%)

4/6 1/5 1/3 2/6 4/7
(57%)

1/6 0/5 0/9 1/9
(11%)

5/9
(56%)

Bile duct infiltration
        B- 0/10 1/13 1/17

(6%)
3/18 4/15 2/11 4/13 10/24 3/9 3/17 15/28

(54%)
7/18 2/9 8/15 2/12 11/24

(46%)
2/19 2/20 1/27 3/27

(11%)
16/27
(59%)

        B+ 0/1 0/1 0/2
(0%)

0/3 0/3 1/4 1/3 0/4 1/3 1/4 3/4
(75%)

3/5 1/5 0/1 0/4 4/5
(80%)

1/4 0/4 0/5 1/5
(20%)

4/5
(80%)

Liver cirrhosis
        LC- 0/2 0/6 0/6

(0%)
1/8 2/7 1/6 1/4 7/14 1/1 3/8 11/18 

(61%)
6/11 0/4 4/7 2/8 9/16

(56%)
1/10 1/13 1/18 2/18

(11%)
12/18
(67%)
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        LC+ 0/5 1/5 1/7
(14%)

2/9 2/9 1/6 4/8 2/9 2/6 1/9 5/13
(38%)

4/10 1/6 4/9 0/5 6/13
(46%)

2/11 1/11 0/14 2/14
(14%)

8/14
(57%)

Chronic hepatitis
        CH- 0/1 0/3 0/4

(0%)
2/3 2/3 1/1 1/2 3/7 1/1 2/4 4/8

(50%)
4/6 1/3 2/5 1/3 5/7

(71%)
2/6 0/5 0/8 2/8

(25%)
6/8
(75%)

        CH+ 0/6 1/7 1/9
(11%)

1/13 2/13 1/11 4/9 6/16 2/6 2/13 12/23
(52%)

6/17 0/7 6/11 1/10 10/22
(45%)

1/17 2/19 1/24 2/24
(8%)

14/24
(58%)

Eg: expansive growth; Ig: infiltrative growth; St: solitary tumor; Mt: multiple tumor; LC: liver cirrhosis; CH: chronic hepatitis.

HCC. Our results are consistent with previously reported 
patterns of  molecular change in HCC and other epithelial 
tumors. No statistically significant differences were detect-
ed in the candidate regions 8p23.1 and 8p22 between the 
frequency of  LOH and any clinicopathologic characteris-
tics, including etiological factors considered to contribute 
to tumorigenesis, and malignant factors usually important  
to the subsequent progression of  tumors. These results led 
us to the hypothesis that loss of  8p is not essential for the 
subsequent development or progression of  HCC.

Moreover, with respect to the results of  allelotyping, 
several genes, such as angiopintin 2 (ANGPT2), AGPAT5, 
LOC648814, DEFB 137 and DEFB 136, LONRF1, and 
FLJ36980, which were adjacent to the candidate markers 
D8S277, D8S503, D8S1130, D8S552, and D8S1109 at 
8p23.1, respectively, were analyzed for somatic mutations 
or expression by single nucleotide polymorphisms (SSCPs) 
and the reverse transcription polymerase chain reaction 
(RT-PCR) methods. However, no significant mutation or 
absence of  expression of  these adjacent genes was found 
(data not shown), indicating that alterations of  those genes 
may not be closely related to the carcinogenesis[16-19,26]. 
Several new candidate cancer-susceptibility genes at 8p22, 
such as deleted in breast cancer 2 (DBC2), leucine zipper 
tumor suppressor 1 (LZTS1), and deleted in liver cancer 1 
(DLC1), and mitochondrial tumor suppressor 1 (MTUS1) 
have been cloned[27-30]. We have analyzed these genes in the 
same HCC samples, but a somatic mutation or absence 
of  expression of  these candidate genes is rare in Japanese 
patients (data not shown), indicating that these well-known 
candidate genes are not the main targets of  the observed 
LOH at 8p22. Although no significant genetic alterations 
were detected in HCC in the present study, it could not be 
denied that they had already had some epigenetic change 
during the pre-cancer stage or earlier in the carcinogenesis. 
Although detailed data have not been published, the 
present results strongly suggest that other unknown genes 
in the region 8p22-23.1 play an important role in HCC. 
Further studies are needed to identify critical oncogenes or 
TSGs, including those in 8p22-23.1. Our results should be 
useful for identifying the targets of  deletion at 8p.
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CONCLUSION: A small subgroup of GISTs fulfils the 
clinical and morphological criteria of these tumors, and 
lacks KIT expression. These tumors predominantly 
developed in the stomach, being dual or epithelioid in 
morphology, which are classified as low risk tumors 
and presented a better survival status than KIT-positive 
tumors. The ability to diagnose GISTs still depends on 
immunohistochemical staining but the research should 
extend in gene mutations.
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INTRODUCTION
Most gastrointestinal mesenchymal neoplasms are 
gastrointestinal stromal tumors (GISTs). Their definitions 
follow the WHO histological classification where the 
term GIST is now used for a specific group of  tumors 
comprising the majority of  all gastrointestinal stromal 
tumors[1]. Typically, GISTs are immunohistochemically 
positive for KIT tyrosine kinase receptor which is perhaps 
their single best defining feature[2]. Most GISTs are positive 
for KIT (CD117 antigen), which may show membrane, 
diffuse cytoplasmic or a perinuclear accentuation pattern.      

Histological assessment of  malignancy is essentially 
based on mitotic counts, the size of  the lesion and 
presence or absence of  metastasis[3-5]. A proportion of  
GISTs, especially the malignant tissues show mutations 
in the regulatory juxtamembrane domain (exon 11) of  
the KIT gene[6]. Until now, the treatment with selective 
tyrosine kinase inhibitors, such as imatinib mesylate, 
for patients with GISTs has hinged on the KIT positive 
immunostaining tumors. Although the KIT positivity by 
immunohistochemistry becomes invaluable in the diagnosis 
of  GISTs, some authors believe that a small subgroup of  
these tumors fulfils the clinical and morphological criteria 
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Abstract
AIM: To investigate the incidence of KIT immunoho-
stochemical staining in (GI) stromal tumors (GISTs), and 
to analyze the clinical manifestations of the tumors and 
prognostic indicators.

METHODS: We retrospectively analyzed 50 cases 
of previous ly d iagnosed GISTs. T issue samples 
were assessed with KIT (CD117 antigen), CD34, 
SMA, desmin, S-100, NSE, PCNA, Ki-67, and BCL-2 
for immunohistochemical study and pathological 
characteristics were analyzed for prognostic factors.

RESULTS: Fifteen tumors (30%) were negative in KIT 
staining. A significant association was observed between 
gender (male patients: 14/15) and KIT-negative staining 
(P  = 0.003).The patients's mean age was 56.6 years. 
Tumors developed in stomach (n  = 8), small intestine 
(n  = 5), large intestine (n  = 1) and oesophagus (n  
= 1). The mean tumor size was 5.72 cm. The mitotic 
count ranged from 0-29/50 HPF (mean: 3.4) and 73% 
of tumors showed no necrosis. The majority of the 
tumors (67%) had dual or epithelioid differentiation. 
Tumors were classified as very low or low risk (n  = 7), 
intermediate risk (n  = 5), and high risk (n  = 3) groups. 
Twelve (80%) patients were alive without evidence of 
residual tumor for an average period of 40.25 mo (12-82 
mo); three patients developed metastatic disease to 
the liver and eventually died within 2-12 mo (median 
survival: 8.6 mo). 
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of  GISTs, and lacks KIT expression. The biological 
features of  these tumors have rarely been addressed. 

Our a im was to inves t ig a te the inc idence of  
KIT immunohostochemical staining in 50 cases of  
previously diagnosed GI stromal tumors, to carried 
out a comprehensive examination of  GISTs that are 
negative in CD117 expression, and to analyze the clinical 
manifestations and prognostic indicators of  the tumors. 

MATERIALS AND METHODS
Using the database of  Surgery and Pathology Departments 
of  “Evaggelismos” General Hospital and Areteion 
University Hospital, we collected records with a pathologic 
diagnosis of  stromal tumor of  GI tract. Fifty patients 
with the diagnosis of  GIST between 1994-2004 were 
retrieved from the archives. Patient age, gender, clinical 
manifestations, tumor size, pathological characteristics, 
the presence of  distant metastasis and the outcome were 
recorded.

Tumor specimens were fixed in 10% buffered formalin 
after gross examination and embedded in paraffin. 
Histologic sections stained with hematoxylin and eosin 
were evaluated for all cases. Tumors were classified as very 
low risk, low risk, intermediate or high risk groups based 
on histological parameters according to NIH Consencus 
Guidelines for Grading[4]. 

Immunohistochemistry
The tumor samples from all 50 cases were examined 
for various markers using commercial ly avai lable 
immunohistochemical antibodies against KIT (CD117 
antigen), (A4502, polyclonal, Dako, USA; 1:50 dilution), 
CD34 (clone QBEnd/10) (Novocastra Labs; 1:50), S-100 
(clone S1/61/69) (Novocastra Labs; 1:40), smooth-muscle 
actin (SMA) (clone asm-1) (Dako; 1:200), desmin (clone 
DE-R-11) (Novocastra Labs; 1:100), neuron-specific 
enolase (NSE) (clone 5E2) (Novocastra Labs; 1:100), 
neurofilament protein (NFL) (clone NR4) (Novocastra 
Labs; 1:50), bcl-2 (clone 124) (Dako; 1:40), proliferating 
cell nuclear antigen (PNA) (clone PC10) (Novocastra 
Labs; 1:200), Ki-67 (clone MM1) (Novocastra Labs; 1:200) 
by a standard three-step immunoperoxidase procedure 
(APAAP, DAKO, Glostroup, Danmark). Appropriate 
positive controls were run concurrently for all antibodies 
tested. According to the percentage of  tumor cells 
showing an immunopositive reaction among the total 
tumor cells, tumors were reported as negative (≤ 10%) or 
positive (> 10%).

Statistical methods
Data was analyzed using statistical software SPSS version 
12.0. Chi-square test or Fisher’s exact test was done for 
categorical variables to assess differences among baseline 
patient features. Overall survival was computed by the 
Kaplan-Meier method. Comparison of  survival between 
subgroups was performed by the log-rank test. The relative 
importance of  prognostic factors for the survival was 
analyzed with Cox’s proportional hazard model. Statistical 
significance would be inferred at a two-tailed P value < 0.05.

RESULTS
Clinical and pathological data of patients with GISTs 
Thirty-one (62%) patients were male and 19 (38%) female. 
Their age at diagnosis ranged from 26 to 89 years (mean: 
62 ± 14.5). The most common symptoms were abdominal 
pain (72%). The most common anatomic sites of  tumor 
origin were the small intestine (n = 23) and the stomach 
(n = 19). Three tumors were located in oesophagus and 5 
tumors in large intestine. 

The size of  the tumor ranged from 0.2 cm to 30 cm 
(mean: 4.58 ± 5.2). The mitotic count was 0-29 per 50 
HPF (× 400) (mean: 4.25 ± 2). Necrosis was present in 13 
(26%) tumors. Twenty-four (48%) tumors showed evidence 
of  dual differentiation toward smooth muscle and neural 
elements. Reactivity for either SMA or desmin (epithelioid 
features) was observed in 8 (16%) cases. There was neural 
differentiation (spindled features) in 7 (14%) cases. No 
evidence of  differentiation toward either cell type, was 
formed even after exhaustive immunohistochemistry in 
11 (22%) cases. Of  the 50 tissues tested, 35 (70%) were 
positive for KIT staining (Figure 1), while 15 (30%) 
tumors lacked KIT expression. The high incidence of  
KIT-positive staining (57%) was in tissues diagnosed as 
“high risk” tumors. Twenty-four (48%) tumors were CD34 
positive. The proliferative activity (PCNA labeling index) 
was high (> 10% labeled nuclei) in 62% of  our specimens. 
Only 6 (12%) cases were characterized by high (> 20% 
labeled nyclei) Ki-67 immunoreactivity percentages. Bcl-2 
protein was positively expressed in the cytoplasm of  tumor 
cells in 26 (52%) specimens. 

Complete information on patients’ clinical course 
could be obtained in 50 (100%) cases. According to the 
available follow-up, patients with KIT-positive staining 
tumors were alive without evidence of  residual tumor for 
an average period of  32.3 mo (12-82 mo). Tumor location, 
mitotic counts, risk group and metastasis seem to be 
related to survival, since partial likelihood ratio test of  Cox 
regression for each of  these patient’s feature was less than 
0.05 (Figure 2, Figure 3, Figure 4). There was an indication 
of  association between tumor size and mitoses (P = 0.055, 
Fisher’s Exact test). 

Clinicopathological features of KIT (CD117) negative GISTs 
Of  the 50 tissues tested, a small subgroup of  tumors 
(n = 15) fulfiled the clinical and morphological criteria 
of  GISTs and lacked KIT antigen immunoexpression. 
The clinicopathological features of  KIT-negative cases 

Figure 1 Histological 
s e c t i o n  o f  G I S T 
s h o w i n g  p o s i t i v e 
immunostaining for 
KIT (CD117 antigen) 
× 400.



are shown in Table 1. A highly significant association was 
observed between gender and CD117 staining (P = 0.003). 
All, except one, KIT-negative tumors were observed in 
male patients, while the majority of  female patients (18/19) 
expressed CD117 immunostaining (Table 2). 

Patients' age at diagnosis ranged from 26 to 82 years 
(mean: 56.6). The majority of  them (11/15) presented at the 
hospital with symptoms, as abdominal pain. KIT-negative 
GISTs developed in stomach (n = 8), small intestine (n = 5), 
large intestine (n = 1) and oesophagus (n = 1) (Table 3). 

Tumors size ranged from 0.5 cm to 30 cm (mean: 5.72). 
The majority of  tumors were smaller than 5 cm (9/15), 
and only one was > 10 cm. The mitotic count ranged 
from 0-29 per 50 HPF (× 400) (mean: 3.4). Twelve (80%) 
tumors contained less than 5/50 HPF mitoses, 2 (13%) 
tumors contained mitoses between 5 and 10/50 HPF and 
1 (7%) tumor contained mitoses > 10/50 HPF. Absence 
of  necrosis was present in 73% (11/15) of  tumors. 

Of  the 15 KIT-negative samples, 6 (40%) cases had 
dual differentiation showing histologically mixed spindled 
and epithelioid type features, four (27%) cases showed 
histologically predominantly epithelioid type features, two 
(13%) cases spindled type features, and 3(20%) cases were 
classified as anaplastic (Table 4). 

KIT-negative tumors were diagnosed as “very low” and 
“low risk” (benign) (n = 7), “intermediate risk” (uncertain 
malignant potential) (n = 5), and “high risk” tumors 
(malignant potential) (n = 3). 

The clinical status was primary presentation in 12 
patients. According to the available follow-up, twelve 
patients (80%) were alive without evidence of  residual 
tumor for an average period of  40.25 mo (12-82 mo); 

three patients developed metastatic disease to the liver and 
eventually died within 2-12 mo (median survival: 8.6 mo). 

DISCUSSION
The classification of  GISTs has been a continually 
evolving process reflecting our increasing understanding 
of  the biological nature of  these tumors. One of  the most 
important concepts of  the recent years is that GISTs show 
the differentiation of  the interstitial cells of  Cajal (ICC)[2]. 
Mesenchymal tumors of  GI can be identified based on the 
features of  ICCs and can therefore designated as GISTs[4].

Histological and immunohistochemical advances, 
and molecular genetics provide a new era for GISTs. 
KIT, a type Ⅲ tyrosine kinase growth factor receptor, 
is the common denominator in most GISTs[7-9]. CD117, 
the epitope for KIT, is introduced as a new phenotypic 
marker for distinguishing between GISTs and non-
GIST spindle cell tumors of  the GI. A small subgroup 
of  GISTs that fulfill the clinical and morphological 
criteria of  these tumors is essentially KIT-negative by 
immunohistohemistry. The biological features of  these 
tumors have rarely been addressed. In the absence of  
CD117 immunopositivity, the diagnosis of  GISTs is 
challenging. 

Based on this and using the latest clinical and histological 
criteria, we screened 50 cases of  gastrointestinal stromal 
tumors with a long term follow-up. Generally, as it was 
expected, tumor location, mitotic counts, risk group and 
metastasis were significantly associated with survival. 
Of  the 50 tissues tested, 35 (70%) were positive for 
CD117 staining and 15 (30%) were negative. A significant 
association was observed between gender and KIT 
(CD117) immunostaining. KIT-negative tumors were 
observed in male patients, while the majority of  female 
patients expressed CD117 immunostaining. 

The majority of  KIT-negative tumors developed 
in stomach while KIT-positive tumors developed in 
small intestine. This finding is in accordance with recent 
studies[10]. The majority of  KIT-negative tumors were 
smaller than 5 cm (9/15), and 80% contained mitoses less 
than 5/50 HPF. 

Of  the 15 CD117-negative samples, 6 cases had 
evidence of  dual differentiat ion, 4 cases showed 
histologically epithelioid type features, two had spindle 
type features, and 3 cases were negative for all markers, 
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Figure 4  Cumulative survival for patients with GISTs based on metastasis status.
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but positive for CD34 staining. Our findings support 
previously published data[10,11], suggesting that there is a 
subgroup of  KIT–negative GISTs that exhibit the same 
clinical and morphological features as the KIT-positive 
tumors. 

The majority of  KIT-negative tumors were diagnosed 
as “very low” or “low risk” tumors, while the highest 
incidence of  KIT-positive staining was found in “high 
risk” tumors. The majority of  patients with KIT-negative 
tumors (80%) were alive without evidence of  residual 
tumor for an average period of  40.25 mo and presented a 
better survival status than the patients with KIT-positive 

tumors.
Benign and malignant GISTs carry mutations in KIT 

gene. It is still not clear whether mutations are independent 
prognostic factors[12,13]. We believe that a search for gene 
mutation, as the c-kit gene, in KIT-negative staining 
tumors might clarify the diagnosis status (unpublished 
obser vat ions) , as other authors bel ieve that KIT 
mutations[11] or intragenic platelet-derived growth factor-
alpha (PDGFR-a) activating mutations are present in some 
of  these tumors[10]. The pharmaceutical development 
and therapeutic implications of  protein tyrosine kinase 
inhibitors has refocused the attention on GIST. Until 
recently, no patient with complete response to therapy 
was reported[14]. Is there any value in separating these 
tumors with epithelioid or dual differentiation because 
they are often KIT-antigen negative[15]? Is this going to be 
the result of  a better differentiation status, detection of  
certain molecular alterations or it may be related to more 
traditional criteria as size and mitosis rate? There is still 
challenge to identify those patients who would benefit 

           Immunohistochemistry
Case
No. CD117 α-SMA Desmin S-100 NSE CD34

  1 Negative Positive Positive       -       - Positive
  2 Negative       - Positive Positive       -       -
  3 Negative       -       -       -       - Positive
  4 Negative Positive       -       -       - Positive
  5 Negative Positive       -       - Positive       -
  6 Negative       -       - Positive Positive       -
  7 Negative Positive Positive Positive       -       -
  8 Negative Positive       -       -       - Positive
  9 Negative Positive Positive       - Positive       -
10 Negative       -       - Positive Positive Positive
11 Negative       -       -       -       - Positive
12 Negative       -       -       -       - Positive
13 Negative Positive Positive       -       -       -
14 Negative Positive       -       - Positive Positive
15 Negative Positive       - Positive       -       -

Table 4  Immunohistohemical findings of patients with 
KIT-negative GISTs

Case
No.

Sex Age (yr) Symptoms Site Size Mitoses
(/50 HPF)

Presence
of necrosis

Morphology Risk category Clinical
status

Survival 
data/mo(cm)

  1 M 60 Yes Small Intestine   4.30   1 No Epithelioid Low risk Primary Alive/12
  2 M 46 No Stomach   0.50   0 No Mixed Very low risk Primary Alive/24
  3 M 50 No Small Intestine   0.50   0 No Anaplastic Very low risk Primary Alive/24
  4 M 64 Yes Large Intestine   4.50 10 Yes Epithelioid High risk Liver metastasis Dead/12
  5 M 78 Yes Small Intestine   7.00   1 Yes Mixed Intermediate risk Liver metastasis Dead/12
  6 F 53 Yes Stomach   5.00   0 No Spindled Low risk Primary Alive/47
  7 M 43 Yes Esophagus   7.00   0 No Mixed Intermediate risk Primary Alive/25
  8 M 51 Yes Small Intestine   6.00   2 Yes Epithelioid Intermediate risk Primary Alive/12
  9 M 69 No Stomach   2.00   0 No Mixed Very low risk Primary Alive/37
10 M 54 Yes Stomach   3.50   0 No Spindled Low risk Primary Alive/62
11 M 70 Yes Stomach   6.00   0 No Anaplastic Intermediate risk Primary Alive/82
12 M 42 Yes Stomach   6.00   2 No Anaplastic Intermediate risk Primary Alive/56
13 M 26 No Stomach   0.50   0 No Epithelioid Very low risk Primary Alive/78
14 M 82 Yes Stomach 30.00   6 Yes Mixed High risk Primary Alive/82
15 M 61 Yes Small Intestine   3.00 29 No Mixed High risk Liver metastasis Dead/2

Table 1  Clinicopathological features of KIT-negative cases

M = male; F = female.

Table 2  Correlation between gender and CD117 expression in 
patients with GISTs

               CD117 expression
Negative Positive Total

Gender Male 14 17 31
45.20% 54.80% 100%

Female   1 18 19
  5.30% 94.70% 100%

Total 15 35 50

Table 3  Correlation between tumor location and CD117 
expression in patients with GISTs

Tumor location               CD117 expression

Negative Positive Total

Esophagus   1   2   3
33.30% 66.70% 100%

Stomach   8 11 19
42.10% 57.90% 100%

Small intestine   5 18 23
21.70% 78.30% 100%

Large intestine   1   4   5
20% 80% 100%

Total 15 35 50
30% 70% 100%
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from receiving the new therapy.
In conclusion, our study confirms that traditional 

histologic criteria alone are not enough to confirm 
GISTs diagnosis, but are still the only criteria to estimate 
biological behavior in these tumors. A small subgroup of  
GISTs fulfils the clinical and morphological criteria of  
these tumors, and lacks KIT expression. These tumors 
predominantly develop in stomach, showing dual or 
epithelioid morphology; they are classified as “low risk” 
tumors, and present with a better survival status than KIT-
positive staining tumors. The ability to diagnose GISTs 
still depends on the immunohistochemical staining but the 
research should expand in gene mutations. 
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at a dose of 100 mg/kg b.wt. inhibited the DNCB-induced 
overexpression of NFκ-B and iNOS in the colon.

