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Abstract
This paper is to review recent information about the 
relationship of calcium and dairy foods to colon cancer. 
The review focuses on primary prevention, discusses 
the potential components in dairy foods that might be 
anti-neoplastic, reviews the epidemiologic information 
and describes intervention studies demonstrating 
efficacy of calcium and vitamin D in reducing colorectal 
polyp recurrence. Since vitamin D is important in 
cancer prevention, pertinent data is discussed and 
potential mechanisms of actions presented. Calcium 
and vitamin D are important agents for the primary 
prevention of colorectal neoplasia.

© 2008 The WJG Press. All rights reserved.

Key words: Colorectal cancer; Dairy foods; Calcium; 
Vitamin D; Colorectal polyp recurrence; Colon cancer 
prevention

Peer reviewer: Zvi Fireman, Professor, Department of 
Gastroenterology, Hillel-yaffe Med. Ctr., PO Box 169, 
Gastroenterology Department, Hadera 38100, Israel

Holt PR. New insights into calcium, dairy and colon cancer. 
World J Gastroenterol 2008; 14(28): 4429-4433  Available from: 
URL: http://www.wjgnet.com/1007-9327/14/4429.asp  DOI: 
http://dx.doi.org/10.3748/wjg.14.4429

INTRODUCTION
Colorectal cancer is a common and lethal disease in 
the Western World and the incidence and mortality is 

increasing dramatically in the rest of  the world. In the 
United States, colorectal cancer is the second most 
common cause of  cancer deaths, with an incidence 
of  around 130 000 cases a year and a mortality rate 
of  approximately 55-60 000[1]. The World Health 
Organization statistics for colorectal cancer incidences 
worldwide in 1996 showed about 875 000 cases with 
a mortality of  over 500 000. The incidence of  this 
tumor in the less well developed countries of  the world 
is increasing dramatically so that the death rate for 
this tumor far exceeds the 7.2% of  all cancer deaths 
reported by the WHO. Incidence and mortality rates 
differ markedly across countries with the highest rates 
reported from Australia and Northern Great Britain 
and the lowest rates in Southern Africa. This 30-fold 
difference in incidence underscores the importance of  
environmental factors in inducing this cancer.

Although the treatment of  established colorectal 
cancer has improved remarkably over the last half  
century, mortality rates still are high, particularly in 
our aging population. Therefore, a major focus of  
the management of  this tumor has been in the area 
of  cancer prevention which is better termed “cancer 
risk reduction”. There are three modalities of  cancer 
prevention; tertiary prevention is when efforts are made 
to lower the risk of  a second cancer once a primary 
tumor has been diagnosed. A good example of  this 
is the use of  tamoxifen for risk reduction of  breast 
cancer in women who have had one breast cancer and 
the use of  retinoid acting agents to lower the risk of  
second squamous cancers of  the aero-digestive tract. 
Secondary prevention involves the abolition of  pre-
cancerous neoplastic lesions, thus lowering the risk of  
the later development of  cancer. For the colorectum, 
secondary prevention by detection of  neoplastic 
colorectal adenomas and adenoma polypectomy has 
become an established preventive technique and has 
been demonstrated to be effective in lowering the 
incidence of  this tumor[2]. Primary prevention aims to 
reduce the development of  a cancer before tissue pre-
neoplastic changes occur. This is the approach where 
calcium and dairy products appear to have an important 
role in lowering the risk of  colorectal cancer. It must be 
emphasized that in order to advocate a primary cancer 
prevention modality which is likely to be applied to large 
numbers of  the population, it must have an excellent 
benefit to risk ratio. The term “chemoprevention” which 
is better called “risk reduction” has been applied to 
these approaches. Chemoprevention involves the use 

www.wjgnet.com



of  an agent to slow the progress, to reverse or inhibit 
the process of  carcinogenesis. Such agents may act at 
different levels modulating cancer production at the level 
of  the cell, at the molecular level, at the whole tissue 
level or potentially at the whole patient clinical level.

There are many components of  dairy foods that 
have been shown experimentally to have protective 
effects against colon cancer. These components include 
calcium and vitamin D for which there is most evidence 
and (which will be discussed below), conjugated linoleic 
acid[3], sphingolipids[4] and the potential of  butyric acid 
formed by colonic lactobacilli from milk products. 
Clearly if  one includes bacterial cultures, i.e. probiotics 
added to dairy products, there is an increasingly 
important literature that suggests that such agents 
may be beneficial in reducing the risk of  colorectal 
neoplasia[5].

EPIDEMIOLOGY
There have been numerous epidemiologic studies that 
have suggested that calcium or dairy products may lower 
the risk of  colorectal neoplasia. The data for many 
of  these have been reviewed recently[6]. An important 
prospective epidemiologic study was performed in over 
45 000 Swedish men, aged 45 to 79 years[7]. In this study, 
calcium intake was determined from food frequency 
questionnaires and there was a mean follow up of  
between 6 and 7 years. The data on colorectal cancer 
incidence, when analyzed for the highest versus the 
lowest quartile for calcium intake, showed a statistically 
significant reduction in colon cancer development with 
a mean odds ratio of  0.68 and for dairy intake a mean 
odds ratio of  0.46. Using multivariate analysis, the data 
from this study suggested that there might be a threshold 
effect at about 1200 mg to 1400 mg of  calcium per 
day[7].

CALCIUM
At the present time, the gold standard for measuring 
risk reduction by an intervention in colorectal cancer 
uses determination of  the incidence of  recurrence 
of  adenomatous polyps following removal of  all 
colonic polyps by polypectomy. This approach was 
originally developed by Baron JA (Baron JA, Beach 
M, Mandel JS, van Stolk RU, Haile RW, Sandler RS, 
Rothstein R, Summers RW, Snover DC, Beck GJ, 
Bond JH, Greenberg ER. Calcium supplements for 
the prevention of  colorectal adenomas. Calcium Polyp 
Prevention Study Group. N Engl J Med 1999; 340: 
101-107) and his co-workers to analyze the beneficial 
effects of  calcium for adenomatous polyp reduction[8]. 
Subsequent analyses have evaluated reduction of  total 
adenomatous polyps and reduction of  advanced polyps 
as defined by size and the presence of  severe dysplasia. 
Calcium supplementation of  1200 mg per day reduced 
total adenomas by approximately 20%[8], but advanced 
adenomas by about 45%[9]. If  one translates these data 
into numbers of  adenomas that would be reduced 

in the United States by increased calcium intake this 
would total approximately 26 000 cases of  adenomas 
with a more important impact on the advanced lesions. 
Subsequent analyses by Baron’s group showed that most 
of  the effect of  calcium in lowering the incidence of  
recurrent adenomas occurred in individuals who had 
baseline levels of  serum 25 hydroxy vitamin D above 
the median (about 29 ng per mL) with little effect in 
individuals with lower levels[10]. These data strongly 
suggest that it is the combination of  calcium and vitamin 
D which is important in altering adenoma recurrence. A 
prospective US national study is ongoing to examine the 
relative effects of  calcium, vitamin D or the combination 
of  calcium plus vitamin D on colorectal adenoma 
recurrence. In a further recent publication, Baron JA 
and coworkers have followed calcium supplemented 
subjects for ten years after completing the ongoing 
study[11]. These data suggested that the beneficial effect 
of  calcium upon adenoma recurrence persisted for five 
years even in subjects who were not taking supplemental 
calcium after stopping the formal study and showed 
40% less adenoma recurrence when compared to 
control placebo treated subjects. After 5 years after no 
further beneficial effect of  calcium administration was 
demonstrated[11].

The classical hypothesis for the beneficial effects 
of  calcium derived from an original physiochemical 
hypothesis by Newmark and colleagues in which they 
suggested that fatty acids and bile acids in the colon may 
be detrimental to the epithelium and important in the 
initial steps of  colorectal carcinogenesis and that calcium 
could bring bile acids and fatty acids out of  solution in 
the colonic lumen and, thus, reduce the cytotoxicity of  
these agents[12]. A number of  studies by Van der Meer’s 
group subsequently were consistent with this hypothesis 
even in in-vivo studies[13,14].

However, calcium is known to have manifold cellular 
effects in colonic epithelial cells suggesting that these 
must be important in the action of  this compound 
upon colorectal carcinogenesis. Two recent areas of  
research suggest that other mechanisms may well be 
crucial in the cellular effects of  calcium. The human 
parathyroid calcium sensing receptor which senses 
minor changes in extra-cellular calcium concentrations 
is expressed in differentiated cells of  the human colonic 
crypt. The receptor is partially or completely lost during 
colon carcinogenesis[15]. The calcium sensing receptor 
has two promoters with vitamin D response elements. 
In vitro, calcium and vitamin D stimulate the calcium 
sensing receptor promoter activity in colonic cells 
to reduce E-cadherin expression and inhibit TCF4. 
Thus, this receptor may function to regulate epithelial 
differentiation and be anticarcinogenic[15]. In addition, 
evidence suggests that the cardiac L-type calcium 
channel is present in colon tissue and may play a role in 
determining calcium influx into colonic epithelial cells[16].

Vitamin D stores of  the body derive from photolysis 
of  7 dehydrocholesterol in the skin to form pre-vitamin 
D3 which rapidly isomerizes at body temperature to 
form vitamin D3 and then passes into the circulation. 
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Dietary vitamin D2 and vitamin D3 is absorbed from the 
intestinal lumen in micellar form and after transfer into 
intestinal lymph passes into the circulation where it is 
bound to a vitamin D binding protein. Vitamin D from 
both cutaneous and intestinal sources is taken up by the 
liver and converted to 25 hydroxy vitamin D (25 OHD3). 
The circulating levels of  serum 25 OHD3 reflect the 
body stores of  this vitamin. 25 OHD3 is transported to 
the periphery and converted to calcitriol, (1,25 dihydroxy 
vitamin D3 1,25 (OH)2D3), mainly in the kidney but also 
in many peripheral tissues by the action of  the enzyme 1 
alpha hydroxylase (CYP 27 B2). 1,25 (OH)2D3 is bound 
to vitamin D receptors present in many tissues and has 
pleiomorphic actions in bone, the gastrointestinal tract 
and uterus, etc.

Epidemiologic studies of  vitamin D effects upon 
human health have included evaluation of  effects of  
sunlight (ultraviolet) exposure, analysis of  dietary and 
supplemental vitamin D intake as well as measurement 
of  serum 25 hydroxy vitamin D levels.

There is abundant epidemiologic data to show 
that exposure to sunlight results in a reduction in the 
incidence of  many cancers, but most clearly reduced 
colorectal cancer. The original observations of  Cedric 
Garland[17] which followed upon a forgotten report 
in 1941[18] showed a distinct North to South latitude 
difference in colorectal cancer development. More 
recently, several studies have shown not only a lowering 
of  colorectal cancer incidence, but also that for breast, 
ovary and prostate[19] accompanied by the expected 
increased non-melanoma skin cancer formation. Other 
studies have also pointed to beneficial changes of  
sunlight in esophageal, renal and bladder cancer as well 
as non-Hodgkins lymphoma[20]. 

Many investigators have analyzed the relationship of  
colorectal cancer prevalence with vitamin D body stores, 
i.e. measurement of  circulating 25 OHD3. A metanalysis 
of  vitamin D intake studies using dose response gradient 
analysis showed a reduction in colorectal cancer of  
approximately 20%[21]. In 2006, Garland analyzed 
positive and negative studies comparing serum 25 
OHD levels and the development of  colorectal, breast 
and prostate cancer. Six of  seven studies of  colorectal 
cancers showed a significant reduction of  cancer and 
one was borderline, whereas for breast cancer only one 
was significant and one showed no effect with similar 
negative results for prostate cancer[22]. Further evidence 
for the beneficial effect of  higher levels of  25 OHD 
were shown in the distal colon of  older women (OR 
= 0.45)[23] and in black men[24], because of  lower action 
of  sunlight in pigmented skin to form this vitamin. A 
prospective 7.75 year study of  serum levels of  vitamin 
D showed a 55% reduction in cancer development in the 
highest compared to the lowest quartile[25].

MECHANISMS OF ACTION OF
VITAMIN D
The cellular activity of  vitamin D is dependent on the 

action of  calcitriol principally through interaction with a 
high affinity binding protein (VDR). VDR is a member 
of  the steroid receptor superfamily ligand dependent 
transcription factor and the binding of  calcitriol to VDR 
induces a configurational change in the receptor. The 
receptor then heterodimerizes with the retinol receptor 
(RxR) and the VDR-RxR complex binds to vitamin 
D response elements in the nucleus. This interaction 
induces gene transcription which results in cell cycle 
arrest through the regulation of  CDK2, p21, p27, p53, 
KI67 and E-cadherin. In addition there are effects on 
differentiation and apoptosis, the latter through changes 
in BcL-2, BcL-xL, Mcl-1, etc. Furthermore, there are 
non-receptor dependent actions of  vitamin D upon the 
cell which include activation of  calcium channels at least 
in the small intestine and colon[26].

The clinical effects of  vitamin D are also dependent 
on polymorphisms in the vitamin D receptor. Such 
polymorphisms can occur at the 3’ end of  the receptor 
and includes Bsm1, Taq1 and at the 5’ end FoK1. It 
is known that such polymorphisms are functionally 
associated with differences in bone density and in serum 
calcitriol levels, but whether they affect the action of  
vitamin D upon the colon is unclear[27]. However, high 
dairy intake effects upon colon adenoma recurrence 
has been restricted to individuals with the Apal aA/AA 
genotype[28].

One small, but unique study has described the 
effects of  6 mo supplemental calcium (1200 mg) plus 
vitamin D (400 IU) to subjects with adenomatous polyps 
which were transected with one half  tattooed and left 
in situ. Calcium plus vitamin D reduced proliferation 
indices in the remaining polyps and flat mucosa, but 
also dramatically down-regulated polyp mucin 5AC 
(MUC5AC)[29]. These data suggest that the combination 
alters important cellular processes both in the adenoma 
and the flat colorectal mucosa.

Turning to other studies of  dairy products upon 
colon neoplasia formation, Cho et al (Cho E, Smith-
Warner SA, Spiegelman D, Beeson WL, van den Brandt 
PA, Colditz GA, Folsom AR, Fraser GE, Freudenheim 
JL, Giovannucci E, Goldbohm RA, Graham S, Miller 
AB, Pietinen P, Potter JD, Rohan TE, Terry P, Toniolo 
P, Virtanen MJ, Willett WC, Wolk A, Wu K, Yaun 
SS, Zeleniuch-Jacquotte A, Hunter DJ. Dairy foods, 
calcium, and colorectal cancer: a pooled analysis of  10 
cohort studies. J Natl Cancer Inst 2004; 96: 1015-1022) 
published pooled data of  dairy product intake from 10 
cohort studies and reported a 12% reduction in colon 
cancer risk with each 500 mL increase in milk intake. 
There also was a significant and 17% reduction in 
colorectal cancer incidence with the ingestion of  ricotta 
cheese greater than 25 mg per day[30]. An important 
study that has received a large amount of  attention was 
the Women’s Health Initiative Dietary modification 
study (WHI study) in which women 50-79 years of  
age received supplemental 1100 mg calcium plus 400 
IU vitamin D with meals. Some of  these women 
also participated in a study of  the effects of  estrogen 
replacement therapy upon colon cancer development. 
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This prospective study had a mean follow up of  7.0 ± 
1.4 years and had colorectal cancer as an end point[31]. 
There was no significant difference between the 
development of  colorectal cancer in women taking the 
calcium plus vitamin D when compared to controls 
(OR = 1.08) (0.86-1.34). There clearly were a number 
of  issues related to this study which have resulted in 
some considerable criticism. Such issues included the 
fact that the mean age of  the women in the study was 
62 and the increase in colon cancer in women occurs 
only after age 60, they had a high basal dietary intake of  
calcium of  approximately 1100 mg to 1200 mg per day 
and relatively adequate vitamin D intake approaching 
400 IU per day. There was low compliance with the 
intervention with only 70% of  subjects consuming more 
than 50% of  the pills and in addition the subjects were 
permitted to continue to take calcium and/or vitamin D 
supplements separately from study drugs. It also was felt 
that the duration of  the study was too short for a cancer 
end point and the amount of  vitamin D provided in the 
intervention was relatively low. Importantly however, 
women who showed a low serum 25 hydroxy vitamin D 
level at base line demonstrated a 2.5 fold increased risk 
of  colorectal cancer compared to the top quartile of  
serum 25 hydroxy vitamin D levels (P < 0.02)[31].

VITAMIN D AND CANCER MORTALITY 
A unique study by Lappe prospectively evaluated 
the development of  any cancer in approximately 
1200 postmenopausal women who received calcium  
1500 mg/d with or without vitamin D 1100 IU per day. 
The unadjusted relative risk for the development of  any 
cancer with calcium administration was 0.53 and for 
vitamin D plus calcium 0.40. Serum 25 hydroxy vitamin 
D also was a significant predictor of  decreased cancer 
development[32]. A recent meta-analysis of  18 studies of  
effects of  vitamin D on overall mortality by Philippe 
Autier showed an 8% reduction in overall mortality in 
subjects who received vitamin D[33].

ANIMAL STUDIES
Over the past decade Martin Lipkin’s group have been 
evaluating the effects of  a Western style diet (WD) 
relatively high in fat content (20%) and relatively low in 
vitamin D and calcium upon carcinogenic changes in the 
colon of  mice. This represented the first demonstration 
of  diet-induced colorectal tumor formation in the 
absence of  a carcinogen[34]. When folic acid also 
was reduced in the WD over a period of  18-24 mo, 
adenomas and carcinomas developed with increases 
in both the percent of  mice developing tumors as well 
as in tumor frequency. The addition of  calcium and 
vitamin D to the diet dramatically reduced or eliminated 
most of  these tumors[35]. It also is of  interest that this 
Western style diet in mice produced hyperproliferation 
in mammary duct epithelial cells[36], pancreatic epithelial 
cells[37] and prostate cells[38] and that calcium and vitamin 
D suppressed such hyperproliferation. The molecular 

underpinnings of  these observations are presently under 
study.

CONCLUSION
Epidemiologic intake and intervention studies have 
shown that calcium administration lowers colorectal 
adenomatous polyps as well as cancer rates and this 
effect may be prolonged. Most evidence suggests that 
the effect of  calcium is dependent or partially related 
to simultaneous vitamin D intake. Vitamin D may also 
reduce colon cancer risk independent of  the presence 
of  increased amounts of  calcium or dairy products 
in the diet. Few studies have been performed with 
dairy products alone, but the data generally supports 
the positive effects shown with calcium and vitamin 
supplementation as well. Understanding the cellular 
effects of  calcium and vitamin D in humans’ in-vivo is 
crucial to make further progress in this field.
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Abstract
Patients with ulcerative colitis (UC) and Crohn's 
disease (CD) are at increased risk for developing 
colorectal cancer (CRC), and this is believed to be a 
result of chronic inflammation. Although conclusive 
evidence is still missing, both epidemiological and 
experimental observations suggest that certain drugs 
used to treat inflammation, such as mesalazine, 
can reduce the incidence of colitis-associated CRC. 
Therefore, in recent years, several studies have 
been conducted to dissect the mechanisms by 
which mesalazine interferes with CRC cell growth 
and survival. This review summarizes the current 
information on the molecular mechanisms that 
underlie the antineoplastic action of mesalazine.
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INTRODUCTION
Patients with ulcerative colitis (UC) and Crohn’s disease 
(CD), the major forms of  inflammatory bowel disease 
(IBD) in humans, are at increased risk of  developing 
colorectal cancer (CRC)[1,2]. Chronic inflammation 
is believed to be the driving force for neoplastic 
transformation, and clinical factors that increase the 
risk include disease duration > 10 years, extensive 
disease, severity of  colitis, a positive family history of  
sporadic CRC, and the concomitant presence of  primary 
sclerosing cholangitis[3-5]. 

While in sporadic CRC, the dysplastic precursor 
is usually the adenomatous polyp, dysplasia in IBD 
patients can be both polypoid and flat, localized or 
diffuse. Detection of  dysplasia during programmed 
screening and surveillance colonoscopy is the goal of  
the current strategy for CRC prevention in IBD patients. 
When dysplasia or CRC is identified, proctocolectomy 
is performed to remove the at-risk organ[6]. However, 
no evidence exists that screening for colonic dysplasia 
and cancer with surveillance colonoscopy prolongs 
survival in IBD patients. Indirect evidence also suggests 
that this is a cost-effective approach[7,8]. Therefore, 
gastroenterologists have recently shifted their attention 
towards alternative strategies of  chemoprevention, 
and particular interest has been given to the possibility 
of  reducing the risk of  IBD-related CRC by using 
mesalazine or 5-aminosalicylic acid (5-ASA). Mesalazine 
is widely used in the maintenance of  remission and 
in the treatment of  mild flare-ups of  IBD, and recent 
epidemiological studies have suggested that this drug 
is chemopreventive for CRC development in UC  
patients[9-11], even though some studies have documented 
no benefit[12]. The mechanisms behind the antineoplastic 
effect of  mesalazine are incompletely understood, but 
it is likely that they are mostly dependent on the ability 
of  the drug to attenuate ongoing mucosal inflammation. 
Indeed, it is well known that mesalazine can modulate 
various inflammatory pathways (e.g. production of  
inflammatory cytokines, activity of  inducible nitric 
oxide synthase, activation of  nuclear factor-κB) that are 
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relevant to CRC initiation and progression[13-16]. There is 
also evidence that mesalazine inhibits the formation of  
reactive oxygen species (ROS) from polymorphonuclear 
leukocytes[17], which leads to a decrease or complete 
inhibition of  DNA damage, a phenomenon that has 
been involved in colon carcinogenesis. More recently, 
it has also been shown that mesalazine can directly 
target CRC cells and interfere with biological pathways 
that control their growth and survival[18]. The object of  
this article is to summarize recent data that elucidate 
the basic mechanisms of  the antineoplastic effect of  
mesalazine.

MESALAZINE HAS DIRECT INHIBITORY
EFFECTS ON CRC CELL GROWTH AND
SURVIVAL
Carcinogenesis is a complex and multistage process that 
involves interactions between genes and environmental 
insults which ultimately affect cell proliferation and 
apoptosis. Apoptosis progressively decreases and 
proliferation increases in the sequential stages from 
normal colonic mucosa to dysplastic and CRC tissue. 
Therefore, strategies that inhibit cell proliferation and/or 
restore cell susceptibility to apoptosis have been shown 
to be effective in interfering with CRC initiation and/or 
progression.

Accumulating evidence indicates that mesalazine 
can block growth and promote apoptosis of  CRC cells. 
This was initially suggested by ex vivo studies in patients 
with colonic adenoma. In particular, Reinacker-Schick 
et al have analyzed the effect of  orally administered 
mesalazine on apoptosis and proliferation of  colorectal 
mucosa in 21 patients with sporadic polyps. An 
increase in the apoptotic rate and decrease in cell 
proliferation were seen 1 and 3 d, respectively, after 
the initiation of  treatment with mesalazine[19]. Bus et al 
have demonstrated that 2 wk treatment with 4 g/d 
mesalazine enema in patient with sporadic CRC resulted 
in enhanced apoptosis of  tumor cells, while no change 
was seen in the normal mucosa that surrounded the 
tumor lesion. Moreover, the cellular proliferation rate as 
assessed by means of  Ki-67 expression was unchanged 
in both the tumor and normal tissue[20]. Studies in rodent 
models of  CRC showed that mesalazine inhibits tumor 
growth and reduces the number of  aberrant cryptic  
foci[21,22]. Moreover, in a mouse model of  colitis-
associated CRC, Ikeda et al have shown that mesalazine, 
given in the remission stage of  colitis, markedly 
suppresses the number and size of  neoplasms. Notably, 
mesalazine treatment reduces the rate of  proliferation 
of  tumor cells, which leaves the proliferation of  
normal epithelial cells unaltered[23]. These observations 
have been reinforced by in vitro studies that show that 
mesalazine inhibits the growth and enhances apoptosis 
of  several cultured CRC cell lines, in a time- and dose-
dependent manner[18,24]. Altogether, these later findings 

indicate that mesalazine has direct effects on CRC 
cells. This novel information has boosted new research 
aimed at dissecting the molecular mechanisms by which 
mesalazine interferes with CRC development/growth.

EFFECTS OF MESALAZINE ON
REPLICATION FIDELITY
Many of  the molecular alterations that are believed 
to play a major role in the development of  sporadic 
CRC are also seen in IBD-associated CRC tissue. For 
instance, both these types of  CRC are characterized 
by a very similar frequency of  the two main types of  
genomic instability, namely chromosomal instability 
(CIN, 85%) and microsatellite instability (MSI, 15%)[25]. 
CIN results in abnormal segregation of  chromosomes 
and abnormal DNA content (aneuploidy). As a result, 
loss of  chromosomal material often occurs, which 
contributes to the loss of  function of  important 
tumor suppressor genes [e.g. adenomatous polyposis 
coli (APC) and p53] . The MSI pathway involves 
the primary loss of  function of  genes that usually 
repair DNA base-pair mismatches that occur during 
the normal process of  DNA replication in dividing 
cells. During this process, frameshift mutations, 
called microsatell ites, tend to accumulate. Since 
microsatellites are mainly located in intronic DNA 
sequences, microsatellite mutations generally result in 
no gene function alteration. However, if  microsatellites 
are located in exonic gene regions, the mutations 
can lead to a shift in the codon reading frame and 
changes in the amino acid sequence during mRNA 
translation. The introduction of  an early stop codon 
can eventually cause protein truncation, and this is 
generally associated with a loss of  protein function[26]. 
Recently, Gasche and colleagues, using an assay 
based on a stable transfection of  a plasmid carrying a 
microsatellite sequence into HCT-116 cells, have shown 
that mesalazine improves replication fidelity in cultured 
CRC cell lines by reducing frameshift mutations at 
microsatellites. Since the effect of  mesalazine is seen 
in mismatch repair-deficient CRC cells, it is highly 
likely that mesalazine acts on replication fidelity 
independently of  post-replicational mismatch repair. 
The molecular mechanism by which mesalazine inhibits 
the generation of  frameshift mutations has not yet 
been characterized. However, studies by the same 
group have shown that mesalazine can interact with 
cellular machinery involved in cell-cycle progression[28]. 
In particular, it has been shown that mesalazine can 
slow down DNA replication and cell division, thus 
allowing cells to either repair DNA damage or undergo 
apoptosis. Analysis of  cell-cycle phases has revealed 
that CRC cells are arrested in S-phase when treated 
with mesalazine for 24-48 h. Such results are, however, 
somewhat different from those published by Reinacher-
Schick et al that have shown that CRC cells are arrested 
in G2-M phase when exposed to mesalazine[18]. The 



reasons for these discrepancies remain unclear, but it 
is likely that they are due to differences in the culture 
systems used by these investigators.

THE ANTI-MITOGENIC EFFECT OF
MESALAZINE IS NOT STRICTLY
DEPENDENT ON CYCLOOXYGENASE
(COX)-2 INHIBITION
COX-2 is a major target of  CRC chemopreventive 
programs, as it is highly expressed in both sporadic and 
familial CRC, and activation of  COX-2 is known to 
trigger and/or amplify biological pathways that sustain 
CRC growth[29-32]. COX-2 is also over-expressed in 
IBD-related CRC tissue[33]. Since mesalazine inhibits 
COX-2 in inflammatory cells, it is hypothesized that the 
antineoplastic effect of  this drug is strictly dependent on 
the inhibition of  COX-2 in CRC cells. In this context, 
we have recently shown that mesalazine inhibits the 
growth of  HT-115, a CRC cell line that expresses a 
functionally active COX-2, and that the anti-mitogenic 
effect of  mesalazine is associated with a marked 
down-regulation of  COX-2 at the protein and mRNA  
level[34]. Consistently, treatment of  HT-115 cells with 
mesalazine causes a significant reduction in secretion 
of  prostaglandin (PG) E2, a product of  COX-2 activity 
that positively regulates CRC cell growth (Figure 1). 
However, exogenously added PGE2 does not abrogate 
the inhibitory effect of  mesalazine on HT-115 cell 
growth. Moreover, mesalazine blocks the growth of  
DLD-1, a CRC cell line that does not express COX-2, 

which suggests that the effect of  this drug on CRC cell 
growth is partially independent of  inhibition of  the 
COX-2/PGE2 axis.

MESALAZINE INHIBITS BOTH THE WNT/
b-CATENIN AND EPIDERMAL GROWTH
FACTOR RECEPTOR (EGFR) SIGNALING
PATHWAYS IN CRC CELLS
An intriguing hypothesis that has emerged from the 
available experimental data is that mesalazine may 
act on one or more pathways that are both early and 
common in colorectal carcinogenesis. A potential 
candidate is the wingless and integration site growth 
factor (Wnt)/β-catenin pathway, since it is constitutively 
activated in the majority of  CRC[35-37]. In this pathway, 
Wnt binds to the transmembrane Frizzled receptor, 
which leads to activation of  the cytoplasmic disheveled 
(Dsh) protein. Dsh forms a complex with the β-catenin 
degradation complex, which consists of  the APC gene 
product, glycogen synthase kinase-3β (GSK-3β), axin 
and β-catenin. The current model for the Wnt signaling 
pathway proposes that, in the absence of  Wnt, GSK-
3β phosphorylates β-catenin, thereby promoting 
ubiquitination and degradation of  β-catenin[38]. In 
response to Wnt signals, β-catenin is no longer targeted 
for degradation and accumulates to high levels in the 
cytoplasm[39]. The accumulated β-catenin translocates to 
the nucleus, associates with the transcriptional enhancers 
of  the lymphoid enhancer-binding factor/Tcf  family, 
and stimulates the expression of  genes, such as Myc, that 
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Figure 1  Some putative molecular mechanisms that underlie the antineoplastic activity of mesalazine. Mesalazine inhibits COX-2, thereby blocking synthesis of 
PGH2, an intermediate that is metabolized into various prostaglandins, including PGE2. PGE2 binds to its cell surface cognate receptors (EP1-4) and sustains various 
functions of tumor cells, including proliferation, survival, angiogenesis and invasion. These are mediated through the transactivation of EGFR or activation of other 
intracellular pathways. The antineoplastic effects of mesalazine rely also on its ability to inhibit Wnt/b-catenin, through inactivation of PP2A (and downstream down-
regulation of b-catenin), and EGFR pathways. Moreover, mesalazine activates PPAR-γ, thus leading to inactivation of the Wnt/b-catenin pathway and down-regulation 
of COX-2. 
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play important roles in tumor progression[40,41].
Elegant studies by Bos e t a l have shown that 

mesalazine inhibits the Wnt/β-catenin pathway in APC-
mutated CRC cells with intact β-catenin (Figure 1)[42]. 
Consistent with this, mesalazine treatment reduces 
expression of  nuclear β-catenin and Wnt/β-catenin 
target genes (e.g. cyclin D1, c-met and c-Myc), and increased 
β-catenin phosphorylation. Mesalazine fails to inhibit the 
expression of  Wnt/β-catenin target genes in β-catenin 
mutant CRC cell lines, in which the Wnt/β-catenin 
pathway is not regulated by β-catenin phosphorylation. 
These observations suggest that inhibition of  the 
Wnt/β-catenin pathway by mesalazine is dependent 
on increased phosphorylation of  β-catenin. In line 
with this, pre-incubation of  CRC cells with okadaic 
acid, a specific phospho-serine/phospho-threonine 
phosphatase inhibitor, prevents mesalazine-induced 
β-catenin phosphorylation. The precise mechanism by 
which mesalazine enhances β-catenin phosphorylation 
remains to be ascertained, even though Bos et al have 
demonstrated that mesalazine reduces the activity of  
protein phosphatase 2A (PP2A), a known regulator of  
the β-catenin phosphorylation status and Wnt/β-catenin 
pathway in CRC cells.

Another target of  mesalazine is EGFR (Figure 1). 
This receptor is highly activated in CRC cells, in which 
it is supposed to trigger mitogenic and pro-survival  
signals[43,44]. Consistent, EGFR inhibitors, such as 
monoclonal antibodies or small molecules that inhibit 
tyrosine kinase activity, have been shown to be effective 
in patients with advanced CRC[45]. A very high percentage 
of  IBD-associated CRC displays immunohistochemical 
positivity for EGFR. Expression of  EGFR is frequent 
in IBD-associated intestinal cancer[46]. Expression occurs 
at an early stage (i.e. premalignant lesions), as described 
in sporadic CRC[47], which suggests that blocking 
EGFR activity is useful for reducing the occurrence of  
IBD-related CRC[48,49]. We have shown that exposure 
of  CRC cell lines to mesalazine results in a marked 
suppression of  EGFR phosphorylation/activation, and 
that mesalazine-induced EGFR dephosphorylation is 
dependent on neither CRC cell death induction nor 
shedding of  the receptor[50]. Moreover, mesalazine 
suppresses EGFR activation induced by exogenous 
EGF or TGF-α, thus excluding the possibility that 
dephosphorylation of  EGFR in mesalazine-treated 
cells is secondary to inhibition of  EGFR ligand 
synthesis. EGFR phosphorylation is a tightly controlled 
phenomenon, which is the net result of  the action of  
tyrosine kinase and phosphatases (PTPs). Therefore, we 
have examined whether mesalazine-mediated inhibition 
of  EGFR activation reflects changes in the expression/
activity of  PTPs, which have been reported to control 
the extent of  EGFR activation[51]. Notably, treatment of  
CRC cells with mesalazine causes a significant increase 
in the activity, but not expression, of  phosphorylated-
EGFR-targeting PTPs, and pre-incubation of  cells with 
PTP inhibitors largely reduces the inhibitory effect of  
mesalazine on EGFR activation. Among these PTPs, 
both SH-PTP1 and SH-PTP2 interact with EGFR upon 

mesalazine treatment. However, targeted silencing of  SH-
PTP2, but not SH-PTP1 prevents mesalazine-induced 
EGFR dephosphorylation. Consistent with these data, 
mesalazine also attenuates EGFR phosphorylation in  
ex vivo organ cultures of  human sporadic CRC explants.

MESALAZINE ACTIVATES PEROXISOME 
PROLIFERATOR ACTIVATED RECEPTOR-γ 
(PPAR-γ) IN CRC CELLS
PPAR-γ is a nuclear receptor that is highly expressed 
in the colon, and plays a key role in bacteria-induced 
inflammation. Many factors can modulate the activity 
of  PPAR-γ, but the most important activating factor in 
colon epithelial cells appears to be the luminal flora[52]. 
Activation of  PPAR-γ also has anti-tumorigenic effects 
that are manifested as both anti-proliferative and pro-
apoptotic activities[53, 54], inhibition of  the formation 
of  aberrant cryptic foci [55], and inhibition of  CRC 
development[56]. It has also been shown that PPAR-γ 
suppresses tumor formation by interfering with the 
Wnt/β-catenin signaling pathway[57,58]. Recent in vitro and 
in vivo studies have shown that mesalazine can activate 
PPAR-γ (Figure 1). In particular, using HT-29 CRC cells, 
Rousseaux et al have shown that mesalazine enhances 
PPAR-γ expression, stimulates translocation of  PPAR-γ 
to the nucleus, induces conformational changes in the 
PPAR-γ molecule, and increases the interaction between 
PPAR-γ and vitamin D3 receptor-interacting protein  
205[59]. In competitive binding studies, mesalazine 
displaces rosiglitazone and the selective PPAR-γ ligand 
GW1929 from their binding sites on the PPAR-γ 
molecule[59]. In line with these in vitro findings, it has 
been shown that the antineoplastic effects of  mesalazine 
are mediated by PPAR-γ in a model of  CRC, in which 
SCID mice were engrafted with human CRC cells. In 
particular, in this model, locally administered mesalazine 
significantly reduced the growth of  xenografts, and this 
effect was blocked by the selective PPAR-γ antagonist 
GW9662[60].

CONCLUSION
In recent years, there has been great interest in the 
possibility of  chemoprevention of  IBD-related CRC by 
mesalazine. Given the difficulty of  performing double-
blind, placebo-controlled, randomized clinical trials 
in patients, investigators have turned to experimental 
models of  cancer, and indeed, the existing data suggest 
that mesalazine can reduce the risk of  CRC by directly 
interfering with CRC cell biology, other than by 
simply controlling inflammation. However, definitive 
conclusions from experimental findings are not always 
completely correct, and therefore, future studies will 
be necessary to ascertain whether data generated from 
studies with cultured cells or animal models of  CRC can 
be generalized to IBD-associated dysplasia or CRC. 