CONCLUSION: Curcumin treatment ameliorates 
colonic damage in DNCB‑induced colitic rats, an effect 
associated with an improvement in intestinal oxidative 
stress and downregulation of colonic NFκ-B and iNOS 
expression.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Inflammatory bowel disease (IBD), including Crohn’s  
disease and ulcerative colitis (UC), is a chronic and 
relapsing inflammatory disease caused by the inflammation 
and sores in the lining of  large intestine and characterized 
clinically by recurrent episodes of  bloody diarrhea, 
cramping, abdominal pain and histologically by mucosal 
inflammation and injury[1]. Conventional therapy for UC 
includes sulfasalazine and other 5-aminosalicylic acid 
(5-ASA) type of  compounds, and in more persistent and/
or severe cases, oral, rectal and parenteral corticosteroids 
and immunosuppressants are administered[2]. All of  these 
have significant toxicities and are partly or completely 
ineffective in significant numbers of  patients[3]. 

Several agents used in the management of  IBD, such as 
corticosteroids, sulfasalazine and 5-ASA, have documented 
regulat ion of  Nuclear Factor Kappa-B (NFκ -B) 
function[2]. Given the importance of  inflammatory cell 
activation involved in the development of  IBD, there 
is a need for a treatment modality against IBD that can 
block the inflammatory processes. There is substantial 
evidence for the involvement of  oxidative stress and 
profound alterations in the biosynthesis of  the labile free 
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Abstract
AIM: To evaluate the efficacy and mechanism of action 
of NCB‑02, a standardized Curcumin preparation, against 
2, 4‑dinitrochlorobenzene (DNCB)‑induced ulcerative 
colitis in rats.

METHODS: Ulcerative colitis was induced in male rats 
by sensitizing with topical application of DNCB in acetone 
for 14 d and intra-colonol challenge with DNCB on day 
15. A separate group of animals with vehicle treatment 
in similar fashion served as control group. Colitis rats 
were divided into different groups and treated with 
NCB-02 at doses of 25, 50 and 100 mg/kg b.wt p.o. 
for 10 d. Sulfasalazine at a dose of 100 mg/kg b.wt 
for 10 d served as a reference group. On day 10 after 
respective assigned treatment, all the animals were 
euthanized and the length of the colon, weight of entire 
colon and distal 8 cm of the colon were recorded. The 
distal part of the colon was immediately observed under 
a stereomicroscope and the degree of damage was 
scored. Further distal 8 cm of the colon was subject to 
the determination of colonic myeloperoxidase (MPO), 
l ipid peroxidation (LPO) and alkaline phosphatase 
(ALP) activities. A small piece of the sample from distal 
colon of each animal was fixed in 10% neutral buffered 
formalin and embedded in paraffin wax and sectioned for 
immunohistochemical examination of NFκ-B and iNOS 
expression.

RESULTS: NCB-02 showed a dose dependent protection 
against DNCB-induced alteration in colon length 
and weight. NCB-02 treatment also showed a dose 
dependent protection against the elevated levels of MPO, 
LPO and ALP, induced by DNCB. NCB-02 demonstrated 
a significant effect at a dose of 100 mg/kg b.wt., 
which was almost equipotent to 100 mg/kg b.wt. of 
sulfasalazine. Treatment with sulfasalazine and curcumin 
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radical nitric oxide from L-arginine in the pathogenesis 
of  colitis[4]. The use of  medicinal plants or their active 
components has become an increasingly attractive 
approach for the treatment of  UC. Curcumin, the active 
principle in turmeric, is a polyphenolic antioxidant and 
a natural yellow orange dye. Turmeric contains three 
curcumin analogues based on the number of  hydroxyl 
groups present in the parent molecule. They are Curcumin 
(Curcumin I), demethoxy curcumin (Curcumin Ⅱ) and bis-
demethoxy curcumin (Curcumin Ⅲ). Curcumin is a active 
constituent of  Curcuma longa, whose anti-inflammatory 
properties are related in part to inhibition of  the activities 
of  the cyclooxygenase, lipoxygenase and NFκ-B in 
several cell systems[5-9]. Many experimental studies have 
demonstrated the important role of  Curcumin in the 
attenuation of  IBD and colonic cancer and it is also 
known to exhibit a variety of  beneficial effects including 
antitumor, anti-HIV, antioxidant, anticataract development, 
septic shock, promotion of  wound healing in normal 
and diabetic conditions, anti-asthmatic, anti-colitis, anti-
fibrosis, reduction of  mucosal damage, prevention of  UV 
damage to skin, inhibition of  development of  cancers 
of  the skin, stomach, colon, prostate, oral cavity and 
liver. Furthermore, Curcumin could also inhibit tumor 
metastases, pancreatitis, drug or alcohol-induced liver 
fibrosis, cystic fibrosis and Alzheimer's disease[10,11].

NCB-02 is a standardized extract of  Curcuma longa 
containing 78% curcuminoids, 72% of  which is Curcumin, 
18.08% demethoxy curcumin and 9.42% bis-demethoxy 
Curcumin. This study was designed to evaluate its efficacy 
and mechanism of  action against 2, 4‑dinitrochloro-
benzene (DNCB)-induced ulcerative colitis in rats.

MATERIALS AND METHODS
Animals
Laboratory bred Wistar male rats weighing between 
220-250 g were used for the experiments. The animals 
were housed and acclimatized to a constant temperature 
of  22 ± 3℃ and were exposed to 12 h day and night cycle. 
The animals were fed with synthetic diet and water ad 
libitum.

Effect of NCB-02 on UC in rats induced by DNCB[12]

Forty-eight rats were divided into six groups of  eight 
animals each and, the nape hair was depleted. About 300 
µL DNCB in acetone (20 g/L) was dropped to the nape 
of  the rats once a day for 14 d. On the 15th day, animals 
of  Groups Ⅱ-Ⅵ were subject to intracolonol challenge of  
DNCB. Intra-colon challenge was done by infusing 0.25 
mL of  0.1% DNCB in 50% alcohol into colon by a nylon 
catheter (3 mm in diameter), which was inserted into the 
colon at the site of  8 cm from the anus. GroupⅠserved 
as normal control and received 50% alcohol instead of  
DNCB. The animals were kept in Trendelenburg position 
for 1 min after DNCB administration and maintained in 
cages with free access to water and food. 

Rats of  Groups I and Ⅱ served as normal and 
positive controls respectively and were administered 
with water (vehicle) at a dose of  10 mL/kg b.wt. p.o. and 

Group Ⅲ rats with 100 mg/kg b.wt. p.o. of  reference 
drug, sulfasalazine. Rats of  groups Ⅳ-Ⅵ received 25, 50 
and 100 mg/kg b.wt. p.o. of  NCB-02, respectively. The 
treatment was carried out for 10 d, after challenge with 
DNCB. On d 10, after assigned treatment, all the animals 
were euthanized by exsanguinations. The entire length 
of  the colon starting from the ceacal end was excised, 
opened and gently rinsed with ice-cold saline. The colon 
was kept flat with the mucosal surface upward on a plate 
prechilled to 4℃. The length of  the colon, weight of  
entire colon and distal 8 cm of  the colon were recorded. 
The distal part of  the colon was immediately observed 
under stereomicroscope to note any visible damage. The 
degree of  damage was scored macroscopically on a 0-5 
scale by independent observers[13]. Further distal 8 cm of  
the colon was subject to the determination of  colonic 
myeloperoxidase[14], lipid peroxides[15] and ALP activity. A 
small piece of  the sample from distal colon of  each animal 
was fixed in 10% neutral buffered formalin and embedded 
in paraffin wax and sectioned for immunohistochemical 
examination[16].

Myeloperoxidase (MPO) activity
MPO is an enzyme found in cells of  myeloid origin, 
and has been used extensively as a biochemical marker 
of  granulocyte (mainly neutrophil) infiltration into 
gastrointestinal tissues[14]. Samples of  distal colon were 
homogenized in 10 mmol/L potassium phosphate buffer, 
pH 7.0 containing 0.5% hexadecyltrimethylammonium 
bromide and centrifuged for 30 min at 20 000 × g at 4℃. 
An aliquot of  the supernatant was then allowed to 
react with a solution of  1.6 mmol/L O-dianisidine and  
0.1 mmol/L H2O2. The rate of  change in absorbance was 
measured spectrophotometrically at 650 nm. One unit of  
myeloperoxidase activity was defined as degrading 1 mmol 
of  H2O2 per min at 37℃ and was expressed as units per 
milligram of  tissue sampled (U/mg tissue).

Estimation lipid peroxidation and ALP
The tissue was homogenized at a concentration of  10% 
w/v in 0.15 mol/L potassium chloride using a glass 
homogenizer. The homogenate was centrifuged at 800 × g  
and the supernatants were used for the estimation of  
lipid peroxides[15] and alkaline phosphatase (ALP) using 
Boheringer Mannheim kit. 

Immunohistochemistry for NFκ-B and inducible nitric 
oxide synthase (iNOS)[16]

Colon sections were deparaffinized in xylene, for 2-5 min 
and dehydrated with 100% ethanol for 2-3 min followed 
with 95% ethanol for 1 min, then rinsed in distilled water. 
Tissue sections were incubated with primary antibody at 
appropriate dilution in phosphate buffered saline (PBS) for 
1 h at room temperature, then incubated in biotinylated 
secondary antibody in PBS for 1 h at room temperature. 
After rinsing in PBS for 3 changes of  2 min each, 
sections were incubated in freshly prepared peroxidase 
substrate solution for 10 min at room temperature and 
counterstained with weak haematoxylin for 10 min after 
rinsing with PBS. 
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Statistical analysis
The values were expressed as mean ± SE. The results were 
analyzed statistically using one‑way ANOVA followed 
by Dunnet’s multiple comparison test using GraphPad 
Prism software package (Version 4.0) to find the level of  
significance. The minimum level of  significance is fixed at 
P < 0.05.

RESULTS
Rats sensitized and challenged with DNCB showed ulcers 
with severe macroscopic inflammation in the colon as 
assessed by the colonic damage score. Colon length was 
significantly reduced with a significant increase in total and 
distal colon weight in colitic rats as compared with non-
colitic control rats. There was also a significant increase 
in colonic MPO, LPO and ALP activity as compared with 
non-colitic rats (Table 1). Treatment with NCB-02 showed 
a dose dependent protection against DNCB-induced 
colonic damage as indicated by normalization of  colon 
length, reduction in colon weight (total and distal) and 
decrease in the levels biochemical markers such as MPO, 
LPO and ALP. NCB‑02 at a dose of  100 mg/kg b.wt. p.o. 
showed a significant effect on various parameters (Table 1). 
Reference drug sulfasalazine presented with a significant 
reversal of  DNCB-induced alterations at a dose of  100 
mg/kg b.wt. p.o. (Table 1).

Sulfasalazine treatment resulted in significant protection 
with the mean ulcer score of  2.75 ± 0.39 and NCB-02 had 
a dose dependent protection at 25, 50 and 100 mg/kg b.wt. 
with ulcer scores of  3.75 ± 0.23, 3.00 ± 0.18 and 2.63 ± 0.25 
(P < 0.001), respectively (Table 1). 

Myeloperoxidase activity is an established marker for 
inflammatory cell (mainly neutrophils) infiltration in rodent 
models of  colitis, and was thus examined. MPO activity 
was significantly increased in colitis rats as compared 
with the control. NCB-02 treatment inhibited DNCB-
induced MPO activity in a dose dependent manner. Both 
sulfasalazine and NCB-02 at a dose of  100 mg/kg b.wt. 
significantly protected DNCB-induced elevation of  MPO 
activity (Table 1). 

High level expression of  iNOS and NFκ-B were 
observed in colitis rats, which is revealed by immunohisto-
chemistry (Figures 1 and 2). This immunohistochemistry 
for NFκ-B and iNos expression revealed that NCB‑02 
at a dose 100 mg/kg b.wt. inhibited the DNCB-induced 

expression of  these pro-inflammatory mediators of  
ulcerative colitis.

From the various parameters evaluated it was observed 
that 100 mg/kg b.wt. of  NCB‑02 was almost equipotent to 
sulfasalazine at 100 mg/kg b.wt.

DISCUSSION
In the present investigation, the beneficial effects observed 
with NCB-02 (Standardized Curcumin preparation) 
treatment were assessed based on the improvement of  
colon weight and length, and histologically by preservation 
of  the colon architecture in comparison with the rats from 
the non-treated colitic group. The biochemical assays, such 
as MPO and ALP, performed in the colonic specimens 
confirmed the anti-inf lammatory effect exerted by 
Curcumin at a dose of  100 mg/kg, since it was associated 
with significant reduction in MPO and ALP activities. 
MPO activity has been widely used to detect and follow 
intestinal inflammation, and a reduction in the activity of  
this enzyme can be interpreted as a manifestation of  the 
anti-inflammatory activity of  a given compound. Alkaline 
phosphatase activity is considered as one of  the sensitive 
markers of  inflammation in the intestine, as this enzyme 
activity is invariably augmented in these experimental 
conditions of  colitis. The results obtained in this study 
confirm the intestinal anti-inflammatory effect previously 
demonstrated for Curcumin[9,17]. 

Earlier studies provided evidence of  significantly 
elevated activation of  NFκ-B in ulcerative colitis and 
Crohn’s disease[18,19]. Several therapeutic agents with NFκ-B 
inhibitory activity, such as sulfasalazine, mesalamine, and 
corticosteroids have been used for the treatment of  IBD. 
They have sundry defects such as steroid dependence 
and steroid resistance, decreasing glucose tolerance, 
hepatotoxicity and pancreatitis[2]. Now, more potent and 
selective treatment strategies for IBD aim at preventing 
NFκ-B activation in mucosal macrophages and T 
lymphocytes.

According to the well-described role of  NFκ-B in 
inflammatory regulation and iNOS expression, the degree 
of  NFκ-B expression was determined in the colonic tissue 
samples from animals subjected to DNCB sensitization 
and challenge. The inflammatory status induced by DNCB 
was associated with increased colonic NFκ-B expression 
when compared to normal tissues. Curcumin treatment 
resulted in inhibition of  NFκ-B expression and similar 

Table 1  Various biomarkers of colitis

Ulcer index Colon length Colon Wt. 
(Total) (gm)

Distal Colon wt. 
(last 8 cm) (gm)

MPO Units/gm 
of tissue

LPO nmol/L per
       100 mg

ALP IU/100 mg

Control 0.00 ± 0.00 19.88 ± 0.41 1.46 ± 0.05 0.52 ± 0.02 2.98 ± 0.42 145.75 ± 13.78   26.63 ± 3.45
Positive control 4.50 ± 0.25b 15.75 ± 0.39b 2.18 ± 0.13b 1.33 ± 0.10b 5.63 ± 0.46b 296.23 ± 23.98b 252.13 ± 33.69d

Sulfasalazine (100 mg/kg) 2.75 ± 0.39f 18.13 ± 0.37h 1.76 ± 0.05j 0.84 ± 0.05h 3.60 ± 0.29j 211.54 ± 32.23j 136.38 ± 17.69j

NCB-02 (25mg/kg) 3.75 ± 0.23 15.13 ± 0.37 1.98 ± 0.14 1.22 ± 0.13 4.27 ± 0.45 259.38 ± 28.71 232.38 ± 33.79
NCB-02 (50mg/kg) 3.00 ± 0.18j 16.50 ± 0.31 1.88 ± 0.15 1.09 ± 0.09 3.90 ± 0.32 205.69 ± 22.09j 186.88 ± 24.86

NCB-02 (100mg/kg) 2.63 ± 0.25f 18.13 ± 0.45h 1.69 ± 0.07j 0.90 ± 0.06j 3.73 ± 0.30j 174.84 ± 13.06h 153.13 ± 20.23j
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response was observed with sulfasalazine treatment. 
Nitric oxide is one of  the important pro-inflammatory 

mediators, which plays a key role in the pathogenesis of  
IBD. In our study, we evaluated the effect of  Curcumin 

on colonic iNOS activity in the DNCB-induced model 
of  experimental colitis. DNCB administration increased 
colonic iNOS activity expression in rats, as detected by 
immunohistochemistry (Figure 2B). The intestinal anti-

A

B

C

D

A

B

C

D

Figure 1  A: Section of colon in normal control showing normal structure and 
architecture (immunohistochemistry, 40 x); B: Section of colon in DNCB control 
showing extensive NFκ-B (brown) expression in  tissue (immunohistochemistry, 
40 x); C: Section of colon in sulfasalazine treated group showing limited NFκ-B 
(brown) expression (immunohistochemistry, 40 x); D: Section of colon in NCB-02 
treated group showing minimal NFκ-B (brown) expression (immunohistochemistry, 
40 x).

Figure 2  A: Section of colon in normal control showing normal structure and 
architecture (immunohistochemistry, 40 x); B: Section of colon in DNCB control 
showing extensive iNos (brown) expression in  tissue (immunohistochemistry, 
40 x), C: Section of colon in sulfasalazine treated group showing limited iNos 
(brown) expression (immunohistochemistry, 40 x); D: Section of colon in NCB-02 
treated group showing minimal iNos (brown) expression (immunohistochemistry,  
40 x).
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inflammatory effect exerted by NCB-02, was associated 
with a reduction of  iNOS expression (Figure 2D) when 
compared with DNCB control animals.

Myeloperoxidase is an enzyme found in cells of  
myeloid origin, and has been used extensively as a 
biochemical marker of  granulocyte (mainly neutrophil) 
infiltration into gastrointestinal tissues. Our study showed 
that DNCB raised the levels of  colonic MPO, which was 
ameliorated in NCB-02 and sulfasalazine treated groups.

In addition, our study gives some evidence about the 
mechanisms involved in the intestinal anti-inflammatory 
effect of  Curcumin. One of  the mechanisms could be 
its inhibition of  free radical generation and antioxidant 
proper t ies, which is evident from severa l ear l ier 
observations[9,10]. This activity may play a crucial role in 
the intestinal anti-inflammatory effect of  the Curcumin, 
because intense oxidative insult is a common feature in 
human IBD and in the different experimental models of  
rat colitis, such as the trinitrobenzene sulfonic acid (TNBS) 
and the DNCB models in rats, and is an important 
mechanism for tissue damage during chronic intestinal 
inflammation[18]. 

In the last decade, it became increasingly clear that 
NO overproduction by iNOS is deleterious to intestinal 
function, which contributes significantly to gastrointestinal 
immunopathology in the chronic inflammatory events in 
IBD[16,18]. The important role attributed to NO in these 
intestinal conditions prompted us to study whether the 
beneficial effects of  Curcumin on DNCB-induced colitis 
could be related to an effect on colonic NO production. 
The results in this study reveal that colonic inflammation 
is associated with a higher colonic iNOS expression, as 
evidenced by immunohistochemistry. Treatment of  colitic 
rats with NCB-02 effectively inhibited the upregulated 
colonic iNOS expression. 

The present study revealed that oral treatment 
of  NCB-02 in colitic rats significantly inhibited the 
NFκ-B pathway, which is reported to be activated as 
a consequence of  the intestinal inflammatory process 
induced by DNCB. The molecular mechanism involved in 
the suppressive effects of  Curcumin on NFκ-B could be 
due to the inhibition of  NFκ-B by acting as antioxidants, 
since NFκ-B is a redox-sensitive transcription factor and 
activated by oxidative stress in the inflamed intestinal 
mucosa via blocking the phosphorylation and degradation 
of  IkB protein, as previously reported in vitr o and  
in vivo[7,19].

In conclusion, Curcumin treatment ameliorates colonic 
damage in DNCB-induced colitic rats, an effect associated 
with an improvement in intestinal oxidative stress and a 
downregulation in colonic iNOS and NFκ-B expression. 
Therefore, Curcumin (NCB-02) may hold promise for the 
treatment of  inflammatory bowel disease.
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INTRODUCTION
Although the small intestine constitutes 75% of  the 
gastrointestinal tract, tumors arising from it are rare. Small 
intestine tumors account for about 5% of  all alimentary 
tract tumors and the duodenum has a higher proportion 
of  these tumors than the jejunum and ileum[1]. Duodenal 
carcinomas account for 20%-25% of  all small bowel 
malignancies, whereas sarcomas, carcinoid and lymphomas 
are less common[2]. Duodenal tumors pose diagnostic 
difficulties because of  their rarity, non-specific signs 
and symptoms and the fact that duodenum is usually 
overlooked during upper gastrointestinal endoscopy. 
The present study was undertaken to analyze the clinico-
pathological spectrum of  primary duodenal neoplasms 
reported in the last 10 years. 

MATERIALS AND METHODS
A retrospective analysis of  duodenal tumors retrieved 
from the Department of  Histopathology, PGIMER, over 
a period of  10 years (1997-2006) was done. A total of  
60 duodenal neoplasms after excluding 163 ampullary/
periampullary carcinomas were retrieved from the records. 
All the clinical details like age, sex, presenting symptoms 
were noted from the patient record fi les. Relative 
laboratory and radiological findings were obtained. The 
specimens were fixed in buffered formalin and processed 
for paraffin sections. Routine hematoxylin and eosin-
stained paraffin sections were studied for histological 
subtyping of  the tumors. Histochemical stains like periodic 
acid Schiff  (PAS), mucicarmine and immunohistochemical 
stains like c-kit, smooth muscle antigen (SMA), leukocyte 
common antigen (LCA), CD3, CD20, cytokeratin (CK) 
and chromogranin, were performed wherever required for 
exact categorization of  the tumors. 

RESULTS
Of  the 60 duodenal neoplasms retrieved from records, 
2 metastatic tumors and 3 with direct infiltration into 
duodenum from the subjacent site were excluded from 
the study. The study comprised of  55 cases of  primary 
duodenal neoplasm. The age of  the patients ranged from 
7 to 70 years and the male to female ratio was 1.9:1. On 
histopathological examination primary duodenal neoplasms 
were categorized as: epithelial tumor, mesenchymal tumor, 
lymphoproliferative tumor, and neuroendocrine tumor 
(Table 1).
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Abstract
AIM: To analyze the clinico-pathological spectrum of 
primary duodenal neoplasms.