Another impor tant i ssue that needs fur ther 
investigation regards the dosage/concentration of  
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mesalazine required to interfere with CRC cell growth 
and survival. In vitro studies have indicated that the 
antineoplastic effect of  mesalazine is seen with relative 
high drug dosages (e.g. 10-50 mmol/L), which are not 
always reached within the colonic tissue under standard 
oral treatment. In this context, it is also relevant to take 
into consideration mesalazine metabolism, for instance, 
mesalazine oxidation and acetylation, which could differ 
considerably between in vitro and in vivo circumstances, 
and limit the amount of  biologically active compound. 
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INTRODUCTION
Inflammatory bowel disease (IBD) is associated with 
an increased risk of  vascular complications[1-4]. The 
most important of  these complications are arterial and 
venous thromboembolisms, which represent a signifi-
cant cause of  morbidity and mortality in IBD patients. 
Thromboembolism is a disease-specific extraintestinal 
manifestation of  IBD[5], which is developed as the result 
of  multiple interactions between acquired and genetic 
risk factors. Several studies have shown an imbalance 
of  procoagulant, anticoagulant and fibrinolytic factors 
predisposing in thrombosis in patients with IBD[6-9]. The 
incidence of  thromboembolism in IBD ranges between 
1% and 7.7% in clinical studies[1,10,11], rising to 39%-41% 
in postmortem studies[12]. 

The most common thrombotic manifestations in 
IBD are deep vein thrombosis, usually in the leg, and 
pulmonary embolism. The latter may be fatal. Thrombotic 
events occur less frequently in other sites, such as the 
cerebrovascular system, portal vein, mesenteric veins, and 
retinal vein. Arterial thrombotic complications occur less 
frequently than venous thromboembolism in patients 
with IBD, and most occur after surgery. An increased 
atherosclerotic risk in patients with IBD has also been 
suggested[13]. This could be associated with the elevated 
levels of  C-reactive protein and plasma sCD40L, which 
are features of  the IBD[14,15]. Common carotid artery 
intima-media thickness has been found significantly 
higher in IBD patients compared with healthy controls[16]. 
Premature atherosclerosis with lower extremity arterial 
occlusions has been reported in young patients with 
Crohn’s disease[17]. An increased risk of  cardiovascular 
arterial thromboembolic diseases in both Crohn’s disease 
and ulcerative colitis and an increase in cerebrovascular 
arterial thromboembolic diseases in Crohn’s disease 
recently have been reported[18]. IBD patients have been 
found to develop thrombembolisms earlier in life than 
non-IBD thrombotic patients[19]. Furthermore, many 
IBD patients with thromboembolic disorders either have 
active disease or have undergone recent major abdominal 
surgery[2]. Conversely, thromboembolisms may also occur 
in quiescent IBD[1]. It has been suggested that the extent 
of  colonic disease is correlated with thromboembolic 
risk. Extensive ulcerative colitis and colonic involvement 
of  Crohn’s disease was significantly associated with 
the development of  thromboembolism[2]. The risk of  
recurrence of  thromboembolism in IBD patients has been 
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Abstract
Thromboembolism is a significant cause of morbidity 
and mortality in patients with inflammatory bowel dis-
ease (IBD). Recent data suggest thromboembolism as 
a disease-specific extraintestinal manifestation of IBD, 
which is developed as the result of multiple interac-
tions between acquired and genetic risk factors. There 
is evidence indicating an imbalance of procoagulant, 
anticoagulant and fibrinolytic factors predisposing in 
thrombosis in patients with IBD. The genetic factors 
that have been suggested to interfere in the thrombotic 
manifestations of IBD include factor Ⅴ Leiden, factor 
Ⅱ (prothrombin, G20210A), methylenetetrahydrofolate 
reductase gene mutation (MTHFR, 6777T), plasminogen 
activator inhibitor type 1 (PAI-1) gene mutation and fac-
tor ⅩⅢ (val34leu). In this article we review the current 
data and future prospects on the role of genetic risk 
factors in the development of thromboembolism in IBD.
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reported to be 10%-13% despite medical therapy for the 
thromboembolic event[2]. The mortality from this com-
plication in IBD has been reported to be 8%-25% during 
the acute episode[1,2]. The etiology of  thrombosis in IBD 
is multifactorial. Thrombosis is a complex event in which 
several mechanisms and causal factors, inherited and 
acquired, are implicated, complicating the identification of  
its causes[20,21]. Several acquired prothrombotic risk factors 
are frequently observed, such as the inflammatory process 
per se, prolonged immobilization, use of  corticosteroids, 
surgical treatment, fluid depletion, central venous 
catheters, hyperhomocysteinemia, vitamin deficiencies, 
smoking and use of  oral contraceptives[4]. Importantly, 
approximately half  of  the patients with inflammatory 
bowel disease that develop a thromboembolic event have 
no identifiable risk factor[10]. Genetic factors may also play 
a role in thrombosis of  patients with IBD. Based on the 
unraveling of  the biochemistry and cell biology of  the 
coagulation system, major advances in the understanding 
of  genetics of  thrombosis have been applied also in 
IBD complicating by thrombosis. The most common 
genetic variants that have been found to affect the risk of  
thrombosis are: factor V Leiden, factor Ⅱ (prothrombin, 
G20210A), methylenetetrahydrofolate reductase gene 
mutation (MTHFR, 6777T), plasminogen activator 
inhibitor type 1 (PAI-1) gene mutation and factor ⅩⅢ 
(val34leu). This review focuses on the role of  genetic risk 
factors in the development of  thromboembolism in IBD.

EVALUATING GENETIC RISK OF 
THROMBOSIS IN INFLAMMATORY 
BOWEL DISEASE
Genetic risk factors have been suggested to predispose 
to thromboembolism in IBD. Several genetic markers 
located in coagulation genes have been examined in an at-
tempt to document whether these markers are associated 
with increased thrombotic risk in IBD. Genetic studies of  
vascular complications of  IBD pose enormous challenges, 
including resolution of  immense genotypic and pheno-
typic heterogeneity, and gene-environment and gene-gene 
interactions. Past efforts to identify thrombosis-related 
genes in IBD have utilized population-based association 
methods, but the substantial progress that has been made 
recently with the strategy of  using positional cloning of  
genes based on linkage studies is expected to apply to this 
field. These methods focus on measuring quantitative 
traits that are correlated with the risk of  disease.
      
Factor Ⅴ Leiden
Factor V Leiden (FVL), an arginine to glutamine 
missense mutation in the factor V (FV) gene at position 
506[22], is the most prominent risk factor for venous 
thromboembolism[23,24]. The amino acid substitution in 
the activated protein C (APC) cleavage site of  FV leads 
to increased thrombin generation due to decreased APC-
mediated inactivation of  FV, and due to decreased FV 
cofactor activity for FVIIIa inactivation[25]. Factor V 
Leiden is found in approximately 5% of  Caucasians, and 

increases the risk of  thrombosis five- to eightfold for 
heterozygous carriers and 50- to 80-fold for homozygous 
carriers. The prevalence of  FVL ranges from 20% to 
30% in unselected patients with venous thrombosis. 
Genetic studies determining the prevalence of  the FVL 
allele in IBD mostly have shown no difference in allele 
frequency between IBD patients and healthy controls[26-30]. 
The prevalence of  FVL in thrombotic IBD patients 
was significantly higher than in IBD patients without 
thrombosis[31-33]. It is noteworthy that the FVL allele was 
associated mainly with venous thrombosis[33]. In addition, 
the prevalence of  FVL in IBD patients with previous 
thromboembolism appears not to differ from that 
found in non-IBD patients with thromboembolism[33,34]. 
On the other hand, an Italian study showed a very low 
prevalence of  FVL allele in thrombotic IBD patients[35]. 
The discrepancies between these results may be due to 
the different characteristics of  the populations studied 
(genetic background, previous history of  thrombosis, 
and small sample sizes). Furthermore, in a recent study 
of  experimental colitis, the FVL allele had no effect in 
murine colitis and thus, the authors question the role 
of  activated blood coagulation in IBD[36]. Although 
somewhat conflicting, these genetic studies suggest that 
the FVL as a risk factor for thrombosis in IBD patients 
matches that of  the general population. Furthermore, 
FVL is not associated with IBD per se, but when present 
it increases the risk of  thromboembolism[37]. Finally, it is 
important to realize that homozygous carriers of  the FVL 
allele are rare and that all genetic studies are performed 
using heterozygotes, which have a milder thrombotic 
phenotype.

G20210A prothrombin gene mutation
The G20210A mutation is a genetic variation of  the 
prothrombin (Factor Ⅱ) gene consisting of  a single 
nucleotide change (guanine to adenine) at position 20 210 
of  the 3’-untranslated region. The G20210A mutation 
is the second most frequent genetic prothrombotic 
mutation after FVL. It is present in approximately 2% of  
Caucasians, leads to greater prothrombin plasma levels 
(heterozygous carriers have about 30% higher PT levels 
than healthy controls), and increases the risk of  venous 
thrombosis about threefold[38]. However, no definite 
association between this gene mutation and IBD has 
been detected in several studies[30,33-35,39]. Presence of  this 
mutation is found at a similar prevalence in IBD patients 
as well as in IBD patients with thrombosis[27,32-33]. This 
mutation has only been studied in a limited number of  
thrombotic IBD patients so firm conclusions cannot be 
drawn. 

Methylenetetrahydrofolate reductase C677T gene 
mutation
Methylenetetrahydrofolate reductase is a critical enzyme 
involved in the remethylation pathway of  homocysteine 
metabolism. A common mutation (C677T) has been 
identified in the MTHFR gene. This variant leads to 
10%-20% increases in homocysteine plasma levels in 
homozygous carriers, which are found in around 10% of  



the population. The effect of  MTHFR 6777T carriership 
on the risk of  thrombosis varies among studies, and 
a recent meta-analysis found a weak effect (10%-20% 
risk increase)[40-43]. Studies of  the prevalence of  C677T 
homozygosity in IBD have found discordant results[34], 
probably because of  regional and ethnic variations in the 
prevalence of  polymorphism in the general population. In 
a recent population-based case-control study[30], although 
some differences were observed among patients with IBD 
and healthy controls in the prevalence of  MTHFR 6777T 
(decrease in mutant allele carriership in UC), these did not 
explain an excess risk of  thrombosis. The prevalence of  
C677T homozygosity between IBD thrombotic patients 
and non-IBD thrombotic patients showed no significant 
difference[32,33].

Factor ⅩⅢ gene mutation 
A common variant in subunit A of  factor ⅩⅢ, usually 
indicated by the amino acid position and change 
(val34leu), is associated with a greater FXIII activation 
rate and leads to a 20%-40% reduction of  the risk of  
venous thrombosis for homozygous carriers. These are 
found in approximately 10% of  the population[44,45]. This 
variant, which is protective against thrombosis, has been 
evaluated in IBD patients[46]. Available data suggest that 
the prevalence of  this polymorphism is similar in patients 
with IBD compared to the general population[47,48]. 
A slightly greater prevalence of  factor ⅩⅢ mutation 
carriership in CD has been found in a recent population-
based study[30], but this could not explain the greater risk 
of  venous thrombosis in CD. Finally, the prevalence of  
ⅩⅢ (val34leu) was similar in IBD patients with vascular 
complications and non-IBD thrombotic patients[33].

Plasminogen activator inhibitor type 1 gene mutation
Plasminogen activator inhibitor type 1 (PAI-1) is 
considered as inhibitor of  fibrinolysis. The 4G/4G 
genotype is associated with an overexpression of  
PAI-1, which may cause a decreased fibrinolysis and, 
therefore, a hypercoagulability state contributing to the 
development of  vascular complications. Several stud-
ies have demonstrated that the 4G/4G genotype is 
associated with an enhanced PAI-1 expression[49] and 
contributes as an additional risk factor to the develop-
ment of  myocardiac infarction[50], arterial thrombosis[51], 
and deep venous thrombosis[52]. However, the evidence 
regarding the relationship between an elevated PAI-1 
plasma level or PAI-1 genetic polymorphism and the risk 
of  venous thromboembolism is rather conflicting. The 
allelic frequency of  PAI-1 4G has been reported higher 
in IBD patients than in the reference population[53]. 
Moreover, a recent study showed a significantly higher 
allelic frequency of  PAI-1 4G in IBD patients with 
vascular complications compared with IBD and healthy 
controls. However, the prevalence of  this genotype does 
not differ in thrombotic IBD patients compared to non-
IBD thrombotic patients[33].

Janus kinase 2 gene mutation
Janus kinase 2 (JAK2) mutations have been described in 

several Philadelphia-negative myeloproliferative disorders 
(MPD)[54]. The point mutation in JAK2 encodes a valine 
to phenylalanine change at position 617 (JAK2 V617F) 
and confers constitutive tyrosine kinase activity[55]. It has 
been suggested that thrombosis in MPD may be due 
to JAK2 mutation. JAK2 is also important in vascular 
diseases, such as atherosclerosis, in which inflammation 
plays an important role. JAK2 V617F mutation has been 
found, in the absence of  overt MPD, highly associated 
with splanchnic vein thrombosis and sporadically with 
cerebral thrombosis. A recent study investigated the 
role of  JAK2 V617F mutation in 48 IBD patients with 
thrombotic complications, but no case with the JAK2 
V617F mutation was found[56]. The small number of  
cases with splanchnic vein thrombosis in this series (but 
also in other IBD series) that are mainly associated JAK2 
V617F mutation could be also an explanation of  this 
finding. 
   
Other genetic factors
The role of  the well recognized inherited thrombophilic 
states such as deficiencies of  plasma antithrombin Ⅲ, 
protein C, and protein S has been examined in several 
studies. Although deficiency of  the proteins C and S in 
IBD patients have been proposed by some studies[20], 
other studies failed to confirm these data[21]. These fac-
tors are rare (< 1% of  the population) and are considered 
to play a less important role in the thrombosis, and there-
fore it is not surprising that their results in IBD are rather 
contradictory.

Future prospects
We are entering a new era in genetic studies of  venous 
thrombosis. It is believed that, combined, all the known 
mutations account for about the half  of  the genetic 
thrombosis risk. There is every reason to believe that ad-
ditional genetic causes of  thrombosis remain to be dis-
covered. As a complex disease, thrombosis is considered 
to be the result of  flexible combinations of  variations 
of  multiple genes that interact with lifestyle or other 
environmental factors to produce the disease. Future 
studies should investigate these interactions. Moreover, 
in IBD we need collection of  large case-control series 
of  patients complicating with venous thrombosis. This 
will provide the high quality clinical information related 
both to IBD and thrombosis that forms the basis of  any 
genetic project. On the other hand, large-scale DNA 
analysis systems are now becoming available, which will 
allow us to study in the setting of  IBD the genetics of  
venous thrombosis down to the single nucleotide level. 
As an example, we recently have reported a multigenetic 
analysis of  polymorphisms of  thrombophilic and vaso-
active genes in a group of  IBD patients with vascular 
complications compared with IBD patients without 
vascular complications and both thrombotic and healthy 
controls[33]. This approach, in a multicenter basis with a 
large number of  patients, will give more insight into the 
genetic architecture of  thrombotic risk in IBD. The final 
aim is personalized thrombosis prediction and appropri-
ate management in a patient with IBD.
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CONCLUSION
Epidemiological data suggest that IBD is associated with 
an increased risk of  thromboembolic complications. 
However, the cause for this strong association remains 
unclear. It can be speculated that gene mutations 
may underlie the greater risk for thromboembolic 
complications in IBD patients. Thus, several studies 
have investigated the role of  genetic defects in the 
development of  vascular complications in IBD. The 
most common genetic variants that affect the risk of  
thrombosis are factor V Leiden, factor Ⅱ (prothrombin, 
G20210A), MTHFR (6777T) and factor ⅩⅢ (val34leu). 
Furthermore, the role of  other thrombophilic and 
vasoactive genes has been evaluated with the occurrence 
of  thromboembolism in IBD. The available data in 
the literature have shown that genetic risk factors are 
generally not found more often in IBD patients than 
others. However, when they occur, those with IBD 
compared to healthy controls are more likely to suffer 
thromboembolic complications. The screening for 
genetic coagulation defects appears justified in all IBD 
patients with a history of  thrombosis or a family history 
of  venous thromboembolic events. Future multicentre 
studies with large number of  cases and fur ther 
investigation of  the interaction between genetic and 
environmental factors might increase our understanding 
of  the mechanisms of  pathogenesis of  thrombotic 
complications in IBD. Using the new large-scale DNA 
sequencing techniques that are becoming available and 
enable many genes to be studied in a single individual, 
we could expect an in-depth insight into how genetic 
risk factors are involved in thrombosis in IBD. 
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INTRODUCTION
Liver resection (LR) has been the only potentially curative 
treatment available for hepatocellular carcinoma (HCC). 
With the advent of  liver transplantation (LT) as a clinical 
modality patients with HCC were preferentially placed 
on the waiting list for transplantation[1]. To date, there 
have been no randomised clinical trials comparing LR to 
LT in patients with potentially resectable HCC (Child-
Pugh A, wedged hepatic venous pressure < 10 mmHg)[2]. 
The decision of  whether to resect or transplant is often 
determined by centre experience and the availability 
of  LT. Unfortunately, the majority of  patients have 
extensive tumours at presentation and are not candidates 
for either LT or LR. The use of  neoadjuvant therapies 
to downstage the disease has recently been shown to be 
effective in a small number of  selected cases. The results 
of  newer tumour specific therapies that are currently 
being developed are awaited and may expand the number 
of  potentially resectable cases. If  livers for LT were 
freely available, a case could be made for transplanting all 
patients with HCC confined to the liver. However, there 
are insufficient numbers of  grafts to transplant even good 
risk candidates. Determining which patients should be 
managed by resection or transplantation remains a subject 
of  much debate.

LIVER RESECTION
For the majority of  patients with HCC, eligibility for 
LR is not only dependant upon anatomical location, 
but also on the extent of  the underlying liver disease[3]. 
Consequently, only 15%-30% of  patients with HCC are 
candidates for LR at the time of  presentation[4]. Although 
the advantages of  LR over LT are not clear-cut, patients 
with well-preserved liver function (Child-Pugh A) with 
small solitary (< 5 cm) HCCs should be considered for 
LR. The presence of  hepatic decompensation (Child-
Pugh C) is a contraindication to surgical LR, due to the 
high peri-operative mortality. The more difficult patients 

Adam Bartlett, Nigel Heaton, Institute of Liver Studies, Kings 
College School of Medicine at Kings College Hospital, Denmark 
Hill, Camberwell, London, SE5 9RS, United Kingdom
Author contributions: Bartlett A and Heaton N contributed 
equally to reviewing the literature and preparing the manuscript.
Correspondence to: Nigel Heaton, Professor, Institute of 
Liver Studies, Kings College School of Medicine at Kings 
College Hospital, Denmark Hill, London SE5 9RS, 
United Kingdom. nigel.heaton@kch.nhs.uk
Telephone: +44-20-33999000  Fax: +44-20-32993575
Received: February 15, 2008	    Revised: May 28, 2008
Accepted: June 4, 2008
Published online: July 28, 2008 

Abstract
Liver resection (LR) and transplantation offer the 
only potential chance of cure for patients with 
hepatocellular carcinoma (HCC). Historically, all patients 
were treated by hepatic resection. With the advent 
of liver transplantation (LT) patients with HCC were 
preferentially placed on the waiting list for LT. However, 
early experience with LT was associated with a high rate 
of tumour recurrence and poor long-term survival. The 
increasing scarcity of donor livers resulted in restrictions 
being placed on tumour size, and an improvement 
in patient survival. To date there have been no 
randomised clinical trials comparing LR to LT. We review 
the evidence supporting LR and/or LT for HCC and 
discuss the role of neoadjuvant therapy. The decision of 
whether to resect or transplant remains debatable and 
is often determined by centre experience, availability of 
LT and donor organs.  
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are those with Child-Pugh B cirrhosis or those with large 
(> 5 cm) or multiple tumours.

The natural history of  HCC has been studied in small 
series 20-30 years ago. Those patients with a solitary 
small (< 3 cm) tumour have good three-year survival 
irrespective of  treatment modality. Of  those that 
undergo LR approximately 70% will develop intrahepatic 
tumour recurrence within 5 years of  resection[5]. This 
represents either tumour that was present, but not 
detected at the time of  LR (synchronous), or a new 
tumour that has arisen in the diseased liver remnant 
(metachronous). The results of  LR for HCC in some 
recent publications are summarised in Table 1.

A number of  different clinico-pathological staging 
systems have been proposed to help predict survival 
outcomes for patients with HCC to assist clinicians 
in deciding whether patients are suitable for LR. The 
Barcelona Clinic Liver Cancer (BCLC) group stratifies 
patients with HCC into 4 categories (early, intermediate, 
advanced and terminal) and recommends different 
treatment options for each category[6]. Accordingly, 
LR is only indicated in patients with early stage HCC, 
that is; a single nodule ≤ 5 cm or up to 3 nodules 

≤ 3 cm; Okuda stage 1 or 2[7]; Child-Pugh A or B[8]; 
Performance score of  0[9]; with no portal hypertension 
and a normal serum bilirubin level. The role of  LR for 
BCLC group intermediate-stage HCC (single nodule 
> 5 cm or multinodular tumours) in the presence of  
preserved liver function (Okuda stage 1 or 2; Child-
Pugh A; Performance score 0-2) remains controversial. 
Patients with large (> 5 cm) HCCs are not suitable for 
ablative therapies and are excluded from LT if  the Milan 
criteria are used for patient selection. These patients are 
often deemed too high-risk to undergo LR due to the 
extent of  the resection. The American Association for 
Study of  Liver Diseases (AASLD)[10] and the European 
Association for Study of  Liver (EASL)[11] guidelines 
state that LR is contraindicated for tumours > 5 cm 
due to the high incidence of  vascular invasion and 
the associated poor prognosis. However, a number of  
centres have reported acceptable outcomes for patients 
with resected HCC greater than 5 cm or even 10 cm. A 
multicentre study of  300 patients with HCC > 10 cm 
reported a 5-year overall survival rate of  26.9%[12]. Poon 
et al reported a 5-year actual survival rate of  20.6% for 
58 patients resected for tumours > 10 cm[13].  

Table 1  Recurrence and survival rates following surgical treatment for hepatocellular carcinoma

Treatment Author n Recurrence (%) 5-yr survival (%)

Liver resection
Ercolani (2003)[61] 224 54.4 42.0
Sim (2003)[62]   81 NS  59.01

Belghiti (2003)[63] 328 NS 37.0
Bartlett (2007)[59]   53 47.0 42.6
Nuzzo (2007)[64] 248 46.0 24.0

Deceased donor liver transplantation
Mazzaferro (1996) (Milan criteria)[33]   48   8.0  75.42

Jonas (2001) (Milan criteria)[65] 120 16.0 71.0
Figueras (2001) (5 cm, localised)[66] 307 21.0 63.0
Yao (2001) (UCSF criteria)[34]   70 11.4 75.2
Decaens (2006)[36]

   Milan criteria 279 NS 60.0
   Beyond Milan, but within UCSF         44 NS 45.6
   Beyond UCSF and Milan criteria 145 NS 34.7

Living donor liver transplantation
Todo (2007)[67]

   Milan criteria 137   1.4  79.41

   Extended criteria 172 22.2 60.0
Hwang (2005)[68]

   Milan criteria 173 NS 88.0
   Extended criteria   64 NS  60.01

Jonas (2007)[69]

   Milan criteria     8 NS 75.0
   Extended criteria   13 NS 62.0
Kwon (2007)[70]

   Extended criteria 139 NS 79.9
Sugawara (2007)[71]

   Extended criteria (5 nodules <5cm)   78 10.0 75.0
Soejima (2007)[40]

   Milan criteria   16   0.0            100
   Unlimited criteria   44 18.2  74.01

Salvage liver transplantation
Belghiti (2003)[55]   18   5.6 61.0
Schwartz (2006)[19]   18 44.0 NS
Hwang (2007)[54]   17 NS NS

NS: Not stated; UCSF: University of California San Francisco. 13-year survival; 24-year survival.
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Much of  the improvement in patient outcome 
following LR has been due to the adoption of  a 
multidisciplinary approach to managing these patients 
with stringent preoperative evaluation of  hepatic function 
and liver manipulation by selective portal vein or hepatic 
artery embolization. This has been borne out by nationally 
representative data which has shown inpatient mortality 
to be 40% less in high-volume hospitals compared to low-
volume hospitals (odds ratio 0.60; P = 0.02)[14]. Supporting 
the concept that patients requiring hepatectomy, 
particularly in the presence of  chronic liver disease, should 
be managed in high-volume centres.

Multi-focal HCC is associated with a poor outcome, 
due to the high rate of  recurrence and is considered a 
relative contraindication to LR. A recent audit of  LR in 
380 patients with large and multifocal HCC and small 
(< 5 cm) single nodules (n = 404), revealed similar peri-
operative morbidity and mortality rates between the two 
groups, but the three-year survival that was significantly 
better for small solitary HCC (76% vs 50%)[15]. Despite 
this the authors stated that survival of  patients with 
multifocal HCC after LR was better than that achieved 
with trans-arterial chemoembolization (TACE), and 
suggested that if  functional reserve was acceptable they 
should be considered for LR provided all identifiable 
tumour is able to be resected[15].  

Patients with early Child-Pugh B cirrhosis without 
evidence of  significant portal hypertension should be 
considered for minor LRs. The difficulty is objectively 
assessing liver function and the extent of  LR likely to 
be tolerated. The indocyanine green (ICG) clearance 
test[16,17] has been well validated and the Model of  End 
Stage Liver Disease (MELD) also appears to predict 
peri-operative mortality following LR. A MELD score 
of  ≥ 9 had a peri-operative mortality rate of  29%, 
whilst a score of  < 9 had no mortality[18]. However, no 
technique has been shown to be superior to that of  the 
judgement of  an experienced clinician.

The aim of  LR is to achieve local control of  the 
index tumour, accepting that new or unrecognised 
tumours may subsequently appear. Thirty-nine percent 
of  patients with a solitary HCC < 5 cm on preoperative 
cross sectional imaging are found after LT to have other 
lesions on histologic examination of  the explanted 
liver[19]. Although preoperative imaging has improved, 
less than one third of  HCCs < 1 cm can be identified 
using either contrast enhanced computer tomography 
(CT) or magnetic resonance imaging (MRI)[19]. This 
suggests that progression of  established disease present 
at the time of  LR accounts for a significant proportion 
of  tumour recurrences post resection.

Parenchymal preservation is important in preserving 
hepatic function and reducing the risk of  small for 
size syndrome[3]. However, HCC has a propensity for 
vascular invasion resulting in intrahepatic metastases. 
Anatomical (segmental) LR, results in resection of  a 
greater volume of  liver parenchyma, leads to the en bloc 
resection of  the primary tumour and all the potentially 
tumour-bearing portal tributaries. In support of  this, 
anatomical resection for solitary HCC has been shown 

to be associated with a lower rate of  disease recurrence 
and improved overall survival[20-22]. In a retrospective 
study of  321 patients who underwent curative LR for 
solitary HCC < 5 cm, patients with preserved synthetic 
function (Liver damage group A) that underwent 
anatomical LR had improved overall and recurrence 
free 5-year survival compared to those treated by non-
anatomical LR (87% vs 76%, P = 0.02 and 63% vs 35%, 
P < 0.01, respectively)[21]. Similarly, a recent retrospective 
analysis of  158 consecutive patients undergoing either 
anatomical (n = 95) or non-anatomical (n = 63) LR for 
HCC, demonstrated improved disease-free and long-
term survival after anatomical LR, despite having larger 
tumours and higher prevalence of  vascular invasion[22]. 
However, anatomical LR cannot always be performed 
due to limited hepatic reserve. The only option in these 
patients is a more limited (non-anatomical) LR or local 
ablative therapy. Patients with moderately impaired (Liver 
damage group B) synthetic function who underwent 
non-anatomical LR had significantly better 5-year overall 
and recurrence free survival compared to those treated 
by anatomical LR (72% vs 48%, P < 0.01 and 43% vs 
28%, P = 0.01, respectively)[21]. Although the reason for 
this dichotomy remains speculative, it is possible that 
non-anatomical LR is associated with less physiological 
stress, which is better tolerated by patients with limited 
hepatic reserve.

More recently ablative therapies, such as radiofrequency 
ablation (RFA) or percutaneous ethanol injection (PEI), 
have been shown to offer similar outcomes to LR for 
small tumours (< 4 cm) without the associated operative 
morbidity. In a randomised controlled trial comparing 
PEI and RFA for HCCs < 3 cm, 4-year local recurrence 
and survival rates were 1.7% and 74%, respectively[23]. 
This was achieved despite a 63% incidence of  disease 
recurrence elsewhere within the liver. Outcome appears to 
be operator dependent, both in terms of  patient selection 
and technique, with rates of  complete ablation varying 
from 20% to 96%. In a trial comparing PEI with RFA in 
HCCs ≤ 4 cm, RFA achieved initial complete ablation in 
96% of  lesions[24]. Looking at explant pathology, Lu et al 
reported complete necrosis in 83% of  HCCs < 3 cm[25]. 
The higher failure rate of  RFA compared to LR in larger 
lesions may be due to the presence of  vascular invasion, 
which is present in 10%-15% and 46%-50% of  2 cm and 
3-4 cm HCCs, respectively[26]. LR has the advantage of  
removing unrecognised regional metastases contained 
within the resected specimen and is supported by the 
finding of  less intrahepatic recurrence after anatomical 
compared to non-anatomical LR[20]. 

INCREASING RESECTABILITY 
Attempts to improve resectability include down staging 
the primary tumour and reducing the extent of  surgery 
or increasing the size of  the future liver remnant. Several 
techniques have been used to ‘down-size’ the tumour 
or to increase the size of  the future liver remnant. Pre-
operative portal vein embolization allows extensive 
resections to be performed by decreasing the likelihood 
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of  post-operative liver insufficiency. This is achieved by 
embolizing the lobe of  liver that is to be resected 6 wk 
prior to surgery, inducing hypertrophy in the future liver 
remnant. An increase of  40% to 60% in the size of  the 
non-embolized liver is observed in non-cirrhotic livers. 

TACE as a down-staging procedure in irresect-
able tumors has been shown to result in necrosis in 
40%-100% of  tumors with a three-year survival rate of  
77%[26]. There is no clear evidence currently that che-
moembolization is more effective than embolization 
alone[27]; however, combination of  local ablative therapy 
with systemic chemotherapy or biological agents appears 
to increase resection rates in patients with compensated 
liver disease.  

ADJUVANT TREATMENT FOLLOWING 
LIVER RESECTION
Several strategies have been employed in an attempt 
to reduce tumour recurrence following LR for HCC, 
including systemic chemotherapy, regional chemotherapy 
and internal radiotherapy. Intra-arterial 131-iodine 
labelled lipiodol has been shown to increase disease-free 
and overall survival in randomised controlled trials[27]. 
These findings have subsequently been confirmed 
in a retrospective analysis, where the 3-year disease-
free survival rates were 68.4% and 41.5% in those that 
did and did not receive 131-iodine labelled lipiodol, 
respectively[28]. A large randomised study is awaited to 
confirm these results. More recently, menatetrenone, 
a vitamin K2 analogue with known anti-proliferative 
effects against hepatoma cell lines, reduced tumour 
recurrence and improved patient survival in patients with 
HCC following LR or local ablative therapy[29]. Sorafenib 
(Nexavar, Bayer Pharmaceuticals Corporation), an oral 
multi-kinase inhibitor, has been shown in a phase Ⅲ 
placebo-controlled randomised trial to improve overall 
survival by 44% in patients with stage IV HCC (Hazard 
Ratio = 0.69, P = 0.0006)[30]. Whether this will translate 
into an improvement in survival in patients following LR 
or ablation remains to be tested.

LIVER TRANSPLANTATION
LT is theoretically the best option for treating HCC 
as it allows for both radical resection of  the primary 
tumour and treatment of  the underlying liver disease, 
thus eliminating the risk of  developing new HCCs and 
progression to end-stage liver failure. For many patients 
LR is not feasible because of  tumour size, anatomical 
location or poor liver function, and LT is the only 
surgical option.  

Early experience with LT for HCC was associated 
with a high rate of  tumour recurrence and poor long-
term survival[31]. Improving results for LT and the 
increasing scarcity donor grafts resulted in restrictions 
on tumour size as a 20%-40% survival at 5-years 
was deemed unacceptable. Bismuth[32] proposed and 
Mazzaferro[33] popularised the Milan criteria (single HCC 

≤ 5 cm or up to 3 nodules ≤ 3 cm in diameter) for LT 
in patients with HCC to restrict access and to improve 
long-term outcome[33]. In many centres this has become 
the ‘gold-standard’ in determining eligibility for LT; 
however, some consider these criteria as too restrictive. 
Yao et al analyzed the outcome of  70 patients with HCC 
undergoing LT and found that patients with a single le-
sion ≤ 6.5 cm, 2 to 3 nodules with the largest ≤ 4.5 cm 
or a total tumor diameter ≤ 8 cm had a 75% 5-year sur-
vival[34]. Patients exceeding these University of  California 
at San Francisco (UCSF) criteria, however, had a 1-year 
survival rate of  50% following LT[34]. Onaca et al, in an 
analysis of  1206 patients that underwent LT, found that 
patients with 2-4 tumours ≤ 5 cm or a solitary HCC ≤ 
6 cm had tumour free survival similar to those that were 
within the Milan criteria[35]. Despite these encouraging 
reports adopting expanded criteria, a recent a retrospec-
tive study found that patients meeting the Milan criteria 
pre-transplant had a 5-year survival rate of  60% com-
pared to 45% for those exceeding the Milan criteria, but 
meeting the UCSF criteria[36]. Although the difference 
was not statistically different, such a clinical difference 
warrants further examination. The results from a multi-
center audit being undertaken by the ‘Mazzaferro’ group 
looking at the preoperative number and size of  tumours 
and outcome is awaited[37].   

Vascular invasion has been shown to be predictive 
of  tumour recurrence and poor long-term survival in 
patients with HCC[38]. Vascular invasion is more common 
in large HCCs; however a significant proportion of  
tumours > 5 cm do not have histological evidence of  
vascular invasion[38]. Using size as a surrogate marker 
of  biological behaviour may, therefore, result in 
patients with large well-differentiated HCC, who would 
potentially benefit from LT being excluded, and include 
small poorly differentiated tumours that are at high risk 
of  recurrence[34]. An alternative method of  assessing the 
risk of  tumour recurrence is undertaking preoperative 
percutaneous biopsies, which places the patient at 
potential risk of  local and hematogenous recurrence. 
Studies have demonstrated that percutaneous biopsy 
impairs the chance of  curative resection. A retrospective 
review of  85 HCCs resected over 12 years found that 
preoperative biopsy resulted in the 5-year disease-free 
survival rate falling from 52% to 24%[38]. A recent review 
estimated the risk of  needle tract seeding as being less 
than 2%, but acknowledged that biopsy carries a risk 
of  hematogenous dissemination, but considered the 
degree of  risk as speculative[39]. Further studies are 
needed to evaluate using histological criteria from biopsy 
for patients with tumours exceeding standard criteria. 
It is likely histological and other molecular analyses of  
tissue samples will increasingly be used preoperatively to 
characterise the biological behaviour of  HCC.

As a consequence of  donor shortage, live donor 
LT (LDLT) has become increasingly uti l ized for 
patients with end-stage liver disease. Despite the initial 
enthusiasm, the number of  LRLT performed in the 
United States has fallen since 2002 as a consequence of  
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the realisation of  donor risk and the implementation 
of  the MELD system for organ allocation, which gave 
greater priority to patients with HCC. Out of  necessity 
the number of  LDLT undertaken in Asian countries, 
where cadaveric donation is not routinely available, has 
increased dramatically over the last decade.   