METHODS: A total of 55 primary duodenal neoplasms 
reported in the last 10 years after excluding ampullary 
and periampullary tumors were included in the study. 
Clinical details were noted and routine hematoxylin 
and eosin stained paraffin sections were studied for 
histological subtyping of the tumors.

RESULTS: On histopathological examination primary 
duodenal neoplasms were categorized as: epithelial 
tumor in 27 cases (49.0%) including 10 cases of 
adenoma, 15 cases of adenocarcinoma, and 2 cases of 
Brunner gland adenoma; mesenchymal tumor in 9 cases 
(16.3%) consisting of 4 cases of gastrointestinal stromal 
tumor, 4 cases of smooth muscle tumor and I case of 
neurofibroma; lymphoproliferative tumor in 12 cases 
(21.8%), and neuroendocrine tumor in 7 cases (12.7%). 

CONCLUSION: Although non-ampullary/periampullary 
duodenal adenocarcinomas are rare, they constitute the 
largest group. Histopathological examination of primary 
duodenal tumors is important for correct histological 
subtyping.
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Epithelial tumor
There were 27 cases (49.0%) of  epithelial tumor including 
10 cases of  adenoma, 15 cases of  adenocarcinoma, and 2 
cases of  Brunner gland adenoma.
Adenoma: The age range of  patients with adenoma was 
10-60 years and the male to female ratio was 1:2.3. All 
adenomas were seen in D1-D2 portion of  the duodenum 
and classified as flat adenoma in 1 case, tubular adenoma 
in 4 cases, tubulovillous adenoma in 3 cases (Figure 1A), 
and villous adenoma in 2 cases. Two cases were associated 
with multiple polyposis coli.
Adenocarcinoma: The age range of  patients with 
adenocarcinoma was 38-70 years and the male to female 
ratio was 2:1. Of  the 15 cases, 10 were found to have 
adenocarcinoma in D1-D2 portion of  the duodenum 
and 5 were found to have adenocarcinoma in D3-D4 
portion of  the duodenum. Adenocarcinomas were sub-
categorized as well-differentiated adenocarcinoma in 8 
cases, moderately-differentiated adenocarcinoma in 2 
cases, poorly-differentiated adenocarcinoma in 2 cases, 
and signet ring cell type adenocarcinoma in 3 cases. One 
adenocarcinoma was documented to be arising from pre-
existing adenoma (Figure 1B).
Brunner gland adenoma: They were both seen in males 
and in D1 portion of  the duodenum. The size of  tumor 
ranged from 3 to 4 cm and microscopic examination 
showed lobules of  Br unner g lands separated by 
fibrovascular septa (Figure 1C).

Mesenchymal/stromal tumor
Nine cases (16.3%) were included in this group including 4 
cases of  gastrointestinal stromal tumor, 4 cases of  smooth 
muscle tumor and 1 cases of  neurofibroma. The age of  
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the patients ranged from 32 to 70 years and the male to 
female ratio was 1.2:1.  
Gastrointestinal stromal tumor (GIST): On patholo-
gical examination of  4 cases of  GIST, 2 cases were 
diagnosed as malignant GIST based on the mitotic count 
of  > 10/50HPF and tumor deposits in the omentum. 
One case was categorized as borderline GIST (5 cm in 
diameter) with its mitotic count of  < 5/50HPF and one 
case was labeled as benign GIST (Figure 1D). All the cases 
were positive for c-kit immunostain and negative for SMA 
and S-100.
Smooth muscle tumor: Leiomyoma was found in 
2 cases and leiomyosarcoma in 2 cases, respectively. 
Le iomyosarcoma showed h igh mi tot ic count of   
> 5/10HPF and areas of  necrosis. All the tumors were 
positive for SMA and negative for c-kit. 
Neural tumor: There was a single case of  plexiform 
neurofibroma positive for S-100 immunostain.

Lymphoproliferative tumor 
Twelve cases (21.8%) of  non-Hodgkin’s lymphoma (NHL) 
were included in this group (Figure 1E). Their age ranged 
from 7 to 85 years and the male to female ratio was 
5:1. All the cases were found to have primary duodenal 
lymphoma because of  the absence of  disease in other 
organs. On immunohistological examination of  12 cases, 
B-cell phenotype was documented in 10 cases (83.3%) and 
T-cell phenotype in 2 cases (16.6%). B-cell lymphomas 
were further categorized as diffuse large cell lymphoma in 
8 cases and MALT lymphoma in 2 cases. T-cell duodenal 
lymphomas were not associated with enteropathy as there 
was no histologic evidence of  villous atrophy.

Neuroendocrine tumor
Seven tumors (12.7%) were located in this histologic 
category. Of  the 7 tumors, 5 were benign and labeled as 
carcinoid based on their characteristic organoid pattern, 
granular cytoplasm, salt and pepper nuclear chromatin 
as well as chromogranin positivity (Figure 1F). One case 
was suggestive of  gastrinoma based upon serum gastrin 
levels and was associated with parathyroid and adrenal 
hyperplasia. However, confirmation was not possible on 
histopathological sections because of  non-availability of  
gastrin immunostain. One case was labeled as malignant as 
it had metastatic tumor deposits in lymph nodes.

DISCUSSION
Primary neoplasms of  the small intestine constituting 90% 
of  mucosal surface area of  the gastrointestinal tract are 
extremely rare. Duodenum constituting only 4% of  the 
small intestine has a relatively high proportion of  all the 
tumors as compared to the jejunum and ileum. Primary 
malignant duodenal tumors are uncommon accounting for 
only 0.3% of  all gastrointestinal tumors but about 50% of  
all small intestinal malignancies[3]. Many hypotheses have 
been proposed for the low incidence of  small intestinal 
tumors as compared to large intestine including greater 
fluidity of  contents in the small intestine which are less 
irritating as compared to solid contents, rapid transit 

Table 1  Histopathological sub-classification of primary duodenal 
tumors (excluding ampullary and peri-ampullary tumors)

Pathological diagnosis Cases n  (%)
n  = 55

Epithelial tumors 27 (49.0)
  Adenoma 10
  Adenocarcinoma 15
  Brunneroma   2

Mesenchymal tumors 9 (16.3)
  GIST   4
     Benign   1
     Borderline   1
     Malignant   2

  Smooth muscle tumors   4
     Leiomyoma   2
     Leiomyosarcoma   2
  Neurofibroma   1

Lymphoproliferative tumors 12 (21.8)
  Non-Hodgkin’s lymphoma 12
     B-Cell lymphoma 10
     T Cell lymphoma   2

Neuroendocrine tumors 7 (12.7)
  Carcinoid   5
  Gastrinoma   1
  Neuroendocrine carcinoma   1



time through small intestine thus reducing exposure to 
potential carcinogens, low bacterial population producing 
carcinogens and high concentration of  lymphoid tissue 
producing IgA immunoglobulins[4]. It is often difficult to 
diagnose early duodenal tumors because of  their non-
specific and insidious presentation.

A d e n o m a s a r e t h e m o s t c o m m o n d u o d e n a l 
tumors including adenomatous polyps and Brunner 
adenoma. Adenomatous polyps are more common 
at gastroduodenal junction and have 3%-5% risk of  
developing adenocarcinoma in life time[5]. Brunner gland 
adenomas are very rare tumors and less than 150 cases 
have been reported in the English literature[6]. Size of  
the tumor is important in differentiating adenoma from 
Brunner gland hyperplasia. The size less than 1 cm is 
referred to as Brunner gland hyperplasia. Adenocarcinoma 
of  the duodenum not originating from the region of  
ampulla is an uncommon neoplasm. Since it was first 
described in 1746 by Hamburgur, approximately 800 
cases have been described in the literature. However in 
these cases there is a mix of  ampullary and peri-ampullary 
carcinomas[7]. Because of  rarity of  these tumors, the exact 

etiological factors have not been defined. Patients with 
familial adenomatous polyposis and Crohn’s disease or 
celiac disease have a higher risk of  developing duodenal 
carcinoma[8]. In the present study, there were no such 
associations. Only one case was arising in the background 
of  adenoma and two cases of  tubulovillous adenoma were 
associated with polyposis coli. Heniford et al[8] reported 
that D3-D4 is the most common site of  primary duodenal 
adenocarcinoma. However, in the present study 10/15 
adenocarcinomas were seen in D1-D2 region. D3-D4 
carcinomas have better prognosis as compared to D1-D2 
carcinomas because the former behave like hind gut 
tumors and the latter as foregut tumors[9]. 

The relative frequency of  duodenal stromal tumors is 
not known. Only one study has presented a series of  190 
duodenal stromal tumors[10]. According to their findings, 
gastrointestinal stromal tumors (GIST), the c-kit positive 
primary mesenchymal tumor, constitute the largest group 
of  mesenchymal tumors in contrast to smooth muscle 
tumors i.e. leiomyoma and leiomyosarcoma which are now 
thought to be rare in the duodenum. In the present series, 
there were an equal number of  GISTs and smooth muscle 

A B

C D

E F

Figure1  Photomicrograph showing 
tubulovillous adenoma of the duodenum 
(A )  (HE ×  100),  adenocarc inoma 
arising in tubulovillous adenoma of the 
duodenum (B) (HE × 200), Brunner 
glands separated by f ibrovascular 
septa in Brunner gland adenoma of 
the duodenum  (C) (HE × 40),  spindle 
cell gastrointestinal stromal tumour in 
submucosa of the duodenum (D) (HE × 
100), non-Hodgkin’s lymphoma showing 
diffuse monotonus population of large 
cells infiltrating duodenal glands (E) 
(HE × 100), and  circumscribed tumour 
nodule with tumour cells arranged in 
organoid pattern in carcinoid of the 
duodenum (F) (HE × 40).
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tumors. However, the number of  cases was too small to 
comment on the relative frequency of  these tumors in 
duodenum. Neural tumors are extremely rare in duodenum 
and we encountered only one case of  neurofibroma. Sub-
classification into benign, borderline and malignant stromal 
tumors based upon size, mitosis, necrosis and metastasis 
must be made for prognosis[11,12].

Gastrointestinal tract is the most common extranodal 
site of  involvement by non-Hodgkin’s lymphoma (NHL). 
Primary lymphomas of  the small intestine are relatively 
rare and account for 4%-12% of  all NHLs and 19%-38% 
of  small bowel malignancies[13]. In the present study, 
duodenal lymphomas accounted for 21.8% all duodenal 
tumors. Recently reports have emerged about the 
increasing frequency of  primary MALT lymphomas in 
the small intestine and it is proposed that small intestinal 
MALTs are of  gastric origin due to the probable role of   
H pylori. In this review of  duodenal tumors, only two cases 
were of  MALT lymphomas, the remaining were of  diffuse 
large B cell type and T cell lymphomas. It was reported 
that intestinal T cell lymphomas are more common in 
small intestine and a term “enteropathy associated T-cell 
lymphoma” (EATL) has been introduced based upon their 
existence in coelic disease[14]. However, no such association 
was seen in our cases. Histopathological examination and 
exact immunophenotyping of  NHLs based on WHO 
classification are important from the prognosis point 
of  view as T cell lymphomas have poor prognosis as 
compared to B cell lymphomas. MALT lymphomas in B 
cell group have a better prognosis.

Duodenal neuroendocrine tumors (NETs) comprise 
2%-3% of  all gastrointestinal endocrine tumors including 
gastrinoma, somatostatinoma, nonfunctional NET, and 
poorly-differentiated NE carcinoma and their frequency 
is increasing[15]. Although the majority of  these tumors are 
nonfunctional, they can cause Zollinger-Ellison syndrome 
and other clinical hormonal syndromes. Gastrinomas 
defined as gastrin secreting tumors are associated with 
Zoll inger-Ell ison syndrome (ZES) and hereditary 
gastrinomas, which are associated with endocrine neoplasia 
type 1 (MEN1) syndrome. In the present study, there was 
only one case of  gastrinoma associated with parathyroid 
and adrenal hyperplasia.

In conclusion, although non-ampullary/periampullary 
duodenal adenocarcinomas are rare, they constitute the 
largest group. Histopathological examination of  primary 
duodenal tumors is important for the correct histological 

subtyping of  these tumors and collecting prognostic 
information which influences the management.
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through its anti-secretory and antioxidative properties.
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INTRODUCTION
Peptic ulcer is one of  the most common gastrointestinal 
diseases. Nowadays proton pump inhibitors and H2-
recptor antagonists are the most widely used drugs to 
treat peptic ulcer disease. However, the use of  these anti-
secretory drugs may be associated with adverse events and 
ulcer relapse[1]. Thus, there is a need for more effective, less 
toxic and cost-effective anti-ulcer agents. In recent years, 
a widespread search has been launched to identify new 
anti-ulcer drugs from natural sources. Spices comprising 
the most important products used for flavouring foods 
and medicinal herbs are considered nowadays as potential 
bioactive agents that can interfere positively or negatively 
with different cellular processes. They are extensively used 
in medicine, pharmaceuticals, perfumery and cosmetics. 
Additionally they possess antioxidant, antispasmodic, 
carminative, anti-inflammatory and other properties[2]. 
A number of  spices, namely large cardamom[3], black 
pepper[4], caraway[5], cardamom[6], clove[7], coriander[8], 
ginger[9], peppermint[10], saffron[11], turmeric[12] among others 
have been shown to possess significant gastroprotective 
activities. The fruits of  anise plant, pimpinella anisum L. are 
locally known as aniseed and yansoon. The powder and 
concoction of  anise in hot water are used as carminatives, 
antiseptics, diuretics, digestives, aphrodisiacs, and as a 
remedy for insomnia and constipation[13]. Furthermore, 
anise is used to promote digestion, improve appetite, 
alleviate cramps and nausea, and relieve flatulence and 
colic. In Unani and Arabian traditional medicine, anise fruit 
and its oil have been used for the treatment of  various 
conditions including dyspepsia, nausea, abdominal colic, 
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Abstract
AIM: To substantiate the claims of Unani and Arabian 
traditional medicine practitioners on the gastroprotective 
potential effect of a popular spice anise, “Pimpinella 
anisum L.” on experimentally-induced gastric ulceration 
and secretion in rats.

METHODS: Acute gastr ic ulcerat ion in rats was 
produced by various noxious chemicals including 80% 
ethanol, 0.2 mol/L NaOH, 25% NaCl and indomethacin. 
Anti-secretory studies were undertaken using pylorus-
ligated Shay rat technique. Levels of gastric non-protein 
sulfhydryls (NP-SH) and wall mucus were estimated and 
gastric tissue was also examined histologically. Anise 
aqueous suspension was used in two doses (250 and 
500 mg/kg body weight) in all experiments.

RESULTS: Anise significantly inhibited gastric mu-
cosal damage induced by necrotizing agents and 
indomethacin. The anti-ulcer effect was further 
confirmed histologically. In pylorus-ligated Shay rats, 
anise suspension significantly reduced the basal gastric 
acid secretion, acidity and completely inhibited the 
rumenal ulceration. On the other hand, the suspension 
significantly replenished ethanol-induced depleted 
levels of gastric mucosal NP-SH and gastric wall mucus 
concentration.

CONCLUSION: Anise aqueous suspension possesses 
significant cytoprotective and anti-ulcer activities against 
experimentally-induced gastric lesions. The anti-ulcer 
effect of anise is possibly prostaglandin-mediated and/or 
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seizures and epilepsy[14]. The phytotherapeutic applications 
of  anise are based on its digestive, carminative, diuretic 
and expectorating action[15]. It has been recently reported 
that the essential oil of  anise is highly effective as both 
larvicidal and ovicidal agents[16]. The principal constituents 
of  anise are volatile oil, coumarins, fatty acids, flavonoid 
glycosides, proteins and carbohydrates. Among others, 
anise oil contains anethole and caryophyllene[17]. Since 
we have not come across a scientific report on potential 
gastroprotective claims of  anise aqueous suspension, 
the present study was carried out to assess its effect on 
chemically induced gastric ulcers in rats.

MATERIALS AND METHODS
Plant material and preparation of aqueous suspension
Seeds of  anise “Pimpinella anisum L” (family, Apiaceae) 
were purchased from local herb shops in Riyadh and 
identified by an expert taxonomist. The sample was 
preserved (voucher # Sp.Pr.17-16-37) at the herbarium 
of  Department of  Pharmacognosy, College of  Pharmacy, 
King Saud University, Riyadh, for future reference. The 
seeds were ground to very fine powders (75 micron), and 
used as an aqueous suspension for treatment in different 
experiments.

Animals
Wistar albino rats of  either sex, approximately at the same 
age, weighing 150-200 g were obtained from Animal Care 
Center, College of  Pharmacy, King Saud University, and 
maintained under standard conditions of  temperature, 
humidity and light (12 h dark, 12 h light) with free access 
to Purina chow and water. Before testing, the animals were 
fasted for 36 h with access to water ad libitum. The conduct 
of  experiments and the procedure of  sacrifice (using 
ether) were approved by the Ethics Committee of  the 
Experimental Animal Care Society, College of  Pharmacy, 
King Saud University, Riyadh, Saudi Arabia.

Dose selection and route of administration
The doses (250 and 500 mg/kg, body weight) selected for 
the experiments were based on the maximum tolerable 
dose value (MTD) (30 g/kg, body weight) and the 
preliminary experiments conducted on the pharmacological 
activity of  anise. The aqueous suspension was administred 
intragastrically (i.g.) through gastric intubation in all 
experiments, unless stated otherwise intraperitoneally (i.p.) 
in anti-secretory studies.

Gastric lesions induced by necrotizing agents
The rats were administered ig 1 mL of  different 
necrotizing agents (80% ethanol, 0.2 mol/L NaOH and 
25% NaCl)[18]. Anise suspension was given 30 min before 
the administration of  necrotizing agents. One hour after 
the administration of  ethanol and alkalis, the rats were 
sacrificed and examined for lesions in the stomach. The 
scoring of  lesions, assays of  gastric wall mucus and 
sulfhydryls as well as histological changes in the stomach 
were observed as follows. The patchy lesions of  stomach 
induced by ethanol were scored according to the method 
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described by Schiantarelli et al[19] using the following scale: 
0 = normal mucosa, 1 = hyperemic mucosa or up to 3 
small patches, 2 = 4 to 10 small patches, 3 = more than 
10 small or up to 3 medium-sized patches, 4 = 4 to 6 
medium-seized patches, 5 = more than 6 medium-sized or 
up to 3 large patches, 6 = 4 to 6 large patches, 7 = 7 to 10 
large patches, 8 = more than 10 large patches or extensive 
necrotic zones. “Small” was defined as up to 2 mm across 
(max. diameter), “medium-sized” between 2 and 4 mm 
across and “large” more than 4 mm across.

Histopathological evaluation
Gastric tissue samples were fixed in neutral buffered 
formalin for 24 h. Sections of  gastric t issue were 
histopathologically examined to study the ulcerogenic 
and/or anti-ulcerogenic activity of  anise. The tissues were 
fixed in 10% buffered formalin and processed using a VIP 
tissue processor. The processed tissues were embedded in 
paraffin blocks and sections of  about 5 μm thickness were 
cut by employing an American optical rotary microtome. 
These sections were stained with haematoxylin and eosin 
using routine procedures[20]. The slides were examined 
microscopically for pathomorphological changes such as 
congestion, hemorrhage, edema and erosions using an 
arbitrary scale for severity assessment of  these changes.

Gastric lesions induced by indomethacin
Indomethac in was suspended in 1 .0% carboxy-
methy lce l lu lose (CMC) in water (6 mg/mL) and 
administered orally to the rats fasted for 36 h at a dose of  
30 mg/kg, body weight. Control rats were treated similarly 
with an equivalent amount of  the vehicle[21]. The animals 
were sacrificed 6 h after the treatment. Stomachs of  the 
animals were excised off  the body, rinsed with normal 
saline and studied accordingly [22].

Estimation of non-protein sulfhydryls
Gastric mucosal non-protein sulfhydryls (NP-SH) 
were measured according to the method of  Sedlak 
and Lindsay[23]. The glandular part of  the stomach was 
homogenized in ice-cold 0.02 mmol/L ethylenediam
inetetraacetic acid (EDTA). Aliquots of  5 mL of  the 
homogenates were mixed in 15 mL test tubes with 4 mL 
of  distilled water and 1 mL of  50% trichloroacetic acid 
(TCA). The tubes were shaken intermittently for 10 min 
and centrifuged at 3000 g. Two milliliters of  supernatant 
was mixed with 4 mL of  0.4 mol/L Tris buffer at pH 8.9, 0.1 
mL of  5, 5’-dithio-bis- (2-nitrobenzoic acid) (DTNB) was 
added and the sample was shaken. The absorbance was 
measured within 5 min after addition of  DTNB at 412 nm 
against a reagent blank.

Pylorus-ligated rats (anti-secretory studies)
The rats were fasted for 36 h with access to water ad libitum 
before the pylorus was ligated under ether anesthesia and 
care was taken to avoid bleeding and occlusion of  blood 
vessels [24]. Anise suspension was administered immediately 
after pylorus ligation (Shay) by ip route. The rats were 
sacrificed at 6 h after the pylorus ligation. The stomachs 
were removed, with the contents collected, volumes 
measured, centrifuged and analyzed for titratable acidity 



against 0.01 mol/L NaOH (pH 7) and the titratable acidity 
was calculated.

Determination of gastric wall mucus
Gastric wall mucus was determined according to the 
modified procedure of  Corne et al [25]. The glandular 
segment of  the stomach was separated from the rumen 
of  the stomach, weighed, and transferred immediately to 
10 mL of  0.1% w/v Alcian blue solution (in 0.16 mmol/L 
sucrose solution buffered with 0.05 mL sodium acetate 
at pH 5). Tissue was stained for 2 h in Alcian blue, and 
excess dye was removed by two successive rinses with 10 
mL of  0.25 mmol/L sucrose, first for 15 min and then for 
45 min. Dye complexed with the gastric wall mucus was 
extracted with 10 mL of  0.5 mmol/L magnesium chloride 
which was intermittently shaken for 1 min at 30 min 
intervals for 2 h. Four milliliters of  blue extract was then 
vigorously shaken with an equal volume of  diethyl ether. 
The resulting emulsion was centrifuged at 4000 r/min for 
10 min and the absorbance of  aqueous layer was recorded 
at 580 nm. The quantity of  Alcian blue extracted from per 
gram of  wet glandular tissue was then calculated.

Statistical analysis
The readings shown are means ± SD. The mean 
determination of  treatment groups was compared 
statistically with that of  control group using t.

RESULTS
Effect of anise suspension on gastric lesions induced by 
necrotizing agents
The treatments of  rats with 80% ethanol, 0.2mol/L 

NaOH and 25% NaCl produced extensive gastric lesions 
mainly confined to glandular part of  the stomach in all 
the control (only necrotizing agents treated) animals. The 
ulcer index in ethanol, sodium hydroxide and sodium 
chloride treatment groups was 7.16 ± 0.40, 8.00 ± 0.0 
and 7.66 ± 0.33, respectively. Pretreatment of  rats with 
anise suspension at the dose of  250 mg/kg significantly 
prevented gastr ic mucosal les ions induced by a l l 
necrotizing agents used. The ulcer index was 6.00 ± 0.51 (P 
< 0.01), 4.66 ± 0.80 (P < 0.001), 6.00 ± 0.44 (P < 0.001), 
respectively. In stomach of  rats treated with 500 mg/kg 
of  anise suspension, the ulcer index was 4.00 ± 0.44 (P < 
0.001), 3.66 ± 0.66 (P < 0.001) and 4.00 ± 0.51 (P < 0.001) 
in ethanol, sodium hydroxide and sodium chloride groups 
respectively (Table 1). 

Effect of anise suspension on histopathological changes
Histological examination of  gastric mucosa showed 
various histopathological changes including congestion, 
haemorrhage, edema, necrosis, inf lammatory and 
dysplastic changes, erosions and ulcers in ethanol-
treated rats. The histological indices such as necrosis, 
inflammatory and dysplastic changes and ulceration were 
completely inhibited in rats pretreated with both doses of  
anise suspension (Table 2).

Effect of anise suspension on gastric lesions induced by 
indomethacin
To study the anti-ulcerogenic effects of  anise suspension 
on indomethacin-induced gastric lesions in rats, two does 
of  anise were used (250 and 500 mg/kg). Data on ulcer 
index in rats pretreated with both doses are reported in 
Table 3. The increased ulcer index in the gastric mucosa of  

Table 1  Effect of aqueous anise suspension on gastric lesions induced by various necrotizing agents (mean  ± SD)

Group                                                  Dose                                         Ulcer index

serial Treatment (mg/kg, i.g.) 80% EtOH 0.2 mol/L NaOH 25% NaCl

1 Control (distilled water) -      7.16 ± 0.40    8.00 ± 0.0       7.66 ± 0.33
2 Pimpinella anisum 250       6.00 ± 0.51b        4.66 ± 0.80d        6.00 ± 0.44d

3 Pimpinella anisum 500       4.00 ± 0.44d        3.66 ± 0.66d        4.00 ± 0.51d

Six rats were used in each group. bP <  0.01, dP < 0.001 vs control (distilled water) group, Student’ t-test.

Table 2  Effect of aqueous anise suspension on ethanol-induced histopathological changes in rat stomach

                                                                                                                    Histopathological changes

Group 
serial

Treatment and dose
(mg/kg, body weight/day)

Congestion Haemorrhage Edema Necrosis Inflammatory 
changes

Dysplastic 
changes

Erosions Ulceration

1 Control (distilled water) - - - - - - - -
(1 mL/rat)

2 Ethanol, 80% (1 mL/rat) ++ +++ ++ ++ + + +++ +
3 Pimpinella anisum + + + - - - + -

(250) + ethanol, 80% (1 mL/rat)
4 Pimpinella anisum + + + - - - + -

(500) + ethanol, 80% (1 mL/rat)

-: normal, +: moderate, ++: severe, +++: intensely severe.
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Table 6  Effect of aqueous anise suspension on ethanol-induced 
gastric wall mucus concentration changes (mean  ±  SD)

indomethacin-treated rats (control) decreased significantly 
in animals treated with lower and higher anise doses 
(32.16 ± 5.22 vs 9.66 ± 1.96 and 6.00 ± 2.68, P < 0.001), 
respectively.

Effect of anise suspension on ethanol-induced mucosal 
NP-SH depletion
The level of  NP-SH in the gastric mucosa of  control rats 
was 11.70 ± 0.86 mmol/g of  tissue, significantly decreased 
to 6.31 ± 0.23 mmol/g following the administration of  
ethanol. Pretreatment of  rats with anise suspension at 
a higher dose (500 mg/kg) significantly replenished the 
ethanol-induced depletion of  NP-SH (P < 0.05, Table 4).

Effect of anise suspension on gastric secretion in pylorus-
ligated rats
In control rats, pylorus ligation for 6 h resulted in an 
accumulation of  7.83 ± 0.38 mL of  gastric secretions, 

titratable acidity 127.21 ± 2.64 in mEq/L and an ulcer 
index 0.66 ± 0.33 (Table 5). The volume of  gastric 
secretion in the rats treated with 250 and 500 mg/kg of  
anise suspension significantly reduced to 3.00 ± 0.51 and 
0.33 ± 0.33 mL, respectively (P < 0.001). A significant 
decrease in titratable acid was also observed in the rats 
treated with 250 mg/kg (109.33 ± 4.64 mEq/L) and 500 
mg/kg (108.33 ± 5.00 mEq/L) (P < 0.001). A complete 
inhibition of  rumenal ulcers was noted in both groups of  
rats treated with anise suspension as compared to control 
group (Table 5).

Effect of anise suspension on ethanol-induced changes in 
gastric wall mucus
The treatment of  rats with ethanol significantly decreased 
the Alcian blue binding capacity of  gastric wall mucus 
(307.92 ± 10.69 μg Alcian blue/g of  tissue) as compared 
to control rats (474.98 ± 13.86 μg/g). Pretreatment of  
rats with anise suspension at 250 mg/kg (372.75 ± 20.87 
μg/g) and 500 mg/kg (391.60 ± 20.19 μg/g) significantly 
enhanced Alcian blue binding capacity of  gastric mucosa (P 
< 0.05, P < 0.01), respectively (Table 6).

DISCUSSION
Anise spice is added to foods in several forms as whole 
spice, as ground spice or as isolates from its extracts 
and volatile oils[26]. We adopted the suspension dosage 
form in our experiments. In necrotizing agents-induced 
gastric ulcers, the lesions were characterized by multiple 
haemorrhage red bands of  different sizes along the 
longitudinal axis of  the glandular stomach. This model is 
extensively used to screen drugs for cytoprotection[27]. This 
study provided a substantial evidence for anti-ulcer and 

Table 3  Effect of aqueous anise suspension on indomethacin-
induced gastric mucosal lesions (mean  ±  SD)

Group
serial

Treatment Animals 
(n )

Dose
(mg/kg, i.g.)

Ulcer index

1 Control (indo only) 6 - 32.16 ± 5.22

2 Pimpinella anisum + indo 6 250 9.66 ± 1.96d

3 Pimpinella anisum + indo 6 500 6.00 ± 2.68d

dP < 0.001 vs control (indo only) group. Indo: indomethacin. 

Table 4  Effect of aqueous anise suspension on the levels of 
non-protein sulfhydryles (NP-SH) in glandular stomach of rats 
treated with 80% ethanol  (mean  ±  SD)

Group Treatment and dose NP-SH concentration
serial (mg/kg, body weight) (μmol/100 mg wet tissue)

1 Control (distilled water, 1 mL/rat) 11.70 ± 0.86
2 Control (80% ethanol, 1 mL/rat)    6.31 ± 0.23b

3 Pimpinella anisum  (250) + 80% 
ethanol (1 mL/rat)

  6.71 ± 0.33

4 Pimpinella anisum  (500) + 80% 
ethanol (1 mL/rat)

   7.68 ± 0.37a

Six rats were used in each group. aP < 0.05 vs control (80% ethanol) group, bP 
< 0.01 vs control (distilled water) group. 

Table 5  Effect of anise suspension on gastric secretion, acidity and gastric lesion index in pylorus-ligated Shay rats (mean  ±  SD)

Group serial Treatment Dose (mg/kg, i.g) Volume of gastric content (mL) Titratable acid (mEq/L) Ulcer index

1 Control (distilled water) - 7.83 ± 0.38 127.21 ± 2.64 0.66 ± 0.21

2 Pimpinella anisum 250  3.00 ± 0.51b  109.33 ± 4.64d     0.00d

3 Pimpinella anisum 500  0.33 ± 0.33d  108.33 ± 5.00d     0.00d

Six rats were used in each group. bP < 0.01, dP < 0.001 vs control (distilled water) group.

Group 
serial

Treatment Dosage 
(mg/kg,i.g.)

Gastric wall mucus (μg Alcian 
blue of wet glandular tissue)

1 Control 
(distilled water)

- 474.98 ± 13.86

2 80% ethanol only - 307.92 ± 10.69d

3 Pimpinella anisum 
80% ethanol

250 372.75 ± 20.87a

4 Pimpinella anisum 
80% ethanol

500 391.60 ± 20.19b

aP < 0.05, bP < 0.01 vs 80% ethanol group only; dP < 0.001 vs control (distilled 
water) group.
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anti-secretory effects of  an aqueous suspension of  anise. 
Anise suspension significantly inhibited the ulcerative 
lesions in all animals treated with necrotizing agents, which 
was further confirmed by histological findings in which 
necrosis, inflammatory, dysplastic changes and ulcers were 
abolished in rats pretreated with anise suspension. The 
ability of  gastric mucosa to resist injury by endogenous 
secretions (acid, pepsin and bile) and ingested irritants (e.g., 
alcohol), can be attributed to a number of  factors that 
have been referred to collectively as mucosal defense[28]. 
Gastric mucosal lesions induced by necrotizing agents such 
as ethanol and strong alkalis are due to depression of  the 
gastric defensive mechanisms[29]. Although ethanol-induced 
ulcers are not inhibited by anti-secretory agents such 
as cimetidine, they are inhibited by agents that enhance 
mucosal defensive factors such as prostoglandins[30]. The 
current results suggest that the anti-ulcerogenic effect 
of  anise suspension may be related to its cytoprotective 
activity.

Gastroduodenal ulceration is a major limitation to the 
use of  non-steroidal anti-inflammatory drugs (NSAIDs)[31]. 
NSAIDs can cause damage to the gastroduodenal mucosa 
via several mechanisms, including their topical irritant 
effect on the epithelium, impairment of  the mucosal 
barrier function, suppression of  gastric prostaglandin 
synthesis, reduction of  gastric mucosal blood flow and 
interference with the repair of  superficial injury. The 
presence of  acid in the lumen of  stomach also contributes 
to the pathogenesis of  NSAIDs-induced ulcers and 
bleeding by impairing the restitution process, interfering 
with haemostasis and inactivating several growth factors 
that are important in mucosal defence and repair[32,33]. In 
the present study, indomethacin-induced gastric lesions 
were extensively prevented by anise suspension.

Sulfhydryl compounds have been signif icantly 
implicated in the maintenance of  gastric integrity, 
particularly when reactive oxygen species are involved 
in the pathophysiology of  tissue damage[34]. Since anise 
suspension significantly enhances gastric tissue NP-SH 
concentration, it is conceivable that it is endowed with 
antioxidant properties accounting for its gastroprotective 
action. Hence, it may be presumed that the replenishing 
potential of  sulfhydryl levels might play an important 
role in the gastroprotective activity of  anise suspension-
treated rats. Furthermore, the ability of  anise suspension 
to protect against ulcers in NSAID-induced gastric 
damage may be due to the enhanced synthesis of  mucus, 
bicarbonates and prostaglandins, as well as reduced acid 
output. Consequently these activities can promote the 
inhibition of  basal gastric acid secretion as observed in 
our pylorus-ligated shay rat model[35,36]. On the other hand, 
it is also important to note that NSAIDs can increase 
gastric acid secretion, through prostaglandin inhibitory 
effects on parietal cells[37,38]. In the present study, anise 
aqueous suspension treatment significantly reduced basal 
gastric acid volume, titratable acidity and completely 
inhibited ulcer formation in rats. However, to date it is 
still controversial about relationship between the acid 
output and the genesis of  acute gastric mucosal lesions 
(AGML). Our results support this correlation as anise 

suspension significantly reduced basal gastric secretion and 
prevented the occurrence of  AGML in pylorus-ligated 
rats and thus, supporting the hypothesis of  "no acid no 
ulcer" [39]. It has been postulated that histamine may be 
involved in the formation of  pylorus-ligated ulcers and 
play a mediating role in the gastric secretion stimulated by 
gastrin, vagal stimulation, and cholinergic agents[40]. The 
correlation between gastric mucus and acid secretions 
in our experiments, clearly demonstrated that the gastric 
protective activity observed may be associated with 
correction or normalization of  the altered balance between 
erosive action of  acid and gastric mucosal defence. Gastric 
wall mucus is thought to play an important role as a 
defensive factor against gastric mucosal damage[41]. The 
determined gastric wall mucus is used as an indicator for 
gastric wall mucus secretion[42]. In the present investigation, 
anise suspension caused a significant enhancement of  
ethanol-induced gastric wall mucus depletion in rats, which 
further confirms the ability of  anise to prevent and/or 
ameliorate the effects of  damaging agents. These findings 
indicate that anise suspension preserves gastric mucus 
secretion and strengthens gastric mucosa defense factors 
in experimental rats[43,44]. 

The chemical constituents of  anise responsible for 
its anti-ulcer activity are not known. However, chemical 
studies demonstrated that anise contains estrarole[45], 
anethol[46], eugenol[47], anisaldehyde, methylchanicol[48], 
coumarins[49] and terpenes[50] among others as the major 
compounds. Anise and its compounds have been identified 
as free radicals or active oxygen scavengers[51]. In addition, 
the ability of  anise suspension to protect gastric mucosa 
against lesions induced by chemical irritants is likely by 
maintaining the structural integrity of  gastric epithelium 
and balance of  aggressive factors and inherent protective 
mechanisms[52]. Furthermore, the mucus gel and its 
bicarbonate gradient seem to be an important first-line 
defense against harmful stimuli [53]. 

In conclusion, anise suspension exhibits an anti-ulcer 
potential activity through at least one or more possible 
mechanisms including inhibition of  basal gastric secretion, 
stimulation of  mucus secretion, endogenous gastric 
mucosal prostaglandin synthesis and possible antioxidative 
activity.
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gastritis, peptic ulcer and gastric carcinoma[1-3]. Previous 
studies have demonstrated that H pylori correlate with 
diseases of  the extra-gastrointestine, the liver and the 
cholecyst[4-8]. We have isolated H pylori from the gallbladder 
and cultured H pylori, and preliminarily proved that there 
exist live H pylori in the gallbladder. In the present study, 
we carried out electron microscopic observation and 
immunohistochemistry to the relationship between H pylori 
and chronic cholecystitis. 

MATERIALS AND METHODS
Subjects  
A total of  81 cases with chronic cholecystitis were 
divided into H pylori-negative group (n = 59) and H pylori-
infected group (n = 22), based on previous studies, PCR 
amplification and culture results for H pylori. Besides, a 
control group was used including another 20 cases who 
were proved to have no obvious inflammation in the 
gallbladder mucosa except polyps or H pylori infection after 
a cholecystectomy due to a gallbladder polyp.  

Investigation of gastric mucosa metaplasia of epithelial 
cells of gallbladder mucosa
By histochemical staining of  AB/PAS mucus, and based 
on histology of  mucosal epithelial cells and characteristics 
of  cells secreting mucus, an observation was made on 
gastric mucosa metaplasia of  epithelial cells of  gallbladder 
mucosa and colonization of  H pylori in the epithelial 
cells of  gallbladder mucosa. The relationship between 
H pylori and the epithelial cells of  the gallbladder was 
observed by optic microscopy, W-S silver stain and 
immunohistochemical stain using anti-H pylori antibodies. 
The resected gallbladder specimens from cases with 
chronic cholecystitis were immobilized with 3% glutaral, 
embedded and sliced for transmission electron microscopic 
investigation.  

Relationship between H pylori and cholecystitis
Inflammatory changes of  epithelial cells of  the gallbladder 
mucosa in regions where H pylori colonized were observed 
by optic microscopy and ultrastructural changes of  
epithelial cells of  the gallbladder were observed by electron 
microscopy.

Assay of interleukins in homogenates of gallbladder 
mucosa 
The radio-immune analytical reagent kits including IL-1, 
IL-6 and IL-8 were purchased from Dongya Research 
Institute of  Biotechnology, Beijing. About 1 g of  resected 

 RAPID COMMUNICATION

H pylori are associated with chronic cholecystitis 

Dong-Feng Chen, Lu Hu, Ping Yi, Wei-Wen Liu, Dian-Chun Fang, Hong Cao

www.wjgnet.com

Dong-Feng Chen, Lu Hu, Ping Yi, Wei-Wen Liu, Dian-Chun 
Fang, Hong Cao, Department of Gastroenterology, Daping 
Hospital,Third Military Medical University, Chongqing 400042, 
China 
Supported by the National Natural Science Foundation of China, 
No. 39970039 
Correspondence to: Dr. Dong-Feng Chen, Department of 
Gastroenterology, Research Institute of Surgery, Daping Hospital, 
Third Military Medical University, Chongqing 400042, 
China. dfchen9@hotmail.com
Telephone: +86-23-68757362  Fax: +86-23-68813806
Received: 2005-08-05	    Accepted: 2007-01-23

Abstract
AIM: To study whether H pylori are associated with 
chronic cholecystitis.  

METHODS: The subjects were divided into three 
groups: H pylori -infected cholecystitis group, H pylori -
negat ive cholecyst i t is group and control group. 
Pathologic changes of the gallbladder were observed 
by optic and electronic microscopes and the levels of 
interleukin-1, 6 and 8 (IL-1, 6 and 8) were detected by 
radioimmunoassay.  

RESULTS: Histological evidence of chronic cholecystitis 
including degeneration, necrosis, inflammatory cell 
infiltration, were found in the region where H pylori  
colonized. Levels of IL-1, 6 and 8 in gallbladder mucosa 
homogenates were significantly higher in H pylori -
infected cholecystitis group than those in H pylori -
negative cholecystitis group and control group.  

CONCLUSION: H pylori  infection may be related to 
cholecystitis. 
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gallbladder mucosa was added into ultrapure water (Center 
of  Molecular Biology, Research Institute of  Surgery, 
Daping Hospital, Third Military Medical University, 
Chongqing) and homogenized in an IS-l homogenizer 
(Medical Machine Factory, Zhejiang) and the homogenates 
were centrifuged at 4000 r/min for l5 min, after which 
the supernatants were collected and frozen at -70℃. The 
EC-l200 radio-immune auto-γ counting device (Zhongjia 
Corporation of  ChinaAcademy of  Sciences) was employed 
for radio-immune assay and a fully automatic biochemical 
assay device of  Beckman Synchron CX (USA) was used 
for quantification of  proteins of  gallbladder mucosa 
homogenates.  

Statistical analysis
Data were expressed as mean ± SD and processed 
with Chi-square test and Student’s t-test. P < 0.05 was 
considered significant. 

RESULTS
Metaplasia of gastric mucosa in gallbladder   
In cases with a gallbladder polyp, no mucus stained 
positive for PAS was found in gallbladder mucosa in the 
region beyond the polyp, nor was positive substance of  
PAS, i.e., metaplasia of  gastric mucosa, found in epithelial 
cells of  mucosa. In cases with chronic lithic cholecystitis, 
the epithelium of  gallbladder mucosa was column-like. 
AB/PAS stain showed that neutral mucus was positive, 
with metaplasia of  epithelial cells of  gastric mucosa  
(Figure 1). 

Gastric metaplasia of  gallbladder mucosa appeared in 

25 cases, accounting for 30.86% (25/81) of  all cases with 
chronic cholecystitis, however, it was not found in the 
control group (Table 1). This suggested that gallbladder 
mucosa was apt to gastric metaplasia in cases with 
chronic lithiasis cholecystitis, especially in those with H 
pylori infection in the gallbladder, of  gastric metaplasia 
of  gallbladder mucosa (18/22, 81.82%) was significantly 
higher than that in cases with negative H pylori (7/59, 
11.86%, P < 0.01). It indicated that gastric metaplasia of  
gallbladder mucosa might relate to H pylori infection in the 
gallbladder.
  
Colonization of H pylori in gallbladder and its relation to 
cholecystitis     
The optic microscopy showed that H pylori were scattered 
or aggregated on, or located within certain distance 
from the epithelial cells of  gallbladder mucosa and that 
individual H pylori distributed inside epithelial cells or 
existed in intercellular space. At the regions with H pylori, 
column-like cells secreted neutral mucus by AB/PAS 
stain, indicating that the gallbladder mucosa had gastric 
metaplasia and that gastric mucosa were absent in some 
regions where H pylori located. Electron microscopy 
showed that H pylori were located on, stuck to, or entered 
the epithelial cells of  gallbladder mucosa, where, however, 
no tight junction or adhesiveness could be seen. Moreover, 
optic microscopy revealed degeneration of  the epithelial 
cells of  gallbladder mucosa, infiltration and exudation 
of  inflammatory cells, exfoliation of  the epithelial cells, 
or chronic inflammation such as mucous layer shrinkage, 
decrease or even disappearance of  epithelial cells and 
glands at sites where H pylori were present. Sometimes, 
there could be seen that inflammatory cells aggregated 
around H pylori and the latter were swallowed (Figure 
2). On the other hand, only a few inflammatory cells 
infiltrated the mucosa, with intact epithelial cells, in most 
cases with chronic cholecystitis without H pylori infection. 
Exceptionally, even in these cases, there emerged acute 
inflammatory manifestations including infiltration of  
large numbers of  inflammatory cells, degeneration, 
apoptosis and exudation of  epithelial cells or chronic 
inflammatory manifestations including atrophy of  glands. 
In the gallbladder epithelial cells that were proved to have 

Figure 1  Specimens of chronic cholecystitis. Many positive PAS materials appear 
in epithelial cells of gallbladder mucosa (PAS × 200). 

Figure 2  Helicobacter-like bacteria and inflammatory cells in mucus on gallbladder 
mucosa (WS × 200).

Table 1  Gastric metaplasia of gallbladder mucosa in cases with 
chronic cholecystitis

Group n  Gastric metaplasia 
positive (n ) 

Gastric metaplasia 
negative (n )

Control 20   0 20
Chronic cholecystitis 
   Positive H pylori  22 18   4
   Negative H pylori 59   7 52
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H pylori infection by electron microscopy, changes such 
as destructed epithelial cell membranes, loose cellular 
connection, dilatation of  mitochondria, decrease or 
disappearance of  crest, and dilatation of  endoplasmic 
reticulum could be seen, which were severer compared 
with those without H pylori infection (Figure 3). The levels 
of  IL-l, IL-6 and IL-8 of  gallbladder mucosa homogenates 
were expressed as ng/g protein, and are shown in Table 2. 