For patients with early HCC for whom a suitable 
donor is available, LDLT offers a number of  benefits. It 
can be performed in a timely manner eliminating the risk 
of  waiting list dropout due to disease progression. LDLT 
does not rely upon cadaveric donation that is dependent 
upon equitable allocation for all patients with end-stage 
liver disease. Consequently, there have been a number 
of  studies looking at LDLT using extended criteria, 
where the size and number is lesions is not limited[40,41]. 
The largest study reviewed 125 patients that underwent 
LDLT, 55 of  which had tumours that exceeded Milan 
criteria[41]. Patients that exceeded Milan criteria, but had 
≤ 10 tumours, all of  which were ≤ 5 cm in diameter, 
had a 5-year recurrence rate similar to those that were 
within the Milan criteria (7.3% and 9.7%, respectively; 
P = 0.89). Multivariate analysis also demonstrated a 
preoperative des-gama-carboxy prothrombin (PIVKA-
Ⅱ; protein induced by vitamin K antagonist-Ⅱ) 
value of  > 400 mAU/mL as strongly associated with 
disease recurrence, and a level of  < 400 mAU/mL be 
included in the selection criteria[41]. Similarly, Soejima 
et al reported on 60 patients that underwent LDLT for 
HCC, and found that there were no recurrences in those 
that were within the Milan Criteria. Multivariate analysis 
identified only tumour diameter of  > 5 cm and PIVKA-
Ⅱ of  > 300 mAU/mL as strongly associated with 
disease recurrence[40]. Although these studies are small 
and have short follow-up, they suggest that expansion 
of  the current tumour size and number with the use 
of  preoperative PIVKA-Ⅱ, may be associated with 
acceptable outcomes in patients undergoing LDLT. 

LOCAL ABLATIVE THERAPIES AS A 
BRIDGE TO LIVER TRANSPLANTATION
RFA and TACE have been used by many centres to 
downstage and/or prevent disease progression in 
patients with HCC. Currently there are no prospective 
randomised trials evaluating the effect of  these therapies 
prior to LT. 

RFA is operator dependent, both in terms of  
patient selection and technique, with rates of  complete 
ablation varying from 20% to 96%[25]. Most studies have 
demonstrated a reduction in the dropout rate compared 
to historical controls. A study of  60 consecutive HCCs 
in 50 patients on the waiting list for LT treated by 
percutaneous and laparoscopic RFA demonstrated a 
0% dropout rate and a 8% morbidity at a mean time 
to LT of  9.5 mo[42]. This compares favourably to an 
historical dropout rate of  10%-30% with waiting times 
of  6-12 mo[43]. More recently, a study of  52 patients 
treated by preoperative RFA reported a dropout rate of  
5.7% at a mean of  12.7 mo with no evidence of  tumour 

recurrence post-transplant[44]. Although there remains 
a potential risk for needle track dissemination and its 
efficacy has not been demonstrated in large HCC, RFA 
should be considered in patients on the waiting list with 
small (< 3 cm) solitary tumours and reasonable synthetic 
function (Child-Pugh A, and selected B).  

A number of  cohort studies have evaluated the 
efficacy of  TACE, alone or in combination with 
systemic chemotherapy prior to LT[45,46]. The results are 
conflicting, and a recent meta-analysis of  TACE as a 
bridge to LT found that there was insufficient evidence 
to support the use of  neoadjuvant TACE prior to LT 
as it did not improve long-term survival, allow for the 
expansion of  selection criteria or reduce the dropout 
rates on the waiting list[47]. TACE has been proposed as 
a method of  selecting patients with favourable tumour 
biology. In a study of  96 consecutive patients with HCC, 
62 of  whom exceeded Milan criteria, tumour recurrence 
was influenced by the response to pre-transplant TACE. 
Patients who had a sustained response to TACE pre-
transplant (n = 39) had a 5-year tumour free recurrence 
rate of  94.5%, whereas patients who had disease 
progression had a tumour free recurrence rate of  35.4% 
(P = 0.0017)[48]. Similarly, in a smaller study there were 
only 2 recurrences in 19 patients with tumours > 3 cm 
that had decreased the sum of  two diameters by > 50% 
following pre-transplant TACE[49].  

The current practice guidelines from the American 
Association for the Study of  Liver Diseases (AASLD) 
state that local ablation, RFA and TACE, are safe and 
effective in patients who are not suitable for LR, or as a 
bridge to LT if  the waiting list time exceeds 6 mo[10].

SALVAGE LIVER TRANSPLANTATION
Salvage LT has been promoted as a way of  managing 
patients with HCC in an era of  organ shortage. LR 
is performed as the primary procedure, keeping LT 
in reserve for those who develop further intrahepatic 
tumours or decompensation. The strategy offers a 
number of  potential benefits. With increasing waiting 
times for LT patients with HCC face the prospect of  
disease progression beyond transplant criteria whilst 
waiting for a suitable donor. Overall, 5 year survival 
decreases by 10%-20% (from 81%-58% to 62%-47%) 
for waiting times of  6-12 mo, and dropout rates range 
from 10%-30%[43]. Undertaking LR in the first instance 
allows one to observe the natural history of  the disease 
and allow those patients with aggressive disease to 
declare extrahepatic disease, thus avoiding inappropriate 
LT and eliminating the risk of  disease progression 
beyond transplant criteria while on the waiting list. In 
addition, the potential exists to reduce the number of  
patients requiring LT. In the medium term, disease-
free survival for patients undergoing LR with early 
stage HCC has been shown to be comparable to that of  
primary LT. LR also allows for histological analysis of  
the tumour and those with poor prognostic criteria, such 
as macroscopic vascular invasion or poor differentiation, 
should be excluded from LT due to the high likelihood 
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of  tumour recurrence, while resected patients who had 
solitary well-differentiated tumours without vascular 
invasion can be managed by surveillance and offered 
LT only if  there is tumour recurrence or hepatic 
decompensation.  

Salvage LT for HCC relies upon the principal that 
patients that have tumour recurrence following LR 
are still amenable to LT. Tanaka et al found that 8% of  
patients who underwent LR within the Milan criteria 
had tumour recurrence that exceeded Milan criteria[50]. 
Conversely, only 22% of  patients undergoing LR for 
tumours outside the Milan criteria develop post-resection 
recurrence that is within Milan criteria[50]. Multivariate 
analysis identified size of  the primary tumour and degree 
of  differentiation as risk factors for recurrence exceeding 
Milan criteria[50]. Others have identified the presence of  
portal vein invasion in the resected liver specimen as the 
most important predictor of  tumour recurrence[51]. A 
number of  molecular indices have been examined to try 
to predict tumour recurrence. A high level of  telomerase 
activity is reported as an independent predictor for 
tumour recurrence[52]. However, no marker has been 
confirmed to predict the risk of  tumour recurrence 
reliably. 

Salvage LT appears to have higher morbidity 
and mortality and an increased incidence of  tumour 
recurrence compared to primary LT[53]. Of  18 patients 
that under went salvage LT at Mount Sinai following 
LR, 2 died peri-operatively (11%), and 7 subsequently 
developed tumour recurrence (44%)[19]. Similarly, of  
17 patients that underwent salvage LDLT, bleeding 
complications were more common, and the peri-
operative mortality rate (5.9%) was significantly higher 
than after primary LT[54]. In contrast, Belghiti et al 
reported that LR prior to LT did not significantly 
increase the operative difficulty of  the procedure[55]. 
Furthermore, they did not find any difference in disease-
free or overall survival between primary and salvage LT. 
Patients who underwent salvage LT had a mean 20 mo 
disease-free interval before listing for LT[55]. The long-
term outcome of  these strategies is awaited. 

EFFECT OF IMMUNOSUPPRESSION ON 
TUMOUR RECURRENCE
Calcineurin inhibitors, cyclosporine and tacrolimus, are 
currently the mainstay of  immunosuppression in LT 
recipients. Sirolimus, a novel immunosuppressive drug 
that inhibits the mammalian target of  rapamycin has 
been shown in vitro to allow for the maintenance of  
tumour immunosurveillance, and may theoretically offer 
survival benefit in patients transplanted for HCC. In 
a study of  70 patients transplanted for HCC receiving 
de novo sirolimus and low dose calcineurin inhibitor 
for 6-12 mo and either a short course (3 mo) or no 
steroids, tumour free survival at a median of  49 mo 
was comparable to that achieved with conventional 
immunosuppression[56]. However, 50% of  patients had 
at least one episode of  rejection and 34% developed 

an incisional hernia. A better understanding of  tumour 
biology and particularly the role of  immunosuppression 
and tumour growth will provide further improvement in 
the treatment of  HCC. 

DIRECT COMPARISONS: RESECTION 
VERSUS TRANSPLANTATION
The oncological advantage of  LT compared to LR has 
not been universally demonstrated. For large tumours 
LR is not often possible and LT is the only potential 
treatment modality. Numerous retrospective studies 
from the 1990s have demonstrated that the results 
of  LT for large HCCs are poor in relative terms, with 
5-year survival rates of  < 20%-30%[31,57,58]. In contrast 
the best therapeutic modality for small tumours (< 
5 cm) is debatable. A retrospective analysis of  102 
patients treated by LT (n = 50) and LR (n = 52) showed 
no difference in 3-year survival or recurrence rate for 
tumours < 5 cm[57]. In contrast, Bismuth found that LT 
was superior to LR for small (< 3 cm) tumours[32]. The 
3-year survival rate for patients with tumours < 3 cm 
with 1 to 2 nodules was 83% and 41% for LT and LR, 
respectively[32]. The difference could be attributed to 
lower peri-operative mortality and tumour recurrence 
in the LT recipients. The operative mortality for LR 
for HCC varies from 0.5% and 21.5% and reflects 
the incidence of  hepatic insufficiency-associated 
with underlying liver disease[59]. In addition, the rate 
of  ‘recurrent’ disease is significantly higher after LR 
compared to LT with a 3-year recurrence-free survival 
rate of  83% and 18%, respectively[32]. Taken together, it 
is apparent that in the presence of  chronic liver disease, 
LT offers the greatest chance of  long-term survival for 
patients with small (< 5 cm) tumours. In the present 
climate of  donor organ scarcity it is difficult to justify 
LT for large and/or advanced HCC. 

CONCLUSION
Currently, in the absence of  large randomised clinical 
trials, the treatment strategy for patients with HCC 
remains a matter of  choice depending upon the 
interpretation of  retrospective studies, anecdotal evidence, 
unit experience, and availability of  therapeutic options.  

To date, we have relied upon radiological criteria as a 
surrogate marker of  tumour behaviour. What is needed 
is an accurate predictor of  the biological behaviour of  
the tumour at the time of  presentation. The molecular 
analysis of  tumour biopsies has yet to deliver, and is 
associated with a risk of  needle track recurrence. Less 
invasive markers that can accurately predict the risk of  
tumour recurrence are needed to help stratify patients 
for appropriate therapy. 

One of  the confounding factors in comparing 
the outcome of  different treatment modalities for 
HCC is the lack of  a uniform staging system. A large 
multicentre trial examining the commonly used staging 
systems, found that the American Joint Committee 
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on Cancer/Union Internationale Contre le Cancer 
AJCC/UICC (sixth edition) staging system provides 
the best stratification of  prognosis following LR or 
LT[60]. Adoption of  a uniform staging system by all 
centres would help to provide a better comparison of  
therapeutic modalities in the future.  

Although there is no consensus as to the best 
treatment for patients with HCC, it is apparent that 
LR appears to be the most appropriate treatment for 
patients with small (< 5 cm) solitary HCC with well-
preserved synthetic function (Child-Pugh A) and 
normal portal pressures (hepatic vein wedge pressure < 
10 mmHg). On account of  the high rate of  complete 
ablation that can be achieved in small tumours (< 3 cm), 
with a similar rate of  local control compared to LR, it 
is hard to justify LR for patients with HCCs < 3 cm, 
especially if  they have significant co-morbidities. Given 
the scarcity of  donor organs and the lack of  prospective 
data demonstrating an acceptable outcome in extending 
the current criteria, LT should be reserved for early stage 
HCC (solitary < 5 cm; ≤ 3 lesions 3 cm) that cannot be 
treated by LR. Medical treatments currently have limited 
efficacy, and their role, as a surgical adjuvant to LR and 
LT is yet to be determined.
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nificant difference was found between UC patients and 
control group (P  > 0.05). In CD and UC patients, no 
significant association with G908R variant was found. 
L1007finsC SNP showed an association with CD (9.8%) 
compared with controls (2.9%, P  = 0.002) and UC 
patients (2.3%, P  = 0.01). Moreover, in CD patients, 
G908R and L1007finsC mutations were significantly 
associated with different phenotypes compared to CD 
wild-type patients. No association of IBD with the TLR4 
SNPs was found in either cohort (allele frequencies: 
D299G-controls 3.9%, CD 3.7%, UC 3.4%, P  > 0.05; 
T399I-controls 2.9%, CD 3.0%, UC 3.4%, P  > 0.05). 
CONCLUSION: These findings confirm that, in our 
IBD patients selected from Southern Italy, the NOD2/
CARD15, but not TLR4 SNPs, are associated with in-
creased risk of CD.

© 2008 The WJG Press. All rights reserved.
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Abstract
AIM: To evaluate the role of genetic factors in the 
pathogenesis of Crohn’s disease (CD) and ulcerative 
colitis (UC), we investigated the single nucleotide poly-
morphisms (SNPs) of NOD2/CARD15 (R702W, G908R 
and L1007finsC), and Toll-like receptor 4 (TLR4) genes 
(D299G and T399I) in a selected inflammatory bowel 
disease (IBD) population coming from Southern Italy.
METHODS: Allele and genotype frequencies of NOD2/
CARD15 (R702W, G908R and L1007finsC) and TLR4 
(D299G and T399I) SNPs were examined in 133 CD pa-
tients, in 45 UC patients, and in 103 healthy controls. A 
genotype-phenotype correlation was performed. 
RESULTS: NOD2/CARD15 R702W mutation was sig-
nificantly more frequent in CD (9.8%) than in controls 
(2.4%, P  = 0.001) and in UC (2.3%, P  = 0.03). No sig-
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idiopathic chronic inflammatory bowel disease (IBD). 
The molecular basis of  their pathogenesis is not 
completely clear, but contributing factors may include 
persistent bacterial infection, a defective mucosal barrier, 
and an imbalance in the regulation of  the intestinal 
immune response[1]. 

Animal models of  IBD support the concept that 
genetic factors, environmental triggers, and immune 
dysregulation may have a potential role in developing 
uncontrolled intestinal inflammation that determines the 
typical endoscopic manifestations and mucosal lesions 
compatible with CD or UC[1-4]. 

Over the last decade, multiple genome-wide linkage 
searches have delineated numerous genomic regions con-
taining putative IBD risk factors. In studies performed 
on unselected populations, an average of  8%-10% of  
CD patients and 6%-8% of  UC patients have at least 
one relative affected by some type of  IBD. However, 
these values vary from study to study and percentages of  
CD familial aggregation of  less than 4% and more than 
20% have been reported[2].  

Moreover, studies on twins demonstrate a greater 
genetic influence for CD compared with UC; combined 
study concordance rates for monozygotic twins are 36% 
for CD and 16% for UC[5].

Recently, an association between CD and mutations 
in the NOD2/CARD15 gene located on chromosome 
16q12 (IBD1) has been reported. NOD2/CARD15 acts 
as an intracellular receptor in monocytes for bacterial 
components, triggering activation of  NFκB and thus 
leading to subsequent activation of  the inflammatory 
response. Within the NOD2/CARD15 gene, three 
mutations have been identified as being associated with 
CD: two missense mutations (Arg702Trp in exon 4 and 
Gly908Arg in exon 8) and an insertion mutation of  a C 
in exon 11 (1007finsC), the latter resulting in a truncated 
NOD2/CARD15 protein. These NOD2/CARD15 
variants alter the structure of  either the leucine-rich 
repeat (LRR) domain of  the protein or the adjacent 
region. The activating function of  nuclear factor NFκB 
is regulated by the carboxy-terminal LRR domain, which 
has an inhibitory role and also acts as an intracellular 
receptor for components of  microbial pathogens. These 
observations suggest that the NOD2\CARD15 gene can 
confer susceptibility to CD by altering the recognition 
of  these components and/or by over-activating NFκB 
in monocytes[6-9]. The question arises as to how NOD2/
CARD15 mutations and impaired NFκB activation 
can confer susceptibility to CD. It has been suggested 
that the answer most likely lies within the leucine-rich 
repeats (LRR) of  the NOD2/CARD15 gene and the 
family of  Toll-like receptors (TLRs). These receptors, a 
family composed of  at least 10 mammalian homologs of  
Drosophila Toll, serve as pattern recognition receptors 
for various microbial products and can mediate 
production of  proinflammatory cytokines[10]. Toll-like 
receptor 4 (TLR4) functions as the main receptor for 
lipopolysaccharide (LPS) of  Gram-negative bacteria[11]. 
After the recognition of  pathogen-associated molecular 
patterns, the TLRs activate signal transduction pathways 

of  the innate immune response genes including 
inf lammatory cytokines and the NFκB signalling 
pathway[12]. TLR4 is expressed in macrophages, dendritic 
cells, endothelial cells, and, less abundantly, in intestinal 
epithelial cells, which are partly tolerant to LPS, thereby 
preventing an exaggerated immune response caused by 
the large number of  bacteria in the intestinal lumen[13]. 

Mutations of  the TLR4 gene are known to abolish 
responses to endotoxin in mice, as shown for the mice 
strains C3H/HeJ and C57BL/10SeCr[14]. Therefore, the 
ability to recognize bacterial wall products and to activate 
proinflammatory mechanisms by TLRs may be of  
great importance for immune reactions in the intestinal 
mucosa. The recently characterised D299G and T399I 
single nucleotide polymorphisms (SNPs) of  TLR4 gene 
are probably associated with impaired LPS signalling and 
increased susceptibility to Gram negative infections[15].   

In this study, we investigated the frequencies of  the 
three NOD2/CARD15 gene mutations (Arg702Trp, 
Gly908Arg and 1007finsC) and of  the TLR4 gene 
D299G and T399I SNPs in a group of  178 Italian 
adult patients affected by IBD: 133 patients with CD 
and 45 with UC. The allele frequencies of  the NOD2/
CARD15 and TLR4 genes were evaluated, and a detailed 
genotype-phenotype correlation was performed.

MATERIALS AND METHODS
Study population
The study population was comprised of  133 patients 
with CD (70 males, 63 females; mean age, 43.5 ± 10.7 
years), 45 with UC (27 males, 18 females; mean age, 
43.2 ± 11.0 years) and 103 healthy, unrelated controls 
(68 males, 35 females; mean age, 46.6 ± 9.8 years). 
Patients were consecutively recruited from Department 
of  Paediatrics and Department of  Medicine, University 
Hospital of  Messina, Italy. All patients were from 
Eastern Sicily and Calabria (Southern Italy). Informed 
consent was obtained from each participant.

Diagnosis of  CD and UC was established according 
to accepted clinical, endoscopic radiological, and 
histological criteria[16]. A detailed clinical questionnaire 
concerning different features of  the disease was 
employed. The Vienna classification was used for CD 
phenotypes[17], while localization was defined based on 
the largest extent of  the disease, according to X-ray, 
endoscopy, or surgical reports.

The following data of  patients with CD and UC 
were collected: age, age at diagnosis, gender, familial or 
spontaneous disease (familial disease was considered 
if  one first or second-degree relative had IBD), 
disease localization, disease behaviour, extraintestinal 
manifestations (arthritis, affections of  eyes or skin, 
primary sclerosing cholangitis), type and site of  surgery. 
Disease localization was defined as the maximum extent 
of  digestive tract involvement at the latest follow-up. 

Patients were eligible if  IBD was confirmed, and they 
had undergone full colonoscopy with biopsy and/or 
surgical resection.



Table 1  Primers sequences and restriction enzymes used for genotyping TLR4 and NOD2/CARD15

A group of  103 healthy, unrelated subjects coming 
from the Sicily and Calabria regions (mainly students, 
blood donors and hospital employees) were selected as 
controls.

DNA extraction 
Genomic DNA was isolated from 1 mL of  peripheral 
blood anticoagulated with EDTA as previously 
described[18]. DNA samples of  the patients and control 
subjects were analyzed for the variants of  NOD2/
CARD15 and TLR4 genes by melting curve analysis.

Genotyping of the NOD2/CARD15 mutations
To detect the R702W, G908R, and L1007finsC mutations, 
we performed a polymerase chain reaction (PCR) 
using 0.5 U of  Taq polymerase (Eurotaq, Euroclone 
Life Sciences Division, UK), 400 μmol/L dNTPs, and  
0.1 μmol/L of  each primer in a total volume of  25 μL. 
After an initial denaturation for 5 min at 95℃, PCR was 
performed by 35 cycles of  denaturing at 95℃ for 30 s, 
annealing at 65℃ for 40 s, primer extension at 72℃ for 
30 s. The final extension was performed at 72℃ for 7 
min. PCR reactions were carried out using a GeneAmp 
PCR system 2700 (Applied Biosystem, CA, USA).

Genotyping of  each SNP was perfor med by 
enzymatic digestion at 37℃, overnight. After enzymatic 
digestion, the fragments were separated and visualized 
by gel electrophoresis (3% NuSieve® GTG agarose gel 
BMA, Rockland, ME, USA).

The specific primers PCR and the restriction 
enzymes (New England Biolabs, Ipswich, MA) for each 
SNP are given in Table 1.

Wild-type/mutant genotype was confirmed by 
automatic sequencing using the ABI-PRISM Big DyeTM 
Terminator v. 3.0 Cycle sequencing Ready Reaction 
Kit (Applied Biosystems, CA, USA). The sequencing 
products were purified using DyeEx Spin Kits (Qiagen) 
and visualized on an ABI-PRISM 310 Genetic Analyzer 
(Applied Biosystems, CA, USA).

Genotyping of the TLR4 polymorphisms
The two D299G and T399I SNPs of  the TLR4 gene 
were determined by PCR-RFLP. 

We performed PCR using 0.5 U of  Taq polymerase 
(Eurotaq, Euroclone Life Sciences Division, UK),  
400 μmol/L dNTPs, and 0.1 μmol/L of  each primer in 

a total volume of  25 μL. 
For D299G SNP, cycle conditions were an initial 

denaturation for 5 min at 95℃, followed by 32 cycles 
of  denaturing at 95℃ for 30 s, annealing at 51℃ for 
30 s, primer extension at 72℃ for 30 s, followed by a 
final extension at 72℃ for 7 min. For T399I SNP, cycle 
conditions were an initial denaturation for 5 min at 95℃, 
followed by 35 cycles of  denaturing at 95℃ for 45 s, 
annealing at 55℃ for 30 s, primer extension at 72℃ for  
45 s, followed by a final extension at 72℃ for 7 min.

The specific primers PCR and the restriction enzymes 
for each SNP are given in Table 1.

The amplified samples of  TLR4 gene D299G and 
T399I SNPs were digested at 37℃, overnight, with the 
BsaBI and HinfI restriction enzymes (New England 
Biolabs, Ipswich, MA, USA), respectively.

After enzymatic digestion, the fragments were 
separated and visualized by gel electrophoresis (3% 
NuSieve® GTG agarose gel BMA, Rockland, ME, USA).

As previously described here, the results of  enzymatic 
digestion were confirmed by DNA sequence analysis of  
representative samples of  each SNP.

Statistical analysis
Data are given as mean ± SD. Allele and genotypes 
frequencies in patients and in controls were compared by 
χ2 test or Fisher exact test, when an expected value was 
< 0.5; P values were considered significant at a level of  < 
0.05. Odds ratio (OR) and P values were calculated using 
a standard package (StataCorp. Stata Statistical Software: 
Release 8.0 College Station. TX: Stata Corporation 2001).

Allele frequencies were tested for the Hardy-Wein-
berg equilibrium. Cases and controls were compared us-
ing Pearson’s χ2 test. 

RESULTS
Allele frequencies in IBD patients NOD2/CARD15 gene 
SNPs
In CD patients, the frequency of  R702W mutation 
was significantly higher (9.8%) than in controls 
(2 .4%, P = 0 .001; OR, 4 .09; 95% CI, 1 .5-11.9) 
and in UC (2.3%, P = 0.03; OR, 4 .49; 95% CI, 
1.02-19.8; Table 2). No significant difference of  
the G908R mutation allele frequency was found 

Gene locus SNPs Sequence Restriction enzyme

NOD2/CARD15 R702W For 5' TTCAGATCACAGCAGCCTTC 3' MspI
Rev 5' CCCACACTGCAAAATGTCAAC 3'

G908R For 5' AGCCACTGAAAACTCTTGG 3' HhaI
Rev 5' TCTTCACCTGATCTCCCCAA 3'

L1007finsC For 5' CCTGCAGTCTCTTTAACTGG 3' NlaIV
Rev 5' CTTACCAGACTTCCAGGATG 3'

TLR4 D299G For 5' TTAGAAATGAAGGAAACTTGGAAAAG 3' BsaBI
Rev 5' TTTGTCAAACAATTAAATAAGTGATTAATA 3'

T399I For 5' GGTTGCTGTTCTCAAAGTGATTTTGGGAGAA 3' HinfI
Rev 5' CCTGAAGACTGGAGAGTGAGTTAAATGCT 3'
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between CD (4.5%) and the control group (4.3%;  
P > 0.05; OR, 1.01; 95% CI, 0.3-3.5), and between CD 
and UC patients (4.4%, 0.05; OR, 0.90; 95% CI, 0.28-2.92; 
Table 2).  

T he f r equency o f  the f r amesh i f t muta t ion 
L1007finsC was significantly higher in CD patients (9.8%) 
compared with controls (2.9%, P = 0.002; OR, 3.92; 
95% CI, 1.55-9.95) or patients with UC (2.3%, P = 0.01; 
OR, 5.22; 95% CI, 1.19-22.98; Table 2). 

In UC patients, the allele frequencies of  the R702W, 
G908R, and 1007finsC mutations were not significantly 
different from the control group (R702W: P > 0.05; OR, 
0.91; 95% CI, 0.17-4.88 and G908R: P > 0.05; OR, 1.01; 
95% CI, 0.3-3.5 and L1007finsC: P > 0.05; OR, 0.75; 95% 
CI, 0.15-3.88).

No homozygous carriers of  the three NOD2/
CARD15 mutations were found in the study and control 
populations.

The NOD2/CARD15 allele frequencies were in 
Hardy-Weinberg equilibrium in all patients and in control 
subjects. 

TLR4 gene SNPs
The results of  the genotype analyses in 133 patients 
with CD, in 45 patients with UC and in 103 control 
individuals, with regard to the TLR4 D299G and T399I 
SNPs are shown in Table 2.

In CD patients, the frequency of  the D299G SNP 
(3.7%) was not significantly different from the controls 
(3.9%, P > 0.05; OR, 0.96; 95% CI, 0.37-2.54) or 
from UC patients (3.4%, P > 0.05; OR, 0.87; 95% CI, 
0.23-3.35; Table 2). The T399I SNP allele frequency was 
not significantly different between CD patients (3.0%) 
and control group (2.9%, P > 0.05; OR, 1.15; 95% CI, 
0.28-4.64); or between CD (3.0%) and UC patients (3.4%, 
P > 0.05; OR 1.11, 95% CI 0.28-4.40; Table 2). No 
significant difference was found between UC patients 
and control group as regards the D299G SNP (P > 0.05; 

OR, 0.84; 95% CI, 0.21-3.36) or the T399I SNP (P > 0.05; 
OR, 1.15; 95% CI, 0.28-4.64).

No homozygous carriers of  the two SNPs were 
found in the study and control populations. 

The TLR4 allele frequencies were in Hardy-Weinberg 
equilibrium in all patients and in the control group. 

Genotype-phenotype correlations
When the contribution of  each SNP of  the NOD2/
CARD15 gene was investigated, the major support to 
the genotype-phenotype correlation could be ascribed 
to the G908R and the L1007finsC alleles (Table 3). 
In particular, in CD patients, the occurrence of  one 
risk allele of  G908R was associated with stenosing 
phenotype (P = 0.03) and resective surgery (P = 0.003).

An increased frequency of  ileal localization (80.7%, 
P = 0.001) and resective surgery (53.9%, P = 0.01) was 
found in CD L1007finsC heterozygotes compared with 
CD patients with wild-type NOD2\CARD15 gene (ileum 
36.8% and resective surgery 26.4%, respectively). 

Moreover, the clinical features of  all CD patients 
were analysed with respect to the presence of  one or two 
risk alleles of  each SNP (heterozygous or compound 
heterozygous) of  any NOD2/CARD15 variants (Table 3).

By univariate analysis, the presence of  one risk allele 
was significantly associated with ileal localization (P = 
0.04) and resective surgery (P = 0.03). These significant 
associations increased in the compound heterozygotes 
(P =0.03 and P < 0.0001, respectively). Moreover, the 
presence of  two risk alleles was significantly associated 
with stenosing disease (P = 0.02, Table 3).

In CD patients, TLR4 D299G and T399I SNPs 
were not found to be associated with age at diagnosis, 
sex, localization, disease type, resective surgery and 
extraintestinal manifestations.

Similarly, in UC patients, these TLR4 gene SNPs 
were not associated with any studied clinicopathological 
parameter.

Table 2  NOD2/CARD15 and TLR4 SNPs allele frequencies of CD patients vs  control group and UC patients

Polymorphisms of 
NOD2/CARD15 
and TLR4 genes

CD 
(n  = 133)

Allele 
frequency (%)

Controls  
(n  = 103)

Allele 
frequency (%)

1P OR 
(95% CI)

UC 
(n  = 45)

Allele 
frequency (%)

2P OR 
(95% CI)

R702W 
Wild-type 107 (80.4%) 9.8 98 (95.1%) 2.4 0.001  4.09 (1.5-11.9) 43 (95.5%) 2.3 0.03 4.49 (1.02-19.8)
Heterozygous   26 (19.6%) 5 (4.9%) 2 (4.5%)
G908R
Wild-type 120 (90.2%) 4.5 94 (91.2%) 4.3 NS  1.01 (0.3-3.5) 41 (91.1%) 4.4 NS 0.90 (0.28-2.92)
Heterozygous 13 (9.8%) 9 (8.8%) 4 (8.9%)
L1007finsC
Wild-type 107 (80.4%) 9.8 97 (94.1%) 2.9 0.002  3.92 (1.55-9.95) 43 (95.5%) 2.3 0.01 5.22 (1.19-22.98)
Heterozygous   26 (19.6%) 6 (5.9%) 2 (4.5%)
D299G
Wild-type 123 (92.5%) 3.7 95 (92.2%)     3.9% NS  0.96 (0.37-2.54) 42 (93.3%) 3.4 NS 0.87 (0.23-3.35)
Heterozygous 10 (7.5%) 8 (7.8%) 3 (6.7 %)
T399I
Wild-type 125 (94%) 3.0 97 (94.1%)     2.9% NS  1.15 (0.28-4.64) 42 (93.3%) 3.4 NS 1.11 (0.28-4.40)
Heterozygous    8 (6.0%) 6 (5.9%) 3 (6.7%)

No patients homozygous for NOD2/CARD15 gene R702W, G908R and L1007finsC SNPs were found in this study population; No patients homozygous for 
TLR4 gene D299G and T399I SNPs were found in this study population. 1CD patients vs control group; 2CD patients vs UC patients. NS: No significance.

www.wjgnet.com

Rigoli L et al . NOD2/CARD15 and TLR4 gene SNPs and IBD		                            	                 4457



DISCUSSION
In our study, we investigated the prevalence of  NOD2/
CARD15 and TLR4 genetic variants in CD and UC 
patients. Moreover, we compared the results with clinical 
phenotype characteristics of  IBD of  our patients to 
identify a possible genotype-phenotype association.

There are several controversial data about the role 
of  the SNPs of  the NOD2/CARD15 (R702W, G908R 
and L1007finsC), and TLR4 genes (D299G and T399I) 
in the pathogenesis of  CD. Indeed, there are significant 
phenotypic differences that exist among populations.

The NOD2/CARD15 mutations are absent in 
Asian CD populations and controls[19-21]. In this case, 
the findings indicate that the NOD2/CARD15 is not a 
major contributor to CD susceptibility in the Japanese 
population. Similar data have been found in Turkish 
patients with IBD[22]. 

The highest recorded frequencies are reported in 
a small study of  55 paediatric patients in Europe with 
two thirds of  the patients having at least one NOD2/
CARD15 mutation[23]. Within Europe, there is evidence 
of  a north-south gradient with lower allele frequencies 
in the Celtic and Scandinavian countries compared to 
Southern Europe[23].  

To our knowledge, this is the first study in a large 
series of  sporadic IBD patients coming from Eastern 
Sicily and Calabria. Indeed, previous reports regarded a 
Sicilian, small town population in which a familial study 
was performed[24]. Other studies have examined a group 
of  sporadic Sicilian IBD patients, but the number of  
cases was smaller than in our study[25].  

In our study, the reported rates of  48.8 % of  patients 
carrying at least one NOD2/CARD15 mutation in CD 
and 19.4% in controls are consistent with previously 
reported rates of  30%-50% in CD and 7%-20% in con-
trols from other European regions[26-31]. Moreover, 36.1% 
had two mutations (compound heterozygotes). Recently, 

Renda et al examined a group of  182 CD patients com-
ing from Western Sicily and they found that 56 patients 
(30%) had at least one mutation of  the NOD2/CARD15 
gene[32].This percentage was lower in respect to our data 
(48.8%). This difference may be ascribed to a different 
ethnic background. Indeed, the patients of  our study 
coming both Eastern Sicily and Calabria. Today, popula-
tions genetically similar to that of  the Northern Italy (as 
well as of  the Northern Africa) are present in the Eastern 
Sicily. This heterogeneous population, during the middle 
age, might explain the genetic differences in the patient 
CD samples of  the Eastern in respect to Western Sicily[33].

The allele frequencies of  the R702W (9.8%) and 
L1007finsC (9.8%) mutations were significantly higher 
in CD patients compared to UC patients and controls, 
whereas the frequency of  the G908R (4.5%) mutation 
was similar in CD and UC patients, and in the control 
group. Collectively, our study confirmed previous studies, 
which reported increased mutation carrier frequencies of  
one of  the three variant alleles in CD patients compared 
to UC patients or healthy controls[2,28,32,34-36].   

We also found that different risk alleles might be 
associated with different clinical features: in particular, 
the G908R allele seems to be associated with stenosing 
phenotype and need for surgery. The L1007finsC seems to 
correlate with ileal localization and resective surgery. These 
data suggest a more aggressive course of  the disease in 
carriers of  risk alleles. The strongest observed effect for 
ileal location is consistent with the proposed involvement 
of  ileal Paneth cells in the pathophysiology of  NOD2/
CARD15-mediated disease susceptibi l i ty [30,36,37].  
NOD2/CARD15 mutations may, thus, abrogate normal 
Paneth cell behaviour, explaining preferential involvement 
of  the terminal ileum[26]. 

Moreover, in our study, the risk of  developing CD 
with a more aggressive course was increased in compound 
heterozygotes. In other populations, stronger associations 

Table 3  Genotype-phenotype correlations in CD patients

Total CD 
patients

CARD15 no risk 
alleles

R702W 1 risk 
allele

G908R 1 risk 
allele

L1007finsC 1 risk 
allele

CARD15 at least 
1 risk allele 

CARD15 compound 
heterozygous

(n  = 133)  (n  = 68, 51.1%)  (n  = 26, 19.6%)  (n  = 13, 9.7%)  (n  = 26, 19.6%) (n  = 65, 48.8%)  (n  = 48, 36.1%)

Age (mean ± SD) 41.5 ± 11.2 41.2 ± 11.9 43.02 ± 10.9 42.0 ± 12.8 42.3 ± 12.1 42.7 ± 11.9
Sex (m/f, 70/63) 32/36 13/13 8/5 10/16 30/35 25/23
Localization (%)
Ileum (n = 61) 25 (36.8) 11 (42.3) 4 (30.8) 21 (80.7) 38 (58.5) 30 (62.5)
Ileo-colon (n = 39) 22 (32.3) 10 (38.5) 4 (30.8)   3 (11.5) 15 (23.0) 10 (20.8)
Colon (n = 30) 18 (26.5)   5 (19.5) 5 (38.4) 2 (7.8) 12 (18.5)   8 (16.7)
Upper GI (n = 3)   3 (4.4%) 0 0
P > 0.051    > 0.051      0.0011       0.042       0.033

Disease type (%)
Inflammatory  (n = 37) 14 (20.6)   7 (27.0) 6 (46.0) 10 (38.5) 23 (35.4)   8 (16.6)
Stenosing (n = 56) 32 (47.0) 11 (42.3) 7 (54.0)   6 (23.0) 24 (37.0) 34 (70.8)
Fistulizing (n = 40) 22 (32.4)   8 (30.7) 0 10 (38.5) 18 (27.6)   6 (12.6)
P > 0.051       0.031 > 0.051   > 0.052       0.023

Resective Surgery (%) 18 (26.4)   9 (34.6) 9 (69.2) 14 (53.9) 32 (49.2) 31 (64.6)
P > 0.051         0.0031    0.011       0.012         0.0003

Extraintestinal 
manifestations (n = 18, %)

10 (55.5)   3 (11.5) 1 (7.7)   4 (15.3)   8 (13.3)   3 (6.2)

No patients homozygous for R702W, G908R and L1007finsC SNPs were found in this study population. 1CD patients no risk allele vs CD patients with risk 
allele; 2CARD15 at least 1 risk allele vs CD patients no risk allele; 3CARD15 compound heterozygous vs CD patients no risk allele.
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have been reported for homozygotes and compound 
heterozygotes than for simple heterozygotes. One copy 
of  the risk alleles confers a 2-4-fold risk for developing 
CD, whereas double-dose carriage increases the risk by 
20-40-fold[23]. Our study is in agreement with such a gene-
dosage effect, although at lower levels.