In cases with chronic cholecystitis, the levels of  IL-l, 
IL-6 and IL-8 in gallbladders in both negative H pylori 
group and positive H pylori group were significantly higher 
than those in control group (P < 0.01). Moreover, there 
was a significant difference between positive H pylori group 
and negative H pylori group in levels of  IL-1, IL-6 and IL-8 
in the gallbladder (P < 0.01).  

DISCUSSION
The gal lbladder and stomach are originated from 
endoblasts and have similar tissue structures, with the 
mucosa covered with a slime layer [9-11]. AB/PAS stain 
showed that the epithelial cells of  gallbladder mucosa 
secreted neutral mucus, with gastric metaplasia, in about 
31% (25/81) of  cases with cholecystolithiasis. Caselli 
et al[12-14] also demonstrated that the epithelial cells of  
gallbladder mucosa had gastric metaplasia in cases with 
cholecystolithiasis. Roa et al[15,16] found that pepsinogenⅠ, 
Ⅱ were expressed in the epithelial cells of  the gallbladder. 
The significance of  gastric metaplasia of  gallbladder 
mucosa lies in that the gastric metaplasia provides 
conditions for H pylori colonization in the gallbladder. The 
results of  our study showed that compared with cases 
without H pylori infection in the gallbladder, there was a 
significantly higher incidence rate of  gastric metaplasia 
in epithelial cells of  gallbladder mucosa in cases with  
H pylori infection. It also proved that the gastric metaplasia 
of  gallbladder mucosa closely correlated with H pylori 
infection in the gallbladder. Nevertheless, there were cases 
with H pylori infection but without gastric metaplasia 
in the gallbladder; meanwhile, there were cases with 
gastric metaplasia but without H pylori infection. These 
findings indicate that there is no absolute causality 
between gastric metaplasia and H pylori infection in the 

gallbladder. We hypothesize that many epithelial cells 
of  the gastrointestinal tract have receptors for H pylori 
colonization factors. Therefore, H pylori can colonize on 
the epithelial cells of  the gallbladder mucosa with no 
gastric metaplasia[17]. 

We also found that H pylori were separated from or 
adhered to the epithelial cells of  gallbladder mucosa and 
that some H pylori penetrated through epithelial cells of  
the gallbladder. It that H pylori had a weak ability to pass 
through cells. At sites where H pylori aggregated, the 
epithelial cells of  gallbladder mucosa were degenerated, 
erosive and even apoptotic. In some parts, inflammatory 
cells infiltrated, which became more obvious with increases 
in the number of H pylori. Electron microscopy revealed 
that at sites infected with H pylori, the integrity of  the cell 
membrane of  epithelial cells was destructed, with swelling 
of  mitochondria and dilatation of  endoplasmic reticulum. 
It showed that colonization of  H pylori in the gallbladder 
cause inflammation of  the gallbladder, mainly chronic 
nonsuppurative inflammation, which in turn provides an 
important condition for H pylori as one of  the etiological 
factors leading to cholecystitis. Damage of  the epithelial 
cells of  gallbladder mucosa caused by H pylori may relate 
to specific virulence factors of  H pylori such as cytotoxin-
associated protein (CagA) and vacuoles toxin (VacA) , as 
well as urease, lipopolysaccharides and mucus enzyme of 
H pylori[18]. 

H pylori can also damage the epithelial cells of  
gallbladder mucosa through mediating inflammation and 
immunoreaction. The levels of  IL-l, IL-6 and IL-8 in 
gallbladder mucosa homogenates in both H pylori negative 
and positive groups were significantly higher than those 
in control group (P < 0.01). It indicates that chronic lithic 
cholecystitis is associated with these three cytokines. We 
also found that in cholecystitis specimens with or without 
H pylori infection, levels of  IL-1, IL-6 and IL-8 were 
significantly higher than those in control group, indicating 
that these interleukins may participate in pathogenesis of  
chronic cholecystitis. This may accord with the function 
of  IL in H pylori-related gastritis and gastric ulcer[19,20]. 
After infection with H pylori, the urease, lipase and heat 
shock proteins secreted by H pylori can activate regional 
epithelial cells of  mucosa and vascular endothelial 
cells expressing IL-1, IL-6 and other cytokines such as 
ICAM-I, hence stimulating and chemotaxy intravascular 
lymphocytes and monocytes to shift to H pylori-infected 
sites. IL-6 can activate and induce differentiation of  T 
cells through other cytokines and enhance the function of  

Figure 3  Electron microscopic images of H pylori on the epithelial cells of 
gallbladder (× 6000).

Table 2  Levels of IL-l, IL-6 and IL-8 of gallbladder mucosa 
homogenates (ng/g protein)

Groups n   IL-1 IL-6 IL-8 

Control 20   21.65 ± 4.28   77.10 ± 10.56 101.35 ± 19.39 

Chronic cholecystitis    
Negative H pylori 59   68.76 ± 15.08b 159.54 ± 37.65b 152.10 ± 46.57 

Positive H pylori 22 142.68 ± 25.41b,d 241.50 ± 80.60b,d 593.18 ± 93.59b,d 

bP < 0.01 vs control group; dP < 0.01 vs negative H pylori group. 
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monocytes and NK cells, resulting in inflammation and 
injury at sites infected with H pylori. Our study verified 
that CagA of  H pylori exerted strong action in stimulating 
epithelial cells and other cells expressing IL-8, which can 
activate and chemotactic neutrophils and lymphocytes[21]. 
In cases with chronic cholecyst i t is infected with  
H pylori, levels of  IL-1, IL-6 and IL-8 of  gallbladder 
mucosa were significantly higher than those in cases 
without H pylori infection. It suggests that H pylori 
participate in and aggravate cholecystitis, destruction 
of  epithelial cells of  the gallbladder and atrophy of  the 
gallbladder[22]. Taken together, our study indicates that 
H pylori infection in the gallbladder may be one of  the 
etiological factors leading to cholecystitis. The precise 
mechanism requires further verifications.  
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INTRODUCTION
Beneficial effects of  total enteral nutrition (TEN) have 
been noted in a number of  diseases, such as burn, trauma, 
and sepsis. In comparison with parenteral nutrition (PN), 
TEN can reduce nosocomial infection, multiple organ 
failure (MOF), and the length of  hospitalization[1-4]. Early 
enteral nutritional (EEN) support in patients with acute 
pancreatitis (AP) has been evaluated by some authors who 
reported that it can moderate the acute phase response 
and improve disease severity and clinical outcome[5-10]. 
However, the commonly encountered problems of  gastric 
atony and outlet obstruction have limited the successful 
delivery of  enteral nutrition to patients with severe acute 
pancreatitis. In addition, many surgeons believe that 
EEN may lead to recurrence of  symptoms and delayed 
complications, because EEN may increase the release of  
digestive enzymes and lysosomal hydrolases. This action 
of  digestive enzymes and lysosomal hydrolases may be 
important in the development of  acute pancreatitis, as 
lysosomal enzymes such as cathepsin B, are known to be 
capable of  activating trypsinogen and intracellular digestive 
enzymes that may trigger the autodigestive phenomenon 
of  the pancreas[11]. However, these problems may be 
overcome if  enteral nutrition is delivered to the jejunum as 
distal as possible from Treitz’s ligament, thereby avoiding 
stimulation of  the cephalic and gastric phase. Therefore, 
it is necessary to investigate the effect of  early intrajejunal 
nutrition (EIN) on pancreatic acinar cell uptake of  3H 
phenylalanine, digestive enzyme synthesis, storage and 
discharge in dogs with AP. 

MATERIALS AND METHODS
Materials 
3H phenyla lanine (5mCi/ml) was obtained from 
Amersham. CBZ-arginine-napthalamide , thymus DNA 
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Abstract
AIM: To study the effect of early intrajejunal nutrition 
on enzyme-protein synthesis and secretion during acute 
pancreatitis. 

METHODS: Fifteen dogs were randomly divided into 
parenteral nutrition (n = 7) and early intrajejunal 
nutrition groups (n = 8). An acute pancreatitis model was 
induced by injecting 5% sodium taurocholate and trypsin 
into the pancreas via the pancreatic duct. Intrajejunal 
nutrition was delivered with a catheter via a jejunostomy 
tube after the model was establ ished for 24 h.  
On d 1 and 7 and at the beginning of nutritional support, 
radioactive tracing and electron microscopes were used 
to evaluate the enzyme-protein synthesis in acinar cells, 
the subcellular fractionation and the change in zymogen 
granules after 1.85 × 106 Bq L-3H phenylalanine was 
infused at 30, 60, 120, and 180 min. 

RESULTS: The 3H radioactivity in pancreatic acinar 
cells reached its peak level at 60 min, and the contents 
in the early intrajejunal nutrition group were higher 
than those in the parenteral nutrition group, which 
were then decreased. The mean number and area of 
zymogen granules did not show any significant statistical 
difference in both groups on d 1 or on d 7 (p > 0.05). 

CONCLUSION: Early intrajejunal nutrition might be 
effective in dogs with acute pancreatitis. 

© 2007 The WJG Press. All rights reserved.
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and RNA-napthalamide, cytochrome c, 3- (N-morphplino) 
propanesulfonic acid (MOPS), phenylmethyl- sulfonyl 
fluoride (PMSF), and Triton X-100 were from Sigma 
Chemical. All other commercially available reagents were 
of  the highest purity. 

Animal model 
Twenty-two dogs weighing 18-22 kg had free access to 
water. After fasting for 12-14 h, all dogs were anesthetized 
by intramuscular injection of  ketamine (10 ml/kg) and 
intravenous injection of  sodium pentobarbital (30 mg/kg).  
Under ster i le condit ions, middle laparotomy and 
duodenotomy were performed. An AP model was induced 
by injecting 1mg/kg of  a combined solution of  5% sodium 
taurocholate and trypsin 8000-10 000 BAEF units/ml 
 into the pancreatic duct at a pressure of  30 cm H2O. 
The common biliary duct was clamped. A catheter was 
placed at 30 cm distal to Treitz’s ligament via jejunostomy. 
after the AP model was established, the duodenum and 
abdomen were closed. The neck regions of  dogs were 
shaved and prepared in a sterile manner for catheterization. 
A silastic catheter (1.0 mm in inner diameter, 1.5 mm in 
outer diameter) was inserted through the external jugular 
vein to reach the superior vena cava and connected to the 
infusion solution. Fifteen dogs with AP survived after 
7 d, and the death rate was 32% (7/22). The study was 
approved by our Institutional Animal Committee. 

Experimental groups and nutritional solution preparation 
Fifteen dogs with AP were randomly divided into PN 
group (n = 7) and EIN group (n = 8). The two groups 
were isocaloric and isonitrogenous. PN solutions consisted 
of  7% Vamin (SSPC, 9.4 g/1000 ml), 20% intralipid 
(SSPC), and 50% glucose (GS). Non-protein calorie was 
50 kC (209.2 kJ/kg) and nitrogen was 0.3 g/kg.d. The 
total volume of  solution infused was 70 ml/kg.d. The 
energy index supported with glucose and fat emulsion was 
1:1. Multivitamins and electrolytes were also included in 
TPN solutions. The 0.9% saline solution was infused at 
250 ml/kg during operation and postoperatively for 8 h, 
thereafter at 125 ml/kg. The nutrient solution was infused 
at a constant infusion rate by a pump (100-120 ml/h). 

The EIN solution was Nutrison (Nutricia). The 
jejunum was infused through a jejunostomy catheter with 
250 ml Nutrison and 500 ml 0.9% saline at 24 h after 
AP was induced, 500 ml Nutrison and 250ml 0.9% 
saline were infused after 48 h and continued for 7 d. The 
infusion rate was controlled by microcomputer-pump 
(Nutricia). During the EIN support period, the insufficient 
amount of  calorie and nitrogen was supplemented by 
partial parenteral nutrition[4] (Table 1). 

Amino acid uptake 
Dogs wi th AP were infused wi th rad ioact ive 3H 
phenylalanine (1.85 × 106 Bq) at beginning of  PN or EIN 
on d 1 and 7, respectively. The abdomen was opened twice 
and partial pancreas was rapidly removed at 30, 60, 120 
and 180 min after3H phenylalanine pulse infusion. After 
rinsed with a cold homogenization buffer containing  
5 mmol/L MOPS (pH 7.0), 250 mmol/L sucrose,  

1 mmol/L MgSO4, and 0.1 mmol/L PMSF and trimmed 
of  fat, the pancreas was homogenized in this cold 
buffer using a Brinkman polytron. The homogenate was 
centrifuged at 150 × g for 15 min at 4℃ to pellet unbroken 
cells and the resulting supernatant was used to measure 3H 
phenylalanine uptake. For this purpose, an aliquot of  the 
supernatant was mixed with an equal volume of  cold 20% 
trichloroacetic acid (TCA) and centrifuged at 4000 × g for 
15 min. The remaining radioactive 3H phenylalanine in the 
resulting supernatant was quantified using a Packard liquid 
scintillation counter. 

Protein synthesis 
The pancreas was sampled at the above fixed time points. 
The pancreas was rinsed in cold homogenization buffer, 
trimmed of  fat, and divided into small fragments, which 
were homogenized in 8 mL of  homogenization buffer 
using 5 full up- and down strokes of  a motorized glass-
Teflon homogenizer. The homogenate was centrifuged at 
150 × g for 15 min at 4℃ to remove unbroken cells and 
debris. An aliquot was mixed with an equal volume of  cold 
20% TCA. After incubation on ice for 1 h to precipitate 
proteins, the sample was centrifuged at 4000 × g for 15 
min at 4℃. The pellet was washed twice in 2 mL of  10% 
TCA. The final pellet was dissolved using a Packard liquid 
scintillation counter after addition of  10 ml of  Beckman 
Ready-Solv.

Subcellular fractionation 
T he panc r e a s wa s r emoved , homog en i z ed and 
subcellularly fractionated using the method of  Tartakoff  
and Jamieson[12] with some modifications by DeLisle  
et al[13]. Briefly, the pancreas was divided into fragments, 
homogenized in 8 ml homogenization buffer by 5 full 
up- and -down strokes of  a motorized glass-Teflon 
homogenizer, unbroken cells and debris were removed by 
centrifugation at 150 × g for 15 min at 4℃. The resulting 
supernatant was considered to be the entire sample for 
later calculation and to contain 100% of  all measured 
components, and centrifuged at 1300 × g for 15 min at 4℃, 
yielding the “zymogen granule” pellet and a supernatant. 
The latter was harvested and centrifuged at 12 000 × g 
for 12 min at 4℃ to obtain the “lysosome-mitochondria” 
pellet and a 12 000 × g supernatant. This supernatant 
was centrifuged at 105 000 × r/min for 60 min at 4℃ 

Table 1  Calories, nitrogen and liquid supplemented between 
two groups 

Group	     20%	     50%	    Vamin	     0.9%	      Nutrison 
                 Intralipid    glucose     (9.4g/L)      saline	     (1 kal/mL)
	  (mL/kcal)  (mL/kcal)     (mL/g)       (mL)

PN group      227/500      500/500        640/6.0        2500                   0
(1-7 d)
EIN group    170/375      187.5/375      468/4.4        1750    250 mL (1.6 g) + 
(1 d)                          				      NS500 mL
EIN group    113.6/250    125/250        298/2.8        1750    500 mL (3.2 g) + 
(2-7 d)					       NS 250 mL

NS: natural saline.
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to produce a “microsomal” pellet and postmicrosomal 
or soluble fraction. The pellets described above were 
individually resuspended in 2 ml of  homogenization 
buffer prior to measurement of  marker enzymes and 
DNA. To measure the content of  newly synthesized 
protein in each fraction, an aliquot of  the sample or the 
resuspended pellet was mixed with an equal volume of  
20% TCA, incubated for 1 h at 4℃ and centrifuged at 
4000 × g. The pellet was washed as described above prior 
to measurement of  TCA-precipitable radioactivity. 

Electron microscopy 
The fixation procedure used for conventional thin-section 
electron microscopy involved incubation with OsO4 alone 
(1% or 2% in phosphate buffer) at 0℃ for 30 min. After 
fixation, the sample was washed extensively in Veronal 
acetate buffer (90 mmol/L, ph 6.0), stained by incubation 
at 0℃ for 60 min in uranyl-magnesium acetate (0.5%) in 
the same buffer, washed again, dehydrated and embedded. 
Thin sections were doubly stained with uranyl acetate and 
lead nitrate, and examined under Philip EM 400 electron 
microscope. 

A systematic randomized protocol was used to select 
tissue areas for morphometric analysis[14]. In each grid, 10 
pictures were taken by one operator at a magnification of  
150 for a total of  ten negatives per sample. Two hundred 
and thirty pictures (PN group, n = 110; EIN group, n = 
120) were printed and observed by one operator with 

a semi automated method using a digitizing tablet and 
pen, and a PC with dedicated software (Image Measure, 
Microscince, USA). The interstitial and vascular space, 
nonexocrine cells, exocrine cell nuclei, and acinar lumen 
space were not considered. The cross-sectional cytoplasmic 
area (mm2) of  exocrine cells and mature exocrine enzyme 
granules was directly measured on prints. In each group 
of  samples, the mean zymogen granular number and area 
were obtained.

Statistical analysis 
The data were collected by two blinded observers and 
presented as mean ± SE for multiple determinations. The 
statistical significance of  observed changes was evaluated 
by t test using SPSS 10.0 statistical-software. P < 0.05 was 
considered statistically significant. 

RESULTS
Pancreatic exocrine secretion stimulation test (PESST) on 
the first day
Acinar cell uptake of  3H phenylalanine: The pancreatic 
acinar cell uptake of  3H phenylalanine was evaluated at 60 
min after the start of  pulse infusion, and 3H radioactivity 
in the EIN group was higher than that in PN group (P 
< 0.05), and then gradually decreased. There was no 
statistical difference between the two groups (Figure 1A).
Enzyme-protein synthesis: The maximal values for 

3.0

2.5

2.0

1.5

1.0

0.5

0.0
         30	            60	              120	 180        min

1st-PN

7th-PN

1st-EIN

7th-EIN

Bq
/m

g 
tis

su
e

2.5

2.0

1.5

1.0

0.5

0.0
         30	            60	              120	 180        min

1st-PN

7th-PN

1st-EIN

7th-EIN

Bq
/m

g 
tis

su
e

A B

1.2

         30	               60	    120	         180        min

1st-PN-ZG

7th-PN-ZG

1st-EIN-ZG

7th-EIN-ZG

Bq
/ m

g 
D

N
A

C

0.9

0.6

0.3

0.0

1.0

         30	               60	    120	         180        min

1st-PN-LM

7th-PN-LM

1st-EIN-LM

7th-EIN-LM

Bq
/ m

g 
D

N
A

D

0.8

0.6

0.4

0.2

0.0

0.8

         30	                  60	      120	               180        min

1st-PN-MS

7th-PN-MS
1st-EIN-MS

7th-EIN-MS

Bq
/ m

g 
D

N
A

E
0.6

0.4

0.2

0.0

Figure 1  Change of 3H radioactivity in acinar cell uptake (A), enzyme-protein synthesis (B), zymogen granules (C), lysosomal mitochondria (D), and microsomal (E) at 
different time points in two groups.
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both groups were similar in acinar cell uptake of  3H 
phenylalanine. The incorporation of  3H-phenylalanine into 
enzyme protein was maximal at 60 min in both groups, 
and then gradually decreased. There was no difference 
between the two groups at 180 min (Figure 1B).
Intracellular transport of  newly synthesized protein: 
The peak level of  3H radioactivity was reached in the three 
subcellular fractionations at 60 min, and 3H radioactivity in 
zymogen granules in the EIN group was higher than that 
in the PN group at 60min (P < 0.05). 3H radioactivity in 
lysosomal-mitochondria and the microsomal subcellular 
fractionation did not reach statistical difference at the 
fixed time between the two groups, and then gradually 
decreased, the changes did not reach statistical difference 
(Figure 1C-E). 

Electron microscopy
There was no difference in the submicroscopic cytology of  
acinar cells between the two groups. In particular, the fine 
structure of  mature secretory granules was consistently 
similar. The electron density of  membrane-bound mature 
exocrine granules had no change in this study in both 
PESST determinations. However, the mean zymogen 
granule number (MZGN) and mean zymogen granule area 
(MZGA) were not apparently changed on d 1 and 7 in 
either group, and the change in their number and unit area 
at different time points did not reach statistical difference 
(Figure 2A and B). 

DISCUSSION
Traditionally, enteral nutrition is implemented after a 
2-3 wk period of  parenteral nutritional support[15]. This 
clinical strategy has been developed to provide a sufficient 
time period for the pancreas to rest and rehabilitate. The 
concept of  pancreatic rest stems from the belief  that 
stimulation of  pancreatic exocrine function in patients with 
acute pancreatitis releases large quantities of  proteolytic 
enzymes which result in autodigestion of  the pancreas and 
peripancreatic tissues, causing deterioration in the patient’s  
condition. The presence of  food in the stomach and 
duodenum elicits gastropancreatic and duodenopancreatic 
reflexes that result in the stimulation of  pancreatic 
exocrine secretion. However, these effects are insignificant 
when nutrients are delivered directly into the jejunum[16-25]. 

Kaushik et al[26] reported that enteral feeding can be given 
without stimulating pancreatic trypsin secretion provided 
it is delivered into the mid-distal jejunum, because the 
avoidance of  trypsin stimulation may optimize enteral 
feeding in patients with acute pancreatitis.

It is known that digestive proteins and lysosomal 
enzymes are synthesized by polyribosomes binding 
to the cytoplasmic surface of  endoplasmic reticulum 
(ER) membrane, and then transferred to the lumen of  
ER cisternae[27]. They are transported together to the 
Golgi, and normally separated from each other in the 
Golgi complex and condensing vacuole (CV) stage of  
intracellular transport. Normally, digestive enzymes and 
lysosomal hydrolases, which are synthesized in ribosomes 
attaching to the rough-surfaced endoplasmic reticulum and 
migrating to the Golgi complex and CV, are separated from 
each other by a complex sorting mechanism. Eventually, 
they are targeted for inclusion in distinct organelles: 
zymogen granules and lysosomes. In order to evaluate 
the effect of  EIN on pancreatic acinar cell uptake of  
3H-phenylalanine and incorporation into zymogen protein 
in acute pancreatitic dogs, morphological changes were 
observed by determining the process of  amino acid uptake, 
enzyme-protein synthesis, intracellular transport, and 
discharge of  newly synthesized proteins from the pancreas 
within 3 h after beginning of  PN and EIN on the first day. 
The results showed that 3H phenylalanine radioactivity due 
to amino acid uptake and the extent of  incorporation into 
newly synthesized proteins reached its peak level at 60 min 
in both groups. The parameters in the EIN group were 
higher than those in the PN group (P < 0.05), and then 
gradually decreased. To further analyze the effect of  EIN 
on uptake of  amino acids and enzyme-protein synthesis in 
subcellular fractions on the first day, we used differential 
and density-gradient centrifugation to determine the 3H 
radioactivity in zymogen granules, lysosome-mitochondria 
and microsomal subcellular fractionation. In this study, 
the maximal values were obtained at 60 min in each of  
these fractions in lysosomes (cathepsin B), mitochondria 
(cytochrome oxidase) and zymogen granules (amylase), 
and then gradually decreased. These results suggest that 
the EIN alters neither amino acid uptake nor the extent of  
incorporation of  3H radioactivity into newly synthesized 
proteins. 

To study the possibility of  recurrent pancreatitis, 
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PESST was performed to determine whether EIN 
increases 3H radioactivity in lysosomes, mitochondria, 
and zymogen granules during AP. The results showed 
that the 3H radioactivity in amino acid uptake, enzyme-
protein synthesis, and subcellular fractionation reached 
its peak level at 60 min in both groups, which was higher 
in the EIN group than in the PN group (P < 0.05), and 
then gradually decreased. The content of  3H in zymogen 
granules, lysosome-mitochondria and microsomal 
subcellular fractionation were consistent with the changes 
of  amino acid uptake. The peak level of  radioactivity on 
d 7 was higher than that on d 1. The tissue level of  pulse-
labeled proteins declined as expected due to secretion 
of  labeled digestive zymogens into the duodenum via 
the pancreatic duct system. These results suggest that 
7 d continuous intrajejunal nutrition can neither over-
stimulate acinar cell uptake of  3H nor enhance enzyme-
protein synthesis and release. Cell fractionation studies 
indicated that intracellular transport of  granules was 
not affected by EIN stimulation. Indeed, disappearance 
of  pulse-labeled proteins from 10 500 × g pellet (total 
microsomal fraction enriched in rough endoplasmic 
reticulum elements and expected to contain Golgi 
elements as well) and their appearance in the 1300 × g  
pellet (enriched in zymogen granules and presumably 
condensing vacuoles) were not significantly different in 
EIN stimulation. 

It is known that stored zymogens granules and 
l ysosomal enzymes cou ld p lay a key ro le in the 
development of  pancreatitis and may, in fact, explain the 
intrapancreatic activation of  digestive enzymes occurring 
in the course of  many forms of  pancreatitis[28]. Secretory 
proteins, on the other hand, progressively increase their 
concentration within the dilated Golgi cisternal rims 
and/or CV. The CV ultimately matures to ZG which is 
transported to the luminal plasmalemma and releases its 
contents by exocytosis. The large vacuoles containing both 
secretory and lysosomal enzymes in acute pancreatitis 
suggest that AP stimulates the process of  CV maturation. 
Therefore, theoretically, EIN might increase intracellular 
transport and expand the CV compartment (formation of  
large vacuoles). To quantitatively assess the effect of  EIN 
on the secretory granule cell compartment, ultrastructural 
morphometrical study of  the pancreas under electron 
microscope was designed. The results showed that more 
ZG was accumulated in the interstitial space. The number 
and area of  ZG were higher than those in normal. 
However, no gross difference in acinar cell ultrastructure 
was observed. These findings did not reach statistical 
difference between the two groups on d 1 and 7 during the 
nutritional support period, suggesting that EIN does not 
promote pancreatic acinar cell enzyme protein synthesis 
and release. The precise mechanism of  EIN-stimulating 
acinar cells is unclear. However, some results indicate that 
receptor-triggered events of  transmembrane signaling (rise 
of  cytoplasmic Ca2+) and the responsiveness and sensitivity 
to gastrointestinal hormones in pancreatic acinar cells are 
significantly inhibited[29]. 

In conclusion, early intrajejunal nutrition might be 
effective in dogs with acute pancreatitis. However, further 

study is needed to evaluate the effects of  EIN and PN in 
patients with AP. 
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Abstract
AIM: To investigate the effect of ceramide on the cell 
cycle in human hepatocarcinoma Bel7402 cells. Possible 
molecular mechanisms were explored.

METHODS: [3- (4, 5)-d imethy l th iazo l -2-y l ] -2 , 
5-diphenyltetrazolium bromide (MTT) assay, plasmid 
transfection, reporter assay, FACS and Western blotting 
analyses were employed to investigate the effect and the 
related molecular mechanisms of C2-ceramide on the cell 
cycle of Bel7402 cells.

RESULTS: C2-ceramide was found to inhibit the growth 
of Bel7402 cells by inducing cell cycle arrest. During the 
process, the expression of p21 protein increased, while 
that of cyclinD1, phospho-ERK1/2 and c-myc decreased. 
Furthermore, the level of CDK7 was downregulated, 
whi le the t ranscr ipt ional act iv i ty of PPARγ was 
upregulated. Addition of GW9662, which is a PPARγ 
specific antagonist, could reserve the modulation action 
on CDK7.

CONCLUSION: Our results support the hypothesis 
that cell cycle arrest induced by C2-ceramide may 
be mediated via  accumulation of p21 and reduction 
of cyclinD1 and CDK7, at least partly, through PPARγ 
activation. The ERK signaling pathway was involved in 
this process.  

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Ceramide has emerged as a novel lipid second messenger 
with specific roles in mediating cell growth, differentiation, 
stress responses and apoptosis[1-3]. Ceramide is generated 
through the hydrolysis of  sphingomyelin by the activation 
of  sphingomyelinase (SMase). A number of  stimuli 
have been reported to activate SMase[4-6]. Exogenously 
administered synthetic ceramide mimicked the action 
of  these inducers in the regulation of  various cell 
functions. Ceramide mediates numerous cellular functions 
such as differentiation, growth arrest, apoptosis and 
proliferation[7,8]. Ceramide is thought to be involved 
in modulat ing ceramide-act ivated protein kinase 
(CAPK), mitogen-activated protein kinase (MAPK), 
ceramide-activated protein phosphatase (CAPP) and 
phospholipaseA2 (PLA2), etc[9]. Apoptosis induction 
by ceramide is associated with Bcl-2 phosphorylation, 
SAPK/JNK and caspase pathway activation[10]. On the 
other hand, activation of  PKC and Bcl-2 expression can 
inhibit the ceramide signal pathway[11,12]. However, the link 
between ceramide signaling and the cell cycle is poorly 
understood. 

To exploit the effect of  ceramide on the cell cycle, 
human hepatocarcinoma Bel7402 cells were employed 
and treated with C2-ceramide. Hepatocarcinoma occurs 
with high incidence in southern China and southeast Asia. 
Radiation is one of  the agents that activates ceramide 
signaling[13], and therefore, it is of  interest in investigating 
the effect of  ceramide on Bel7402 cells. In this study, we 
observed inhibition of  cell proliferation and cell cycle 
arrest in the G1 phase following C2-ceramide treatment 
in Bel7402 cells. Subsequent studies suggested that 
modulation might be mediated via accumulation of  p21 
and reduction of  cyclinD1 and CDK7, at least partly, 
through PPARγ activation. The ERK signaling pathway 
was also involved in this process.  

MATERIALS AND METHODS
Materials
C2-ceramide was purchased from Sigma. Co (St Louis 
Mo, USA); mouse monoclonal anti-p21, anti-cyclinD1, 
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anti-CDK7, anti-p-ERK and anti-c-myc were purchased 
from Santa Cruz Biotechnology, Inc (CA, USA); antibody 
of  PE-E-cadherin was purchased from DAKO Co. 
Horseradish peroxidase-conjugated secondary antibodies 
were purchased from Jackson Immuno-Research 
Laboratories, Inc (West Grove, PA, USA). Lipofectamine 
and lipofectin reagents were from Gibco, Inc. RNaseA, 
MTT, propiudium iodide and other chemicals were all 
from Sigma.

Cell culture
Bel7402 cells were provided by the Institute of  Zoology, 
Chinese Academy of  Sciences, China. Cel ls were 
maintained in Dulbecco’s minimal essential medium 
(DMEM) supplemented with 10% fetal bovine serum (FBS) 
in a humidified atmosphere of  95% air/5% CO2 at 37℃. 
A subculture of  cells was processed by enzymatic digestion 
(trypsin/EDTA solution: 0.25/0.02%). C2-ceramide 
dissolved in ethanol was used without filtration. The final 
concentration of  ethanol in culture medium was < 0.3%.

MTT assay
Bel7402 cells were seeded onto 96-well plates at a 
concentration of  2.5 × 103 cells/well in DMEM plus 5% 
FBS. The stock of  C2-ceramide was diluted with medium, 
and then added to wells for desired final concentrations. 
After exposure to C2-ceramide for the desired time, 
10 μL of  5 mg/mL MTT was added to each well and 
incubated for 4 h, and the liquid in wells was evaporated. 
To dissolve the formazam, 100 μL of  DMSO was added. 
The absorbance was determined with a microplate reader 
model 550 at the wavelength of  570 nm. 

Cell cycle analysis 
The proportions of  cells in G0-G1, S, and G2-M were 
determined by flow cytometric analysis of  DNA content. 
Briefly, cells were obtained by trypsinization following 
treatment with C2-ceramide, and then washed twice 
with PBS. Cells were then incubated with RNase at a 
concentration of  0.25 mg/mL at 37℃ for 1 h following 
incubation with PI (50 μg/mL in PBS) for 30 min at 4℃ 
in the dark. Before flow cytometry, samples were syringed 
through a 25-gauge needle to prevent nuclear clumping. 
PI was excited at 488 nm, and fluorescence was analyzed 
at 620 nm. All measurements were carried out under the 
same instrumental settings.

PE-E-cadherin labeling  
Cells were washed once with cold PBS, and centrifuged to 
collect the cell pellet (350 g × 5 min) following treatment 
with C2-ceramide.The cell pellet was resuspended in cold 
PBS (4℃) and PE-E-cadherin and the corresponding 
isotype antibodies were added to the cell suspension and 
mixed gently. The tube was then incubated for 30-60 min 
in the dark at room temperature prior to flow cytometry. 
PE-E-cadherin binding was analyzed by flow cytometry 
collecting the fluorescence of  10 000 cells using a FACScan 
(Becton Dickinson) according to the manufacturer’s 
instructions. All experiments were replicated three times.  

Western blot analysis
To determine the expression levels of  E-cadherin, p21, 
cyclinD1, CDK7 and c-myc, cells were lysed in buffer (150 
mmol/L NaCl, 1% NP-40, 0.5% sodium deoxycholate, 
0 .1% SDS, 50 mmoL/L Tr is, pH 8.0 , 1 mmoL/L 
phenylmethylsulfonyl fluoride (PMSF), and 10 μg/mL 
aprotinin). To determine the level and phosphorylation 
state of  ERK, cel ls were harvested in lysis buffer 
containing 50 mmol/LTES (N-tris [hydroxymethyl] methyl-
2-aminoethane sulfonic acid) (pH 7.4), 2 mmol/L EGTA, 
1 mmol/L EDTA, 250 mmol/L sucrose, 40 mmol/L 
phenylphosphate, 1 mmol/L MgCl2, 2 mmoL/L Na3VO4, 
10 mmol/L Na 4P2O7, 100 mmol/L NaF, 5 μg/mL 
aprotinin, 1 mmol/L PMSF, 1 μg/mL leupeptin, 5 mmol/L 
benzamidine, and 10 mmol/L dithiothreitol. Protein (40-80 
μg) was separated by 12%-15% SDS-polyacrylamide gel 
in the separation buffer (25 mmol/L Tris, 250 mmol/L 
Glycine, 0.1% SDS). Total proteins were transferred onto 
a PVDF membrane after electrophoresis. Western blot 
analyses using anti-p21, anti-cyclinD1, anti-CDK7, anti-
c-myc, anti-phospho-p42/p44ERK and anti-totalERK 
antibodies were performed. As an internal control, mouse 
monoclonal anti-β-actin antibody was used.

Transient transfection and luciferase assay for PPARγ 
activity 
Bel7402 cells were seeded at a concentration of  1 × 105 
cells/35 mm dish. After 12 h, the medium was changed 
from complete medium to DMEM without antibiotic. 
Transfection was done using LipofectAMINE reagent 
mixed with 2 μg of  acyl-CoA oxidase promoter-luciferase 
plasmid pAOXPPREluc and the control pAOXBluc 
basic vector (kindly donated by Dr. Osumi) for 8 h. 
After the transfection mixture was replaced by a medium 
containing 10% FBS, cells were then incubated with or 
without different concentrations of  ceramide for a desired 
time. Luciferase activity was measured according to the 
manufacturer’s protocol (Promega).

Statistical analysis
All statistical analyses were performed with SPSS 10.0 
statistical package for Microsoft Windows. Data were 
expressed as mean ± SE for all measurements. P < 0.05 
was considered statistically significant.

RESULTS
Ceramide inhibited proliferation by halting the cell cycle in 
Bel7402 cells 
Treatment with different concentrations of  C2-ceramide 
for 24 h exhibited significant inhibition of  cell proliferation 
of  human hepatocarcinoma Bel7402 cells as suggested by 
MTT assay. Under concentrations of  0, 5, 10, 15, 30 and 
60 μmmo/L, inhibitory rates were 0, 21.5% ± 1.3%, 
52.7% ± 0.9%, 69.3% ± 1.2%, 77.2% ± 0.8% and 83.8% ± 
1.2%, respectively (Figure 1A). Cytotoxicity was further 
indicated by determination of  E-cadherin, which is a 
marker for many tumor cells with high expression. PE-
E-cadherin antibodies were stained with cells to determine 
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cell extracts were prepared from Bel7402 cells treated 
with different concentrations of  C2-ceramide. Protein 
expression was indicated by blot using anti-p21 and anti-
cyclinD1 antibodies, respectively. As shown in Figure 2, 
C2-ceramide increased the expression of  p21 protein, but 
decreased that of  cyclinD1 protein.

CDK7 and PPARγ pathways involved in cell cycle arrest 
induced by C2-ceramide 
In our previous study, we reported that C2-ceramide could 
activate PPARγ transcription activity in human colon cancer 
HT29 cells[14]. In this study, as shown in Figure 3A, C2-
ceramide could also markedly activate the transcriptional 
activity of  PPARγ in hepatocarcinoma Bel7402 cells.

Cyclin-dependent kinase 7 (CDK7) is critical for cell 
cycle and transcriptional programs [15]. Therefore, we 
investigated the expression of  CDK7 by blotting. It was 
observed that CDK7 expression decreased following 
treatment with 30 μmmo/L C2-ceramide for 24 h. 
However, addition of  the PPARγ specific antagonist 
GW9662 markedly reversed the inhibition (Figure 3B).

Ceramide inhibited the activation of ERK1/2 in Bel7402 
cells
ERK plays a key role in cell survival in many cells. To 
examine whether ceramide inhibited the activation 
of  ERK, Bel7402 cells were treated with different 
concentrations of  C2-ceramide and phospho-ERK1/2 
was determined. As shown in Figure 4, the expression 
of  p-ERK decreased significantly with the treatment of  

Table 1  Ceramide halted cell cycle in Bel7402 cells (mean ± 
SE, n = 3)

Ceramide (μmol/L) G0/G1 (%) S (%) G2/M

  0 35.3 ± 0.7 44.3 ± 0.3 20.4 ± 0.1
  5 36.8 ± 1.2 43.9 ± 0.4 19.3 ± 1.8a

15 43.9 ± 1.2a 41.9 ± 0.7a 14.2 ± 0.8a

30 57.2 ± 0.6a 28.8 ± 0.5a 14.0 ± 0.5a

60 76.2 ± 1.3a   8.2 ± 0.2a 15.6 ± 1.3a

aP < 0.05 vs control.
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Figure 1  Ceramide inhibited proliferation by halt of cell cycle in Bel7402 cells. 
A: ceramide inhibited cell proliferation in Bel7402 cells. Cells were cultured in the 
medium with different concentrations of C2-ceramide for 24 h. Cell viability was 
analyzed by MTT assay and presented as cell proliferative rates. The results show 
the mean ± SE (n = 3-4); B and C: ceramide down-regulated the expression of 
E-cadherin. Bel7402 cells were incubated with or without 30 μmmo/L of ceramide 
for 24 h. Cells were then harvested and stained with anti-E-cadherin directly 
labeled by PE. The protein levels of E-cadherin were determined by flow cytometry. 
Data was represented by the mean ± SE of 3 or 4 separate experiments (B). 
Bel7402 cells were incubated with or without 30 μmmo/L of ceramide for 24 h. 
Cells were then harvested, lysed and resolved in 12% SDS-PAGE. The expression 
of E-cadherin was determined by Western blot. Actin was used as a control. Data 
represent the results of three separate experiments (C).

the expression of  E-cadherin on the cell surface. Flow 
cytometry analysis results indicated that E-cadherin was 
significantly down-regulated by C2-ceramide (Figure 1B), 
which was also suggested by blot assay (Figure 1C). To test 
whether the cytotoxicity was derived from the effect on the 
cell cycle, flow cytometry analysis was applied following 
treatment with different concentrations of  C2-ceramide 
at 0, 5, 15, 30 and 60 μmol/L. As shown in Table 1, the 
cell cycle was halted in the G1 phase, and the percentage 
of  cells in the G1 phase was 35.3% ± 0.7%, 36.8% ± 
1.2%, 43.9% ± 1.2%, 57.2% ± 0.6% and 76.2% ± 1.3%, 
respectively.

Ceramide up-regulated the expression of p21WAF1/BIP1 and 
down-regulated that of cyclinD1 
In order to elucidate whether molecules were involved 
in the G1/S transition following C2-ceramide treatment, 

CT                     CA-15                  CA-30

       P21

CyclinD1

     Actin

Figure 2  Ceramide up-regulated the expression of p21WAF1/BIP1 and down-regulated 
that of cyclinD1. Bel7402 cells were incubated with different concentrations of 
ceramide as indicated for 24 h. Cells were harvested, lysed and resolved in 15% 
SDS-PAGE. The expression of p21 and cyclinD1 were determined by Western 
blot. Actin was used as a control. Data represent the results of three separate 
experiments.

μmol/L
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C2-ceramide, while total ERK protein expression was 
unaffected. 

To complete the study of  the MAPK pathway, c-myc 
content was also indicated by blot using anti-c-myc 
antibodies. As shown in Figure 4, the modulation pattern 
on the expression of  c-myc induced by C2-ceramide was 
similar to that of  p-ERK. 

DISCUSSION
Since ceramide was affirmed as an important lipid second 
messenger in 1994, the importance of  ceramide in cell 
metabolism has been broadly investigated. Ceramide has 
shown inhibition of  cell growth via apoptosis in a variety 
of  cancers. However, the link between ceramide signaling 
and the cell cycle is poorly understood. The present work 
demonstrates that C2-ceramide halted the distribution of  
cell cycles in G1 phase, and the mechanisms involved were 
explored. 

As displayed in Table 1, C2-ceramide induced cell 
cycle arrest in the G1 phase. Accordingly, down-regulation 
of  E-cadherin, a marker for many tumor cells with high 
expression, suggested that C2-ceramide inhibited cancer 
cell growth (Figure 1B). 

In order to elucidate the mechanisms involved in cell 

cycle arrest following treatment with C2-ceramide in 
Bel7402 cells, we firstly investigated whether the cell cycle 
control genes; i.e., cyclin D1 and the cyclin-dependent 
kinase inhibitor p21, are involved in ceramide-mediated 
cell cycle regulation in Bel7402 cells.

Cell cycle progression is regulated by interactions 
between cyclins and cyclin-dependent kinases, which are 
modulated by a family of  negative cell cycle regulators; 
i.e., cyclin-dependent kinase inhibitors, which are especially 
involved in controlling the transition from G1 to S-phase[16,17]. 
The latter includes two families, the CIP/KIP family and 
the INK4 family. p21 is a member of  the CIP/KIP family 
and plays a crucial role in growth arrest by a variety of  
mechanisms[18]. Consistent with this idea, we showed that 
C2-ceramide up-regulated the expression of  p21 protein 
concomitant with inhibition of  cyclin D1 protein (Figure 2). 

PPARγ is clearly involved in lipid metabolism and 
is essential for cell differentiation[19,20]. Activation of  
PPARγ by its ligands can induce growth inhibition 
and cytotoxicity in human prostate cancer cells, colon 
cancer cells and liposarcoma cells, and their biological 
activities are attributed to inhibition of  proliferation and 
induction of  apoptosis by PPARγ[21,22]. We have previously 
shown C2-ceramide could induce apoptosis via a PPARγ 
dependent pathway in human colon cancer HT29 cells[14].
To examine whether the PPARγ pathway was involved in 
the modulation of  cell cycle arrest induced by ceramide 
in human hepatocarcinoma Bel7402 cells, the luciferase 
reporter of  PPRE3x-tk-luc was transfected and luciferase 
activity was assayed. The result shown in Figure 3A 
suggested that ceramide activated the transcriptional 
activity of  PPARγ in a dose-dependent manner. 