In our IBD patients, we also examined the allele 
frequencies of  the TLR4 D299G and T399I SNPs and 
the possible genotype-phenotype correlation. 

With regard to the role of  the TLR4 gene in 
the pathogenesis of  IBD, several studies have been 
conducted leading to divergent results[23]. The allele 
frequency of  the D299G mutation ranges between 
8%-13% in CD, 0%-10% in UC and 3%-15% in healthy 
controls[38]. This TLR4 SNP was associated with CD and 
UC in a Belgian study[39]. This association was replicated 
in Dutch, German, Australian and Greek populations 
with CD, and an association with colonic disease has 
been described[8,34,35,40]. In one German cohort, an 
association was demonstrated between UC and the 
TLR4 T399I SNP[41]. However, there is substantial 
heterogeneity between populations, and no association 
was noted in Scottish CD patients[30].  

In our study, we found no difference in the prevalence 
of  these mutations in our CD and UC patients, and 
controls. Recently, other studies have failed to find the 
association of  the D299G and T399I SNPs of  TLR4 
gene[24,42-45]. In a retrospective German and Hungarian 
cohort study, patients with CD and UC were genotyped 
for the presence of  the CD14 c.1-260C>T promoter 
variant and the TLR4 D299G variant. In this study, in 
German and Hungarian populations, IBD appears to be 
associated with the CD14 c.1-260C>T promoter variant, 
but not with the TLR4 D299G variant[45]. Recent data 
suggest that neither of  these 2 variants is causal, but they 
may be in linkage disequilibrium with, as yet unidentified, 
causal variants[46-48].

We examined also whether the TLR4 D299G and 
T399I SNPs could be related to particular CD or UC 
phenotypes. Detailed analysis did not show any association 
of  the examined TLR4 gene variants with either CD or 
UC patient subgroups. In other studies, in CD patients, 
an association has been reported between D299G SNP 
and ileal localization and structuring phenotype[49]. Our 
data are similar to those previously reported[28]. These 
contrasting results can be ascribed to the different ethnic 
background of  the various IBD populations studied. 

Although several studies have been performed, 
further research is warranted to clarify the role of  the 
genetic variants of  NOD2/CARD15 and TLR4, and to 
investigate whether these genetic risk factors might be 
confirmed and considered clinically relevant. Indeed, 
an eventual goal in the genomic study of  IBD is to 
identify these biologically relevant genotype-phenotype 
associations and to apply them to clinical practice. 

 COMMENTS
Background
Crohn’s disease (CD) and ulcerative colitis (UC) are idiopathic inflammatory 

bowel disease (IBD) with genetic risk factors. There is evidence that NOD2/
CARD15 and Toll-like receptor 4 (TLR4) genes may be involved in their patho-
genesis.
Research frontiers
In our study, we found that some single nucleotide polymorphisms (SNPs) of 
the NOD2/CARD15 gene, but not of the TLR4 gene, were significantly more 
frequent in CD patients. Therefore, it is possible that the NOD2/CARD15 gene 
plays an important role in the pathogenesis of IBD. 
Innovations and breakthroughs
We evaluated the allele and genotype frequencies of the more frequent SNPs 
of NOD2/CARD15 and TLR4 genes in a selected IBD population coming from 
Eastern Sicily and Calabria (Southern Italy), a geographical area for which very 
few data exist.
Applications
Genotyping of patients with CD could be an important diagnostic tool in clinical 
practice for identifying high-risk patients with specific diagnostics and therapeu-
tic needs.
Peer review
This study underlines the association of the NOD2/CARD15 genotype with the 
behaviour and location of CD also in patients coming from Eastern Sicily and 
Calabria (Italy). Moreover, the CD patients carrying at least one major variant 
of NOD/CARD15 gene had an aggressive clinical course. Test strategies with 
NOD2/CARD15 variations to predict the clinical course of CD could lead to the 
development of new therapeutic paradigms.
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Abstract
AIM: To characterise the effect of energy restriction (ER) 
on liver lipid and primary metabolite profile by using 
metabolomic approach. We also investigated whether 
the effect of energy restriction can be further enhanced 
by modification of dietary protein source and calcium. 
METHODS: Liver metabolomic profile of lean and 
obese C57Bl/6J mice (n  = 10/group) were compared 
with two groups of weight-reduced mice. ER was 
performed on control diet and whey protein-based 
high-calcium diet (whey + Ca). The metabolomic 

analyses were performed using the UPLC/MS based 
lipidomic platform and the HPLC/MS/MS based primary 
metabolite platform. 
RESULTS: ER on both diets significantly reduced 
hepatic lipid accumulation and lipid droplet size, while 
only whey + Ca diet significantly decreased blood 
glucose (P  < 0.001) and serum insulin (P  < 0.01). 
In hepatic lipid species the biggest reduction was in 
the level of triacylglycerols and ceramides while the 
level of cholesterol esters was significantly increased 
during ER. Interestingly, diacylglycerol to phospholipid 
ratio, an indicator of relative amount of diabetogenic 
diglyceride species, was increased in the control ER 
group, but decreased in the whey + Ca ER group (P  
< 0.001, vs  obese). ER on whey + Ca diet also totally 
reversed the obesity induced increase in the relative 
level of lipotoxic ceramides (P  < 0.001, vs  obese; P  
> 0.05, vs  lean). These changes were accompanied 
with up-regulated TCA cycle and pentose phosphate 
pathway metabolites. 
CONCLUSION: ER-induced changes on hepatic 
metabolomic profile can be significantly affected by 
dietary protein source. The therapeutic potential of 
whey protein and calcium should be further studied.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Obesity is closely associated with different components 
of  metabolic syndrome[1]. However, not all obese 
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individuals develop metabolic syndrome and not all 
individuals with metabolic syndrome are obese. It has 
recently been suggested that fat accumulation in the liver 
is the key feature distinguishing those individuals who 
develop metabolic syndrome from those who do not[2]. 
The mechanisms leading to hepatic fat accumulation 
are not fully understood and, hence, the means of  
preventing and treating this condition are limited. Once 
fat has accumulated, the liver is insulin resistant and 
overproduces major cardiovascular risk factors, such 
as C-reactive protein, very low density lipoprotein and 
plasminogen activator inhibitor-1[3]. At the moment, 
improving insulin resistance through energy restriction 
and subsequent weight loss remains the cornerstone of  
therapy for non-alcoholic fatty liver disease[4].

Lipids are a highly diverse class of  molecules, 
which have important roles as signalling and structural 
molecules in addition to serving as energy storage. 
Therefore, it is crucial to identify the variety of  lipid 
species accumulating in the liver in order to understand 
the complex process of  hepatic insulin resistance. The 
level of  triacylglycerides (TAG) and diacylglycerides 
(DAG) has been shown to be increased in non-alcoholic 
fatty liver disease in humans, while total amount of  
phosphatidylcholines is decreased[5]. Similar changes in 
liver lipids have been detected in ob/ob mice with up-
regulation of  TAG and DAG, diacylphosphoglycerols 
and specific ceramide species and down-regulation of  
sphingomyelins[6]. Interestingly, a recent human study 
revealed that a high level of  liver fat is also associated 
with changes in the lipidomic profile of  subcutaneous 
adipose tissue[7]. Increased adipose tissue ceramides, SM, 
ether phospholipids and long-chain TAG were associated 
with higher liver fat level. Hence, the accumulation of  
ceramides and TAG also in the subcutaneous adipose 
tissue seems to reflect the development of  fatty liver. 
However, more studies are needed to support the 
findings of  fatty liver lipidomics.

Even though weight loss is the main therapeutic 
way to reduce liver fat, the information on the effect of  
energy restriction on liver lipidomic profile is scarce. Also 
the beneficial effect of  different dietary components 
on liver fat species is nearly an unexplored area[8]. High 
intake of  dairy products is related to lower risk of  
insulin resistance[9], type two diabetes[10,11] and metabolic 
syndrome[12-15], but the mechanism of  action has not 
been established. The increased intake of  dairy products 
or calcium has also been shown to augment weight loss 
both in humans and mice[16-19]. Although part of  the 
effect of  dairy products on weight loss can be attributed 
to calcium, it has been repeatedly demonstrated that the 
anti-obesity effect of  dairy is superior to that of  calcium 
alone[18,20]. It has been suggested that the whey protein 
fraction of  milk is a source of  bioactive peptides or 
other compounds capable of  regulating adipose tissue 
metabolism, energy expenditure or satiety signals[21]. 
In our previous study, we showed that whey protein in 
combination with calcium attenuates weight gain[22], but 
the effects of  whey protein during energy restriction 

have not been reported. Also, the effect of  whey protein 
containing high-calcium diet on hepatic lipid profile has 
not been previously described.

The aim of  this study was to characterise the effect of  
high-fat diet-induced obesity and the subsequent ER on 
liver lipidomic and primary metabolite profile in C57Bl/6 
mice, a widely studied model of  diet induced obesity. In 
addition we investigated whether the effect of  ER may be 
significantly improved by modulating the protein source 
and calcium content of  the weight loss diet.

MATERIALS AND METHODS
Animals and diets 
Eight-week old male C57Bl/6J mice (n = 40) were 
purchased from Harlan (Horst, The Netherlands). 
The mice were housed five in a cage in a standard 
experimental animal laboratory, illuminated from 
6:30-18:30, temperature 22 ± 1℃. The protocols were 
approved by the Animal Experimentation Committee 
of  the University of  Helsinki, Finland and the principles 
of  laboratory animal care (NIH publication no. 85-23, 
revised 1985) were followed. The mice had free access 
to feed and tap water during the experiment. After a 
one-week acclimatisation period on a normal chow diet 
(Harlan Tekland 2018, Harlan Holding, Inc, Wilmington, 
DE, USA) thirty mice (25.5 g ± 0.3 g) were put on a 
high-fat diet (60% of  energy from fat, D05031101M, 
Research Diets Inc., New Brunswick, NJ, USA) for  
14 wk. Ten remaining mice continued on normal chow 
diet (ad libitum) throughout the study and served as a 
lean control group. After the weight gain period on 
high-fat diet one group of  mice (obese group, n = 10) 
was sacrificed, and the remaining mice were put on 
a calorie restriction diet for 7 wk. During the calorie 
restriction period, the mice were given 70% of  the 
energy they ate during the ad libitum feeding. In the 
beginning of  the calorie restriction period, the body 
weight matched mice were divided into two groups: 
whey + Ca group and control group. Whey + Ca group 
received high-fat diet (D05031104M, Research Diets 
Inc., New Brunswick, NJ, USA) with 1.8% CaCO3 and 
all protein (18% of  energy) from whey protein isolate 
(Alacen™ 895, NZMP, Auckland, New Zealand). 
The control group continued with the same high-fat 
diet (D05031101M) as during the weight gain period. 
The powdered diets were moistened with tap water  
(200 mL/kg in whey + Ca, 110 mL/kg in control and 
700 mL/kg in normal chow diet) using industrial dough 
mixer, packed in one-day portions and stored at -20℃.

The body weight was monitored weekly during 
the weight gain period, and twice per week during the 
calorie restriction period using a standard table scale 
(Ohaus Scout™ Pro, SP4001, Nänikon, Switzerland). 
The consumption of  feed was monitored daily using 
the same table scale. The body fat content was analysed 
by dual-energy X-ray absorptiometry (DEXA, Lunar 
PIXImus, GE Healthcare, Chalfont St. Giles, UK) at the 
end of  the weight gain and calorie restriction periods.



Calorimetry and metabolic performance 
The dietary protein-induced differences in metabolic 
performance, energy expenditure, physical activity 
and drinking and feeding behaviour were analysed by 
housing an additional group of  animals (n = 4/whey 
group and n = 3/casein group) in a home cage‑based 
monitoring system for laboratory animals (LabMaster®, 
Bad Homburg, Germany). The instrument consists 
of  a combination of  highly sensitive feeding and 
drinking sensors for automated online measurement. 
The calorimetry system is an open-circuit system 
that determines O2 consumption, CO2 production, 
and respiratory quotient (RQ = VCO2/VO2, where 
V is volume), respiratory exchange rate and heat. A 
photobeam-based activity monitoring system detects and 
records every ambulatory movement, including rearing 
and climbing movements in every cage. The sensors 
for detection of  movement operate efficiently in both 
light and dark phases, allowing continuous recording. 
All of  the parameters were measured continuously and 
simultaneously in all animals over the subsequent 7 d 
after 5 d of  adaptation in identical training cages.

Fecal fat excretion 
For the collection of  feces, the mice were housed in 
metabolic cages for 72 h at the end of  the weight gain 
and weight reduction periods. The intake of  feed and 
drink was monitored daily and feces collected at the end 
of  the 72 h period. The feces were weighed and stored in 
-70℃ until assayed. The fat content of  the fecal samples 
was determined by SBR (Schmid-Bondzynski-Ratzlaff) 
method modified for fecal sample analysis[23]. The 
apparent fat absorption was calculated from the amount 
of  feed consumed and the amount of  fat excreted 
during the housing in metabolic cages. Apparent fat 
absorption (%) was determined as 100 × (fat intake-fecal 
fat)/(fat intake). To estimate the effect of  fat excretion 
on energy absorption during the whole study period, we 
calculated the apparent cumulative energy absorption 
from fat using the cumulative energy intake data (apparent 
fat absorption % × cumulative energy intake from fat) as 
described previously[24]. 

Blood glucose and serum insulin
Blood glucose and was analysed from the blood samples 
taken at the termination of  the animals. Blood glucose 
was determined by glucometer (Super Glucocard™ II, 
GT-1630, Arkray Factory Inc., Shiga, Japan). Serum 
insulin was analysed from frozen serum samples by 
ELISA kit for mouse insulin (Ultra sensitive Mouse 
Insulin ELISA kit 90080, Crystal Chem Inc., IL, USA).

The sample preparation
At the end of  the treatment period, the mice were 
rendered unconscious with CO2/O2 (95%/5%; AGA, 
Riihimäki, Finland) and decapitated. The blood samples 
were taken into chilled plastic tubes, and the serum was 
separated by centrifugation at 4℃ for 15 min. The livers 
and subcutaneous, epididymal, abdominal and perirenal 

fat pads were removed, washed with saline, blotted dry 
and weighted. The tissue samples for lipidomic and 
primary metabolite analysis were snap-frozen in liquid 
nitrogen and stored at -80℃ until assayed. The samples 
for oil red O‑staining were frozen in isopentane (-38℃) 
and stored at -80℃ until further processed. The samples 
for histology were fixed in 40 g/L formaldehyde and 
embedded in paraffin with routine techniques.

Liver histology and Oil Red O staining 
For histological evaluation of  the liver samples 4 mm 
sections of  the paraffin embedded samples were cut 
with a microtome, stained with H&E and examined with 
a light microscopy. The severity of  the observed lesions 
was graded as previously described [25].

In order to determine the relative amount of  lipids 
in the liver samples, frozen sections (4 mm) were stained 
with Oil Red O, mounted and photographed. From the 
obtained microscopic images, the amount of  Oil Red 
O-positive staining was determined with AnalySIS Pro-
software (Soft Imaging System, Münster, Germany).

Lipidomics 
The lipidomic analysis of  liver tissue samples (n = 
10/group) was performed as described previously 
described[26]. Liver tissue lipid extracts were examined by 
a Q-Tof  Premier mass spectrometer by introducing the 
sample through an Acquity UPLCTM system equipped 
with an Acquity UPLCTM BEH C18 1 mm × 50 mm 
column with 1.7 mm particles. The compounds were 
detected by using electrospray ionization in positive 
ion mode (ESI+). Data was collected at m/z 300-1200 
with a scan duration of  0.2 s. Data was processed using 
MZmine software version 0.60[27,28], and metabolites were 
identified using internal spectral library or with tandem 
mass spectrometry as previously described[6,29].

Primary metabolites
Twenty mg of  frozen liver tissue (n = 10/group) 
was weighed into Eppendorf  tubes and 200 mL of  
methanol (-80℃) and 10 mL of  13C labeled internal 
standard was added. Sample was homogenized with 
Micro Dismembrator S (Sartorius, Germany) by using 
glass beads (0.5-0.75 mm) and 3000 r/min for 3 min. 
Homogenized samples were boiled immediately in 80℃ 
for 3 min and at 10000 r/min for 5 min. Supernatant 
was collected and evaporated to dryness under a stream 
of  nitrogen. Samples were reconstituted in 100 mL of  
ultra pure water.

The liver extracts were analyzed with HPLC-MS/MS 
method for quantitative analysis of  phosphorous and 
TCA-cycle compounds. The system consisted of  HT-
Alliance HPLC (Waters, Milford, MA, USA) working at 
high pH. The analytes were resolved by anion exchange 
chromatography combined with post column ASRS 
Ultra Ⅱ 2 mm ion suppressor (Dionex, Sunnyvale, CA) 
and detected with Quattro Micro triple quadruple mass 
spectrometry (Waters, Milford, MA, USA) operating in 
electrospray negative ion mode. The analytical column 
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was IonPac AS11 (2 mm × 250 mm, Dionex, Sunnyvale, 
CA) and guard column IonPac AG11 (2 mm × 50 mm, 
Dionex, Dionex Sunnyvale, CA). Flow rate was 250 mL/
min and injection volume 5 mL. The temperature of  the 
column was 35℃ and autosampler 10℃.

The compounds were detected in Multiple Reaction 
Monitoring mode for optimal sensitivity and selectivity. 
Mass spectrometric parameters, cone voltage and 
collision energy were optimized for each component. 
A small aliquot of  13C-labelled metabolites from yeast-
fed batch cultivation was used as an internal standard 
for both calibration standards and samples. Hexose 
phosphates (glucose-6-phosphate, fructose-6-phosphate, 
mannose-6-phosphate and 6-glucose-1-phosphate), 
pentose phosphates (ribose-5-phosphate and ribulose-5-
phosphate), fructose bisphosphate, glycerate-2-phosphate 
and glycerate-3-phosphate, phosphoenolpyruvate, 
6-phosphogluconate, succinate, malate, a-ketoglutarate, 
oxaloacetate, citrate, iso-citrate, glyoxylate and pyruvate 
were quantitatively measured with this method. Data 
was processed with MassLynx 4.1 software and internal 
calibration curves were calculated based on response of  
12C analyte and 13C labelled analogue.

Statistical analysis
Data are presented as mean ± SEM. Statistically 
significant difference in mean values were tested by 
ANOVA followed by Tukey’s test. The data were 
analysed using GraphPad Prism, version 4.02 (GraphPad 
Software, Inc., San Diego, CA, USA). Statistical analyses 
of  metabolomics data were performed using R statistical 
software (www.r-project.org).

RESULTS
Weight and fat loss and fat absorption during ER
The body weight of  the high-fat fed mice increased 
significantly during the 14 wk ad libitum feeding. At 
the end of  the weight gain period the high-fat fed mice 
weighed significantly more than the chow fed control 
mice (Figure 1A). The obese mice also had significantly 
more fat tissue than the lean controls (Figure 1B). The 
7-week ER reduced the body weight in the whey + Ca 
group, to the level of  lean controls, but the decrease 
in body weight was not statistically significant in the 
control group. Whey + Ca also reduced the fat pad 
weights more than the weight loss on control diet  
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Figure 1  A: The body weight of C57Bl/6J mice at the end of the study; B: The body fat content of C57Bl/6J mice measured by DEXA at the end of the study; C: The 
blood glucose of C57Bl/6J mice at the end of the study; D: The serum insulin of C57Bl/6J mice at the end of the study. Data is presented as mean ± SE. The letters 
denote a significant difference between the groups (aP < 0.05; bP < 0.01, cP < 0.001; n = 10/group).



(Table 1). Apparent fat absorption was reduced in the 
whey + Ca group in comparison with the control diet 
(96.9% ± 0.3% vs 98.4% ± 0.1% in whey + Ca and 
control diet, respectively; P = 0.0004).

Blood glucose, serum insulin and liver histology
ER on both diets reduced the blood glucose to the 
level of  lean controls, but the decrease was statistically 
significant only in the whey + Ca group (Figure 1C). 
Also the serum insulin was significantly decreased only 
in the whey + Ca group (Figure 1D). In the obese group, 
the liver histology showed an evident macrovesicular 
fatty change of  diffuse pattern, with severity ranging 
from slight to severe (Table 2). In the ER groups, the 
observed fatty change was less severe. The fat droplets 
were smaller and mainly present in the perivenular 
regions. Minimal foci of  inflammatory cells and necrotic 
hepatocytes were occasionally noted, but fibrosis was 
absent. Oil Red O‑staining demonstrated that ER on 
control and whey + Ca diet significantly reduced hepatic 
lipid accumulation and lipid droplet size (Figure 2), but 
the amount of  fat did not reach the level observed in the 
lean mice.

The effect of protein source on metabolic performance
In order to investigate whether the more pronounced 
weight loss effect in the whey protein fed mice was a 
result of  differences in drinking and feeding behaviour, 
increased activity or changes in metabolic performance, 

an additional group of  mice were housed in a home 
cage based monitoring system. A 7-day monitoring 
did not reveal differences in cumulative feed or water 
intake, respiratory exchange rate, heat production, O2 
consumption, CO2 production, total or rearing activity 
or ambulatory movements during the observation period 
(Figure 3).

The effect of ER on liver lipid profile
Of  the total 2498 hepatic lipid peaks detected, 391 
major peaks were identified and included in further 
analysis. The reduction of  lipids was mainly seen in the 
level of  triacylglycerols (TAG) and ceramides and ER 
on whey + Ca diet even restored the level of  ceramides 
to the level of  lean mice (Figure 4). The amount of  
cholesterol esters was significantly increased in both ER 
groups. The TAG to phospholipid ratio, which reflects 
the relation of  membrane lipids to storage lipids, was 
significantly reduced only in whey + Ca group, but it 
was still higher than in the lean controls (Figure 5A). 
Interestingly, diacylglycerol (DAG) to phospholipid ratio 
was increased in the control ER group, but decreased in 

Table 1  Fat pad weights (g)

Lean Obese ER ANOVA 
P  valueControl Whey + Ca

Subcutaneous fat 0.4 ± 0.1c 1.6 ± 0.1 1.4 ± 0.1d,e 1.0 ± 0.1c,d < 0.0001
Epididymal fat 1.4 ± 0.1a 1.9 ± 0.1 1.8 ± 0.1f   1.3 ± 0.05b    0.0006
Perirenal fat 0.7 ± 0.1c 1.3 ± 0.1 1.4 ± 0.1d,f   0.9 ± 0.1b < 0.0001

Data is presented as mean ± SE (n = 10/group). aP < 0.05, bP < 0.01, cP < 
0.001, vs obese, respectively; dP < 0.001 vs lean; eP < 0.05, fP < 0.01 vs whey 
+ Ca, respectively.

Table 2  Incidences of the observed histopathological lesions 
in liver samples

Lean Obese ER
Control Whey + Ca

Number of samples 8     10         10          10
No abnormalities detected 8 0 0 0
Macrovesicular fatty 
change (total)

0     10         10          10

   Severe 0 1 0 0
   Marked 0 1 0 0
   Moderate 0 5 5 4
   Slight 0 3 5 5
   Minimal 0 0 0 1
Infiltration of inflammatory 
cells, minimal

0 1 1 3

Focal hepatocyte necrosis, 
total

0 2 0 2

   Slight 0 1 0 0
   Minimal 0 1 0 2

Figure 2  A: The Oil Red O  positive area of paraffin embedded liver samples 
of C57Bl/6J mice at the end of the study; B: The mean fat droplet area (arbitrary 
units) of paraffin embedded liver samples of C57Bl/6J mice at the end of the 
study. Data is presented as mean ± SE. The letters denote the significant 
difference between the groups (aP < 0.05; bP < 0.01, cP < 0.001; n = 10/group).
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the whey + Ca ER group (Figure 5B). ER on whey + 
Ca diet also totally reversed the obesity-induced increase 
in the ceramide to sphingomyelin ratio (Figure 5C).  
Phosphatidic acid (GPA) and phosphatidylglycerol 
(GPGro) peaks could not be uniquely distinguished by 
our method. The level of  GPA/GPGro, phosphatidyl-
cholines and lysophosphatidylethanolamines was not 
affected by obesity or ER. 

The most significantly changed lipids are presented 
in Figure 6. Interestingly TAG (58:3) and TAG (58:2) 
were at higher level in the control weight loss group even 
though they were already increased as a result of  obesity, 
and so was the level of  TAG (50:8) in the whey + Ca 
group. Weight loss further increased the level of  GPCho 
(32:2) even though its level was already over 10 times 
higher in the obese group than in the lean mice. On the 
other hand, the level of  TAG (52:0) decreased during 
ER even though its level was already lower in obese than 
in the lean animals.

The most distinct features of  whey + Ca ER group 
were the significant increases in the level of  total 
phosphatidylserines, phosphatidylethanolamines and 
sphingomyelins (Figure 6). It is also of  note that the level 
of  certain phosphatidylcholine species was significantly 
decreased during ER on control diet whereas there was 
no change in whey + Ca group. Whey + Ca specifically 
affected certain ceramide species [Cer (d18:0/22:5), Cer 
(d18:0/22:6), Cer (d18:1/23:3), Cer (d18:1/23:5), Cer 
(d18:1/26:4)], whose level was reduced to the level of  

lean mice, whereas their level was unaffected by ER on 
control diet. Cer (d18:1/25:4) was even increased by 
ER on control diet while its level did not differ between 
lean, obese and whey + Ca group.

The effect of ER on primary metabolites
The primary metabolite analysis led to identification 
of  13 metabolites (glucose-6-phosphate, fructose-
6-phosphate , mannose-6-phosphate , f r uc tose 
bisphosphate, g lycerate-3-phosphate, r ibose-5-
phosphate, succinate, malate, c i trate, pyruvate, 
phosphoenolpyruvate, 6-phosphogluconate and 
fumarate). The high-fat diet feeding and subsequent 
obesity led to reduction of  glycolytic metabolites, such 
as glucose-6-phosphate, fructose-6-phosphate and 
pyruvate (Table 3, Figure 7). ER with whey + Ca diet 
was associated with significant increases of  succinate, 
which belongs to the TCA cycle and of  ribose-5-
phosphate, which is a product of  pentose phosphate 
pathway. Whey + Ca diet also decreased the level of  
glycolytic metabolites glucose-6-phosphate, fructose-6-
phosphate and fructose bisphosphate in contrast with 
ER on control diet, which did not affect the level of  
these metabolites.

DISCUSSION
In this study, we showed that decreasing liver fat by 
ER significantly modulates the overall profile of  liver 
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lipid species. The main finding of  the study was that 
the protein source and calcium content of  the diet 
had a significant effect on the ER-induced hepatic 
lipid changes. Even though the histological analysis 
did not reveal significant differences in the amount of  
liver fat between the ER groups, the metabolomic data 
demonstrated that ER on whey + Ca diet was able to 
reduce the relative level of  potentially diabetogenic 
ceramides and diacylglycerols to the level observed in 
lean animals. This finding is in accordance with the 
decreased level of  serum insulin in this group. These 
changes were accompanied by a decrease in glycolytic 
metabolites while the metabolites from the pentose 
phosphate pathway and TCA cycle were increased 
together with a shift towards gluconeogenesis.

The UPLC/MS based lipidomics platform and the 
HPLC/MS/MS based primary metabolite platform 
techniques were used to characterise the hepatic lipid 
and primary metabolite changes in this study. These 
techniques provide an overview of  key metabolites 
involved in energy metabolism, including a broad profile 
covering all major lipid classes present in liver as well 
as key metabolites of  the central carbon metabolism. 
Traditional analyses of  lipids have been generally limited 

to investigations of  lipid class-or fatty acid-specific 
changes[30]. These new analytical methods combined 
with information technology provide extremely sensitive 
tools to measure the extended metabolome, and may 
help to explore the mechanisms of  many complex 
diseases[31,32]. However, one evident shortcoming of  the 
method is that a major part of  the spectral peaks are still 
unidentified.

To our knowledge th i s i s the f i r s t s tudy to 
demonstrate the effect of  ER on fatty liver lipidomic and 
primary metabolite profile in diet induced obese mice. In 
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accordance with previous studies on lipidomic profile of  
non-alcoholic fatty liver disease, we also found increased 
levels of  TAG, DAG and specific ceramide species and 
down-regulation of  sphingomyelins in the obese group[6]. 
Interestingly, only ceramides were significantly decreased 
by ER on control diet, while the level of  DAG increased 
non-significantly and sphingomyelins stayed un-changed. 

However, ER on whey + Ca diet significantly increased 
the level of  sphingomyelins and decreased the level of  
DAG changing the ceramide/sphingomyelin and DAG/
phospholipid ratios to the level of  lean animals. The 
accumulation of  both ceramides and DAG in peripheral 
t issues contribute to insulin resistance[33-35] and, 
therefore, the decrease of  these lipids can be considered 

 Table 3  Concentrations of primary metabolites in liver samples (mmol/g tissue)

Lean Obese ER ANOVA P  value
Control Whey + Ca

Glucose-6-phosphate 28.6 ± 2.7a 19.2 ± 3.5 22.7 ± 1.7h 11.2 ± 3.2f < 0.0001
Fructose-6-phosphate  7.0 ± 0.7   4.9 ± 0.6   6.9 ± 0.7h   3.2 ± 0.9e  0.001
Mannose-6-phosphate 1.7 ± 0.2   1.7 ± 0.2  1.4 ± 0.1g    0.8 ± 0.2c,f    0.0003
Fructose bisphosphate 3.2 ± 0.6   8.7 ± 2.0    9.5 ± 2.4d,h   0.5 ± 0.1b    0.0005
Glycerate-3-phosphate         26.2 ± 3.7 21.0 ± 0.8 17.4 ± 1.2d 13.1 ± 1.4f    0.0008
Ribose-5-phosphate     0.3 ± 0.02a   0.7 ± 0.1    0.7 ± 0.1d,i    1.3 ± 0.1c,f < 0.0001
Succinate 24.5 ± 3.3c   5.3 ± 1.1   6.7 ± 2.4f,i 24.0 ± 4.0c < 0.0001
Malate 42.0 ± 5.2a 54.5 ± 3.7  61.3 ± 4.7d,g 40.5 ± 5.1a  0.008
Citrate  4.9 ± 0.7c   2.0 ± 0.3  1.6 ± 0.2f   1.8 ± 0.3f < 0.0001
Pyruvate  5.6 ± 0.8c   0.9 ± 0.2  2.6 ± 0.4e   1.5 ± 0.3f < 0.0001
Phosphoenolpyruvate 2.8 ± 0.8   2.3 ± 0.3 1.4 ± 0.2  1.2 ± 0.2    0.0426
6-phosphogluconate   3.5 ± 0.2a   2.4 ± 0.2    3.7 ± 0.2e,g   2.6 ± 0.4a    0.0023
Fumarate   9.6 ± 1.0a 10.4 ± 1.1    17.8 ± 1.7b,f,g 11.9 ± 1.3a    0.0003

Data is presented as mean ± SE (n = 10/group). aP < 0.05, bP < 0.01, cP < 0.001 vs obese, respectively; dP < 0.05, eP < 0.01, fP < 0.001 
vs lean, respectively; gP < 0.05, hP < 0.01, iP < 0.001 vs whey + Ca, respectively. 
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particularly beneficial.
Additionally an increase in liver cholesterol ester 

level, which was seen in both of  the ER groups, has 
been demonstrated to occur also as a result of  acute  
24 h food deprivation[36]. One of  the main functions 
of  cholesterol is maintaining of  membrane fluidity by 
interacting with other membrane lipid components such 
as phosphatidylcholines and sphingomyelin[37]. However, 
only cholesterol esters were found to be increased as a 
result of  ER in the control group.

The level of  primary metabolites was particularly 
affected in the whey + Ca group. Energy restriction 
in normal weight, healthy mice, is known to enhance 
hepatic gluconeogenesis[38,39] and suppress glycolysis[40]. 
This effect was particularly pronounced in the whey + Ca 
group as indicated by the striking decrease of  fructose 
bisphosphate, the key regulator of  gluconeogenesis, and 
significant decrease of  glycolytic intermediates glucose-6-
phosphate and fructose-6-phosphate. An increased level 
of  ribose-5-phosphate in the whey + Ca group indicates 
enhanced flux through pentose phosphate pathway, 
which is known to be triggered by low concentrations 
of  fructose-2,6-bisphosphate[41]. ER on whey + Ca diet 
also decreased the level of  succinate to the level of  lean 
animals, whereas the level of  succinate did not change in 
the ER control group. The significance of  the decrease 
of  mannose-6-phosphate in whey + Ca groups remains 
to be elucidated.

One of  the few dietary components which are 
known to influence the liver fat profile during ER is 
the type and amount of  dietary fat[8]. In this study 
there were no differences in either the type or amount 
of  dietary fat between the ER groups. However, the 
apparent fat absorption was decreased in the whey + Ca 
group. Calcium preferentially binds saturated fatty acids 
in the intestine[42], and therefore, also the quality of  the 
absorbed fat might have been influenced in the whey + 
Ca group.

Even though these findings may help to understand 
why increased dairy calcium intake may lower the risk of  
metabolic syndrome, the molecular mechanism by which 
whey protein and calcium modulate the liver lipid profile 
remain unanswered. Whey protein consists of  several 

small protein types, including alfa-lactalbumin, beta-
lactoglobulin, bovine serum albumin, lactoferrin and other 
minor peptides[43]. In order to investigate the possible 
effects of  whey protein on energy expenditure and food 
intake, we measured the metabolic performance of  mice 
fed either casein or whey based diet in a calorimetry 
system, but did not see any differences between the 
proteins. The principal question regarding the mechanism 
is whether the beneficial effect is derived only from the 
amino acids or if  bioactive peptides are formed during the 
digestion and absorption of  the protein.

The present study demonstrates that ER-induced 
changes in fatty liver are significantly affected by dietary 
protein source and calcium. Reducing liver fat by ER is 
currently the main treatment for non-alcoholic fatty liver 
disease and therefore, it is crucial to understand which 
dietary factors have significant effects on the outcome 
of  ER in liver. These results indicate that whey protein 
and calcium could be beneficial in the dietary treatment 
of  fatty liver, and are likely contribute to the inverse 
relationship between dairy intake and the risk of  insulin 
resistance. The therapeutic potential of  whey protein 
and calcium in clinical setting, and the mechanism of  
action remain to be elucidated.
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 COMMENTS
Background 
Fatty liver is considered to be an important link between obesity and the 
development of metabolic syndrome and insulin resistance. Liver fat can be 
reduced by weight loss, but the effect of weight loss on the quality of hepatic 
lipid profile is currently not well established.
Research frontiers
Some dietary factors, like the quantity and quality of fat during weight loss have 
been shown to have an effect on liver fat. However, the importance of dietary 
protein source and calcium content has not been investigated previously.
Innovations and breakthroughs
This study characterises the changes in hepatic lipid profile during energy 

www.wjgnet.com

4470      ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol     July 28, 2008      Volume 14    Number 28

ER
 w

he
y 

+
 C

a
O

be
se

ER
 c

on
tr

ol

ER
 c

on
tr

ol
ER

 c
on

tr
ol

ER
 c

on
tr

ol
ER

 c
on

tr
ol

ER
 c

on
tr

ol
ER

 c
on

tr
ol

ER
 c

on
tr

ol
ER

 c
on

tr
ol

ER
 c

on
tr

ol

ER
 w

he
y 

+
 C

a
ER

 w
he

y 
+

 C
a

ER
 w

he
y 

+
 C

a
ER

 w
he

y 
+

 C
a

ER
 w

he
y 

+
 C

a
ER

 w
he

y 
+

 C
a

ER
 w

he
y 

+
 C

a
ER

 w
he

y 
+

 C
a

ER
 w

he
y 

+
 C

a

O
be

se
O

be
se

O
be

se
O

be
se

O
be

se
O

be
se

O
be

se
O

be
se

O
be

se

3-Phosphoglycerate
Mannose-6-phosphate
Phosphoenolpyruvate
Citrate
Fumarate
6-Phosphoglycerate
Fructose-6-phosphate
Malate
Glucose-6-phosphate
Succinate
Fructose-1,6-bisphosphate

Ribose-5-phosphate
Pyruvate

Fold change (log2)

-2         -1        0         1          2

Figure 7  Primary metabolite profiles for each individual mouse as a log2 ratio between the metabolite concentration in individual samples and the median metabolite 
concentration in the obese group. Hierarchical clustering using Ward linkage was applied.

Le
an

Le
an

Le
an

Le
an

Le
an

Le
an

Le
an

Le
an

Le
an

Le
an



restriction in a mouse model of diet induced obesity. The effect of protein 
source and calcium content of the weight loss diet is also studied. This study 
demonstrates for the first time that dietary protein source may beneficially 
modulate the lipid profile of fatty liver during energy restriction.
Applications
Weight loss by life style changes is the main therapeutic approach to reduce 
liver fat. Therefore, it is crucial to identify dietary components which may 
improve the outcome of weight loss in the level of hepatic lipid profile. These 
results indicate that whey protein and calcium beneficially modulate the hepatic 
lipid profile targeting specifically the lipotoxic diacylglycerol and ceramide 
species. 
Peer review
The study is well conducted and has important information about the 
pathophysiology of fatty liver.
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Abstract
AIM: To clarify whether Lysophosphatidic acid (LPA) 
activates the nuclear translocation of nuclear factor-κB 
(NF-κB) in pancreatic cancer.
METHODS: Panc-1, a human pancreatic cancer cell 
line, was used throughout the study. The expression 
of LPA receptors was confirmed by reverse-transcript 
polymerase chain reaction (RT-PCR). Cytosolic free 
calcium was measured by fluorescent calcium indicator 
fura-2, and the localization of NF-κB was visualized by 
immunofluorescent method with or without various 
agents, which effect cell signaling.
RESULTS: Panc-1 expressed LPA receptors, LPA1, 
LPA2 and LPA3. LPA caused the elevation of cytosolic 
free calcium dose-dependently. LPA also caused the 
nuclear translocation of NF-κB. Cytosolic free calcium 
was attenuated by pertussis toxin (PTX) and U73122, 
an inhibitor of phospholipase C. The translocation of 
NF-κB was similarly attenuated by PTX and U73122, 
but phorbol ester, an activator of protein kinase C, 
alone did not translocate NF-κB. Furthermore, the 
translocation of NF-κB was completely blocked by Ca2+ 

chelator BAPTA-AM. Thapsigargin, an endoplasmic-
reticulum Ca2+-ATPase pump inhibitor, also promoted 
the translocation of NF-κB. Staurosporine, a protein 

kinase C inhibitor, attenuated translocation of NF-κB 
induced by LPA.
CONCLUSION: These findings suggest that protein 
kinase C is activated endogenously in Panc-1, and 
protein kinase C is essential for activating NF-κB with 
cytosolic calcium and that LPA induces the nuclear 
translocation of NF-κB in Panc-1 by mobilizing cytosolic 
free calcium.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Lysophosphatidic acid (LPA) is the smallest and 
structurally simplest of  all glycerophospholipids, and 
exists in serum at concentrations between 1-5 µmol/L[1]  
LPA is mainly released by activated platelets[2], and 
immediately complexes with high affinity to serum 
albumin[3]. It is well known that LPA exhibits hormone- 
and growth factor-like activities[4,5]. LPA represents a 
major bioactive constituent of  serum. LPA increases 
[3H]-thymidine incorporation, inositol phosphates, 
intracellular calcium, and protein kinase C activities[4,5]. 
Indeed, LPA acts on a large number of  cel ls to 
achieve a broad range of  immediate and long lasting 
effects. Specific responses to LPA include changes in 
cell shape and tension, chemotaxis, proliferation and 
differentiation[6,7]. LPA binds to putative G protein-
coupled receptors found on nearly all cell types, 
including cancer cell lines. Numerous other cellular 
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and biochemical responses to LPA have also been 
documented[8].

T h e m o l e c u l a r a c t i o n s o f  L PA h ave b e e n 
characterized best in rodent fibroblasts, where LPA 
stimulates phosphoinositide hydrolysis[4] and promotes 
the Rho-dependent formation of  stress fibers and 
focal adhesions[9]. The stimulation of  phosphoinositide 
hydrolysis is thought to occur through the GTP-binding 
regulatory protein (G protein) Go or Gq. The formation 
of  stress fibers and focal adhesions is consistent with 
activation of  Rho through G12 or G13

[8]. Whether G 
proteins are sufficient for this action is unclear, but the 
sensitivity of  the phenomenon to pertussis toxin (PTX) 
implies that Gi/o represents at least one necessary input. 
Receptors that recognize LPA have been identified that 
conform to the seven-transmembrane domain motif  
characteristic of  G protein-coupled receptors, and 
identified as LPA1/Edg-2, LPA2/Edg-4, LPA3/Edg-7[10].

On the other hand, nuclear factor-κB (NF-κB) is 
the prototype of  a family of  dimers whose constituents 
are members of  the Rel family of  transcription 
factors[11]. In most types of  cells, NF-κB is present 
as a heterodimer comprising p50 (NF-κB1) and p65 
(RelA). NF-κB is normally retained in the cytosol in an 
inactive form through interaction with ⅠκB inhibitory 
proteins. Release of  NF-κB for translocation to the 
nucleus and interaction with cognate DNA sequences is 
accomplished through a signal-induced phosphorylation 
and subsequent degradation of  ⅠκB. Originally 
described as a necessary element for expression of  the 
immunoglobulin gene in mature B cells, NF-κB is now 
recognized to be an important transcriptional regulatory 
protein in a variety of  cell types. 

It is reported that LPA translocates NF-κB to the 
nucleus in fibroblasts[12], lymphocytes[13], breast cancer 
cells[14], colon cancer cells[15], prostate cancer cells[16], 
and ovarian cancer cells[17]. However, until now it is not 
clear whether LPA translocates NF-κB in pancreatic 
cancer cells or not. In this study, we demonstrate for 
the first time that LPA induces translocation of  NF-κB 
to nucleus in the pancreatic cancer cell line, Panc-1, by 
mobilizing cytosolic free calcium.

MATERIALS AND METHODS
Materials
The human pancreatic cancer cell line, Panc-1 (ATCC 
CRL 1469), was obtained from American Type Culture 
Collection (MD, USA). Media and supplements were 
from GIBCO BRL (New York, USA). Fetal bovine 
serum and fetal calf  serum were from Hyclone (Utah, 
USA). Glass-bottomed chambers were from Costar 
(Massachusetts, USA). LPA and fatty-acid free albumin 
were from Sigma (Montana, USA). PTX, staurosporine, 
geniste in and PD98059 were from Calbiochem 
(California, USA). U73122, U73343 and Fura-2/AM 
were from Seikagakukogyo (Tokyo, Japan). Rabbit anti-
human NF-κB p65 polyclonal antibody was obtained 
from Upstate Biotechnology (New York, USA); and 
rhodamine-conjugated donkey anti-rabbit polyclonal 

antibody and normal donkey serum from Chemicon 
International (California, USA), respectively.

Methods
Cell culture: Panc-1 was maintained in Dulbecco’s 
modified Eagle medium (DMEM) supplemented with 
penicillin (50 units/mL), streptomycin (50 units/mL),  
and 10% fetal bovine serum (FBS). Panc-1 was 
maintained in DMEM without FBS for 48 h prior to use 
for the following experiments.

Total RNA extraction and reverse-transcription 
polymerase chain reaction (RT-PCR) analysis for 
detection of  LPA receptors: Total RNA was extracted 
from Panc-1 using ISOGEN (Nippon Gene, Tokyo, 
Japan). The first strand cDNA synthesis was carried out 
using the SuperScript™ First-Strand Synthesis System 
for RT-PCR (Invitrogen™ life technologies, California, 
USA). One hundred nanogram of  the synthesized first 
strand cDNA was subjected to PCR using Platinum® 
Taq DNA Polymerase (Invitrogen™ Life Technologies, 
California, USA). The first strand cDNA was then 
amplified with specific primers; GAPDH (as an internal 
control), Edg-2, Edg-4, and Edg-7. The PCR primers 
and conditions are listed in Table 1. In all cases after 
the RT step the templates were heated at 94℃ for 30 s, 
annealed for another 30 s, and finally subjected to a 72℃ 
extension for 60 s. The PCR products were separated in 
2% agarose gel and visualized under UV illumination.

Measurement of  cytosolic free calcium: Cytosolic 
free calcium concentration was measured as previously 
described[18]. Confluent monolayers of  Panc-1 cells 
grown in 175 cm2 flasks were harvested by incubation in 
0.9% (w/v) NaCl, 0.02% (w/v) EGTA and 10 mmol/L  
Hepes, pH7.2. Cells were washed twice with PBS, 
resuspended to a density of  1 × 106 cells/mL, and then 
incubated with 6 µmol/L fura-2/AM for 1 h at room 
temperature. Aliquots of  this suspension were washed 
twice with Krebs-Ringer’s HEPES buffer in a stirred 
fluorimetry cuvette at 37℃. Fluorescence of  fura-2 
was measured with Shimazu RF-5000 luminescence 
spectrometer (alternate excitation wavelengths of   
340 nm and 380 nm: emission wavelength, 505 nm). Rmax 
was determined by the addition of  0.1% Triton X-100, 
then Rmin was estimated using 4 mmol/L EGTA. 

Immunofluorescence: Panc-1 cells were cultured on 
glass-bottomed culture dishes, and experiments were 
conducted as described above. Panc-1 cells were washed 
twice with ice-cold PBS and fixed with methanol for  
5 min, permeabilized with 0.2% Triton X-100. Once 
the dishes had air-dried, the cells were incubated in 10% 
FCS for 2 h to block nonspecific antibody binding. The 
cells were then incubated with rabbit anti-human NF-κB 
p65 polyclonal antibody (1:50) in PBS containing 0.2% 
BSA for 6 h at room temperature. The dishes were then 
washed three times in PBS with 0.2% BSA for 5 min 
at room temperature. Cells were then incubated with 
rhodamine-conjugated donkey anti-rabbit polyclonal 
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antibody (1:100) in PBS containing 0.2% BSA for 1 h at 
room temperature. The dishes were then washed three 
times in PBS containing 0.2% BSA for 5 min at room 
temperature and mounted with glass coverslips using 
Vectashield mounting medium from Vector Laboratories 
(California, USA). Immunofluorescence was observed by 
using an LSM410 Confocal Laser Scanning Microscope 
from Carl Zeiss, Inc. (Oberkochen, Germany).

Treatment of  Panc-1 cells: Panc-1 cells were treated 
with various agents before measuring cytosolic free 
calcium or detecting translocation of  NF-κB. For PTX-
pretreatment, monolayers of  Panc-1 cells were cultured 
in DMEM with 100 ng/mL PTX overnight, and then 
washed twice with PBS. Panc-1 cells were treated with 
other agents; 10 µmol/L U73122 for 10 min, 10 µmol/L  
U73343 for 10 min, 10 µmol/L BAPTA for 15 min,  
10 nmol/L staurosporine for 10 min, 50 µg/mL 
genistein for 1 h, and 10 nmol/L PD98059 for 1 h 
before stimulation of  LPA.

Statistical analysis
The Student’s t-test was used to determine significant 
differences between the groups.

RESULTS
Panc-1 cells express LPA1, LPA2, and LPA3 mRNA
The expression of  LPA1/Edg-2, LPA2/Edg-4, and LPA3/

Edg-7 receptors was determined by RT-PCR in Panc-1 
cells. As shown in Figure 1, a significant expression of  
mRNA encoding LPA1/Edg-2, LPA2/Edg-4, and LPA3/
Edg-7 was observed, as judged from the appearance of  
unique cDNA bands of  the expected size. 

LPA elevates [Ca2+]i by mobilizing Ca2+ from intracellular 
stores
LPA, at concentration of  10 µmol/L, elevated [Ca2+]i 

by 600 ± 45 nmol/L (  = 5) above a resting [Ca2+]i  of  
108 ± 30 nmol/L within 20 s of  addition to intact 
fura2-loaded Panc-1 cell suspension (Figure 2A). This 
increase in [Ca2+]i  was followed by a return to near 
resting levels within 3 min. The elevation of  [Ca2+]i  
by LPA in Panc-1 cells was concentration-dependent, 
with an EC50 of  870 nmol/L (Figure 3). Responses to 
LPA were dependent upon the presence of  fatty acid-
free BSA (0.1% w/v), without which [Ca2+]i  increases 
were a quarter-maximal. Fatty acid-free BSA itself  
did not cause a significant increase in [Ca2+] i  for  
30 min (data not shown), as other researchers previously 
reported[4]. LPA-induced elevation of  [Ca2+]i  resulted 
predominantly from mobilization of  intracellular [Ca2+]i  
store. In the condition of  Ca2+-free with 0.2 mmol/L 
EDTA, LPA increased [Ca2+]i  with a similar potency and 
maximal effect to the condition with extracellular Ca2+  
(Figure 2B). After overnight treatment with PTX  
(100 ng/mL), LPA did not evoke [Ca2+]i  in Panc-1 cells 
(Figures 2C and 3). Treatment of  Panc-1 cells with a 
phospholipase C inhibitor, U73122, at a concentration of  
10 µmol/L for 10 min, abolished LPA-induced increase 
in [Ca2+]i  (Figure 2D and 3). Pretreated with U73343, 
an inactive analogue of  U73122, at a concentration 
of  10 µmol/L for 10 min had no effect on LPA-
induced elevation of  [Ca2+]i  in Panc-1 cells (Figure 2E).  
These findings suggest that LPA induces elevation of  
[Ca2+]i  by mobilizing Ca2+ from Ca2+ store through 
PTX-sensitive G-protein (Gi or Go) and phospholipase 
C. Treatment of  Panc-1 cells with thapsigargin, the 
endoplasmic-reticulum Ca2+-ATPase pump inhibitor, at a 
concentration of  500 nmol/L caused a slow increase in 
[Ca2+]i  followed by a sustained plateau (data not shown).

Effect of LPA on translocation of NF-κB to nuclei in 
Panc-1 cells
It has been reported that LPA activates NF-κB in 
fibroblasts[19] and endothelial cells[20]. We, therefore, 
investigated the possibility that LPA activates the 
transcription factor NF-κB in Panc-1 cells.

NF-κB is normally retained in the cytosol in an 
inactive form in Panc-1 cells (Figure 4A). LPA, at a 

Table 1  The PCR primers and conditions for detection of LPA receptors

Sense primer Antisense primer Temperature (℃) Size (bp)

GAPDH 5'-AATGCATCCTGCACCACCAACTGC-3' 5'-GGAGGCCATGTAGGCCATGAGGTC-3’ 59 554
Edg-2 5'-TCCACACACGGATGAGCAAC-3’ 5'-GTGATCATTGCTGTGAACTCC-3’ 62 620
Edg-4 5'-CCACCAGCCCATCTACTACCT-3’ 5'-CTCACAGCCTAAACCATCCAG -3’ 62 619
Edg-7 5'-GCTGGAATTGCCTCTGCAAC -3’ 5'-ACCACAAACGCCCCTAAGAC -3’ 62 253

620            619            253             554         (bp)

Marker           LPA1             LPA2            LPA3           GAPDH
(Edg2) (Edg4) (Edg7)

Figure 1  Expression of LPA receptors in Panc-1 cells. LPA-specific receptors 
LPA1/Edg-2, LPA2/Edg-4, and LPA3/Edg-7 are expressed in PANC-1 cells. 
Total mRNA of PANC-1 cells was extracted and used for RT and PCR using 
primers designed from the sequence of LPA1, LPA2, and LPA3, and GAPDH. 
PCR products were separated by electrophoresis in 2.0% agarose gel. The 
molecular size of the amplification products is inferred from the electrophoretic 
migration of the DNA markers.
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concentration of  10 µmol/L, translocated NF-κB to 
the nucleus within 30 min (Figure 4B). NF-κB was re-
established in the cytosol after 3 h (data not shown).

After Panc-1 cells were preincubate with 100 ng/mL  
PTX, LPA did not translocated NF-κB to nuclei 
(Figure 5A). A phospholipase C inhibitor, U73122, also 
abolished the translocation induced by LPA (Figure 5B).  
Pre t rea tment o f  Panc-1 w i th BAPTA-AM, an 
intracellular calcium chelator, at a concentration of  
10 µmol/L for 15 min, completely abolished NF-
κB translocation (Figure 5C). Thapsigargin is known 
to block a Ca2+-ATP pump of  calcium stores, and 
elevates cytosolic free calcium slowly. In the present 
study, thapsigargin alone caused NF-κB translocation 
in Panc-1 cells at a concentration of  500 nmol/L  
(Figure 5D). These data suggest that elevation of  

cytosolic free calcium is necessary for activation of  NF-
κB in Panc-1 cells. 

Phorbol myristate, which is well known to be 
a potent activator of  protein kinase C, alone failed 
to induce the translocation at a concentration of   
100 nmol/L (F igure 5E) . On the o ther hand , 
staurosporine, a protein kinase C inhibitor, attenuated 
translocation of  NF-κB induced by LPA (Figure 5F). 
These findings suggested that protein kinase C is 
activated endogenously in cancer cells, such as Panc-1, 
and that protein kinase C is essential for activating NF-
κB with cytosolic calcium. It is reported that PMA 
could activate NF-κB in some types of  cells including 
rat pancreatic acinar cells. However, the present data 
revealed that cytosolic calcium might have a more crucial 
role in activating NF-κB than protein kinase C in Panc-1 
cells.

A tyrosine kinase inhibitor genistein or a MEK 
inhibitor PD98059 did not have significant effects on 
the translocation of  NF-κB induced by LPA (data not 
shown).

DISCUSSION
In the present study, we first confirmed that Panc-1 
cells express LPA receptors, and then showed that LPA 
induced Ca2+ mobilization and translocation of  NF-κB 
into the nucleus.

LPA acts as an intercellular messenger molecule 
bound to serum albumin[3]. LPA exer ts multiple 
biological functions through G protein-coupled 
receptors. It has been identified a new family of  
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B: Effect of chelation of extracellular Ca2+ by addition of 0.2 mmol/L EDTA on LPA-induced increases in Ca2+; C: PTX-sensitive effect of LPA on cytosolic free calcium. 
Panc-1 cells were pretreated with 100 ng/mL of PTX for overnight and loaded with fura-2/AM; D: Effect of U73122, a phospholipase C inhibitor, on LPA-induced 
increases in cytosolic free calcium in Panc-1 cells. Panc-1 cells were treated with U73122 at a concentration of 10 μmol/L for 10 min, and then stimulated by 10 μmol/L  
LPA; E: Effect of U73343, an inactive analogue of U73122, on LPA-evoked increases in cytosolic free calcium in Panc-1 cells.
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receptor genes for LPA. Members of  this family 
include at least three G-protein-coupled receptors 
belonging to the endothelial differentiation gene (Edg) 
family, Edg-2/LPA1, Edg-4/LPA2, and Edg-7/LPA3

[10]. 
Recent investigation has revealed that Panc-1 cells 
also express functionally active LPA receptors (LPA1/
Edg-2, LPA2/Edg-4, LPA3/Edg-7)[21]. LPA has a major 

role in migration of  Panc-1 cells via phosphorylation 
of  ERK[21], but was reported to not act as mitogen in 
pancreatic cancer cell lines, Panc-1 cells and Bx-PC 
cells[21]. LPA also mobilized cytosolic calcium in Panc-1 
cells as neuropeptides including neurotensin, bombesin, 
cholecystokinin, and vasopressin[22]. However, it is still 
unclear of  roles of  calcium mobilization in Panc-1 cells.

A B

Control LPA

Figure 4  Effect of LPA on nuclear translocation of NF-kB. LPA-induced nuclear translocation of p65 in Panc-1 cells. Localization of p65 was visualized by indirect 
immunofluorescence staining using rabbit anti-p65 polyclonal antibodies (1:50) which only recognized NF-kB p65. Donkey anti-rabbit antibodies (1:100) conjugated 
to rhodamine was performed, and visualized under a confocal microscope. A: Cytosolic localization of p65 in an inactive form in unstimulated Panc-1 cells; B: Nuclear 
localization of p65 in Panc-1 cells after treatment of 10 mmol/L LPA was observed at 60 min.

B C

FED

A

Figure 5  Localization of NF-kB p65 in Panc-1 cells. A: PTX-treatment prevented nuclear translocation of NF-kB p65 induced by LPA in Panc-1 cells at 1 h. Panc-1 
cells were preincubated with 100 ng/mL PTX, and then stimulated with 10 mmol/L LPA; B: U73122-treatment prevented nuclear translocation of NF-kB p65 induced 
by LPA in Panc-1 cells at 1 h. Panc-1 cells were pretreated with 10 mmol/L U73122 for 10 min before adding 10 mmol/L LPA; C: Nuclear translocation of p65 induced 
by LPA was reduced by an intracellular calcium chelator, BPTA-AM at 1 h. Panc-1 cells were treated with 10 mmol/L BAPTA-AM for 15 min and then stimulated with 
10 mmol/L LPA; D: Thapsigargin alone caused nuclear translocation of p65 at 1 h. Panc-1 cells were treated with 500 nmol/L thapsigarigin; E: Phorbol myristate (PMA) 
alone failed to mobilize p65 into nuclei at 1 h. Panc-1 cells were treated with 100 nmol/L PMA; F: Staurosporine reduced nuclear localization of p65 induced by LPA at 
1 h. Panc-1 cells were treated with 10 nmol/L staurosporine for 10 min and then stimulated with 10 mmol/L LPA.
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Some researchers have tried to identify which subtype 
of  LPA receptors is crucial for calcium mobilization. An 
investigation using human-recombinant G protein has 
suggested that LPA1/EDG-2 transduces Ca2+ mobilization 
largely through PTX sensitive Gi/o proteins[18]. LPA2/Edg-4 
was supposed to be linked with Gq and phospholipase 
C[18] and cooperated with other G proteins[19]. Another 
study, using a knock-out technique, revealed that nearly 
all PLC activation in response to LPA is dependent on 
endogenous expression of  LPA1 and LPA2

[20].
The results presented in this paper show that 

PTX and U73122 attenuated LPA-induced calcium 
mobilization in Panc-1 cells, which suggests that LPA 
evokes cytosolic calcium via PTX-sensitive G protein 
and inositol phosphate production. We have not yet 
determined which subtypes of  LPA receptors have a 
major role in mobilizing cytosolic calcium in Panc-1 
cells. It is likely that LPA1 or LPA2 might have a major role 
in mobilization of  cytosolic calcium in Panc-1 cells.

The present data suggests that LPA-induced cytosolic 
calcium mobilization is necessary for activation of  NF-
κB. PTX and U73122 attenuated both cytosolic calcium 
mobilization and nuclear translocation of  NF-κB 
induced by LPA. Thapsigargin exerted more potent and 
long lasting actions than those achieved by LPA. PMA 
alone failed to stimulate the nuclear translocation of  NF-
κB. This result suggests that evoked cytosolic calcium 
concentration is crucial for this translocation, and that 
a resting level of  cytosolic calcium might be insufficient 
for activation of  NF-κB by phorbol ester-stimulated 
protein kinase C. 

Activation of  NF-κB by LPA may function as a 
counterpart to proliferative signaling. It is well known 
that activation of  NF-κB is related to resistance 
to apoptosis. Recent studies have revealed that 
chemosensitivity of  human pancreatic cancer cells, 
including Panc-1, is enhanced by Ⅰ-κBα super-
repressor[23] and that NF-κB has a major role in tumor 
necrosis factor-related apoptosis-inducing ligand 
(TRAIL) resistance of  pancreatic cancer cell lines[24].

LPA is supposed to utilize G proteins to achieve 
its activation of  NF-κB. The fact that PTX attenuates 
activation of  NF-κB would suggest a role for Gi/o. NF-
κB can be activated by oncogenic Ras[25], and both Ras 
and ERKs are activated by LPA through pathways partly 
sensitive to PTX[20]. Cummings et al has shown that 
protein kinase C is also related with activation of  NF-
κB, which was coupled to Gi/o and G12/13 proteins[25].

Gi/o might have a major role in the activation of  NF-
κB[25]. It is conceivable that low concentrations of  LPA 
activates Gi/o and that higher concentrations activates 
Gq. Gq protein may be responsible for the activation of  
protein kinase C and mobilization of  Ca2+ of  sufficient 
magnitude or duration to bring, together with signals 
from Gi/o, activation of  NF-κB[26].

In conclusion, our results show for the first time that 
LPA induces nuclear translocation of  NF-κB in Panc-1 
cells by mobilizing cytosolic free calcium. This effect 
might be caused by activation of  phospholipase C via 
PTX-sensitive G protein.
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 COMMENTS
Background
Lysophosphatidic acid (LPA) is a growth factor that exerts a number of 
biological actions on some cancer cell lines. However, the effect of LPA on 
pancreatic cancer cells has not been well estimated. In the present study, the 
authors investigate the effects of LPA on cytosolic calcium and translocation of 
NF-κB in Panc-1 cells.
Research frontiers
The article focuses on the relationship of cytosolic calcium mobilization and NF-
κB in Panc-1 cells induced by LPA.
Innovations and breakthroughs
The present study shows that LPA-induced cytosolic calcium mobilization 
is necessary for activation of NF-κB in pancreatic cancer cells, and that a 
resting level of cytosolic calcium might be insufficient for activation of NF-
κB by phorbol ester-stimulated protein kinase C. It is suggested that protein 
kinase C is activated endogenously in Panc-1, and protein kinase C is essential 
for activating NF-κB with cytosolic calcium and that LPA induces the nuclear 
translocation of NF-κB in Panc-1 by mobilizing cytosolic free calcium.
Applications
It is known that LPA represents a major bioactive constituent of serum, and 
that activation of NF-κB is related to resistance to apoptosis. By knowing the 
mechanism of action of LPA, it can be used that target apoptosis in pancreatic 
cancer cells.
Peer review
The authors investigated the effect of LPA on calcium mobilization, and 
localization of the transcription factor, NF-κB in the pancreatic cell line, Panc-1. 
This is an interesting paper. They demonstrated that LPA stimulates calcium 
mobilization from intracellular stores via PTX sensitive G proteins and PLC.
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CONCLUSION: We conclude that capsule endoscopy 
has a limited role in deciding which patients would 
benefit from EGD with banding or beta-blocker thera-
py. More data is needed to assess accuracy for staging 
esophageal varices, PHG, and the detection of gastric 
varices.

© 2008 The WJG Press. All rights reserved.

Key words: Esophageal varices; Capsule endoscopy; 
Portal hypertension

Peer reviewer: Volker F Eckardt, Chief, MD, Professor, 
Department of Gastroenterology, Deutsche Klinik für 
Diagnostik, Aukammallee 33, 65191 Wiesbaden, Germany

Frenette CT, Kuldau JG, Hillebrand DJ, Lane J, Pockros PJ. 
Comparison of esophageal capsule endoscopy and esophago-
gastroduodenoscopy for diagnosis of esophageal varices. World 
J Gastroenterol 2008; 14(28): 4480-4485  Available from: 
URL: http://www.wjgnet.com/1007-9327/14/4480.asp  DOI: 
http://dx.doi.org/10.3748/wjg.14.4480

INTRODUCTION
Cirrhosis affects 3.6 out of  every 1000 adults in North 
America. A major cause of  cirrhosis-related morbidity 
and mortality is the development of  variceal hemorrhage, 
a direct consequence of  portal hypertension. The 
reported prevalence of  esophageal varices in patients 
with chronic liver disease varies from 24% to 81%[1-3]. 
Variceal hemorrhage occurs in 25%-40% of  patients 
with cirrhosis, and is associated with a mortality rate of  
up to 30%[1,2]. Accurate identification of  patients with an 
increased risk of  bleeding allows for primary prophylaxis 
to prevent variceal bleeding. Prophylactic use of  beta-
blockers has been shown to decrease the incidence 
of  first variceal bleeding and death in patients with 
cirrhosis, and is currently the standard of  care in patients 
who are at high risk for variceal hemorrhage[4,5]. Factors 
predictive of  variceal hemorrhage include location of  
varices, size of  varices, appearance of  varices, clinical 
features of  the patient, and variceal pressure[6].

Esophagogastroduodenoscopy (EGD) is the 
standard of  care for evaluation of  varices. An EGD is 
currently recommended at diagnosis of  cirrhosis, and 
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Abstract
AIM: To investigate the utility of esophageal capsule 
endoscopy in the diagnosis and grading of esophageal 
varices. 
METHODS: Cirrhotic patients who were undergo-
ing esophagogastroduodenoscopy (EGD) for variceal 
screening or surveillance underwent capsule endos-
copy. Two separate blinded investigators read each 
capsule endoscopy for the following results: variceal 
grade, need for treatment with variceal banding or 
prophylaxis with beta-blocker therapy, degree of portal 
hypertensive gastropathy, and gastric varices. 
RESULTS: Fifty patients underwent both capsule and 
EGD. Forty-eight patients had both procedures on 
the same day, and 2 patients had capsule endoscopy 
within 72 h of EGD. The accuracy of capsule endos-
copy to decide on the need for prophylaxis was 74%, 
with sensitivity of 63% and specificity of 82%. Inter-
rater agreement was moderate (kappa = 0.56). Agree-
ment between EGD and capsule endoscopy on grade 
of varices was 0.53 (moderate). Inter-rater reliability 
was good (kappa = 0.77). In diagnosis of portal hyper-
tensive gastropathy, accuracy was 57%, with sensitiv-
ity of 96% and specificity of 17%. Two patients had 
gastric varices seen on EGD, one of which was seen on 
capsule endoscopy. There were no complications from 
capsule endoscopy. 
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then yearly screening for patients with no varices on 
initial EGD for patients with progression of  their liver 
disease or every two years for those who remain stable[5]. 
In patients with small varices, endoscopy should be 
performed every year to assess for a change in size[7]. 

Currently, there is no universally accepted grading 
system for varices. Reliability of  endoscopy is affected 
by inter-observer variability[8,9]. The subjective grading, 
invasiveness, risks of  sedation, and cost of  EGD has 
prompted a search for other alternatives. As of  yet, no 
alternative had proven to be as accurate as EGD.

Several pilot studies have been published comparing 
capsule endoscopy (CE) to EGD for variceal screening. 
Eisen et al studied 32 patients, and found an overall 
concordance rate of  96.9% for the diagnosis of  
esophageal varices and 90.6% for the diagnosis of  portal 
hypertensive gastropathy[10]. Lapalus et al performed 
unsedated EGD and capsule endoscopy in 21 patients, 
with an accuracy of  84.2% for the presence or absence 
of  esophageal varices[11]. 

Herein, we report the results of  a study designed 
to assess the ability of  capsule endoscopy to correctly 
identify the presence of  esophageal varices and related 
features of  portal hypertension in patients undergoing 
screening or surveillance endoscopy, and to determine the 
need for treatment or prophylaxis of  esophageal varices.

MATERIALS AND METHODS
All patients enrolled were from the patient population 
of  Scripps Clinic, La Jolla, California. Patients were 
eligible if  they were scheduled to undergo EGD 
for screening or surveillance of  esophageal varices. 
Screening was performed in patients with either biopsy-
proven cirrhosis, or biochemical and imaging studies 
consistent with cirrhosis. Surveillance was performed 
in patients who had previously been diagnosed with 
esophageal varices via EGD and were repeating the test 
to assess for progression of  varices. Patients who had 
previously undergone banding of  esophageal varices 
were included in the study if  they were stable and had 
not had a variceal hemorrhage for ≥ 6 mo. Consecutive 
patients scheduled for EGD as screening or surveillance 
of  esophageal varices were screened for eligibility to 
participate. All patients were age > 18 years, able to give 
informed consent, and hemodynamically stable.

Exclusion criteria included dysphagia, known Zenker’s  
diverticulum, the presence of  cardiac pacemaker or 
other implantable electro-medical devices, pregnancy, 
or a scheduled MRI within 7 d after capsule ingestion. 
Patients also were excluded if  they had a history of  
or risk for intestinal obstruction, including any prior 
abdominal surgery of  the gastrointestinal tract other 
than uncomplicated cholecystectomy or appendectomy.

All patients who consented underwent capsule 
endoscopy and EGD on the same day or within 72 h.  
The endoscopies were performed under moderate 
sedation by three staff  hepatologists at Scripps Clinic. 
The hepatologists were blinded to the results of  the 
capsule endoscopy, but not to the patient’s prior history or 

previous endoscopy findings. Photographs were taken of  
any pertinent findings at endoscopy and grading of  varices 
was agreed to by all three physicians after unblinding. 

EGDs and CEs were both graded by the following 
scale: F0, no varices; F1, small straight varices; F2, 
tortuous varices and < 50% of  esophageal radius; 
F3, large and tortuous varices with or without red 
spots[6,12]. Presence or absence of  high risk stigmata, 
defined as neovascularization or red or white spots was 
noted separately. Each observer decided whether or 
not treatment was indicated based on presence of  F2 
or F3 varices or the presence of  high risk stigmata on 
any size varix. Portal hypertensive gastropathy (PHG) 
was graded on the following scale: none, mild (mucosal 
mosaic pattern), moderate (mosaic mucosal pattern with 
occasional red spots), or severe (mosaic mucosal pattern, 
extensive red or black spots, active oozing)[13,14]. Portal 
hypertensive gastropathy was diagnosed on capsule 
endoscopy via photographs of  any area of  the gastric 
mucosa as it was not possible to assess the location of  
the visualized area. The presence or absence of  gastric 
varices was noted separately, as well as other findings 
unrelated to portal hypertension such as esophagitis, 
gastritis (defined as erythema or erosions of  gastric 
lining), peptic ulcer disease, or duodenal lesions. 

Capsule endoscopy was administered in the following 
manner in all patients. After imbibing 100 mL of  water 
with 0.6 mL of  simethicone, patients lay supine and 
then ingested the pill with 5 mL of  water without raising 
their head. Any difficulty with ingestion was recorded 
by the administrator, and patients were instructed not 
to speak after pill ingestion. After 2 min supine, they 
were raised to a 30 degree incline. After another 2 min 
they were raised to 60 degrees, and after 1 min at 60 
degrees the patient imbibed a sip of  water. They then 
sat up completely and imbibed another sip of  water, at 
which time they were placed in the left lateral decubitus 
position in order to improve visualization of  the fundus. 
Three minutes after being placed on their left side the 
patients were instructed to sit up or walk around for the 
remaining 12 min of  the examination. 

Capsule endoscopies were read by two separate 
investigators, who were blinded to EGD findings, 
patient medical history, and reading of  the other 
investigator. Both capsule readers had prior experience 
in endoscopic evaluation and diagnosis of  esophageal 
varices. Prior to the study, both readers underwent 
training as recommended by the capsule manufacturer, 
consisting of  review of  a CD Rom and participation 
in an online course, which included review of  10 cases 
of  capsule endoscopy. Each CE was read twice by each 
investigator on two separate occasions at least 60 d 
apart. Capsule images were evaluated for the presence 
and grade of  esophageal varices, the presence and grade 
of  PHG, the presence of  gastric varices, and any other 
findings. Esophageal transit time and time spent reading 
each examination was recorded.

One week after capsule ingestion, each patient was 
contacted by telephone to assess for symptoms of  
capsule retention. At that time, patient satisfaction was 



assessed. Patients were asked if  they would be willing 
to undergo CE or EGD again, and which study they 
preferred.

Stat is t ica l ana lys is was perfor med to assess 
sensitivity, specificity, and accuracy of  CE versus EGD 
in determining need for prophylaxis or treatment. A 
weighted kappa scale was used to determine agreement 
of  variceal grade by CE compared to EGD, as well as 
inter- and intra-observer agreement[14-17]. Inter-observer 
agreement was defined as comparing results from Reader 
1 to results from Reader 2. Intra-observer agreement 
measured results from the first read and results from 
the second read of  each reader independent of  the 
other reader. The sample size of  50 was chosen because 
with these numbers one typically will expect a standard 
deviation of  0.10 and coefficients of  variation of  15% 
or less.

The study was approved by the local institutional 
review board.