CDK7 distributes normally throughout the nucleus 
and cytoplasm, and in the nucleus, it attaches to a DNA 
template with other TFⅡH subunits initiating gene 
transcription[23], which is very important in modulating 
cell proliferation. Participating in basal transcription by 
phosphorylating the carboxy-terminal domain of  the 
largest subunit of  RNA polymerase Ⅱ, CDK7 is critical 
for the cell cycle and transcriptional programmes, which 
also phosphorylate other CDKs as an essential step for 
their activation[24,25]. Often, phosphorylation of  NRs by 
kinases that are associated with general transcription 
factors (e.g. CDK7 within TFⅡH), or activated in 
response to a variety of  signals (MAPKs, Akt, PKA, PKC), 

α β μ γ κ χ ∆
Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ Ⅵ Ⅶ Ⅷ Ⅸ Ⅹ
≤ ≥ ± × ℃

pAoXBluc   pAOXPPREluc    C2-CA-10      C2-CA-30       C2-CA-60

10

  8

  6

  4

  2

  0

Lu
ci

fe
ra

se
 a

ct
iv

ity
 (

fo
ld

 in
cr

ea
se

)

A

B

CT                  CA           CA + GW9662

CDK7

Actin

Figure 3  CDK7 and PPARγ pathways involved in cell cycle arrest induced by C2-
ceramide. A: activation of PPARγ transcriptional activity induced by C2-ceramide. 
Bel7402 cells were transiently transfected with the PPAR responsive element 
(PPRE) reporter construct (pAOXPPREluc) or the promoter-less control vector 
pAOXBluc following the treatment of different concentrations of C2-ceramide 
as indicated, PPARγ transcriptional activity was measured as described. The 
bar represents the relative fold increase of luciferase activity. The results show 
means ± SE (n = 3); B: C2-ceramide down-regulated the expression of CDK7, 
which was blocked by GW9662. Bel7402 cells were cultured with 30 μmol/L C2-
ceramide in the presence or absence of GW9662, which was claimed as a specific 
PPARγ antagonist for 24 h. Total proteins were extracted and resolved on SDS-
PAGE followed by Western blot assay using anti-CDK7 antibody. Data represents 
the results of three separate experiments.

P-ERK

C-myc

   ERK

CT            CA-5             CA-30

Figure 4  Ceramide inhibited activation of ERK pathway in Bel7402. Bel7402 
cells were incubated with different concentrations of ceramide as indicated. Total 
proteins were extracted and resolved on SDS-PAGE. Phospho-ERK1/2 and c-myc 
were normalized to total Erk1/2 and internal standard actin was determined by 
Western blot. Data represents the results of three separate experiments.
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facilitates the recruitment of  coactivators or components 
of  the transcription machinery and, therefore, cooperates 
with the ligand to enhance transcription activation. 

Though there is much to be explored, data have shown 
that C2-ceramide inhibited cell proliferation through 
attenuation of  CDK7 (Figure 3B). However, GW9662, 
which is a PPARγ specific antagonist, could markedly 
block this action. These data suggested that CDK7 was 
related to PPARγ, which was consistent with the opinion 
described above.

ERK signaling plays a key role in cell survival, and 
Erk1/2 are proteins belonging to the MAPK pathway, 
whose members are active when phosphorylated. 
Consequently, dephosphorylation of  these proteins 
inhibits their activity and the transcription factor c-myc. 
The increase of  PP2A, which is a serine/threonine 
phosphatase causing dephosphorylation of  MAPKs[26], is 
one of  the causes of  Erk1/2 dephosphorylation. Indeed, 
the ERK1/2 pathway, that regulates cellular growth and 
proliferation, has been shown to be pro[27-30] or anti-
apoptotic[31-33], depending on experimental conditions and/
or cell types. To examine whether C2-ceramide can inhibit 
activation of  ERK, phospho-ERK was determined. It was 
found that phospho-ERK decreased with the treatment 
of  C2-ceramide in Bel7402 cells, however, the expression 
level of  total ERK protein was unaffected. Accordingly, 
the protein expression of  c-myc also decreased (Figure 4).

In summary, with consideration that there is much to 
be explored, it was concluded that C2-ceramide plays an 
important role in the inhibition of  cell growth in Bel7402 
cells. Our results showed that there is p21 accumulation 
in accordance with decreased cyclinD1, inactivation 
of  the ERK pathway, downregulation of  CDK7 and 
stimulation of  PPARγ transcriptional activity. As such, 
our results support the hypothesis that suppression of  
hepatocarcinoma cell growth through cell cycle arrest 
induced by C2-ceramide may be mediated via accumulation 
of  p21 and reduction of  cyclinD1 and CDK7, at least 
partly, through PPARγ activation. The ERK signaling 
pathway was involved in this process.
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tumors is 1.6%-11% at autopsy[1,2]. The majority of  
patients with pancreatic metastasis have widespread 
diseases. Isolated, potentially resectable pancreatic 
metastasis is detected infrequently. Therefore, resection of  
metastatic tumors of  the pancreas has been occasionally 
reported, and its role in improving the survival or quality 
of  life is not clearly defined[3,4]. However, some recent 
studies have reported that surgical resection can be 
performed in selected patients with isolated pancreatic 
metastases, achieving long-term survival and good 
palliation[1,5]. We report here a case of  pancreatic metastatic 
from leiomyosarcoma of  the right anterior thigh, which 
was treated by surgical resection, and review the literature 
about pancreatic metastasis. 

CASE REPORT
A 66-year-old woman was referred to our hospital with 
a mass in the right thigh (Figure 1). In September 2005, 
she had undergone surgical resection for this mass. 
Malignant mesenchymoma (70% osteosarcoma and 30% 
leiomyosarcoma) was diagnosed histologically. In the 
postoperative period, abdominal computed tomography 
(CT) identified a pancreatic mass. The patient complained 
of  non-specific abdominal discomfort. Laboratory 
findings were all within normal limits.  The levels of  
the tumor markers including carcinoembryonic agent 
and carbohydrate antigen 19-9, were within the normal 
ranges. Abdominal CT revealed a mass at the head of  the 
pancreas. Magnetic resonance imaging of  the abdomen 
showed a low-intensity mass on T1-weighted images and 
a non-homogeneous high-intensity mass on T2-weighted 
images. No evidence of  other distant metastases was 
seen (Figure 1). At laparotomy, a fixed mass of  4 cm or 
so in length was palpated at the head of  the pancreas, 
displacing the surrounding duodenum. Therefore, pylorus-
preserving pancreaticoduodenectomy was performed. 
Macroscopic examination of  the operative specimen 
showed a 4 cm × 3 cm lobulated solid mass with a thin 
wall. Microscopic examination revealed a malignant 
neoplasm with predominance of  spindle cells. The tu-
mor cells were immunoreactive for desmin. Metastatic 
leiomyosarcoma was diagnosed histologically (Figure 2). 
The postoperative course was uneventful. We recommend-
ed systemic chemotherapy to the patient, but she declined. 
Nine months after the first pancreatic resection, a follow-
up abdominal CT showed development of  a new 1-cm 
mass in the remnant tail of  the pancreas (Figure 1). Distal 
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Abstract
Pancreatic tumors are primary in most of the cases. 
Pancreatic metastases associated with other primary 
malignancies, especially pancreatic metastasis of 
le iomyosarcoma, are uncommon. A 66-year-old 
woman underwent surgical resection of malignant 
mesenchymoma (70% os teosarcoma and 30% 
leiomyosarcoma) in the right thigh. In the postoperative 
period, a pancreatic mass was identified radiologically 
by abdominal computed tomography. Pylorus-preserving 
pancreaticoduodenectomy was performed. The surgical 
specimen revealed leiomyosarcoma metastasized to the 
pancreas. A metastatic nodule on the remnant pancreatic 
tail was discovered 9 mo after the first pancreatic 
resection, and distal pancreatectomy was performed. 
Cases of pancreatic metastasis from leiomyosarcoma 
are extremely rare, especially when the tumor was 
resectable. We report here a unique case of pancreatic 
metastasis from a leiomyosarcoma in the right thigh that 
had been treated surgically. 

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The occurrence of  metastatic lesions in the pancreas is 
very uncommon. The incidence of  metastatic pancreatic 
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pancreatectomy was performed. The tumor showed the 
same microscopic findings, and leiomyosarcoma was also 
diagnosed histologically. 

DISCUSSION
Metastatic lesions in the pancreas are uncommon. Adsay 
et al[1] reviewed pathological specimens from 4955 adult 
autopsy cases in an attempt to identify tumors that had 
metastasized to the pancreas. There were only 81 (1.6%) 

cases of  metastatic tumors, the majority of  which were 
of  epithelial origin, and the most common sites of  the 
primary lesions were the lung, kidney, and gastrointestinal 
tract. However, a few cases of  leiomyosarcoma with 
metastases to the pancreas have been reported. Primary 
sites of  leiomyosarcomas included the uterus[6,7], ovary[8], 
veins[9], spermatic cord[10], intestine[3,10], retroperitoneum[2,11], 
and soft tissue[11,12]. To the best of  our knowledge, 
including the present case, only 16 cases of  pancreatic 
metastasis from leiomyosarcoma have been reported to 
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Figure 1  Radiological  findings. 
A :  Gadol inium-enhanced T1 
weighted image showing a soft 
tissue tumor in the muscle of 
the anterior thigh; B: Contrast-
enhanced abdominal CT scan 
showing a heterogeneously 
enhanced mass at the head of 
the pancreas; C: Gadolinium-
enhanced T1 weighted image 
showing a well-enhanced mass 
with necrotic foci at the head of 
the pancreas; D: Follow-up CT 
obtained after 10 mo showing a 
low attenuated mass in the tail of 
the pancreas.
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Figure 2  Gross and microscopic 
findings for metastatic leiomyo-
sarcoma. A: The section reveals 
a whit ish sol id tumor with a 
lobulated pattern and a yellowish 
n e c r o t i c  p o r t i o n ,  a b u t t i n g 
duodenal wall on the left side, 
and compressed pancreat ic 
head tissue on the right side; 
B: Low-power view displaying 
e o s i n o p h i l i c  i n t e r s e c t i n g 
fascicles circumscribed by a 
fibrous capsule (a) and adjacent 
normal pancreatic t issue (b) 
(hematoxylin and eosin stain ×
40); C: Cellular proliferation of 
atypical spindle tumor cells is 
accompanied by nuclear atypia 
and hyperchromasia (hematoxylin 
and eosin stain × 200); D: Tumor 
cells show immunoreactivity for 
desmin.
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date in the English language literature[7,8,12]. 
The differential diagnosis between a solitary metastatic 

tumor and primary pancreatic carcinoma may be very 
difficult as signs and symptoms are similar for both 
primary and secondary tumors, and radiological imaging 
is unable to differentiate primary from secondary 
pancreatic lesions[13]. In our case, non-specific abdominal 
pain appeared to be the most common symptom. 
The symptoms of  pancreatic metastases often include 
pain, weight loss, obstructive jaundice, and duodenal 
obstruction, which are very similar to the symptoms of  
primary pancreatic cancer[1,3,9]. Therefore, pre-operative 
diagnosis is challenging, and considerable caution is needed 
for patients with a previous history of  non-pancreatic 
neoplastic disease. The pre-operative diagnosis of  our 
case was primarily a non-functioning islet cell tumor of  
pancreas, although the patient had previously undergone 
surgical treatment for mesenchymoma of  the left leg.  
Various diagnostic tools have been used to assess tumors. 
In recent years, 18-FDG-PET has proven to be useful for 
the accurate staging of  tumors[3]. Percutaneous fine-needle 
aspiration (FNA) is found helpful in establishing the 
correct preoperative diagnosis, especially in patients who 
are not amenable to surgery, and in assisting in decisions 
related to the possibility and type of  chemotherapy[3]. 
However, with the exception of  postoperative histology, 
there is no definitive method for unambiguous diagnosis. 

Metastatic tumors of  the pancreas are usually diagnosed 
at an advanced stage, and solitary resectable metastasis 
occurs less frequently. Therefore, metastatic tumors of  the 
pancreas are rarely treated surgically. Sperti et al[3] reported 
that 8/259 (3%) pancreatic resections were performed for 
pancreatic metastases. Therefore, our patient represents a 
very unusual case.

Only a few cases of  pancreatic metastasis from 
sarcomas have been reported. Experience is limited, and 
the effectiveness of  surgery for these types of  lesions has 
not been clearly established. However, long-term survival 
may be conferred by ‘‘curative’’ resection for pancreatic 
metastasis from visceral or soft tissue sarcoma[3,7,9,14]. It is 
clear that surgical excision has the potential to improve 
prognosis if  the primary site and other metastases are 
well-controlled. In the present unique case, pancreatic 

metastasis from leiomyosarcoma was diagnosed, and the 
patient underwent pancreatectomy twice in 10 mo. An 
attempt at complete tumor resection can offer patients the 
best hope of  prolonged survival. 
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bone marrow transplantation (BMT). In the southeast 
Asian region, hepatitis B virus (HBV) infection is highly 
prevalent. BMT from donors exhibiting the hepatitis 
B surface antigen (HBsAg) is therefore occasionally 
unavoidable. Intensive chemotherapeutic drugs used 
in a conditioning regimen and post-transplantion 
immunosuppressive drugs are required to suppress host 
immunity and to prevent graft versus host disease (GVHD). 
Using grafts with HBsAg-positive hematopoietic stem cells 
is associated with severe liver injury and a high mortality 
rate[1-3]. In this report, we present a long-term follow-up 
study of  a seronegative patient who underwent BMT with 
a HBsAg-positive donor in which a four-level approach for 
the prevention of  HBV infection was utilized. 

CASE REPORT
A thirty-seven year old man, a known case of  chronic 
myeloid leukemia with positive Philadelphia chromosome 
in chronic phase, was previously treated with hydroxyurea. 
The patient planned to receive BMT from his sole 
HLA-identical sibling, his sister, who had been a known 
hepatitis B carrier. She was anti-HBe positive and had 
an HBV viral load of  5260 copies/ml, as indicated by 
the Amplicor HBV Monitor Test (Roche Diagnostics, 
NJ, USA). Lamivudine (100 mg/d) was initiated to 
suppress HBV DNA; and 3 mo later, her HBV viral 
load became undetectable. His antibody to HBsAg (anti-
HBs) was firstly positive at a level of  10.3 mIU/ml. A 
booster dose of  hepatitis B vaccine was given to him, and 
the subsequent anti-HBs level rose to 83 mIU/ml. A 
conditioning regimen for BMT containing busulfan (16 
mg/kg) and cyclophosphamide (120 mg/kg) was started 
before the initiation of  BMT. GVHD was prevented 
using methotrexate and tacrolimus. Lamivudine (100 
mg/d) was initiated 7 d prior to BMT and was continued 
thereafter. From the day of  BMT to the 7th d post-BMT, 
hepatitis B immunoglobulin (HBIg) 800 IU was injected 
intramuscularly daily in order to maintain the anti-HBs 
level > 1000 IU/L. From the 7th d post-BMT, the anti-
HBs level was persistently over 1000 IU/L without HBIG 
administration. One month after BMT, while on tacrolimus 
for GVHD suppression and lamivudine for HBV 
prophylaxis, the patient’s blood test results were as follows: 
HBsAg negative, anti-HBs positive (at 400 mIU/ml), anti-
HBc positive, HBV viral load < 200 copies per ml and 
HBV PCR positive. HBV PCR became negative by 6 mo 
after BMT. The patient had only grade I acute GVHD and 
limited chronic GVHD. Tacrolimus was gradually tapered 
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Abstract
It has been accepted that bone marrow transplantation 
(BMT) is the only curative therapeutic option for certain 
hematologic malignancies. The southeast Asia region 
is an endemic area of hepatitis B virus (HBV) infection; 
thus, BMT using a hepatitis B surface antigen (HBsAg)-
positive donor is occasionally unavoidable. Organ 
transplantation using a HBsAg-positive donor can lead 
to post-transplantation de novo HBV infection and 
severe HBV-related hepatitis if no effective prophylactic 
measures are taken prior to and after transplantation. 
In this report, a four-level approach was designed for a 
patient with chronic myeloid leukemia, beginning with a 
booster HBV vaccination before performing BMT with a 
HBsAg-positive donor. Prior to BMT, the HBV viral load 
of the donor was reduced to an undetectable level by 
antiviral therapy. After BMT, hepatitis B immunoglobulin 
was administered intramuscularly for 1 wk together with 
a long-term antiviral drug, lamivudine. One year after 
discontinuation of lamivudine, the patient is still free of 
HBV infection.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Certain hematologic malignancies can only be cured by 
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off  and then discontinued at the 15th mo post-BMT, and 
lamivudine was stopped 3 mo later. Two and a half  years 
after BMT or 1 year after discontinuation of  lamivudine, 
the patient felt well, and his blood tests indicated that he 
was HBsAg negative, anti-HBc positive, anti-HBs positive 
(at 14 mIU/ml) and HBV PCR negative.

DISCUSSION 
The Asia-Pacific region is an endemic area of  HBV 
infection, with a prevalence of  more than 8%[4]. Most 
transplantation centers have regarded HBV infection as 
a relative contraindication for organ transplantation[5,6]. 
BMT with HBsAg-positive donors has been reported 
to be associated with an increased incidence of  HBV-
related hepatitis, severe liver-related complications, fatal 
liver failure and death[1,2,6-11]. However, a few reports show 
that HBsAg might be present transiently in some patients 
after receiving bone marrow graft from HBsAg-positive 
donors[1,2]. High HBV viral load in BMT donors and the 
absence of  anti-HBs in BMT patients are two important 
risk factors predisposing a patient to the development 
of  HBV-related hepatitis post-BMT[1,2]. Oral antiviral 
drugs are suitable to decrease the HBV viral load of  the 
HBsAg-positive BMT donor. Lamivudine seems to be an 
appropriate antiviral drug in this situation because it causes 
rapid viral load reduction and because HBV resistance 
rarely occurs in a short period of  lamivudine treatment[12]. 
Before BMT, the anti-HBs level in the present case report 
was increased to 83 mIU/mL by a booster dose of  HBV 
vaccination. In general, the persistence of  anti-HBV 
activity after BMT may be caused by residual recipient 
lymphocytes that have survived intensive conditioning 
regimens[3]. We decided to administer HBIg intramuscular 
injection from d 0 to d 8 post-BMT because the residual 
number of  patient lymphocytes was uncertain. Anti-HBs 
level monitoring during the early post-BMT period showed 
that anti-HBs levels were over 1000 mIU/ml, resulting 
in the decision to discontinue HBIg 7 d post-BMT. HBIg 
was injected intramuscularly according to the protocol 
employed in HBV-related liver transplantation[13]. The 
mechanisms by which HBIg prevents graft re-infection are 
not completely understood. They may decrease the spread 
of  HBV infection by neutralizing circulating viral particles 
and by inducing lyses of  infected cells through pathways 
such as antibody-dependent cellular cytotoxicity[13]. 
Combination therapy of  HBIg and lamivudine offers 
synergistic protection against HBV infection and appears 
to be more effective than a single agent for prophylaxis 
after HBV-related liver transplantation[13]. A recent study 
proposed a three-level approach when hematopoietic 
stem cell transplantation (HSCT) was performed with a 
HBV-positive donor[6]. The three-level approach consisted 
of  a pre-HSCT reduction of  HBV viral replication in 
donors by lamivudine, a pre-HSCT enhancement of  the 
recipient’s anti-HBV immunity by HBV vaccination, and 
finally, a post-HSCT suppression of  HBV viral replication 
in recipients with lamivudine[6]. In that paper, patients 
received lamivudine for 52 wk after HSCT; however, our 
patient received lamivudine for 72 wk, and treatment with 
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this drug was stopped 12 wk after the discontinuation of  
tacrolimus. A flare of  HBV infection and severe hepatitis 
was reported if  antiviral drug was withdrawn in patients 
with immunosuppressive status or upon completion of  
chemotherapy[14]. Continuing lamivudine for at least 3 mo 
after completion of  chemotherapy or immunosuppressive 
drugs has been recommended by a recent practice 
guideline[15]. The HBV viral load, as determined by the 
Amplicor HBV monitor test used in this report, is far 
more sensitive than the Digene Hybrid Capture assay used 
in a previous report[6,16]. De novo HBV infection might 
appear in the long-term follow-up of  antiviral-prophylactic 
BMT patients with HBV-positive donors whose viral load 
was determined to be negative using a low sensitivity assay. 
An additional benefit of  post-transplantion HBIg may 
be anticipated in hematopoietic stem cell transplantation. 
Recently, HBIg and lamivudine treatment during BMT in a 
child who received BMT from her HBsAg-positive mother 
has been reported[17]. The child received lamivudine only 
1 d before BMT and continued the drug for 102 d. The 
details of  HBV viral load and HBV PCR, however, were 
not mentioned in that paper[17]. The authors suggested 
that HBIg and lamivudine combination may be useful 
during the early period of  BMT[17]. Intramuscular 
injection of  HBIg sometimes requires the correction of  
thrombocytopenia or changing the route of  administration 
from intramuscular to intravenous injection. Due to the 
large dosage of  intravenous HBIg and its high cost, it 
may not be affordable for all patients. Our strategies for 
using BMT from HBsAg-positive donors will require 
multicenter studies with a large number of  patients and a 
longer follow-up before this costly, four-level prophylactic 
approach can be put into practice.
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Moreover, the association of  a lipoma within the inverted 
Meckel’s diverticulum as a leading point of  bleeding and 
recurrent episodes of  partial intestinal obstruction is such 
an unusual circumstance that might be considered quite 
impossible. 

Meckel’s diverticulum is the most prevalent congenital 
anomaly of  the gastrointestinal tract, which is reported to 
occur in 1%-3% of  the general population and autopsy 
series[1,2]. However, the lifetime risk of  complication 
development in patients with Meckel’s diverticulum was 
proposed to be less than 5% in recent investigations[3]. 
These complications included intestinal obstruction, 
intussusceptions, inflammation and bleeding.

Lipomas are the rare benign tumors of  the small 
intest ine with no mal ignant potentia l and mostly 
encountered incidentally during investigation of  the 
gastrointestinal tract for another reason, since they 
are usually asymptomatic[4]. As small intestinal lipoma 
is relatively infrequent, it is even a rarer source of  
gastrointestinal bleeding. 

We present a case of  a 47-year-old man with fatigue, 
chronic abdominal pain and tarry stool due to an inverted 
Meckel's diverticulum with a subserosal lipoma. This is a 
special case that has not appeared in literature over the past 
4 decades. Although the incidence of  Meckel’s diverticulum 
is high, inversion is a scarsely diagnosed entity and the 
association of  a lipoma within the inverted Meckel’s  
diverticulum as a leading point of  lower gastrointestinal 
hemorrhage without the existence of  heterotopic gastric 
and pancreatic tissues and recurrent partial intestinal 
obstruction is an exceptional case.