RESULTS
Fifty-five patients were screened to participate in the 
study. Five patients were not included: 2 patients refused, 
1 patient had a history of  an esophageal stricture, and 
2 patients had history of  surgery on the gastrointestinal 
tract. Fifty patients successfully underwent EGD and 
esophageal capsule endoscopy. In most cases, patients 
underwent CE on the same day as and just prior to EGD. 
There were two patients who underwent CE on a differ-
ent day but within 72 h and two patients who underwent 
CE immediately after EGD. Median esophageal transit 
time was 249.5 s (range, 1-352 s). The esophageal transit 
times were as follows: 2 capsules 0-5 s, 15 capsules 5-60 s, 
and 33 capsules 60-352 s. Five patients (10%) had a mild 
amount of  difficulty swallowing the capsule, and four pa-
tients (8%) had a moderate amount of  difficulty, one of  
whom had to swallow it in a sitting position. 

Demographics of  the patients can be seen in Table 1. 
Thirteen patients (26%) were undergoing surveillance of  
varices and had a history of  previous variceal banding; 
the remainder were undergoing screening examinations. 
The patients who were undergoing surveillance had not 
been banded for at least 6 mo, and previously had been 
obliterated. All patients had undergone banding in the 
past for history of  variceal bleeding. Based on EGD 
findings, prevalence of  esophageal varices was 66%: 17 
patients had no varices, 16 patients with F1 varices, 15 
patients with F2 varices, and 2 patients with F3 varices. 5 
patients underwent banding at the time of  EGD.

In determining need for prophylaxis using EGD 
as the gold standard, sensitivity of  CE was 63% (95% 
CI, 0.40-0.83; SD, 0.04), specificity was 82% (95% CI, 
0.63-0.94; SD, 0.03), and accuracy was 74% (95% CI, 
0.59-0.85; SD 0.04; Figure 1). The accuracy was not im-
proved when patients with prior banding were excluded 
or when patients with difficulty swallowing the capsule 
were excluded. Positive predictive value in this popula-
tion was 73% (95% CI, 0.48-0.91; SD, 0.04) and negative 
predictive value was 74% (95% CI, 0.55-0.88; SD, 0.04). 
There was no association between time of  esophageal 
transit of  the capsule and accuracy of  the results, as-
sessed by splitting the group at the median time of  249 s 
and comparing the two groups. Inter-rater reliability for 
need for prophylaxis was 0.56 (moderate agreement). In-
tra-rater reliability was 0.61 (good) for Reader 1 and 0.41 
(moderate) for Reader 2. For grade of  varices, agreement 
between EGD and CE was 0.53 (moderate). Inter-rater 
reliability for grade of  varices was 0.77 (good), and intra-
rater reliability was 0.76 (good) for Reader 1 and 0.69 for 
Reader 2. 

Two patients (4%) had gastric varices. One of  these 
patients had gastric varices suspected on CE by Reader 
2, and neither of  the patients had large esophageal vari-
ces requiring primary prophylaxis. It was not possible to 
gauge the location of  the varices based on the capsule 
photographs.

Forty-five patients (90%) had portal hypertensive 
gastropathy: 28 patients with mild disease and 17 pa-
tients with moderate disease. In determining the pres-
ence or absence of  PHG, sensitivity was 96% (95% CI, 
0.78-0.99) and specificity was 17% (95% CI, 0.05-0.39). 
Accuracy was 57% (95% CI, 0.41-0.71). Inter-rater reli-
ability for presence of  PHG was 0.61 (good). 

Seventeen patients (34%) had other findings seen on 

Table 1  Demographics demographics of 50 patients 
undergoing esophageal capsule endoscopy and EGD for 
diagnosis of esophageal varices (n  = 50)

Patient population (%)

   Male gender 34 (68)
   Average age 58 (range, 25-74)
   Average MELD1      9.48 (range, 6-23)
   Average Child-Pugh    6.8 (range, 5-13)
Race
   Caucasian   40 (80)
   Hispanic     6 (12)
   African American   3 (6)
   Middle Eastern   1 (2)
Etiology of cirrhosis
   Hepatitis C  24 (48)
   Hepatitis C and alcohol    7 (14)
   Alcohol    6 (12)
   Nonalcoholic steatohepatitis    6 (12)
   Other2    7 (14)

1MELD: Model for End Stage Liver Disease; 2Primary biliary cirrhosis, 
sarcoidosis, cryptogenic cirrhosis, autoimmune hepatitis, Wilson’s disease, 
idiopathic pulmonary hypertension.

Figure 1  Sensitivity, specificity and accuracy of esophageal capsule 
endoscopy compared to EGD for two separate blinded investigators. The error 
bars represent 95% confidence intervals.
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EGD. Seven patients had gastritis seen on EGD, two of  
which were detected by CE. Two patients had Barrett’s  
esophagus; one was detected by Reader 1 and one was 
detected by Reader 2. Two patients had esophagitis seen 
on EGD but not on CE. One patient had gastric polyps 
and one had duodenal polyps seen on EGD, and neither 
was detected on CE. One patient had an esophageal ring 
seen on EGD that was also detected on CE by Reader 
2. One patient had scarring from prior banding that was 
seen on EGD but not CE. 11 patients underwent biopsy 
at time of  EGD: 10 to rule out H pylori and one for di-
agnosis of  Barrett’s esophagus.

There were no complications from either CE or 
EGD. Thirty-six patients (72%) were satisfied equally 
with EGD and CE. Thirteen (26%) preferred CE to 
EGD, and one patient preferred EGD to CE. There 
were no instances of  capsule retention.

DISCUSSION
Complications of  portal hypertension remain one of  the 
major causes of  morbidity and mortality in patients with 
cirrhosis. Up to 33% of  cirrhotics will experience bleeding 
from varices, and 70% of  these will be plagued with 
recurrent variceal bleeding[1,2,6]. In 1998, an AASLD single-
topic symposium on portal hypertension devised the 
following current recommendations for variceal screening: 
EGD at time of  diagnosis of  cirrhosis, and if  no varices 
were present, on a biyearly basis if  liver function is stable, 
or yearly if  liver function worsens, and yearly if  small 
varices were present on initial screening[7]. Numerous 
studies have demonstrated the efficacy of  beta-blocker 
therapy for reduction of  risk of  variceal bleeding and 
related mortality, decreasing the risk of  variceal bleeding 
by 50%[18-20]. Recent data have suggested that variceal 
banding is also effective as primary prevention of  variceal 
bleeding in patients with high risk varices[18-21]. Despite 
these recommendations, compliance with screening has 
been quite poor. Arguedas et al in 2001 reported that just 
46% of  cirrhotic patients underwent variceal screening 
by EGD prior to referral for liver transplantation, 
despite having a diagnosis of  cirrhosis for a median 
duration of  3 years[22]. Results of  a survey of  practicing 
gastroenterologists suggested an even lower screening rate 
of  39%[23].

Alternative methods to EGD have been studied for 
variceal screening, including transnasal endoluminal 
ultrasound[24], platelet count/spleen diameter ratio[25], 
multidetector computed tomography esophagography[26], 
and esophageal capsule endoscopy[10,11,27]. To date, no 
method has proven accurate enough to replace EGD.

The results of  our study are different from the two 
published pilot studies, showing a lower sensitivity, 
specificity, and accuracy for esophageal capsule 
endoscopy. Because there is known variability in 
grading of  varices by EGD[8,9], the accuracy of  capsule 
endoscopy when measured against EGD may be wrong. 
We attempted to decrease this effect by verification of  
variceal grade diagnosed at endoscopy after unblinding 
by al l physicians involved in the study, through 

inspection of  photographs. Other possible reasons 
that our study results may vary include the small size 
of  prior studies compared to ours. Our trial size was 
still somewhat small, but we balanced that expectation 
with the recognition that a much larger trial would be 
needed for confirmation of  this as a pilot trial. Other 
confounders for the data could include the absence of  
complete industry funding in our study as opposed to 
the prior ones, and our relative lack of  expertise with 
capsule endoscopy or other technical difficulties.

Concern has been raised regarding the utility of  
capsule endoscopy in patients who have previously 
undergone banding of  esophageal varices. Patients 
were included in our study if  they had not undergone 
banding for at least 6 mo. We chose to include these 
patients because we felt that varices would still be able 
to be diagnosed at esophageal capsule endoscopy. When 
patients with previous banding were excluded from 
analysis, our accuracy did not improve significantly. A total 
of  5 patients out of  13 who were undergoing surveillance 
for esophageal varices required repeat banding at the 
time of  EGD. This underscores a limitation of  capsule 
endoscopy: that patients with varices seen at diagnosis 
may then have to undergo EGD for therapy. 

There has been some concern about the mixed 
results of  capsule endoscopy use for evaluation of  
esophageal pathology, such as varices, Barrett’s esophagus, 
or esophagitis[27-29]. It is thought that the mixed results 
of  capsule endoscopy may have to do with deviations 
from the standard ingestion procedure recommended 
by the manufacturer[30]. We note that in our study, all 
patients were able to successfully swallow the capsule, 
with only 9 patients having some difficulty, including two 
patients that needed to lift their heads from the supine 
position and one patient that had to ingest the pill in the 
sitting position. We feel that there is little chance these 
deviations influenced our results. When we looked at 
patient history of  banding, time of  esophageal transit, 
and reader experience/learning curve, none of  these 
factors significantly changed the results of  our study. 
We, therefore, feel that the accuracy reported here may 
be more reflective of  what can be expected with capsule 
endoscopy use in community gastroenterology practice.

Esophageal capsule endoscopy has been designed 
specifically to look at the esophagus; there is no way 
to ensure that full inspection of  the gastric mucosa 
and duodenum will occur, as it would with EGD. 
When screening for varices, this usually is not an issue. 
However, as in our study, there are patients who have 
gastric varices in the absence of  significant esophageal 
varices that would require pharmacologic prophylaxis 
against bleeding. These patients may be missed if  
screening was done solely with capsule endoscopy. In 
addition, capsule endoscopy had poor accuracy for 
diagnosis of  portal hypertensive gastropathy. Capsule 
endoscopy limits the patient to diagnosis only. In 11 of  
our patients, biopsies were performed for diagnosis of  
H pylori or Barrett’s esophagus. Obviously, these biopsies 
would not have been able to be performed if  capsule 
endoscopy was the only diagnostic method used.
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Given our results for capsule endoscopy, we are 
uncertain if  its routine use can replace EGD at this 
time as a screening tool. It may be useful for those 
patients who are unable or unwilling to undergo upper 
endoscopy, but clinicians need to be cognizant of  the 
possibility of  a false negative result. At this time, we 
would recommend use of  esophageal capsule endoscopy 
only in the setting of  a clinical trial.

In conclusion, we feel that capsule endoscopy has 
a limited role in deciding which patients would benefit 
from EGD with banding or beta-blocker therapy in early 
cirrhosis, as well as  for determining the specific grade 
of  esophageal varices, PHG, or gastric varices. More 
data is needed to assess accuracy for staging esophageal 
varices, PHG, and the detection of  gastric varices. 
Clinicians who choose to employ capsule endoscopy as 
part of  their routine clinical practice should be cognizant 
of  the lower accuracy for esophageal variceal screening.

 COMMENTS
Background
Esophageal varices are found in up to 81% of patient with cirrhosis, and results 
in significant gastrointestinal bleeding in up to half of patients. In order to 
prevent variceal bleeding, screening is recommended with upper endoscopy 
every 1-3 years, with prophylaxis given to those patients with large varices. 
Esophageal capsule endoscopy is a new device designed to image the 
esophagus in a noninvasive way. The utility of esophageal capsule endoscopy 
in the diagnosis of esophageal varices is not known.
Research frontiers
To date, two pilot studies have been published regarding the use of esophageal 
capsule endoscopy for the diagnosis of esophageal varices. These initial 
studies were performed in 32 and 21 patients, respectively, and showed high 
concordance and accuracy for the diagnosis of esophageal varices with capsule 
endoscopy (96.9% and 84.2%, respectively).
Innovations and breakthroughs
In this publication, 50 patients underwent upper endoscopy and esophageal 
capsule endoscopy. The capsule endoscopies were independently read by 
two blinded investigators. The accuracy of capsule endoscopy for diagnosis 
of esophageal varices was found to be 74% in determining the need for 
prophylaxis based on the presence of large varices. The sensitivity was 63% 
and the specificity was 82%. Inter-rater reliability was moderate for determining 
the need for prophylaxis. Intra-rater reliability was moderate for one reader and 
good for the other reader. 34% of patients studied had other findings seen at 
upper endoscopy that were not reliably diagnosed with capsule endoscopy, 
including gastric varices, gastric and duodenal polyps, esophagitis, and Barrett’s  
esophagus. Accuracy for diagnosis of portal hypertensive gastropathy was poor 
at only 57%.
Applications
Currently, the use of capsule endoscopy for variceal screening cannot be 
routinely recommended. Refinements to the capsule procedure may improve 
the accuracy in the future. Further studies are needed to verify these results.
Peer review
This paper details the use of esophageal capsule endoscopy for the diagnosis 
of esophageal varices. Two pilots studies suggested that capsule endoscopy 
may be useful for detection of large varices. In this largest cohort to date, we 
found that capsule endoscopy has a poor sensitivity in detecting large varices 
requiring prophylactic therapy. In addition, there is also poor inter- and intra-
observer agreement when using this method for grading esophageal varices. 
Finally, since three quarters of all patients do not prefer one method over the 
other, it appears that capsule endoscopy would have a limited role in diagnosis 
of esophageal varices. 

REFERENCES
1	 Merli M, Nicolini G, Angeloni S, Rinaldi V, De Santis A, 

Merkel C, Attili AF, Riggio O. Incidence and natural history 
of small esophageal varices in cirrhotic patients. J Hepatol 
2003; 38: 266-272

2	 Sanyal AJ, Fontana RJ, Di Bisceglie AM, Everhart JE, 
Doherty MC, Everson GT, Donovan JA, Malet PF, Mehta 
S, Sheikh MY, Reid AE, Ghany MG, Gretch DR, Halt-C 
Trial Group. The prevalence and risk factors associated 
with esophageal varices in subjects with hepatitis C and 
advanced fibrosis. Gastrointest Endosc 2006; 64: 855-864

3	 Zaman A, Hapke R, Flora K, Rosen H, Benner K. Prevalence 
of upper and lower gastrointestinal tract findings in liver 
transplant candidates undergoing screening endoscopic 
evaluation. Am J Gastroenterol 1999; 94: 895-899

4	 de la Mora-Levy JG, Baron TH. Endoscopic management of 
the liver transplant patient. Liver Transpl 2005; 11: 1007-1021

5	 Qureshi W, Adler DG, Davila R, Egan J, Hirota W, Leighton 
J, Rajan E, Zuckerman MJ, Fanelli R, Wheeler-Harbaugh 
J, Baron TH, Faigel DO. ASGE Guideline: the role of 
endoscopy in the management of variceal hemorrhage, 
updated July 2005. Gastrointest Endosc 2005; 62: 651-655

6	 Prediction of the first variceal hemorrhage in patients with 
cirrhosis of the liver and esophageal varices. A prospective 
multicenter study. The North Italian Endoscopic Club for 
the Study and Treatment of Esophageal Varices. N Engl J 
Med 1988; 319: 983-989

7	 Grace ND, Groszmann RJ, Garcia-Tsao G, Burroughs AK, 
Pagliaro L, Makuch RW, Bosch J, Stiegmann GV, Henderson 
JM, de Franchis R, Wagner JL, Conn HO, Rodes J. Portal 
hypertension and variceal bleeding: an AASLD single topic 
symposium. Hepatology 1998; 28: 868-880

8	 Bendtsen F ,  Skovgaard LT, Sorensen TI, Matzen P. 
Agreement among multiple observers on endoscopic 
diagnosis of esophageal varices before bleeding. Hepatology 
1990; 11: 341-347

9	 Reliability of endoscopy in the assessment of variceal 
features. The Italian Liver Cirrhosis Project. J Hepatol 1987; 
4: 93-98

10	 Eisen GM, Eliakim R, Zaman A, Schwartz J, Faigel D, 
Rondonotti E, Villa F, Weizman E, Yassin K, deFranchis 
R. The accuracy of PillCam ESO capsule endoscopy 
versus conventional upper endoscopy for the diagnosis of 
esophageal varices: a prospective three-center pilot study. 
Endoscopy 2006; 38: 31-35

11	 Lapalus MG, Dumortier J, Fumex F, Roman S, Lot M, Prost 
B, Mion F, Ponchon T. Esophageal capsule endoscopy 
versus esophagogastroduodenoscopy for evaluating 
portal hypertension: a prospective comparative study of 
performance and tolerance. Endoscopy 2006; 38: 36-41

12	 Idezuki Y. General rules for recording endoscopic findings 
of esophagogastric varices (1991). Japanese Society for Portal 
Hypertension. World J Surg 1995; 19: 420-422; discussion 423

13	 Thuluvath PJ, Yoo HY. Portal Hypertensive gastropathy. 
Am J Gastroenterol 2002; 97: 2973-2978

14	 Stewart CA, Sanyal AJ. Grading portal gastropathy: 
validation of  a  gastropathy scoring system. Am J 
Gastroenterol 2003; 98: 1758-1765

15	 Cohen J. Weighted kappa: nominal scale agreement with 
provision for scaled disagreement or partial credit. Psychol 
Bull 1968; 70: 213-220

16	 Fleiss JL, Levin BA, Levin B, Paik MC. Statistical Methods 
for Rates and Proportions. 3rd ed. New York: John Wiley, 
1981: 384

17	 Landis JR, Koch GG. The measurement of observer 
agreement for categorical data. Biometrics 1977; 33: 159-174

18	 Imperiale TF, Chalasani N. A meta-analysis of endoscopic 
variceal ligation for primary prophylaxis of esophageal 
variceal bleeding. Hepatology 2001; 33: 802-807

19	 Schepke M, Kleber G, Nurnberg D, Willert J, Koch L, 
Veltzke-Schlieker W, Hellerbrand C, Kuth J, Schanz S, Kahl 
S, Fleig WE, Sauerbruch T. Ligation versus propranolol for 
the primary prophylaxis of variceal bleeding in cirrhosis. 
Hepatology 2004; 40: 65-72

www.wjgnet.com

4484      ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol     July 28, 2008      Volume 14    Number 28



20	 Lui HF, Stanley AJ, Forrest EH, Jalan R, Hislop WS, Mills 
PR, Finlayson ND, Macgilchrist AJ, Hayes PC. Primary 
prophylaxis of variceal hemorrhage: a randomized 
controlled trial comparing band ligation, propranolol, and 
isosorbide mononitrate. Gastroenterology 2002; 123: 735-744

21	 Khuroo MS, Khuroo NS, Farahat KL, Khuroo YS, Sofi AA, 
Dahab ST. Meta-analysis: endoscopic variceal ligation for 
primary prophylaxis of oesophageal variceal bleeding. 
Aliment Pharmacol Ther 2005; 21: 347-361

22	 Arguedas MR, McGuire BM, Fallon MB, Abrams GA. 
The use of screening and preventive therapies for 
gastroesophageal varices in patients referred for evaluation 
of orthotopic liver transplantation. Am J Gastroenterol 2001; 
96: 833-837

23	 Hapke R ,  Zaman A, Benner KG, Flora K, Rosen H. 
Prevention of first variceal hemorrhage-a survey of 
community practice patterns. Hepatology 1997; 26: A30 
(abstract)

24	 Kane L, Kahaleh M, Shami VM, Caldwell SH, Berg CL, 
Abdrabbo KM, Yoshida CM, Arseneau KO, Yeaton P. 
Comparison of the grading of esophageal varices by 
transnasal endoluminal ultrasound and esophagogastroduo
denoscopy. Clin Gastroenterol Hepatol 2005; 3: 806-810

25	 Giannini EG, Zaman A, Kreil A, Floreani A, Dulbecco P, 
Testa E, Sohaey R, Verhey P, Peck-Radosavljevic M, Mansi 
C, Savarino V, Testa R. Platelet count/spleen diameter 
ratio for the noninvasive diagnosis of esophageal varices: 
results of a multicenter, prospective, validation study. Am J 

Gastroenterol 2006; 101: 2511-2519
26	 Kim SH, Kim YJ, Lee JM, Choi KD, Chung YJ, Han JK, Lee 

JY, Lee MW, Han CJ, Choi JI, Shin KS, Choi BI. Esophageal 
varices in patients with cirrhosis: multidetector CT 
esophagography--comparison with endoscopy. Radiology 
2007; 242: 759-768

27	 Sanchez-Yague A, Caunedo-Alvarez A, Garcia-Montes 
JM, Romero-Vazquez J, Pellicer-Bautista FJ, Herrerias-
Gutierrez JM. Esophageal capsule endoscopy in patients 
refusing conventional endoscopy for the study of suspected 
esophageal pathology. Eur J Gastroenterol Hepatol 2006; 18: 
977-983

28	 Eliakim R, Yassin K, Shlomi I, Suissa A, Eisen GM. A novel 
diagnostic tool for detecting oesophageal pathology: the 
PillCam oesophageal video capsule. Aliment Pharmacol Ther 
2004; 20: 1083-1089

29	 Eliakim R, Sharma VK, Yassin K, Adler SN, Jacob H, 
Cave DR, Sachdev R, Mitty RD, Hartmann D, Schilling 
D, Riemann JF, Bar-Meir S, Bardan E, Fennerty B, Eisen 
G, Faigel D, Lewis BS, Fleischer DE. A prospective study 
of the diagnostic accuracy of PillCam ESO esophageal 
capsule endoscopy versus conventional upper endoscopy 
in patients with chronic gastroesophageal reflux diseases. J 
Clin Gastroenterol 2005; 39: 572-578

30	 Gralnek IM, Rabinovitz R, Afik D, Eliakim R. A simplified 
ingestion procedure for esophageal capsule endoscopy: 
initial evaluation in healthy volunteers. Endoscopy 2006; 38: 
913-918

S- Editor  Zhong XY    L- Editor  Li M    E- Editor  Ma WH

www.wjgnet.com

Frenette CT et al . Capsule endoscopy and esophageal varices		                           		                 4485



Online Submissions: wjg.wjgnet.com                                                                                                           World J Gastroenterol  2008 July 28; 14(28): 4486-4491
wjg@wjgnet.com                                                                                                                             World Journal of Gastroenterology  ISSN 1007-9327
doi:10.3748/wjg.14.4486                                                                                                                                                © 2008 The WJG Press. All rights reserved.

Association between calcium sensing receptor  gene 
polymorphisms and chronic pancreatitis in a US population: 
Role of serine protease inhibitor Kazal 1type and alcohol

Venkata Muddana, Janette Lamb, Julia B Greer, Beth Elinoff, Robert H Hawes, Peter B Cotton, 
Michelle A Anderson, Randall E Brand, Adam Slivka, David C Whitcomb

 RAPID COMMUNICATION

www.wjgnet.com

Venkata Muddana, Janette Lamb, Julia B Greer, Beth 
Elinoff, Adam Slivka, David C Whitcomb, Division of 
Gastroenterology, Hepatology and Nutrition, Department of 
Medicine, University of Pittsburgh Medical Center, Pittsburgh 
PA 15213, United States
David C Whitcomb, Department of Human Genetics, 
University of Pittsburgh, Pittsburgh PA 15213, United States
Robert H Hawes, Peter B Cotton, Digestive Disorder Center, 
Medical University of South Carolina, Charleston SC 29403, 
United States
Michelle A Anderson, Department of Medicine, University of 
Michigan Medical Center, Ann Arbor MI 48109, United States
Randall E Brand, Department of medicine, Northwestern 
University, and Currently at University of Pittsburgh Medical 
Center, Pittsburgh PA 15213, United States
Supported by NIH R01 DK061451 (DCW) and Andrew and 
Michelle Aloe
Author contributions: Muddana V: Study design, development 
of study methodology, data analysis, drafting the original 
manuscript and reviewing the final manuscript; Lamb J: Method 
development, data analysis, manuscript editing and review; 
Greer JB: Data analysis, reviewing, editing and writing of the 
final manuscript; Elinoff B: Study coordination, clinical data 
management and analysis, review of final manuscript; Hawes 
RH: Site PI, subject phenotyping, clinical data collection 
and analysis, review of final manuscript; Cotton PB: Subject 
phenotyping, clinical data collection and analysis, review of final 
manuscript; Anderson MA: Site PI, subject phenotyping, clinical 
data collection and analysis, review of final manuscript; Brand 
RE: Site PI, subject phenotyping, clinical data collection and 
analysis, review of final manuscript; Slivka A: Site PI, subject 
phenotyping, clinical data collection and analysis, review of final 
manuscript; Whitcomb DC: Study design, method development, 
data analysis, manuscript review and editing. 
Correspondence to: David C Whitcomb, MD, PhD, Division 
of Gastroenterology, Hepatology and Nutrition, Department of 
Medicine, University of Pittsburgh Medical Center, Mezzanine 
Level 2, C Wing, 200 Lothrop Street, Pittsburgh PA 15213, 
United States.whitcomb@pitt.edu
Telephone: +1-412-6489604  Fax: +1-412-3837236
Received: April 11, 2008        Revised: July 15, 2008
Accepted: July 22, 2008
Published online: July 28, 2008

Abstract
AIM: To test the hypothesis that calcium sensing 
receptor (CASR ) polymorphisms are associated with 
chronic pancreatitis (CP), and to determine whether 
serine protease inhibitor Kazal 1type  (SPINK1) N34S or 

alcohol are necessary co-factors in its etiology.
METHODS: Initially, 115 subjects with pancreatitis 
and 66 controls were evaluated, of whom 57 patients 
and 21 controls were predetermined to carry the 
high-risk SPINK1  N34S polymorphism. We sequenced 
CASR gene exons 2, 3, 4, 5 and 7, areas containing 
the majority of reported polymorphisms and novel 
mutations. Based on the initial results, we added 223 
patients and 239 controls to analyze three common 
nonsynonymous single nucleotide polymorphisms 
(SNPs) in exon 7 (A986S, R990G, and Q1011E). 
RESULTS: The CASR exon 7 R990G polymorphism 
was significantly associated with CP (OR, 2.01; 95% 
CI, 1.12-3.59; P  = 0.015). The association between 
CASR R990G and CP was stronger in subjects who 
reported moderate or heavy alcohol consumption (OR, 
3.12; 95% CI, 1.14-9.13; P  = 0.018). There was no 
association between the various CASR genotypes and 
SPINK1  N34S in pancreatitis. None of the novel CASR 
polymorphisms reported from Germany and India was 
detected.
CONCLUSION: Our United States-based study 
confirmed an association of CASR and CP and for 
the first time demonstrated that CASR R990G is a 
significant risk factor for CP. We also conclude that the 
risk of CP with CASR R990G is increased in subjects 
with moderate to heavy alcohol consumption.
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INTRODUCTION
Chronic pancreatitis (CP) is a debilitating, inflammatory 
disease of  the pancreas, characterized by progressive 
organ destruction and fibrosis. CP results in profound 
exocrine and endocrine insufficiency and, in many cases, 
intractable, chronic pain. As a complex disorder, CP 
can develop from a variety of  etiologies with multiple 
pathological pathways[1]. For several years, alcohol abuse 
has been considered the most likely causative agent for 
CP in Western countries, although etiologies including 
toxic, metabolic (hypercalcemia, hyperlipidemia), genetic 
mutations, autoimmune, and duct obstruction, have also 
been implicated[2,3].

Consistent experimental evidence links elevated acinar 
cell calcium levels with acute pancreatitis in association 
with premature trypsinogen activation to trypsin [4]. 
Recurrent acute pancreatitis (RAP), as illustrated in patients 
with hereditary and sporadic pancreatitis, can lead to 
CP[5-7]. Hypercalcemia itself  has been associated with the 
development and complications of  CP[2]. Recent studies 
from Germany and India have reported that novel calcium 
sensing receptor (CASR) gene mutations in combination with 
the presence of  serine protease inhibitor Kazal 1type (SPINK1) 
N34S increased the risk of  CP[8-10]. The SPINK1 N34S 
“high-risk haplotype” is strongly associated with CP, but 
only a limited portion of  mutation carriers develop CP 
during their life time, suggesting that additional factors are 
necessary to develop this complex disorder[11,12].

CASR is a member of  the G-protein-coupled receptor 
(GPCR) superfamily[13]. CASR plays an important role in 
calcium homeostasis, as is reflected in its expression by 
cells of  the parathyroid gland and renal tubules that are 
involved in calcium metabolism. CASR has been identified 
in both human pancreatic acinar and ductal cells, as well 
as in various non-exocrine cells[14], although its functional 
significance in the pancreas has not been determined.

The human CASR gene is located on chromosome 
3q 13.3-21[15,16]. CASR possesses a coding region of  
3234 base pairs (bp) which is contained within 6 of  
the seven exons that make up the gene. One hundred 
and twelve functional mutations (40 activating and 72 
inactivating) have been described in the CASR mutation 
database related to familial hypocalciuric hypercalcemia 
(FHH), neonatal severe primary hyperparathyroidism 
(NSHPT), and autosomal dominant hypocalcemia (ADH) 
families as well as in de-novo disease[17]. In addition, single 
activating or inactivating CASR mutations may cause 
hypercalcemic or hypocalcemic disorders[18,19]. 

We hypothesized that CASR polymorphisms are 
associated with the development of  CP and that SPINK1 
N34S mutations or alcohol may be important co-factors 
in its etiology. We tested this hypothesis by evaluating 
subjects with RAP, CP and healthy controls with known 
SPINK1 genotypes and alcohol intake for common and 
novel CASR polymorphisms in exons 2, 3, 4, 5 and 7.

MATERIALS AND METHODS
Study population 
Subjects were recruited from the North American 

Pancreatic Study2 (NAPS2). The NAPS2 study is a 
multicenter, molecular epidemiology study designed 
to evaluate the genetic and environmental factors 
predisposing to recurrent acute pancreatitis (RAP) and 
CP. Detailed description of  methods are presented 
elsewhere[20]. The subjects were stratified into alcohol 
categories based on self-reported average number of  
drinks consumed per week during the period of  heaviest 
lifetime drinking. Alcohol categories were defined based 
on the drinking pattern as: (1) abstainers: no alcohol 
use or < 20 drinks in lifetime; (2) light drinkers: ≤ 3 
drinks/week; (3) moderate drinkers: 4-7 drinks/week for 
females; 4-14 drinks/week for males; (4) heavy drinkers; 
8-34 drinks/week for females; 15-34 drinks/week for 
males; (5) very heavy drinkers: ≥ 35 drinks/week for 
both males and females. For analysis, alcohol drinking 
categories were combined into 3 groups based on their 
risk for causing CP: (1) abstainers and light drinkers 
were considered very low risk, (2) moderate and heavy 
drinkers were considered moderate risk, and (3) very 
heavy drinkers were considered substantial risk[20].

One hundred and fifteen affected individuals and 
66 controls were selected initially from four sites of  the 
NAPS2 cohort. These subjects were selected based on 
the presence or absence of  SPINK1 N34S mutations, of  
which 57 patients and 21 controls were determined by 
previous genetic analysis to carry the high-risk SPINK1 
mutation. From the twenty site NAPS2 consortium, 219 
affected subjects and 239 controls were later screened 
for the three common nonsynonymous single nucleotide 
polymorphisms (SNPs) seen in the coding region of  the 
intracellular CASR tail in exon 7 which appeared to be 
the region of  interest. These were A986S (rs # 1801725), 
R990G (rs # 1042636), and Q1011E (rs # 1801726).

DNA preparation and mutation analysis
Genomic DNA was extracted from whole blood as 
described[20]. PCR primers were designed for CASR 
gene exons 2, 3, 4, 5 and 7, which contains most of  the 
commonly seen activating and inactivating mutations as 
well as the novel mutations found in Germany and India 
(Table 1). Exons 4 and 7 were lengthy and thus were 
divided into 2 and 4 fragments respectively.

PCR was performed in a total volume of  25 µL; 
200 nmol of  forward and reverse primer, 200 µmol of  
dNTP and 1 × PCR Buffer Ⅱ (ABI, CA) with 10 ng of  
DNA. Amplification settings were 95℃ for 12 min × 
1 cycle, 95℃ for 30 s, annealing temperature (Table 1)  
× 20 s and 72℃ × 20 s for 35 cycles and 72℃ for  
2 min × 1 cycle. Annealing temperatures and magnesium 
concentrations for different primers are shown in 
Table 1. PCR amplification products were purified with 
exonuclease Ⅰ (NEB, Beverley, MA) and shrimp alkaline 
phosphatase (Roche Diagnostics, Indianapolis, IN) 
according to the manufacturer’s recommendations. Cycle 
sequencing was performed using the ABI Prism Big Dye 
Terminator Sequencing Kit v3.1 diluted 1:8 (ABI, Foster 
City, CA) using the appropriate PCR primers. Products 
from the sequencing reaction were purified by ethanol 
EDTA precipitation. Sequence products were run on 



an ABI Prism 3730 Genetic Analyzer and sequence data 
were analyzed using Sequencher 4.7 (Gene Codes Corp., 
Ann Arbor, MI)[5,21].

Statistical analysis
Genotype frequencies were assessed for Hardy-Weinberg 
equilibrium. The frequencies of  genotypes among cases 
and controls were compared using Chi square test or the 
Fisher’s exact test when appropriate. Odds ratio (OR) 
and 95% confidence intervals (95% CI) for genotypes 
were calculated using an autosomal dominant model. 
For all statistical comparisons, P < 0.05 was considered 
significant.

RESULTS
Subject demographics and alcohol drinking patterns are 
given in Table 2. The proportion of  subjects reporting a 
moderate or heavy alcohol drinking pattern was similar 
between patients and controls. Of  the 334 patients with 
pancreatitis, 219 (66%) had CP and 115 (34%) had RAP. 

The initial study consisted of  115 patients (CP = 82 

and RAP = 33) and 66 controls, of  which 57 patients 
(CP = 47 and RAP = 10) and 21 controls carried the 
SPINK1 N34S high risk haplotype. Of  the 58 patients 
without SPINK1 N34S, 35 were diagnosed with CP and 
23 had RAP.

The genotype frequencies were found to be in 
Hardy-Weinberg equilibrium. The R990G polymorphism 
(AGG→ GGG transition) in exon 7 of  the CASR gene, 
the G allele was more common among CP patients (n = 
35) than controls (n = 45), but only in subjects without 
SPINK1 N34S. In comparing CP patients (n = 47) and 
controls (n = 21) with SPINK1 N34S, there was a non-
significant trend towards an increased occurrence of  
the G allele in patients (OR, 4.03; 95% CI, 0.48-190.8, 
P = 0.255). One limitation of  this study was the small 
number of  SPINK1 N34S subjects for comparison; 
Therefore, caution must be exercised before this 
association is either accepted or rejected.

From the 112 mutations reported previously, the 
following three mutations--E191E, Y440C and A746A 
were each observed once in CP patients with SPINK1 
N34S. Another mutation, P748P, was identified in two 
CP patients without SPINK1 N34S. Recently identified 
novel CASR mutations from Germany and India seen 
in exons 3 (P163R), 4 (L173P, F391F, I425S, D433H), 5 
(V477A) and 7 (E870E, R896E)[8-10] were not observed in 
either patients or controls. Two intronic polymorphisms 
493-94 C>T and 493-134 T>C included in exon 4 
amplicon occurred with similar frequency in CP patients 
and controls, both with and without SPINK1 N34S 
polymorphisms.

Secondarily, 219 patients (137 CP and 82 RAP) and 239 
controls from the NAPS2 study who did not carry SPINK1 
N34S were analyzed to test the association of  CASR 
A990G and CP. This ancillary analysis confirmed that the 
R990G was significantly associated with CP, as shown in 
Table 3 (OR, 2.01; 95% CI, 1.12-3.59; P = 0.015). The 
frequencies of  R990G among RAP patients and controls, 
with and without SPINK1 N34S were similar. There was 

Table 1  Polymerase chain reaction primer pairs, magnesium concentration and annealing 
temperatures used for genetic analysis of the CASR gene

Scanning region Forward and reverse primer sequences MgCl2 (mmol/L) Annealing temperature (℃)

Exon 2 5´-ACCACCCACATTACAAGTC-3´ 2.5 55
5´-GCTTTTCTCCAACCACTCAG-3´

Exon 3 5´-ATGAAGCCAGAGAGTAGTAAC-3´ 2.5 58
5´-TAAACCGTATGGCTATTGGG-3´

Exon 4a 5´-GCTTTTCCTTACCCTTTCTTTCATC-3´               2 58
5´-ATCACCTCTACCACATGCTG-3´

Exon 4b 5´-CAGATCTTGAGCCCCTCATC-3´              2 59
5´-GCAGCCCAACTCTGCTTTAT-3´

Exon 5 5´-TGGGGCTTGTACTCATTCTT-3´ 1.5 59
5´-CTGGTTTTCTGATGGACAGC-3´

Exon 7a 5´-CACACAATAACTCACTCTTCAC-3´ 2.0 61
5´-CAGAGGAAAACCAGCAGGAAC-3´

Exon 7b 5´-AAAACCAACCGTGTCCTCCTG-3´ 1.0 53
5´-ATGGCAATCACCTCTACGGC-3´

Exon 7c 5´-GCTCATCTTCTTCATCGTCTGG-3´ 1.0 58
5´-CGTATCGCTGCTTTTCTGGG-3´

Exon 7d 5´-CCCAGCAAGAGCAGCAG-3´ 1.0 58
5´-ACAACTCTTCAGGGTCCTCC-3´

Table 2  Participant characteristics

Demographic CP (n  = 219) RAP (n  = 115) Controls (n  = 305)

Age, mean (SD)       45.3 (18.1)       46.1 (16.2)       54.7 (14.5)
Race, % White         91          91              94
Sex (M/F)      125/94          49/66            121/184
Alcohol drinking pattern (%)
   Abstainers    45 (22.5) 30 (27) 72 (25)
   Light 38 (19) 26 (23) 83 (28)
   Moderate 34 (17) 22 (20) 56 (19)
   Heavy    39 (19.5) 20 (18) 58 (20)
   Very heavy 44 (22) 13 (12)              23 (8)

CP: Chronic pancreatitis; RAP: Recurrent acute pancreatitis; SD: Standard 
deviation. Abstainers: No alcohol use or < 20 drinks in lifetime; Light: < 3 
drinks/week; Moderate: 4-7 drinks/week for females, 4-14 drinks/week 
for males; Heavy; 8-34 drinks/week for females, 15-34 drinks/week for 
males; Very heavy: > 35 drinks/week.
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no difference in A986S and Q1011E polymorphisms 
among RAP and CP patients, and controls.

To determine if  the risk was modified with alcohol use 
we compared CASR R990G genotypes in subjects with 
moderate and heavy alcohol drinking pattern. CP was 
strongly associated with the CASR R990G in moderate 
and heavy alcohol drinkers, as is demonstrated in Table 4 
(OR, 3.12; 95% CI, 1.14-9.13; P = 0.018). No association 
was observed with this particular polymorphism in 
abstainers or in subjects with self-reported light or very 
heavy alcohol drinking patterns. 

DISCUSSION
In the past, CP was commonly attributed to heavy alcohol 
consumption. More recent studies, however, suggest there 
is also a strong genetic basis for this illness[22]. Growing 
knowledge of  complex gene-environment interactions has 

provided fundamental insight into the pathophysiological 
mechanisms that result in fibrotic destruction of  the 
pancreas[11,23-25]. Studies from Germany and India have 
recently identified 8 novel CASR mutations that were 
associated with SPINK1 N34S in idiopathic and tropical 
CP subjects. Our study did not detect these novel CASR 
mutations. However, we were able to demonstrated and 
verify that CASR R990G confers significant risk for 
developing of  CP especially when linked to moderate and 
heavy alcohol consumption.

Three common nonsynonymous SNPs are located 
in the region coding the intracellular tail of  CASR[26] 
and play an important role in cellular signal transduction 
that alters serum ionized calcium level[27,28]. Previously, 
it was reported that individuals carrying the 990 
variant G allele may experience very mild decrease 
in serum ionized calcium levels from 4.92 mg/dL to  
4.84 mg/dL[28]. Although serum ionized calcium levels 

Table 3  Genotype analysis of CASR R990G polymorphism in patients and controls

Patients Controls     P1          OR (95% CI)
CP patients vs controls without SPINK1 N34S (%)
   AA 140 (82) 255 (90)
   AG   31 (18)   28 (10)
   GG    1 (1)      1 (0.5)
   AA vs AG/GG     0.015         2.01 (1.12-3.59)
RAP patients vs controls without SPINK1 N34S (%)
   AA   93 (89) 255 (90)
   AG 10 (9)   28 (10)
   GG    2 (2)      1 (0.5)
   AA vs AG/GG     0.712         1.28 (0.67-2.47)
SPINK1 N34S positive CP patients vs controls (%)
   AA   39 (83)   20 (95)
   AG     8 (17)   1 (5)
   GG            0            0
   AA vs AG/GG     0.255           4.1 (0.48-35.14)

CP: Chronic pancreatitis; RAP: Recurrent acute pancreatitis. SPINK1: Serine protease Kazal type 1 gene. 1Fisher 
exact test.

Patients Controls    P1        OR (95% CI)
A/L Alcohol CP patients vs controls (%)
   AA 69 (83) 136 (88)
   AG 13 (16)   18 (11)
   GG 1 (1)   1 (1)
   AA vs  AG/GG  0.332         1.45 (0.69-3.07)
M/H Alcohol CP patients vs controls (%)  
   AA 59 (81) 106 (93)
   AG 14 (19)   8 (7)  
   GG           0            0  
   AA vs  AG/GG  0.018         3.12 (1.14-9.13)
VH Alcohol CP patients vs  controls (%)  
   AA 37 (84)   21 (91)
   AG 7 (16)   2 (9)  
   GG          0            0  
   AA vs  AG/GG  0.708         1.99 (0.38-0.45)

A: Abstainer; L: Light; M: Moderate; H: Heavy; VH: Very heavy. Alcohol categories: Abstainers: No alcohol use 
or < 20 drinks in lifetime; Light drinkers: < 3 drinks/week; Moderate drinkers: 4-7 drinks/week for females, 4-14 
drinks/week for males; Heavy drinkers: 8-34 drinks/week for females, 15-34 drinks/week for males; Very heavy 
drinkers: > 35 drinks/week. 1Fisher’s exact test. 

Table 4  CASR genotype comparison for R990G polymorphism in CP patients and controls with 
similar alcohol drinking patterns

Muddana V et al . CASR polymorphisms and chronic pancreatitis                                                                   4489

www.wjgnet.com



alter the cytosolic calcium ion concentrations in acinar 
cells in a concentration-dependent manner, and may alter 
the risk of  acute pancreatitis[29,30], the CASR R990G allele 
associated with increased risk of  CP should slightly reduce 
the risk of  acute pancreatitis. Furthermore, the magnitude 
of  change in serum calcium levels due to CASR R990G 
alone is small, and it is difficult to imagine that this small 
change would, by itself, significantly alter the risk of  acute 
pancreatitis. Indeed, our data suggests that CASR R990G 
is associated with CP rather than RAP. Our speculation 
is that CASR R990G might induce direct changes in 
the acinar and ductal cells that increase the risk for CP. 
However, the mechanism remains unknown. 

Interestingly, while 55%-80% of  pancreatitis cases 
may be attributed to alcohol abuse, less than 5% of  
heavy alcohol users develop pancreatitis[31]. Alcohol abuse 
may not be the sole risk for the development of  CP[32]; 
rather alcoholic CP is likely the result of  an interaction 
of  several co-factors[2]. It has been demonstrated that 
chronic alcohol consumption accelerates fibrosis in 
response to cerulein-induced CP in rats[33]. Alcohol 
metabolites in pancreatic acinar cells induce persistent 
cytosolic Ca2+ signals in a concentration-dependent 
manner and depolarize mitochondria. 

The discovery and characterization of  a genetic cause 
of  hereditary pancreatitis generated renewed interest in a 
possible genetic predisposition to alcoholic CP[34]. Several 
CP-related gene mutations have been described previously 
with CFTR, PRSS1, SPINK1 and others[35]. Our study also 
demonstrates the association of  CASR R990G with CP, 
especially with moderate and heavy alcohol consumption. 
The presence of  CASR R990G alone doubled the risk 
of  developing CP, while in those individuals reporting 
moderate and heavy alcohol consumption, the risk was 
increased by 3-fold. Our hypothesis for testing CASR 
R990G in subjects with moderate and heavy drinking 
patterns is that this group represented a “threshold” 
alcohol pancreatitis risk group in which the addition of  
another risk factor would increase the overall risk of  
developing CP. The risk of  CP in subjects with CASR 
R990G but with minimal or no alcohol consumption 
would be lower, while very heavy drinkers would be 
at high risk, regardless of  the CASR genotype. Our 
experimental findings support this hypothesis.

The novel CASR gene mutations that were identified 
in German and Indian populations appeared to be 
closely associated with the SPINK1 N34S haplotype. We 
did not detect these, or other novel CASR mutations, 
and our study was not powered to demonstrate an 
interaction between SPINK1 N34S and CASR R990G. 
On the other hand, it was not clear whether or not 
the German and Indian studies tested for an effect 
of  alcohol in a “threshold” dose range. However, 
both studies suggest that the overall effect of  CASR 
polymorphisms are relatively small, and become clinically 
significant in the presence of  additional risk factors in 
an additive or multiplicative way. This is consistent with 
current concepts that CP is a complex syndrome. 

The present study confirmed the association of  
CASR genetic variants with CP. Our genotyping results 

in a US population were different from those reported 
from Germany and India. CASR R990G significantly 
increased the risk of  developing CP and this effect 
was enhanced in subjects who consumed alcohol in a 
moderate to heavy dose range. Certain polymorphisms 
in the CASR gene may be considered risk factors for 
the development of  CP, especially within the context 
of  alcohol consumption. The relationship with SPINK1 
mutations warrants further study.
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 COMMENTS
Background
Chronic pancreatitis is a highly morbid, complex disease whose development 
depends on the combination of genetic and environmental factors. Elucidating 
the genetic links to this illness is critical in diagnosis, treatment and risk 
assessment.
Research frontiers 
This study adds another gene to the growing number of genetic and other 
factors that confers increased risk of chronic pancreatitis. As new factors 
continue to be identified and confirmed, the emphasis will turn to integrating 
these risks, using systems approaches, as described in reference #1.
Innovations and breakthroughs
This study is one of the first to consider the complexity of gene-environment 
and gene-gene interactive paradigms by evaluating alcohol consumption and 
serine protease inhibitor Kazal 1type (SPINK1) N34S variants with calcium 
sensing receptor (CASR) polymorphisms. The confirmation of CASR genetic 
variants as risk factors for chronic pancreatitis strengthens the importance of 
dysfunctional calcium regulating genes in the etiology of pancreatitis.  
Application
With the inclusion of associated CASR polymorphisms in comprehensive 
evaluation of selected patients, we may improve the accuracy of overall 
pancreatitis risk prediction and may be able to provide a target for preventive 
approaches and possible treatment options.
Peer review
Our peer reviewers noted this brief manuscript to be well-developed and well-
written. They felt that the abstract was clear and the hypothesis being tested 
and methodology were sound and well presented.
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adenomas or advanced adenomas responded better to 
folic acid supplementation. 
CONCLUSION: High dose folic acid supplementation is 
associated with a significant reduction in the recurrence 
of colonic adenomas suggesting that folic acid may 
be an effective chemopreventive agent for colorectal 
neoplasia.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal cancer is the second most common cancer in 
the United States[1]. Although the etiology of  this disease 
is related to genetic susceptibility, dietary factors such 
as vitamins and micronutrients are thought to influence 
carcinogenesis[2]. Considerable interest has recently been 
focused on the water soluble vitamin folic acid. Although 
the specific mechanism(s) by which folate deficiency 
enhances colorectal carcinogenesis have not been fully 
elucidated, it has been hypothesized that aberrations in 
DNA methylation may contribute to abnormalities in 
DNA synthesis and genomic instability[3]. 

Several clinical trials have noted an inverse relationship 
between dietary fol ic acid and the development 
of  colorectal cancer[4-7]. A folate deficient diet is 
thought to increase the risk of  colonic neoplasia[8-11], 
whereas supplementation of  this nutrient may be 
chemopreventive[12-15]. However, the timing of  folate 
supplementation may be particularly important since 
folate intervention after the establishment of  microscopic 
neoplastic foci in the colorectal mucosa may promote 
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Abstract
AIM: To determine whether folic acid supplementation 
will reduce the recurrence of colorectal adenomas, 
the precursors of colorectal cancer, we performed a 
double-blind placebo-controlled trial in patients with 
adenomatous polyps. 
METHODS: In the current double-blind, placebo-
controlled trial at this VA Medical Center, patients with 
colorectal adenomas were randomly assigned to receive 
either a daily 5 mg dose of folic acid or a matched 
identical placebo for 3 years. All polyps were removed 
at baseline colonoscopy and each patient had a follow 
up colonoscopy at 3 years. The primary endpoint was 
a reduction in the number of recurrent adenomas at 3 
years. 
RESULTS: Of 137 subjects, who were eligible after 
confirmation of polyp histology and run-in period to 
conform compliance, 94 completed the study; 49 in 
folic acid group and 45 in placebo group. Recurrence 
of adenomas at 3-year was compared between the 
two groups. The mean number of recurrent polyps 
at 3-year was 0.36 (SD, 0.69) for folic acid treated 
patients compared to 0.82 (SD, 1.17) for placebo 
treated subjects, resulting in a 3-fold increase in 
polyp recurrence in the placebo group. Patients below 
70 years of age and those with left-sided colonic 
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rather than suppress colorectal carcinogenesis[16].
Accumulating data from murine studies have also 

supported a role for folic acid in the prevention of  
colon carcinogenesis. Folate deficient rats demonstrate 
an increased susceptibility to dimethylhydrazine induced 
colonic neoplasia as compared to folate replete animals[10]. 
In a similar model, folate supplementation protected 
against the development of  colonic neoplastic lesions 
in a dose dependent manner[17]. We have previously 
demonstrated that folic acid supplementation can reduce 
the age-related susceptibility of  murine colorectal mucosa 
to a colonic carcinogen[18]. In the azoxymethane-induced 
colon cancer rat model, supplemental folic acid has also 
been shown to decrease the formation of  aberrant crypt 
foci, which are considered to be precursors of  colorectal 
adenomas and carcinoma[19,20]. Additionally, in vitro studies 
have further demonstrated that supplemental folic acid 
greatly inhibits proliferation of  colon cancer cells[21,22]. 

Although these studies suggest a chemopreventive role 
for folic acid in colorectal cancer, to the best of  our 
knowledge, no conclusive long-term clinical trials have 
been performed to evaluate the efficacy of  folic acid 
in preventing the recurrence of  colorectal adenomas. 
The current 3-year placebo-controlled clinical trial was, 
therefore, undertaken to test the hypothesis that folic acid 
will inhibit the recurrence of  colorectal adenomas.

MATERIALS AND METHODS
Objectives
The primary objective of  this chemopreventive trial is to 
determine if  supplementation of  folic acid for 3 years will 
inhibit the recurrence of  colorectal adenomas. The study 
was initiated in December, 1998 with a 2-year patient 
accrual followed by a 3-year treatment with folic acid 
(5 mg/d) or placebo. The study was completed in June, 
2005. The study protocol was approved by the Human 
Investigation Committee of  Wayne State University. All 
subjects provided written informed consent.

Study subjects and treatment
Eligible subjects were male or female, from the age of  
18-80 years. However, the youngest subject enrolled in this 
clinical trial was 44 years of  age. All subjects underwent a 
colonoscopy for colon polyps noted on screening flexible 
sigmoidoscopy or as routine surveillance for a history 
of  colon polyps at the Detroit VA Medical Center. Prior 
to colonoscopy, potential subjects agreed in advance 
to participate if  they were found to have at least one 
adenoma (tubular, tubulovillous, villous) > 0.5 cm, and had 
no exclusionary factors including hyperplastic histology of  
the index polyp. The histology of  all polyps was examined 
by a pathologist blinded to the sample coding. 

At study entry, all patients completed a lifestyle 
questionnaire. Nutritional assessment was evaluated by 
a registered dietitian using a Block Dietary Data System 
for California, Berkley. Nutrient intakes were computed 
according to the composition values from the U.S. 
Department of  Agriculture[23], supplemented with other 
sources[24]. 

E l ig ib le par t ic ipants underwent a complete 
colonoscopy and had a l l adenomas removed at 
colonoscopy (with at least one adenoma > 0.5 cm). They 
were then randomized in a double-blind trial to receive 
either a 5 mg folic acid tablet (Stanley Pharmaceutical, 
Toronto, Canada) or one identical placebo tablet 
(sucrose/fructose base) daily per oral with breakfast for 
3 years. Compliance was monitored by both pill count 
and telephone contact. Patients were seen or contacted 
by telephone every 90 d by the study coordinator to 
obtain pill counts, assess adverse events and to renew a 
90 d supply of  study medication. Patients were required 
to take ≥ 90% of  their prescribed study treatment. At 
the end of  3 years, a repeat colonoscopy was performed, 
and all identified polyps were removed endoscopically. 
Serum and RBC folate concentrations were monitored at 
baseline and every 6 mo. During the course of  the trial 
all adverse events including deaths were reported to the 
Institutional Review Board (IRB). 

Choice of folic acid dose
A 5 mg dose of  folic acid was chosen on the basis 
of  the previous observations that diets high in folate 
protect against the development of  colorectal neoplasia. 

Although lower doses of  folic acid (0.4-1 mg) resulted in 
a reduced relative risk of  neoplasia, the risk reduction did 
not achieve statistical significance[12,14]. Kim et al noted 
a significant increase in colonic mucosal and systemic 
folate concentrations in patients who were treated for 
1 year with 5 mg folic acid[25]. Folate supplementation, 
even at a dose of  15 mg/d, has been rarely associated 
with gastrointestinal or CNS adverse effects[26]. In 
addition, the high prevalence of  dietary supplementation 
of  folic acid (up to 1 mg/d) in the general population 
would have been a confounding variable.

Exclusion criteria
Subjects were excluded if  they had any of  the following 
criteria: severe co-morbid conditions, such as severe 
heart disease, cancer, or other diseases causing organ 
dysfunction or contraindications for colonoscopy and 
polypectomy. Subjects with gastrointestinal disorders 
that affect absorption or metabolism of  folic acid, B12 
deficiency, and hereditary predisposition to colorectal 
cancer were excluded. In addition, pregnant or nursing 
mothers were excluded. Sexually active females agreed to 
use an effective method of  birth control. Patients who 
drank more than 2 alcoholic drinks daily or who were 
regularly ingesting or anticipating chronic therapy with 
vitamin, mineral or any other nutritional supplement, 
steroids and non-steroidal anti-inflammatory drugs 
(excluding cardiopreventive aspirin doses), antineoplastic 
agents or folate were also excluded. Patients were asked 
if  they had a family history of  familial colorectal cancer 
syndrome. This question was asked to exclude obvious 
known history of  FAP or HNPCC.

Placebo run-in
Subjects were supplied with a known number of  placebo 



tablets to be taken daily during breakfast for 4 wk. Those 
who had taken ≥ 90% of  their tablets were randomized. 

Randomization and stratification
Participants were randomized to the folic acid or 
placebo group using a stratified randomization block 
scheme. There were 3 stratification factors: number of  
adenomas (1, 2-5 and ≥ 6), size of  the largest adenoma 
(≤ 1 cm, >1 cm) and history of  polyps (no, yes). Block 
randomization was used in a block size of  8 to ensure 
that at no time during the study would there be a large 
imbalance between the intervention and control groups. 
Subject assignment was made in advance and recorded 
in sealed envelops, numbered consecutively.

Statistical analysis
The statistical analyses were all performed using the 
Statistical Package for Social Sciences (SPSS, version 
8.0; 1997, Chicago, IL). All t-tests were two sided. 
Initially, the two treatment groups were compared across 
demographic information using independent -tests for 
continuous data and Chi-Square analyses for categorical 
information. Treatment efficacy was assessed between 
intervention groups using independent t-tests across 
classifications of  polyp morphology, lateralization, and 
age grouping. Logistic regression was utilized to assess 
the incidence of  recurring polyps three years post-
removal for individuals taking folic acid versus those 

taking placebo. A contingency table was computed via 
Chi-Square analysis, and Odds Ratios were computed via 
logistic regression analysis. 

RESULTS
One hundred and thirty seven patients fulfilled the 
eligibility criteria. Ninety four completed the 3-year 
follow up colonoscopy and were included in this 
analysis. There were 43 subjects that dropped out 
from this study; of  which 28 died from various 
causes unrelated to colon cancer and 15 subjects had 
geographic relocation precluding further participation. 
Of  those who did not complete the study, there were 
no statistically significant differences (age, BMI, sex, 
NSAID/multivitamin, baseline adenoma, RBC folate, 
deaths) between those assigned to receive folic acid or 
placebo. Forty nine of  the subjects who completed the 
3-year follow-up received supplemental folic acid and 45 
were given placebo tablets. At post-randomization, there 
was no statistical difference in the serum levels of  folic 
acid between the two groups (Table 1). Demographic 
data and other baseline parameters were also comparable 
between these two groups (Table 1). At the 3-year 
follow-up colonoscopy, patients in the folic acid group 
showed a significantly lower number of  adenomas 
per patient (0.36 ± 0.69) with a 64% lower risk ratio, 
compared to the placebo group (0.82 ± 1.17; odds ratio, 
2.77; t = -2.26, P = 0.02514, 95% CI, 0.06-0.84; Chi 
Square = 11.2, P = 0.00142; Figure 1). The recurrence 
of  adenoma at the 3-year follow-up was twice as high 
in the placebo group, compared to the folic acid group. 
There was no significant difference in the recurrence 
of  hyperplastic polyps between the groups (folic acid: 
0.44 ± 0.89, placebo: 0.51 ± 0.94; P = 0.74; 95% CI, 
0.31-0.43). 

Folic acid supplementation caused a significant 
reduction (P = 0.02335) in the recurrence of  adenomas 
in patients with advanced adenoma [large (> 1 cm) 

Table 1  Baseline characteristics of the subjects

Characteristics Folate group 
(n  = 80)

Placebo group 
(n  = 97)

P

Age (yr) 60.36 ± 10.34   62.64 ± 9.59 NS
Sex (male, %) 93 92 NS
Race
   African American    48%    50% NS
   Caucasian    51%    49%
   Other      1%      1%
BMI (kg/m2) 31.62 ± 4.68 29.84 ± 5.71 NS
Dietary intake
   Total calories 2069.58 ± 902.9 1823.53 ± 741.12 NS
   Protein (g/d)     79.57 ± 30.07   74.31 ± 36.33 NS
   Fat (g/d)     88.89 ± 52.04     75.2 ± 38.38 NS
   Carbohydrate (g/d)     237.29 ± 129.32 206.48 ± 86.37 NS
   Fiber (g/d)     7.28 ± 5.84   8.51 ± 7.93 NS
   Folate (μg/d)   184.45 ± 231.7   162.64 ± 140.23 NS
   Calcium (mg/d)     577.14 ± 433.68   569.69 ± 353.75 NS
Aspirin users (≤ 325 mg/d)    24%    24% NS
Number with advanced 
polyp (%)

59 53 NS

Adenomas per patient     2.34 ± 1.46 2.06 ± 1.38 NS
Total polyps per patient 
including hyperplastic polyps

    2.88 ± 1.73 2.87 ± 2.21 NS

Current smokers 16 (35%) 19 (39%) NS
Serum folic acid (ng/mL)    14.53 ± 19.51 11.35 ± 6.65 NS
RBC folate (ng/mL)    446.57 ± 164.81   477.82 ± 148.76 NS
Serum vit B12 (pg/mL)    472.97 ± 456.10   393.02 ± 190.93 NS
Serum calcium (mg/mL)    9.31 ± 0.48   9.33 ± 0.37 NS

NS: Not significant. Advance adenoma: ≥ 2 adenomas, large (> 1 cm) or 
adenoma with villous component or high grade dysplasia. Number of 
patients in placebo and folate group represents those who completed the 
baseline colonoscopy and satisfied the criteria for enrollment. Ninety-four 
subjects completed the 3-year study.

Figure 1  Number of adenomas versus treatment. Histograms showing the 
number of adenomas or all types of polyps in folic acid and placebo-treated 
groups at baseline and 3 years after treatment. 1P = 0.02514, compared to the 
placebo-treated group. Each histogram represents the mean ± SD.
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adenoma or adenoma with villous component or high 
grade dysplasia], compared to the placebo-treated controls 
(Figure 2, upper panel). Those with non-advanced 
adenomas also showed a reduction in the recurrence of  
adenomas with folic acid, compared to placebo controls, 
but this was not statistically significant (Figure 2, upper 
panel). On further stratifications, it was noted that 
subjects with left-sided polyps had a significantly lower (P 
= 0.01964) recurrence of  adenomas than those with right-
sided polyps in response to folic acid supplementation, 
when compared with the corresponding placebo-treated 
controls (Figure 2, lower panel). 

Since colorectal cancer is an age-related disease, 
the data were analyzed to determine the age-related 
differences in responsiveness to folic acid. We observed 
that the younger subjects responded better than older 
subjects in that the recurrence of  adenomas was 
significantly lower (P = 0.00496) in younger patients, 
compared to older patients (Figure 3). This response was 
maintained until 70 years of  age (Figure 3). However, 
patients older than 70 years of  age failed to respond 
to folic acid supplementation demonstrating a higher 
recurrence rate of  polyps as compared to the placebo 
group. This difference was not statistically significant 
(Figure 3). There were more deaths in the folic acid 
group, compared to the placebo-treated group, but this 
difference was not statistically significant (19 in folic acid 
vs 9 in placebo, P > 0.1). 

DISCUSSION
Despite recent advances in medicine, the mortality from 
colorectal cancer, a leading cause of  death in the USA 
and other Western countries, still remains unacceptably 
high. Therefore, the search for strategies to prevent the 
development and progression of  colorectal cancer has 

greatly intensified. Chemoprevention offers a viable option 
to block neoplastic inception or delay disease progression. 
Since colorectal cancer is an age-related disease, typically 
diagnosed after the age of  50, any delay in the onset 
and subsequent progression of  this disease through the 
use of  dietary agents is likely to have significant health 
benefits. Folic acid has recently emerged as a major 
contender in the repertoire of  promising colorectal cancer 
prevention agents. A number of  animal, as well as a few 
case controlled human studies, strongly support folic acid 
as a potentially efficacious chemopreventive agent with 
a negligible toxicity profile[3]. However, there have been 
no systematic conclusive studies to examine the effect of  
supplemental folic acid on recurrence of  adenomas in the 
colon. 

Our data, for the first time, show that the daily 
consumption of  a high dose of  folic acid over a 
period of  3 years prevents the recurrence of  colorectal 
adenomas. This reduction could not be attributed to 
differences in diet or lifestyle. The patients completed a 
detailed lifestyle questionnaire and nutritional assessment 
with both study groups demonstrating statistically 
similar caloric, fiber, fat and protein intake as well as 
similar baseline BMI, folate, B12 and calcium status. 
Additionally, the groups were similar with regard to 
aspirin use and the number and type of  adenoma at 
baseline. Most patients were male which is consistent 
with the Veterans Affairs based population. Interestingly, 
patients who had large adenomas or adenomas with a 
villous component (referred to as advanced adenomas) 
responded better to high dose folate supplementation, 
as evidenced by the significantly reduced number of  
recurrent adenomatous polyps. A similar phenomenon 
was also observed among patients with left-sided 
adenomas and those who were less than 70 years of  age. 
Although the reasons for this are not fully understood, 
it is plausible that the increased responsiveness of  
these subjects could be a result of  greater tissue 
accumulation of  folic acid due to a better active folate 
transport system. The basis for this inference comes 
from the observations by Mennan et al which suggest 
that mucosal folate levels may be a determinant factor 
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Figure 2  Polyp characteristics and response to treatment. Recurrence of 
advanced [large (> 1 cm) and polyps with villous component] or non-advanced 
adenomas (upper panel) as well as right or left-sided adenomas (lower panel) 
following 3 years of treatment with a high dose of folic acid. The numbers 
of subjects as well as the levels of significance between the two groups are 
shown.
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Figure 3  The effect of age on the response to treatment. Recurrence of 
adenomas in response to 3 years of folic acid treatment in patients over or 
below 70 years of age in shown. The number of subjects in each group as well 
as the levels of significance is shown in the figure.
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in the development of  adenomas[27]. They demonstrated 
that the levels of  folate in adenoma, carcinoma as well 
as normal appearing adjacent mucosa are lower than 
the corresponding polyp-free controls[27]. Future studies 
analyzing folate levels in adjacent tissue near recurrent 
adenomas need to be completed. 

Although several clinical trials have suggested 
a role for folic acid in the prevention of  colorectal 
adenomas, there are no prospective controlled trials 
addressing this issue at the dose of  5 mg[5-8]. It has also 
been demonstrated that supplementation of  a high 
dose of  folic acid in animals with colonic neoplasia 
may accelerate the progression of  carcinogenesis[16]. A 
more recent human study showed that supplemental 
folic acid may not reduce the incidence of  colorectal 
adenomas and in some cases may actually increase the 
risk[28]. Although the reasons for these controversial 
issues are not fully understood, one possibility could be 
attributed to the dual modulatory effect of  folic acid on 
carcinogenesis. It has been demonstrated that the timing 
and the dose of  folate intervention has a promoting 
effect on the progression of  established neoplasms, 
while it could have a chemopreventive effect if  given 
in premalignant conditions. Data from our clinical trial 
clearly supports a chemopreventive role of  folic acid 
since supplementation of  this vitamin for 3 years inhibits 
the recurrence of  colonic adenomas. More importantly, 
none of  the patients in the folate treatment group were 
found to have histologically aggressive adenomas or 
carcinoma at final endoscopy. 

The mechanisms by which folic acid exerts its 
chemopreventive role in colorectal carcinogenesis are 
becoming increasingly understood. Since folic acid plays 
a key role in DNA methylation and cellular homeostasis, 
folate deficiency may result in a variety of  cellular 
consequences including misincorporation of  uracil 
for thymidine during DNA synthesis resulting in an 
increased spontaneous mutation as well as chromosomal 
abnormalities and errors in DNA synthesis[29-33]. The 
restoration of  DNA methylation status in patients with 
colorectal neoplasms treated with supraphysiological doses 
of  folic acid lends further support to the hypothesis. In 
a recent study, we examined the changes in mutational 
status of  APC, DCC and p53 genes in macroscopically 
normal appearing rectal mucosa at baseline and after 1 
year of  treatment with either folic acid or placebo[34]. We 
have observed that folate supplementation prevented the 
loss of  heterozygosis (LOH) of  the DCC gene in 5 out 
of  5 patients who demonstrated baseline heterozygosis, 
whereas 2 out of  4 placebo treated patients with 
baseline heterozygosis demonstrated complete allelic 
loss. Mucosal protein levels of  DCC were also reduced 
in 70% of  placebo treated patients compared to only 
10% of  folate treated patients[34]. Cell culture studies 
have further demonstrated that supplemental folic acid 
and its metabolite 5-methyltetrahydrofolate (5-MTF) 
inhibit EGF-receptor (EGFR) promoter activity in colon 
cancer HCT-116 cells by enhancing methylation[35]. Since 
EGFR is known to play a critical role in the development 
and progression of  a wide variety of  epithelial cancers, 

including colorectal cancer[36,37], the inhibition of  basal 
as well as serum-stimulated EGFR promoter activity by 
folic acid and 5-MTF suggests that these changes may 
partly contribute to specific inhibition of  growth-related 
processes in colorectal neoplasia. Supplemental folic acid 
may also attenuate the downstream events of  EGFR 
signal transduction pathways that are critically involved in 
modulating growth-related processes. We have observed 
that in polypectomized patients, supplemental folic acid 
for 1 year leads to a decreased nuclear translocation 
of  β-catenin[38], which interacts with the T-cell factor 4 
(TCF-4) transcription factor to induce expression of  
specific target genes, including cyclin D1, VEGF and 
c-myc, which promote cell growth and proliferation[39-42]. 

The dose of  folic acid supplementation may be 
important when considering the differing effects of  
supplementation. This has been more explored in the 
cardiovascular literature in attempting to modulate 
homocysteine levels where the VISP study showed greater 
efficacy at higher doses in lowering homocysteine levels[43]. 
A cogent example of  this was the recently published 
large scale study interventional study of  over 1000 men 
and women who were randomized to receive either 1mg 
folic acid or placebo. The endpoints were similar to our 
study, but the 3 year follow up data were very different in 
that no effect was seen for the dose used[28]. Of  interest, 
there was no effect of  gender in that study which may 
have important implications for our study in terms of  
applicability to the general population. The timing of  
supplementation may also be important[44].

In summary, daily consumption of  a high dose of  folic 
acid over 3 years prevents the recurrence of  colorectal 
adenomas. Patients below 70 years of  age and those 
with left-sided colonic adenomas or advanced adenomas 
responded better to folic acid supplementation. We 
conclude that folic acid is an effective chemopreventive 
agent for colorectal adenomas, and more specifically for 
that category of  adenomas which are believed to possess 
the highest risk of  cancer progression.
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 COMMENTS   
Background
Colorectal cancer is one of the major causes of cancer related deaths. In the 
US and the other developed countries, 50% of the subjects diagnosed with 
colon cancer die. Therefore, there is a need to prevent the development and 
progression of colon cancer using chemopreventive agents. Water soluble 
vitamins, such as folic acid, have shown to have chemopreventive potential 
for colon cancer. Aim of this investigation was to determine whether folic acid 
supplementation will reduce the recurrence of colorectal polyps, the precursors 
of colorectal cancer, we performed a double-blind placebo-controlled trial in 
patients with polyps. 
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Research frontiers
Several clinical trials have noted an inverse relationship between dietary folic 
acid and the development of colorectal cancer. A folate deficient diet is thought 
to increase the risk of colonic neoplasia, whereas supplementation of this 
nutrient may be chemopreventive. However, the timing of folate supplementation 
may be particularly important since folate intervention, after the establishment 
of microscopic neoplastic foci in the colorectal mucosa, may promote rather 
than suppress colorectal carcinogenesis. A similar approach using aspirin and 
similar non-steroidal anti-inflammatory agents have shown promising activity in 
prevention of colon cancer after resection of colon polyps. 
Innovations and breakthroughs
This is a large randomized, single institution, double-blind placebo controlled 
trial demonstrating the efficacy of folic acid in secondary chemoprevention of 
colorectal cancer. This is the only study examining high dose supplementation 
over a period of three years further establishing safety and efficacy of large 
dose of folic acid. It should also be noted that the present study is the only 
study of its kind specifically targeting the US veteran population. 
Applications 
Daily consumption of a high dose of folic acid over 3 years prevents the 
recurrence of colorectal adenomas. Particularly, patients below 70 years of age 
and those with left-sided colonic adenomas or advanced adenomas responded 
better to folic acid supplementation. We conclude that folic acid is an effective 
chemopreventive agent for colorectal adenomas, and more specifically for that 
category of adenomas which are believed to possess the highest risk of cancer 
progression. 
Peer review  
This is an important study which, for the first time, demonstrates that daily 
consumption of a high dose folic acid over a prolonged period of time leads 
to a significant reduction in the recurrence of colonic adenomas. The results 
suggest that folic acid may be an effective chemopreventive agent for colorectal 
neoplasia.
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surgery for colonic masses of indeterminate nature. 
Four subjects refused further examinations. CTC cor-
rectly identified 2 colonic masses and 20 polyps. PPV 
for masses or polyps greater than 9 mm was of 87.5%. 
Per-lesion and per-segment PPV were, respectively, 
83.3% and 83.3% for polyps greater or equal to 10 
mm, and 77.8% and 85.7% for polyps of 6-9 mm.
CONCLUSION: In the context of a screening program 
for CRC based on FOBT, CTC shows high per-segment 
and per-lesion PPV for colonic masses and polyps 
greater than 9 mm. Therefore, CTC has the potential 
to become a useful technique for evaluation of the non 
visualized part of the colon after incomplete colonos-
copy.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Randomized clinical trials have demonstrated that 
screening with faecal occult blood test (FOBT) reduces 
mortality for colorectal cancer (CRC)[1]. Accordingly, 
population-based screening with FOBT is currently rec-
ommended by the European community health associa-
tions and has been applied in many countries, including 
Italy[2].
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Abstract
AIM: To report our experience with computed tomog-
raphy colonography (CTC) systematically performed in 
subjects with positive faecal occult blood test (FOBT) 
and an incomplete colonoscopy in the setting of a 
population-based screening for colorectal cancer (CRC).
METHODS: From April 2006 to April 2007, 43 290 indi-
viduals (age range 50-70) who adhered to the regional 
screening program for the prevention of CRC under-
went immunochemical FOBT. FOBT was positive in 
1882 subjects (4.3%). 1463 (77.7%) of these subjects 
underwent colonoscopy, 903 performed in a single 
center. Of 903 colonoscopies 65 (7.2%) were incom-
plete. Forty-two of these subjects underwent CTC. CTC 
was performed with a 16-MDCT scanner after standard 
bowel prep (polyethylene glycole) in both supine and 
prone position. Subjects whose CTC showed polyps 
or masses were referred to the endoscopist for repeat 
colonoscopy under sedation or underwent surgery. Per-
lesion and per-segment positive predictive values (PPV) 
were calculated.
RESULTS: Twenty-one (50%) of 42 CTCs showed pol-
yps or masses. Fifty-five of these subjects underwent 
a repeat colonoscopy, whereas 2 subjects underwent 
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Subjects with a positive FOBT are usually examined 
with a total colonoscopy which allows removal of  pol-
yps and histological diagnosis of  the lesions. However, 
colonoscopy can be incomplete due to several reasons, 
including intolerance to the procedure, adhesions from 
previous surgery, redundant colon and the presence of  
stenosis. The reported rates of  incomplete colonoscopy 
from various studies carried out in U.S. and Europe over 
the past 15 years range from 4% to 25%[3,4].