CASE REPORT
A 47-year-old man was admitted to our clinic with fatigue, 
recurrent episodes of  constipation and abdominal pain. 
Melena was mentioned on admission. He denied vomiting, 
fever, or chills. He had had symptoms intermittently 
for about 4 mo, leading to several hospital visits. Over 
the previous 2 mo, the episodes of  pain became more 
pronounced with radiation to his back. The patient was 
not using any specific medication and his medical history 
did not suggest a major disease. Physical examination 
revealed a temperature of  37℃, a pulse rate of  90 beats 
per minute (bpm), a blood pressure of  110/70 mmHg, 
and a respiration rate of  18 breaths per minute. The 
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Abstract
Lipoma within an inverted Meckel’s diverticulum presen-
ting with hemorrhage and partial intestinal obstruction 
is an exceptional clinical entity. We report a case of 
47-year-old male with a history of recurrent episodes 
of partial intestinal obstruction and melena due to a 
subserosal lipoma located in the base of an inverted 
Meckel’s diverticulum. According to our knowledge, this 
is the first case of a lipoma within a Meckel’s diverticulum 
giving rise to this clinical scenario without the existence 
of heterotrophic gastric or pancreatic tissues.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Tumor of  Meckel’s diverticulum occurs infrequently. 
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patient was pale-looking without abdominal tenderness, 
guarding or rebound and norm active bowel sounds were 
auscultated. Examination of  heart and lungs revealed 
no abnormal findings. Rectal examination revealed tarry 
fecal content. Clear gastric content was obtained on 
nasogastric aspiration. The initial laboratory workup was 
as follows: hematocrit, 33%; hemoglobin, 11.2 g/dL; 
white blood cells, 10 500/mm3 with a normal differential 
count; platelets, 195 000/mm3; blood glucose, 87 mg/dL; 
blood urea, 25 mg/dL; creatinine, 0.8 mg/dL; SGOT, 32 
IU/L; SGPT,25 IU/L; LDH, 54 IU/L; total bilirubin, 0.4 
mg/dL; direct bilirubin, 0.2 mg/dL; and Na+, 138 meq/L; 
andK+, 3.7meq/L. Fecal occult blood test was positive. A 
gastrointestinal cause was sought in order to explain the 
patient’s hemorrhage. He had received upper and lower 
gastrointestinal tract endoscopic examinations without 
identification of  a specific bleeding etiology except a little 
amount of  blood residue in terminal ileum. A computed 
tomography (CT) scan of  the abdomen and pelvis 
revealed mildly dilated loops of  proximal small bowel and 
a polypoid, 4 cm × 2 cm mass lesion with fatty density 
localized in the left lower quadrant and a suspicious filling 
defect in cecum (Figure 1). A pedinculated lipoma was 
assumed to be the underlying cause of  recurrent partial 
intestinal obstruction and bleeding. He was taken to 
the operating room with the diagnosis of  symptomatic 

small bowel lipoma. At surgery, an inverted Meckel’s  
diverticulum induced by a pedinculated subserosal 
lipomatous solid mass nearly obstructing the lumen with 
ulcer and hemorrhage was found 40 cm from the ileocecal 
valve (Figure 2). Segmental resection of  the ileal loop 
harboring the lesion was carried out and an end-to-end 
ileo-ileal anastomosis was performed. The lipoma within 
the inverted Meckel’s diverticulum as a leading point of  
obstruction and bleeding was 5 cm long and 3 cm in 
diameter. Pathologic evaluation of  the specimen confirmed 
the diagnosis of  a subserosal lipoma within the inverted 
Meckel’s diverticulum and revealed neither heterotrophic 
gastric and pancreatic tissue nor signs of  malignancy (Figure 
3). Five days after intervention, the patient was discharged 
from the hospital without any complication. 

DISCUSSION
The omphalomesenteric duct connects the mid gut 
and yolk sac in seven weeks of  gestation and during 
the eighth week, it normally undergoes obliteration[5]. 
Under circumstances of  failure or incomplete vitelline 
duct obliteration, a spectrum of  abnormalities appears, 
the most common of  which is Meckel’s diverticulum. 
Omphalomesenteric fistula, enterocysts or a fibrous band 
connecting the small intestine to the umbilicus are the 
other pathologies that can be encountered. As the location 
of  the Meckel’s diverticulum varies among individuals, they 
are usually detected in the antimesenteric side of  the ileum 
within 100 cm of  ileocecal valve. Meckel’s diverticulum 
possesses various complication risks including intestinal 
obstruction, intussusception, inflammation and bleeding. 
Inversion of  a Meckel’s diverticula is a scarse entity with 
a potential of  intestinal obstruction due to direct luminal 
obliteration or causing a lead point for intussusception[6-8]. 
The pathophysiology of  the disease process leads to a 
complicated and confusing clinical picture of  recurrent 
obstructive symptoms, chronic abdominal pain and 
lower gastrointestinal bleeding that may cause a delay in 
diagnosis and waste time. In our case, we have detected 
a lipoma as a leading point of  inversion which causes 
partial obstruction and bleeding. Recurrent partial 
obstructive periods and abdominal pain of  our patient 
might be attributed to luminal obstruction due to inversion 

L

Figure 1  Contrast enhanced CT shows a hypodens, regular contoured, polypoid,  
4 cm × 2 cm mass lesion with fatty density.

Figure 2  A pedinculated mass lesion within the inverted Meckel’s diverticulum.

Figure 3  Microscopic appearance of a subserosal lipoma within the inverted 
Meckel’s diverticulum (HE).
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of  Meckel’s diverticulum which might be induced by 
lipomatous development. An other possible mechanism 
for th is symptomatolog y might be the probable 
intussusseptions according to the inverted diverticulum, 
which has been reported as a lead point previously[6,7]. 
Intestinal obstruction due to intussusception as a result 
of  a lipoma within Meckel’s diverticulum has only been 
reported twice in literature[9,10]. Primary pathophysiologic 
process responsible for bleeding in Meckel’s diverticulum 
is the ileal mucosal ulceration due to the existence of  
heterotrophic gastric or pancreatic tissues which has not 
been verified in our patient; instead a subserosal lipoma 
has been demonstrated with ulceration and hemorrhage. 

Lipomas of  the small intestine are the second most 
common benign tumors next to leiomyomas[11]. Their 
location and the peak age vary, however approximately 
50% were found in the ileum, and the sixth to seventh 
decades of  life were considered to be the most risky 
period[4,11]. In general, lipomas are defined to originate in 
the submucosal layer and are usually solitary, with variable 
sizes ranging from 1 cm to 30 cm[12]. They usually appear 
as a sessile protrusion into the lumen of  the intestine. 
Due to motor activity of  underlying muscularis propria, 
they tend to extrude into the bowel wall or through the 
luminal area progressively, which might be the responsible 
reason for the inversion of  the Meckel’s diverticulum 
in our case. In this manner, a pseudopedicle is formed, 
providing a polypoid appearance to the lesion. Although 
the majority of  these lesions are asymptomatic and 
detected incidentally during the routine examinations or 
in surgical specimen removed for various other reasons, 
on rare occasions they might present with symptoms 
depending on their size and location. Lipomas smaller 
than 1 cm are generally incapable of  producing symptoms, 
however 75% of  lipomas with a size > 4 cm might give 
rise to gastrointestinal symptoms. Intestinal obstruction is 
one of  the major result due to the occlusion of  lumen by 
a large protruding lesion. Hemorrhage which is an other 
possible consequence might be based on an ulceration of  
the overlying mucosa caused by direct pressure from the 
lipoma or due to intussusception per se[4,12]. Preoperative 
diagnosis of  small intestinal lipomas can be established 
by means of  endoscopic and radiologic evaluation. 
Radiolucency and the so-called “squeeze sign” implying 
an altered configuration during peristalsis are suggestive 
findings observed in small intestinal series. Detection of  
fatty tissue density within the mass on CT scans supports 
the diagnosis. The “naked fat sign” which can be defined 
as the protrusion of  fat through mucosal disruption 
following multiple biopsy sampling of  the submucosal 
mass during endoscopic examination is believed to be 
pathognomonic[4,11]. 

Although more common in children, the complications 
of  Meckel’s diverticulum have also been described in 
adults. Gastrointestinal bleeding and intestinal obstruction 
are the two most common clinical problems associated 
with Meckel’s diverticulum. Tumor within a Meckel’s  
diverticulum is a scarce clinical entity with a reported 
incidence of  only 2%[13]. Intestinal obstruction caused by a 
lipoma within the Meckel’s diverticulum is so uncommon 
that we could only find three cases in the literature, two 
of  which were due to intussusception[9,10], and one case 
of  direct lumen occlusion by a large protruding lesion[14]. 
Moreover, the association of  gastrointestinal hemorrhage 
and recurrent episodes of  partial intestinal obstruction 
caused by a subserosal lipoma within an inverted Meckel’s 
diverticulum without the existence of  heterotrophic gastric 
or pancreatic tissue is an exceptional case, which has not 
been reported over the last 40 years in literature. 
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ASGE Annual Postgraduate Course 
at DDW 
23-24 May 2007 
Washington-DC 
tkoral@asge.org 

Meeting ESGAR 2007 18th Annual 
Meeting and Postgraduate Course 
12-15 June 2007 
Lisbon 
fca@netvisao.pt 

Meetings

MAJOR MEETINGS COMING 
UP
Meeting Falk Research Workshop:
Morphogenesis and Cancerogenesis
of the Liver 
25-26 January 2007 
Goettingen 
symposia@falkfoundation.de 

Meeting Canadian Digestive Diseases 
Week (CDDW) 
16-20 February 2007 
Banff-AB 
cagoffi ce@cag-acg.org
www.cag-acg.org/cddw/cddw2007.
htm 

Meeting Falk Symposium 158:
Intestinal Infl ammation and
Colorectal Cancer 
23-24 March 2007 
Sevilla 
symposia@falkfoundation.de

Meeting BSG Annual Meeting
26-29 March 2007
Glasgow
www.bsg.org.uk/

NEXT 6 MONTHS
Meeting 42nd Annual Meeting of the
European Association for the Study
of the Liver 
11-15 April 2007 
Barcelona 
easl2007@easl.ch
www.easl.ch/liver-meeting/ 

Meeting Falk Symposium 159: IBD
2007 - Achievements in Research and
Clinical Practice 
4-5 May 2007 
Istanbul 
symposia@falkfoundation.de 

Meeting European Society for
Paediatric Gastroenterology,
Hepatology and Nutrition Congress
2007 
9-12 May 2007 
Barcelona 
espghan2007@colloquium.fr 

Digestive Disease Week 
19-24 May 2007 
Washington Convention Center,
Washington DC 

Meeting Gastrointestinal Endoscopy
Best Practices: Today and Tomorrow,
ASGE Annual Postgraduate Course
at DDW 
23-24 May 2007 
Washington-DC 
tkoral@asge.org 

Meeting ESGAR 2007 18th Annual
Meeting and Postgraduate Course 
12-15 June 2007 
Lisbon 
fca@netvisao.pt 

Meeting Falk Symposium 160:
Pathogenesis and Clinical Practice in
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illustrations, as rejected manuscripts will not be returned to the author(s) and 
the editors will not be responsible for the loss or damage to photographs and 
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Submission System may send an email you describing the problem to wjg@
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Postal submission
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MANUSCRIPT PREPARATION
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line spacing and in word size 12 with ample margins. The letter font is 
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all unnecessary words), emphasize what is new, and avoid abbreviations. 
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Abstract
An informative, structured abstract of no more than 250 words should 
accompany each manuscript. Abstracts for original contributions should be 
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included. METHODS: The materials, techniques, instruments and equipments, 
and the experimental procedures should be included. RESULTS: The 
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signifi cant data should accompany. CONCLUSION: Accurate view and the 
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The format of  structured abstracts is at: http://www.wjgnet.com/wjg/
help/11.doc

Key words
Please list 5-10 key words that could refl ect content of  the study mainly from 
Index Medicus.

Text
For most article types, the main text should be structured into the 
following sections: INTRODUCTION, MATERIALS AND METHODS, 
RESULTS and DISCUSSION, and should include in appropriate Figures 
and Tables. Data should be presented in the body text or in Figures and 
Tables, but not in both. 

Illustrations
Figures should be numbered as 1, 2, 3 and so on, and mentioned clearly in 
the main text. Provide a brief  title for each fi gure on a separate page. No 
detailed legend should be involved under the fi gures. This part should be 
added into the text where the fi gures are applicable. Digital images: black 
and white photographs should be scanned and saved in TIFF format at a 
resolution of  300 dpi; color images should be saved as CMYK (print fi les) 
but not as RGB (screen-viewing fi les). Place each photograph in a separate 
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original magnifi cation and stain in the legend. Digital Drawings: supply fi les 
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EPS fi les must be accompanied by a version in native fi le format for editing 
purposes.  Existing line drawings should be scanned at a resolution of  1200 
dpi and as close as possible to the size where they will appear when printed. 
Please use uniform legends for the same subjects. For example: Figure 1 
Pathological changes of  atrophic gastritis after treatment. A: ...; B: ...; C: ...; D: 
...; E: ...; F: ...; G: ...

Tables
Three-line tables should be numbered as 1, 2, 3 and so on, and mentioned 
clearly in the main text. Provide a brief  title for each table. No detailed 
legend should be included under the tables. This part should be added into 
the text where the tables are applicable. The information should complement 
but not duplicate that contained in the text. Use one horizontal line under the 
title, a second under the column heads, and a third below the Table, above 
any footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP<0.05, 
bP<0.01 should be noted (P>0.05 should not be noted). If  there are other 
series of  P values, cP<0.05 and dP<0.01 are used. Third series of  P values 
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illustrations should be expressed as 1F, 2F, 3F; or some other symbols with 
a superscript (Arabic numerals) in the upper left corner. In a multi-curve 
illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc. in a 
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REFERENCES
Coding system
The author should code the references according the citation order in text 
in Arabic numerals, put references codes in square brackets, superscript it 
at the end of  citation content or the author name of  the citation. For those 
citation content as the narrate part, the coding number and square brackets 
should be typeset normally. For example, Crohn’s disease (CD) is associated 
with increased intestinal permeability[1,2]. If  references are directly cited in the 
text, they would be put together with the text, for example, from references 
[19,22-24 ], we know that...
      When the authors code the references, please ensure that the order in 
text is the same as in reference part and also insure the spelling accuracy of  
the fi rst author’s name. Do not code the same citation twice. 

PMID requirement
PMID roots in the abstract serial number indexed by PubMed (http://www.
ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed). The author should supply 
the PMID for journal citation. For those references that have not been 
indexed by PubMed, a printed copy of  the fi rst page of  the full reference 
should be submitted. 
     The accuracy of  the information of  the journal citations is very 
important.  Through reference testing system, the authors and editor could 
check the authors name, title, journal title, publication date, volume number, 
start page, and end page. We will interlink all references with PubMed in 
ASP file so that the readers can read the abstract of  the citations online 
immediately. 

Style for journal references
Authors: the fi rst author should be typed in bold-faced letter. The surname 
of  all authors should be typed with the initial letter capitalized and followed 
by their name in abbreviation (For example, Lian-Sheng Ma is abbreviated 
as Ma LS, Bo-Rong Pan as Pan BR). Title of  the cited article and italicized 
journal title (Journal title should be in its abbreviation form as shown in 
PubMed), publication date, volume number (in black), start page, and end 
page [PMID: 11819634]
     Note: The author should test the references through reference testing 
system (http://www.wjgnet.com/cgi-bin/index.pl)

Style for book references
Authors: the fi rst author should be typed in bold-faced letter. The surname 
of  all authors should be typed with the initial letter capitalized and followed 
by their name in abbreviation (For example, Lian-Sheng Ma is abbreviated as 
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number. Publication 
place: Publication press, Year: start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where applicable)
1       Grover VP, Dresner MA, Forton DM, Counsell S, Larkman DJ, Patel N, 

Thomas HC, Taylor-Robinson SD. Current and future applications of  
magnetic resonance imaging  and spectroscopy of  the brain in hepatic 
encephalopathy. World J Gastroenterol 2006; 12: 2969-2978  [PMID: 
16718775]

Chinese journal article (list all authors and include the PMID where applicable)
2     Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of  

Jianpi Yishen decoction in treatment of  Pixu-diarrhoea. Shijie Huaren 
Xiaohua Zazhi 1999; 7: 285-287

In press
3     Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature of  

balancing selection in Arabidopsis. Proc Natl Acad Sci U S A 2006; In 
press 

Organization as author
4     Diabetes Prevention Program Research Group. Hypertension, 

insulin, and proinsulin in participants with impaired glucose tolerance. 
Hypertension 2002; 40: 679-686 [ PMID: 12411462 ]

Both personal authors and an organization as author 
5     Vallancien G, Emberton M, Harving N, van Moorselaar RJ; Alf-One 

Study Group. Sexual dysfunction in 1, 274 European men suffering 
from lower urinary tract symptoms. J Urol 2003; 169: 2257-2261 [PMID: 
12771764]

No author given
6      21st century heart solution may have a sting in the tail. BMJ 2002; 325: 

184 [PMID: 12142303]
Volume with supplement
7     Geraud G, Spierings EL, Keywood C. Tolerability and safety of  

frovatriptan with short- and long-term use for treatment of  migraine 
and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 
[PMID: 12028325]

Issue with no volume
8     Banit DM, Kaufer H, Hartford JM. Intraoperative frozen section 

analysis in revision total joint arthroplasty. Clin Orthop Relat Res 2002; 
(401): 230-238 [ PMID: 12151900 ]

No volume or issue
9      Outreach: bringing HIV-positive individuals into care. HRSA Careaction 

2002; 1-6 [PMID: 12154804 ]
Books 
Personal author(s)
10    Sherlock S, Dooley J. Diseases of  the liver and billiary system. 9th ed. 

Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11     Lam SK. Academic investigator’s perspectives of  medical treatment for 

peptic ulcer. In: Swabb EA, Azabo S. Ulcer disease: investigation and 
basis for therapy. New York: Marcel Dekker, 1991: 431-450

Author(s) and editor(s)
12   Breedlove GK, Schorfheide AM. Adolescent pregnancy. 2nd ed. 

Wieczorek RR, editor. White Plains (NY): March of  Dimes Education 
Services, 2001: 20-34

Conference proceedings
13   Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ Cell Tumour Conference; 2001 Sep 
13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14     Christensen S, Oppacher F. An analysis of  Koza's computational effort 

statistic for genetic programming. In:  Foster JA, Lutton E, Miller J, 
Ryan C, Tettamanzi AG, editors.   Genetic programming. EuroGP 
2002: Proceedings of  the 5th European Conference on Genetic 
Programming; 2002 Apr 3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 
182-191

Electronic journal (list all authors)
      Morse SS. Factors in the emergence of  infectious diseases. Emerg 

Infect Dis serial online, 1995-01-03, cited 1996-06-05; 1(1): 24 screens. 
Available from: URL: http//www.cdc.gov/ncidod/EID/eid.htm

Patent (list all authors)
16    Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flexible 

endoscopic grasping and cutting device and positioning tool assembly. 
United States patent US 20020103498. 2002 Aug 1

Inappropriate references
Authors should always cite references that are relevant to their article, and 
avoid any inappropriate references. Inappropriate references include those 
that are linked with a hyphen and the difference between the two numbers at 
two sides of  the hyphen is more than 5. For example, [1-6], [2-14] and [1, 3, 
4-10, 22] are all considered as inappropriate references. Authors should not 
cite their own unrelated published articles.

Statistical data
Present as mean ± SD or mean ± SE.

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

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure, 
p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose 
concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood CEA mass concentration, 
p (CEA) = 8.6 24.5 μg/L; CO2 volume fraction, 50 mL/L CO2  not 5% CO2; 
likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction, 
8 ng/g, etc. Arabic numerals such as 23, 243, 641 should be read 23 243 641.

The format about how to accurately write common units and quantum 
is at: http://www.wjgnet.com/wjg/help/15.doc
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Abbreviations
Standard abbreviations should be defi ned in the abstract and on fi rst mention 
in the text. In general, terms should not be abbreviated unless they are 
used repeatedly and the abbreviation is helpful to the reader. Permissible 
abbreviations are listed in Units, Symbols and Abbreviations: A Guide for 
Biological and Medical Editors and Authors (Ed. Baron DN, 1988) published 
by The Royal Society of  Medicine, London. Certain commonly used 
abbreviations, such as DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, 
RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used 
directly without further mention.

Italics
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V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H pylori, E coli, etc.
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revised version including manuscript and high-resolution image fi gures (if  
any) should be copied on a fl oppy or compact disk. Author should send the 
revised manuscript, along with printed high-resolution color or black and 
white photos, copyright transfer letter, the fi nal check list for authors, and 
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manuscript by e-mail or on the WJG Editorial Offi ce Online System is NOT 
available at present).

Language evaluation 
The language of  a manuscript will be graded before sending for revision. 
(1) Grade A: priority publishing; (2) Grade B: minor language polishing; 
(3) Grade C: a great deal of  language polishing; (4) Grade D: rejected. The 
revised articles should be in grade B or grade A.

Copyright assignment form
Please downloaded  CAF from http://www.wjgnet.com/wjg/help/9.doc.
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Ms:
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is original, except when appropriately referenced to other sources, and that 
written permission has been granted by any existing copyright holders. 
We agree to transfer to WJG all rights of  our manuscript, including: (1) all 
copyright ownership in all print and electronic formats; (2) the right to grant 
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any other format. We also agree that our article be put on the Internet.
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about contributions of  each author named to the submitted study. 
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least one of  the three conditions. The WJG does not publish co-fi rst authors 
and co-corresponding authors.

We hereby assign copyright transfer to WJG if  this paper is accepted.
Author Name in full (Full names should be provided, with fi rst name 

fi rst, followed by middle names and family name at the last, eg, Eamonn MM 
Quigley). Handwritten names are not accepted. 

Author Name in abbreviation (Family name is put fi rst in full, followed 
by middle names and fi rst name in abbreviation with fi rst letter in capital, eg, 
Quigley EMM). Handwritten names are not accepted. 
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     Abbreviation Name:                         
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     Date:                                       
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Final check list for authors
The format is at: http://www.wjgnet.com/wjg/help/13.doc

Responses to reviewers
Please revise your article according to the comments/suggestions of  
reviewers. The format for responses to the reviewers’ comments is at: http://
www.wjgnet.com/wjg/help/10.doc

Proof of fi nancial support
For paper supported by a foundation, authors should provide a copy of  the 
document and serial number of  the foundation.
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Authors of  accepted articles must pay publication fee.
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