In order to complete evaluation of  the colon, radio-
logical examinations can be performed such as double 
contrast barium enema (DCBE)[5] and computed tomog-
raphy colonography (CTC). In particular, several studies 
have shown that CTC is a valuable tool to evaluate the 
proximal colon after incomplete colonoscopy[6-10], and 
the American Gastroenterologists Association (AGA) 
recognized that CTC is indicated for adults with failed 
colonoscopy[11].

We report the results of  CTC systematically per-
formed in subjects with positive FOBT and incomplete 
colonoscopy in the context of  a population-based 
screening programme for CRC with FOBT.

MATERIALS AND METHODS
Subjects
This prospective study was approved by our institutional 
review board; informed consent was obtained in all sub-
jects. A population-based screening program for CRC 
has been active in the Tuscany Region, Italy, since 1998. 
The screening protocol is directed to all subjects aged 
50-70 living in the regional area who are invited via mail 
every second year to perform immunochemical FOBT. 
Subjects with negative FOBT are notified of  their result 
by mail and advised to repeat screening after two years. 
Subjects with positive test are invited to perform colo-
noscopy[12].

From April 2006 to April 2007, 43 290 asymptomatic 
individuals aged 50-70 years attended the FOBT-based 
Florence District screening program and were tested. 
FOBT was positive in 1882 (4.3%) subjects. These sub-
jects were invited to undergo colonoscopy assessment: 
1463 (77.7%) subjects underwent colonoscopy and 419 
refused. 903 colonoscopies were performed in a single 
center by two experienced endoscopists.

According to the screening protocol, colonoscopy 
was performed without sedation. 838 (92.8%) colonos-
copies were complete (i.e. the caecum was reached) and 
65 (7.2%) were incomplete. The levels at which colonos-
copy was interrupted were the sigmoid colon in 33 sub-
jects, the descending colon in 21, the transverse colon 
in 8 and the ascending colon in 3. According to the en-
doscopist’s report, presumptive reasons for incomplete 
colonoscopy were dolichocolon (14.8%), diverticular 
disease (23.1%), adherences due to previous abdominal 
surgery (16.4%) or intolerance to the procedure (12.1%).

Forty-two of  these 65 subjects (17 males, 25 females; 
mean age 60.7 years; age range 51-70) agreed to com-
plete colonic examination with CTC and constitute of  
the base for this report.

CTC was performed within 6 wk after incomplete 
colonoscopy (mean interval 16 d). In those subjects in 
whom endoscopic polyp removal was performed dur-
ing the incomplete colonoscopy, CTC was delayed for at 
least 1 mo after polypectomy.

CTC technique
All subjects underwent a standard bowel preparation for 
CTC with 4 L of  a polyethylene glycole solution (Isoco-
lan; Giuliani, Milan, Italy) administered the day before 
the procedure and a low residue diet for 3 d. All subjects 
received intravenously 30 mg of  scopolamine butyl-
bromide (Buscopan; Boehringer Ingelheim, Florence, 
Italy) before air insufflation, in order to improve colonic 
distension[13].

The subjects were placed on the right lateral decubi-
tus and a 24 Fr rubber catheter, Foley type, with a small 
retention balloon (10 mL) was inserted into the rectum. 
After catheter positioning the patient was turned in su-
pine position and colonic distension was obtained with 
manual insufflation of  room air. Air was administered 
from an enema bag connected to the rectal tube with a 
maximum capacity of  2 L. Insufflation was performed 
by gently squeezing the enema bag during 3 to 5 min up 
to subject tolerance.

Both supine and prone CT scans were obtained in 
all subjects. Colonic distension was evaluated with an 
anterior-posterior scout view in both supine and prone 
position, and additional air was inflated using a manual 
bulb if  distension was unsatisfactory. In one subject, 
unable to stay prone because of  abdominal pain, a right 
lateral decubitus acquisition was obtained instead of  the 
prone scan. Intravenous contrast medium was not used.

CTC was performed with a 16-MDCT scanner (Sen-
sation 16; Siemens, Erlangen, Germany) using a detector 
configuration of  16 mm × 0.75 mm, 120 kVp, 50 effec-
tive mAs, tube rotation time of  500 ms and a pitch of  
1.25. Data were reconstructed using a slice thickness of  
1 mm with a reconstruction increment of  0.7 mm (30% 
overlap). For each acquisition CTDIvol was 4.15 mGy 
with a calculated equivalent dose of  3.5 mSv for females 
and 2.7 mSv for males (CT Patient Dosimetry Calcula-
tor, ImPACT; measures executed on MonteCarlo Phan-
tom).

CTC evaluation
The images of  each study were transferred to a worksta-
tion equipped with CTC dedicated software (Syngo; Sie-
mens, Erlangen, Germany). The software provides axial, 
multi-planar reformatted (MPR), endoluminal surface-
shaded images and double-contrast-like reconstructions 
of  the colon. All studies were interpreted on the work-
station by two readers, one experienced gastrointestinal 
radiologist and one radiology resident, by consensus.

Preliminarily, the degree of  colonic distension was 
evaluated on axial images. The colon was divided into 
six segments: caecum, ascending, transverse, descending, 
sigmoid and rectum (the different segments were evalu-
ated both in supine and prone acquisitions). Distension 
for each segment was graded on a scale from 0 to 3, in 
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which a grade of  0 indicated complete collapse and a 
grade of  3 optimal distension[13]. The least-distended 
section of  any individual segment was used to assign the 
overall distention score for that segment. Colonic disten-
sion was deemed clinically adequate if  all segments had a 
score of  2 or 3 at least in supine or prone acquisition.

Moreover, we assessed the adequacy of  preparation 
by evaluating the proportion of  colonic segments con-
taining residual faecal matter or fluid for each subject (no 
specific attempt was made to rank the amount of  fluid 
or stool).

CTCs were evaluated with a primary 3D approach, 
using 2D for problem solving. In all cases, endoluminal 
navigation was performed from rectum to caecum and 
backwards for both supine and prone acquisitions. Then 
axial images were examined with an abdominal window 
(level 40 HU, width 350 HU), in order to discover areas 
of  colonic wall thickening, and to look for extra-colonic 
findings.

All lesions detected at CTC were localized according 
to their segmental location in the colon. Each lesion was 
measured taking account of  its maximum diameter on 
2D images viewed with a bone window (level 400 HU, 
width 2000 HU).

Subjects management
All subjects with CTC showing polyps were referred to 
the endoscopist to repeat colonoscopy under sedation. 
Also subjects with colonic masses were referred to the 
endoscopist who evaluated in agreement with the subject 
the opportunity of  a repeat colonoscopy or a surgical 
consult.

The results of  repeat colonoscopy and/or the patho-
logical findings on surgical specimens were used as a 
gold standard for CTC performance assessment. Lesions 
were measured by open biopsy forceps at endoscopy and 
with ruler for pathological specimens.

CTC findings were classified as true-positive or false-
positive results. A true-positive lesion at CTC was defined 
as a lesion that was confirmed at repeat colonoscopy or 
at surgery, a lesion that was in the same or an adjacent co-
lonic segment, and a lesion for which the size correlated 
within 50% of  the diameter. A lesion was defined as false 
positive if  the lesion reported at CTC was not detected 
at repeat colonoscopy, was not in the same or an adjacent 
colonic segment or there was more than a 50% discrepan-
cy in the lesion diameter. Endoscopic evidence of  polyps 
or masses at repeat colonoscopy not detected at CTC was 
assumed as a false negative result for CTC.

Descriptive statistics were used to calculate per-
lesion and per-segment positive predictive values (PPV) 
for polyps equal or greater than 10 mm, for polyps of   
6-9 mm and for smaller lesions (< 6 mm). In per-seg-
ment analysis the colon was divided into six segments 
(caecum, ascending, transverse, descending, sigmoid and 
rectum) and the segments examined by initial colono-
scopies were excluded from the evaluation.

Subjects with a negative CTC did not undergo 
further examination and were scheduled for standard 
follow-up according to the screening protocol[12].

RESULTS
Complete colonic distension was obtained in 36 (85.7%) 
of  42 subjects. Considering both supine and prone ac-
quisitions, the rectum in one patient and the sigmoid 
colon in 5 patients were not adequately distended. In-
complete distension was mainly due to advanced diver-
ticular disease. The mean overall bowel distension scores 
were 2.75 ± 0.37 for supine position and 2.84 ± 0.23 
for prone position. Either fluid and faecal residua, or 
inadequate distension precluded evaluation of  14 (5.6%) 
of  252 colonic segments [rectum (n = 1), sigmoid colon  
(n = 10), descending colon (n = 3)].

Twenty one (50%) of  42 CTCs showed polyps or 
colonic masses of  indeterminate nature. Fifteen patients 
with polyps at CTC underwent repeat colonoscopy 
under sedation. Two patients with colonic masses of  in-
determinate nature were referred to surgical consult and 
underwent colectomy. Four patients with CTC findings 
of  polyps smaller than 6 mm did not undergo repeat 
colonoscopy because of  medical problems or refusal.

All repeat colonoscopic examinations were per-
formed within a mean of  34 d after CTC (range 15 d to 
6 mo) and were complete. No complications occurred 
after CTC or diagnostic and operative colonoscopy.

CTC correctly identified 20 polyps in segments not 
visualized at initial colonoscopy, and gave 7 false positive 
and 2 false negative results (Table 1). All polyps were 
endoscopically removed and histology was obtained  
(Figure 1). Of  20 polyps 11 were adenomas (2 tubulo-
villous adenomas with high-grade dysplasia, 6 tubulo-vil-
lous adenomas, 3 tubular adenomas) and 9 hyperplastic 
or inflammatory polyps. No cancers were observed. The 
two false negative polyps not identified at CTC included 
one hyperplastic polyp and one tubular adenoma, both 
smaller than 6 mm. A total of  5 advanced adenomas 
were found at CTC and histologically proved.

CTC correctly depicted two colonic masses of  in-
determinate nature at the level of  the proximal sigmoid 
colon, which were found to be advanced diverticular dis-
ease complicated by stenosis at surgery (Figure 2). None 
of  these patients had endoscopically visualized masses 
or adenomatous polyps at initial colonoscopy.

Per-segment analysis was performed on patients who 
completed repeat colonoscopy or underwent surgery (n 
= 17). On a total of  102 colonic segments, 26 segments 
examined by initial colonoscopies were excluded, and the 
analysis was based on the remaining 76 segments.

CTC showed a PPV for masses or polyps greater 
than 9 mm of  87.5%. Per-lesion and per-segment PPV 

Table 1  CTC results for polyps

True 
positive

False 
positive

False 
negative

Per-lesion 
PPV (%)

Polyps < 6 mm   8 4 2 66.7
Polyps 6-9 mm   7 2 0 77.8
Polyps ≥ 10 mm   5 1 0 83.3
Total 20 7 2
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were respectively 83.3% and 83.3% for polyps greater 
or equal to 10 mm, 77.8% and 85.7% for polyps of  6-9 
mm, 66.7% and 50% for polyps smaller than 6 mm.

Diverticular disease was found in 20 subjects (47.6%) 
and 5 of  these subjects (11.9%) showed signs of  chronic 
diverticulitis such as diffuse wall thickening and pericolic 
fat stranding.

Major extra-colonic findings included aneurysm of  
the abdominal aorta (n = 1), renal masses (n = 2), he-

patic focal lesion other than cystic (n = 1), splenomegaly 
(n = 1) and pulmonary nodules (n = 2).

DISCUSSION
Due to its natural history CRC is an ideal candidate for 
screening[14]. In fact, most CRC originate from pre-exist-
ing adenomatous polyps that, in 10 to 15 years, undergo 
malignant transformation[15]. Likelihood for malignant 

→

→

A B

C D

Figure 1  Adenomatous polyp of 
13 mm of the ascending colon in 
a 61-year-old female with initial 
colonoscopy interrupted at the 
d e s c e n d i n g  c o l o n  f o r  s e v e r e 
discomfort.  A :  Endoluminal CT 
image of the ascending colon shows 
13 mm sessile polyp lying on a fold; 
B and C: Axial CT images acquired 
in supine and prone position show 
the polypoid lesion (arrow) on a 
fold; D: Sessile polyp of 13 mm of 
the ascending colon found at repeat 
colonoscopy. Histology evaluation 
revealed adenomatous polyp.

A B

C D

Figure 2  Stenosing mass of the 
proximal sigmoid colon in a 69-year-
old female with initial colonoscopy 
interrupted at the distal sigmoid colon 
for diverticular disease. A: Axial CT 
image acquired in prone decubitus 
shows a stenosing lesion of the 
proximal sigmoid colon with CT 
findings suspicious for malignancy: 
eccentric wall thickening, “shoulder 
sign”, absence of pericolonic fat 
s t rand ing;  B :  Corona l  ob l ique 
mul t ip lanar reformat ion shows 
the lesion in the sigmoid colon; C: 
Endoluminal CT image shows the 
passage from the normal colonic wall 
to the stenosis; D: Surgical specimen 
from left hemicolectomy shows a 
stenosing lesion of about 5 cm in the 
proximal sigmoid colon with marked 
wall thickening due to advanced 
diverticular disease confirmed at 
histological evaluation.
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transformation is not the same for all adenomas. In par-
ticular adenomas equal or greater than 10 mm (advanced 
adenomas) tend to become malignant after an average 
of  5.5 years, whereas it is estimated that less than 1% of  
adenomas smaller than 10 mm contain a cancer[14]. Thus, 
advanced adenoma is a precancerous lesion and should 
be considered the main target of  a screening test for 
CRC.

In the majority of  screening programmes, subjects 
with positive FOBT are invited to undergo colonos-
copy, which can be performed with or without sedation. 
Colonoscopies without sedation can be incomplete in 
up to 25% of  the cases[4] and in our series incomplete 
colonoscopies were 7.2%. Before adoption of  CTC in 
such cases, we previously performed DCBE.

Several studies showed that DCBE has a low accura-
cy in detecting colonic neoplasms, with sensitivity for ad-
enomas greater than 9 mm in the range of  45%-50%[16]. 
CTC is more accurate in detecting colorectal neoplasms 
as shown in some meta-analyses in which the perform-
ance of  CTC versus optical colonoscopy revealed sensi-
tivity in the range of  85%-90% and specificity of  about 
95% for polyps greater than 9 mm[17,18].

We evaluated the performance of  CTC after incom-
plete colonoscopy in the setting of  a large population 
based screening program with FOBT. In this context, 
CTC showed its potential for diagnostic assessment, 
identifying 2 colonic masses, 5 advanced adenomas and 
6 smaller adenomas. CTC gave 7 false positive results 
which led to unnecessary repeat colonoscopy. One false 
positive was a polypoid lesion of  14 mm of  the ascend-
ing colon that was visible only on the supine dataset. 
Four false positive results were for polyps smaller than 6 
mm which should not be reported according to current 
recommendations[19].

The possibility that diverticular disease simulates 
with colonic masses is well known, as is the fact that the 
differential diagnosis with cancer can be difficult with 
CT[20]. In our series, CTC detected two colonic masses 
of  the proximal sigmoid colon which showed CT fea-
tures suspicious for malignancy, but were demonstrated 
by pathology to be due to diverticular disease in absence 
of  any malignancy. In both cases, initial colonoscopy was 
interrupted at distal sigmoid colon because of  advanced 
diverticular disease. In the two cases, the endoscopist 
and the subject decided not to perform a repeat colon-
oscopy and the subjects were referred to the surgeon to 
undergo colectomy.

Colonic distension and cleansing were adequate for 
an accurate examination in the majority of  our cases. 
In some cases, colonic collapse or repletion by fluid or 
faeces precluded evaluation of  the rectum, sigmoid or 
descending colon. This limitation can be partially over-
come by the fact that lower colonic segments are usually 
examined at initial colonoscopy. Indeed, segments ex-
amined by initial colonoscopies were excluded from per-
segment analysis.

Almost 50% of  42 patients of  our study had diver-
ticular disease which represented an obstacle to com-
plete conventional colonoscopy. Our series showed that 

diverticular disease did not seriously compromise colonic 
distension and evaluation of  the proximal colon at CTC.

Previous studies on CTC after incomplete colonos-
copy have been conducted[6-10]. These studies were in-
homogeneous regarding the patients’ selection, because 
they included asymptomatic as well as symptomatic sub-
jects. Our results in terms of  PPV, acquired in a selected 
group of  screening subjects, were comparable with those 
obtained in the largest study on CTC after incomplete 
colonoscopy conducted by Copel et al[10]. They reported 
per-lesion PPV of  91.7% for masses, of  70% for polyps 
of  10 mm or greater, and of  30.4% for polyps of  6-9 
mm[10]. In our small group of  subjects, we considered, al-
together masses and polyps greater than 9 mm obtaining 
a similar result (PPV of  87.5%). Our better results for 
medium sized polyps (6-9 mm) with a per-lesion PPV 
value of  77.8% might be due to thinner collimation for 
CT scanning and double reading of  the examinations we 
utilize.

We observed a significant number of  false positive 
results which led to unnecessary repeat colonoscopy. 
The use of  faecal tagging should reduce the number 
of  false positive, enabling a better distinction between 
polyps and faecal residues, as showed in a series of  CTC 
after incomplete colonoscopies[9].

Our study had limitations. First, it was carried out on 
a small series of  subjects. Second, repeat colonoscopy 
was conducted with segmental blinding, and this could 
have increased the number of  false positive results of  
the CTC. Third, since subjects with negative CTC did 
not undergo further examinations, we could not evaluate 
sensitivity and specificity of  CTC with respect to optical 
colonoscopy.

In conclusion, in the context of  a population-based 
screening program for CRC based on FOBT, CTC 
showed a high per-segment and per-lesion PPV for co-
lonic masses and polyps greater than 9 mm. Therefore, 
CTC has the potential to become a useful technique for 
evaluation of  the non-visualized part of  the colon after 
incomplete colonoscopy and should replace DCBE.
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 COMMENTS
Background
Colorectal cancer (CRC) is a relevant neoplastic disease for its high incidence 
and mortality. Due to its natural history CRC is suitable for screening. Screening 
with faecal occult blood test (FOBT) reduces mortality from CRC. Subjects with 
positive FOBT are usually examined by colonoscopy which can be incomplete.
Research frontiers
Computed tomography colonography (CTC) is a non-invasive imaging tech-
nique with a high sensitivity and specificity in the diagnosis of colonic cancer 
and polyps equal or greater than 10 mm, which are the target for screening. 
Therefore, it might represent a second step examination before colonoscopy to 
examine subjects with positive FOBT.
Innovations and breakthroughs
This study on CTC after incomplete colonoscopy was conducted in the frame of 
a population based screening program. Previous reports on this topic were car-
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ried out in heterogeneous samples of symptomatic and asymptomatic subjects 
or patients with known colonic pathology.
Application
In the context of a screening program with FOBT, CTC has high positive predic-
tive value (PPV) for colonic masses or polyps equal or greater than 10 mm and 
should replace double contrast barium enema (DCBE) for evaluation of the non 
visualized part of the colon after incomplete colonoscopy.
Terminology
CTC is a thin slice CT scan of the abdomen after adequate bowel preparation 
and colon insufflation in which data are reconstructed providing axial, multipla-
nar, and endoluminal views (virtual colonoscopy), in order to visualize colonic 
wall. Colonoscopy is the more accurate technique to evaluate colonic internal 
surface and it is performed passing a flexible tube with fiber optic through the 
anus. FOBT is a chemical test that can detect tiny traces of blood in the stool 
that may indicate the presence of CRC.
Peer review
This paper shows the usefulness of CTC after insufficient colonoscopy in order 
to detect colorectal lesions. It was conducted as a part of population-based 
screening programme of CRC. It’s an interesting study.
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placed in metabolic cages and, at the end of the 
experiment, blood and urine samples were obtained. 
Histology and hydroxyproline content were analyzed in 
liver and renal tissue. 
RESULTS: Rats with 2 wk of BDL increased free water 
clearance (P  = 0.02), reduced urinary osmolality (P  = 
0.03) and serum creatinine (P  = 0.01) in comparison 
to the sham group. In contrast, rats at 6 wk of BDL 
showed features of HRS, including significant increase in 
serum creatinine and reductions in creatinine clearance, 
water excretion and urinary sodium concentration. Rats 
with 4 wk of BDL exhibited an intermediate stage of 
renal dysfunction. Progressive hepatic fibrosis according 
to post-procedure time was confirmed by histology. 
The increased levels of liver hydroxyproline contrasted 
with the absence of structural changes in the kidney, as 
assessed by histology and unchanged hydroxyproline 
content in renal tissue. 
CONCLUSION: Our data show that BDL produced 
progressive renal dysfunction without structural 
changes in the kidney, characterizing HRS. The present 
model will be useful to understand the pathophysiology 
of HRS.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatorenal syndrome (HRS) has been defined as a 
progressive renal failure that occurs in patients with 
chronic liver disease and advanced hepatic failure in 
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Abstract
AIM: To evaluate in bile duct ligated rats whether 
there were progressive alterations of renal function 
without changes in histopathology. 
METHODS: Male Wistar rats were submitted to 
sham-surgery or bile duct ligation (BDL) and divided 
according to the post-procedure time (2, 4 and 6-wk). 
To determine renal function parameters, rats were 
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the absence of  any apparent clinical cause for renal 
insufficiency[1,2]. HRS represents the final stage of  a 
process that gradually reduces the renal blood flow and 
the glomerular filtration rate (GFR) due to a marked 
renal vasoconstriction[1-4]. Despite the severity of  renal 
failure, no significant histological abnormalities are 
found in the kidneys.

There are many experimental models to induce 
hepatic fibrosis[5]. However, none of  them has been 
evaluated systematically as a model of  hepatorenal 
syndrome. The two most frequently used experimental 
models of  liver disease are the administration carbon 
tetrachloride, and the common bile duct ligation (BDL)[6]. 
The main advantage of  BDL is to allow the study of  
renal function alterations in a short period of  time with 
lower mortality rates than the administration of  carbon 
tetrachloride[6]. In addition, this model mimics clinical 
conditions characterized by obstructive jaundice, such 
as biliary atresia and choledocal cysts[5,6]. In this study, 
we aimed to systematically evaluate renal function 
parameters, renal histology and tissue hydroxyproline 
content at different time-points of  BDL.

MATERIALS AND METHODS
Animals and experimental design
Male Wistar rats weighing 220 to 300 g were maintained 
under temperature controlled conditions with an arti-
ficial 12-h light-dark cycle, and were allowed standard 
chow and water ad libitum. Hepatic fibrosis was induced 
by BDL. Briefly, the animals were anesthetized with in-
traperitoneal administration of  2.5% tribromoethanol  
(1 mL/100 g). A 1.5 cm midline incision was made and 
the common bile duct was located, double ligated with 
4-0 silk and sectioned as previously described[7]. Our 
Ethics Committee approved all animal procedures.

Experimental protocol
Animals were randomized into the following groups: 
sham-operated and those that underwent BDL. Sham-
operated rats (n = 17) underwent a midline incision and 
manipulation of  the bile duct without ligation and were 
evaluated at various times following sham-surgery: 2-wk 
(n = 5), 4-wk (n = 7), and 6-wk (n = 5). Bile duct ligated 
rats were also evaluated at the same post-procedure 
times: 2-wk (n = 8), 4-wk (n = 7) and 6-wk (n = 7). 
Three days before blood sampling, all rats were placed 
in metabolic cages to measure urinary volume, water and 
food intake. At the end of  the experiment, animals were 
weighed and blood samples were collected by decapita-
tion to determine renal function parameters. Liver and 
renal tissue fragments were also obtained for histology 
and hydroxyproline determination.

Biochemical parameters
Serum and urinary levels of  creatinine (Jaffe method) 
were measured using Katal Kit and a semi-automatic 
analyzer BIO 2000. Urinary and serum osmolality were 
determined using a freezing point osmometer (Fiske 

Osmometer, Fiske Ass. Inc., MA, USA). Serum and 
urinary levels of  sodium and potassium were measured by 
flame photometry (Corning 400, Corning Inc., NY, USA).

Hydroxyproline determination
Fragments (200 mg) of  liver and renal tissue were re-
moved for hydroxyproline determination as an indirect 
measure of  tissue collagen content, as described by Red-
dy & Enwemeka[8]. Briefly, tissue fragments were homog-
enized in saline 0.9%, frozen and lyophilized. The assay 
was performed with 40 mg of  the lyophilized tissue that 
was subjected to alkaline hydrolysis in 300 μL plus 75 
μL NaOH 10 mol/L at 120℃ for 20 min. An aliquot 
of  50 μL of  the hydrolysed tissue was added to 450 μL 
of  chloramine T oxidizing reagent (Chloramine T 0.056 
mol/L, n-propanol 10% in acetate/citrate buffer pH 6.5) 
and allowed to react for 20 min. A hydroxyproline stand-
ard curve with the highest concentration of  400 μg was 
prepared likewise. Colour was developed by the addition 
of  500 μL of  the Ehrlich reagent (p-dimethylamine-
benzaldehyde, 1 mol/L) diluted in n-propanol/perchlo-
ric acid, 2:1 v/v). The samples then were centrifuged for 
1500 g for 10 min at 4℃. An aliquot of  200 μL of  the 
supernatant was transferred to 96-well plates and the ab-
sorbance was read at 550 nm.

Five-micrometer sections of  formalin-fixed and par-
affin-embedded right liver lobes and kidney slices were 
processed routinely with hematoxylin-eosin, Masson’s 
trichrome and ammoniac silver of  Gomori. A single pa-
thologist, blinded to experimental protocol, analyzed all 
liver and kidney fragments using light microscopy. The 
degree of  liver fibrosis was measured based on the semi-
quantitative scoring described by Ishak et al[9].

Statistical analysis
The data are expressed as mean ± SD. Analysis of  
variance followed by Student Newman Keuls test was 
used to compare the differences between groups. Values 
of  P < 0.05 were considered significant.

RESULTS
Morphological studies
Because there did not appear to be any difference in the 
many variables studied in the sham group at two, four 
and 6 wk after sham operation, results from all the sham-
operated groups were pooled for ease of  presentation.

Hepatic fibrosis progressed over the time after BDL. 
Based on Ishak’s score, the following score values for 
each group of  BDL rats were obtained: sham operated 
rats scored 0 (normal hepatic architecture), 2-wk rats 
scored 3 (fibrous expansion of  portal tracts with 
occasional portal-to-portal bridging), 4-wk rats scored 4 
(fibrous expansion of  portal tracts with marked portal-
to-portal and portal-to-central bridging) and, at 6-wk, 
definite cirrhosis occurred (Score 6). In sharp contrast, 
as shown on Figure 1, no alterations in renal histology 
were observed in any bile duct ligated rats when 
compared to sham-operated animals.
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Hydroxyproline determination
The progression of  collagen deposition in liver tis-
sue was also confirmed by the measurement of  tissue 
hydroxyproline content at different time-points after 
bile duct liagation. Sham-operated rats represented the 
basal values of  hydroxyproline content from a normal 
liver (235 ± 45 μg/mg of  liver tissue). As expected, ac-
cording to the time after BDL, hydroxyproline content 
progressively increased in liver tissue, reaching values 
significantly higher than the control group in all time-
points (2 wk: 540 ± 60 μg/mg; 4 wk: 863 ± 57 μg/mg;  
6 wk: 1735 ± 73 μg/mg; P = 0.0001  for all comparisons, 
Figure 2A). The highest amount of  liver hydroxyproline 
was detected in animals at 6 wk of  BDL, indicating the 
significant degree of  liver fibrosis (Figure 2A). Hydroxy-
proline content in renal tissue remained unchanged in 
sham-operated animals (288 ± 31 μg/mg of  kidney 
tissue) as well as in all groups of  bile duct ligated rats  
(2 wk: 298 ± 55 μg/mg; 4 wk: 300 ± 73 μg/mg; 6 wk: 
294 ± 39 μg/mg; P > 0.05 for all comparisons, Figure 
2B). The results obtained with histological analysis and 
tissue hydroxyproline determinations showed the ab-
sence of  structural changes in renal tissue during the 
development of  liver fibrosis.

Renal function parameters
Despite the well-preserved renal structure, important 
changes in renal function were clearly evidenced in 
bile duct ligated rats, as shown in Table 1 and Figure 
3. As shown in Table 1, the 24-h urinary volume was 
significantly higher in animals with 4 and 6 wk of  BDL 
compared to sham group. On the other hand, the 24-h 
urinary volume of  2 wk animals did not differ from 
sham group. Despite having the same urinary volume 
as sham-operated animals, rats with 2 wk of  BDL ex-
hibited an attempt to compensate the hydroelectrolyte 
imbalance produced by hepatic dysfunction. These ani-
mals significantly increased water excretion (Figure 3A,  
P = 0.02), and reduced the urinary osmolality (P = 0.03) 
and serum creatinine levels (P = 0.01) in comparison to 
sham-operated rats (Table 1). An elevation in potassium 
excretion was also observed. However, the fractional 
excretion of  this ion was unchanged in comparison with 
the sham group. Rats with 4 wk of  BDL presented a 
progression in renal dysfunction as shown by a signifi-
cant increase in serum creatinine (P = 0.01) and a reduc-

tion in urinary sodium concentration (P = 0.02) when 
compared to sham-operated animals (Table 1). Rats with 
6 wk of  BDL clearly developed hepatorenal syndrome 
as revealed by a complete deterioration in renal compen-
satory mechanisms. These animals presented high levels 
of  serum creatinine, a pronounced decrease in creatinine 
clearance (Figure 3B, P = 0.01), and an important im-
pairment in water excretion (Figure 3A, P = 0.02) when 
compared to sham operated and 2 wk of  BDL animals 
(P < 0.05 for all comparisons, Table 1). Rats with 4 and 
6 wk of  BDL also presented dilutional hyponatremia 
and an elevation of  fractional excretion of  potassium 
when compared to sham group and animals with 2-wk 
of  BDL (P < 0.05 for both comparisons, Table 1). It 

Figure 1  Representative 
micrographs of the renal 
s l i ces  f rom b i le  duc t 
ligated (BDL) and sham 
operated rats (HE, x 100). 
A: Sham operated rat with 
normal kidney; B: BDL 
rat at 6-wk also showing 
the absence of kidney 
histological alterations.

A B

Figure 2  Hydroxyproline determinations in the liver and renal tissue from bile 
duct ligated and sham operated rats. A: Hydroxyproline content in the liver 
tissue of sham operated rats (sham), and animals with 2-wk, 4-wk and 6-wk of 
bile duct ligation; B: Hydroxyproline content in renal tissue of sham operated 
rats (sham), and animals with 2 wk, 4 wk and 6 wk of bile duct ligation.
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should be pointed out that body weights were similar in 
all groups at the beginning of  the experimental protocol 
and no differences were observed in water and food 
intake (data not shown). No ascites was observed in the 
rats at 2-wk after BDL. In contrast, animals at 4 wk and 
6 wk clearly exhibited ascites, also indicating the pres-
ence of  water retention.

DISCUSSION
This study supports the concept that the progression 
of  hepatic damage promotes the manifestation of  HRS. 
Indeed, the duration of  BDL was positively correlated 
with renal function disarrangement without alterations 
in renal histology.

Animals a t 2 wk of  BDL seemed to be in a 
compensated state of  hepatic injury, without ascites 
and alterations in water balance. These rats exhibited 
well-preserved renal function, suggesting that the 
homeostatic compensatory mechanisms remained 
intact at this moment of  hepatic damage. Of  note, 
serum creatinine was reduced in this group even when 
compared to sham operated animals. The creatinine 
clearance was slightly higher than in sham group, but 
significantly increased when compared to rats at 6 wk 
of  BDL. These animals were also able to excrete water 
by increasing free water clearance. For this reason, 
serum osmolality remained at normal range and urinary 
osmolality was reduced when compared to sham. 
It has been reported that, at early stages of  hepatic 
injury, as observed in animals with 2 wk of  BDL, renal 
compensatory mechanisms against fluid retention still 
remain operating[1,3,4]. However, the progression of  
the process culminates in a non-compensated state by 
compromising the negative feedback loops of  different 
regulatory systems[1,3,4]. Consistent with this, 4 wk after 
BDL, the rats already presented ascites, changes in water 
balance and an initial disturbance in renal function, 
revealed by sodium retention and an increase of  the 
serum creatinine levels. After 6 wk of  BDL, the hepatic 
damage evolved into a non-compensated stage with 
features of  HRS[1,3,4], including reduction in creatinine 
clearance and an evident fluid retention associated with 
significant reductions of  the serum osmolality and of  
the free water clearance.

Clinical studies have attempted to delineate the 
natural history of  cirrhotic patients with ascites with 

Table 1  Renal function parameters in sham-operated (Sham) and bile duct ligated rats at 2-wk, 4-wk 
and 6-wk (mean ± SD)

Sham (n  = 17) 2-wk (n  = 8) 4-wk (n  = 7) 6-wk (n  = 7)

Urinary volume (mL/24 h)      12 ± 0.5   14.2 ± 1.0  19.4 ± 1.7a  20.4 ± 2.8a 
Serum creatinine (mg/dL)     0.60 ± 0.10      0.28 ± 0.05a    1.21 ± 0.25a    2.50 ± 0.40a

Creatinine clearance (mL/min)    1.14  ± 0.19     1.31 ± 0.11   0.97 ± 0.43    0.47 ± 0.25a

Serum osmolality (mOsm/kg) 292 ± 2 289 ± 4  280 ± 14a 282 ± 3a

Urinary osmolality (mOsm/kg)   2147 ± 115   1578 ± 76a   1499 ± 117a 1745 ± 73a

Osmolal clearance (mL/min)     0.061 ± 0.003     0.049 ± 0.002    0.071 ± 0.009    0.088 ± 0.013
Free water clearance (mL/min)    -0.052 ± 0.003     -0.040 ± 0.002a   -0.056 ± 0.008    -0.074 ± 0.011a

Serum [Na+] (mEq/L)  137 ± 1 138 ± 3 125 ± 3a 126 ± 2a

Urinary [Na+] (mEq/L)    111 ± 13   102 ± 10     57 ± 15a     50 ± 15a

Na+ excreted (mEq)      1.47 ± 0.15     1.59 ± 0.19    1.20 ± 0.33    1.09 ± 0.34
Fractional Na+ excreted (%)      0.65 ± 0.17     0.63 ± 0.13    0.91 ± 0.40    1.72 ± 0.61
Serum [K+] (mEq/L)      4.5 ± 0.3     5.1 ± 0.4    4.0 ± 0.5    4.3 ± 0.1
Urinary [K+] (mEq/L)    281 ± 12  269 ± 5   199 ± 21a    180 ± 27a

K+ excreted  (mEq)      3.35 ± 0.17       4.12 ± 0.31a    3.65 ± 0.56     3.38 ± 0.39
Fractional K+ excreted (%)    38 ± 6    43 ± 8 > 100a > 100a

[Na+], sodium concentration; [K+], potassium concentration. aP < 0.05 vs sham group.

Figure 3  Free water and creatinine clearance in bile duct ligated (BDL) and 
sham operated rats. A: Free water clearance of sham operated rats (sham), 
and animals with 2-wk, 4-wk and 6 of bile duct ligation; B: Creatinine clearance 
of sham operated rats (sham), and animals with 2 wk, 4 wk and 6 wk of bile 
duct ligation.
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respect to the development of  HRS. Factors predictive 
for the development of  HRS include intense urinary 
sodium retention, dilutional hyponatremia, and increased 
activity of  systemic vasoconstrictors[10]. These features 
were clearly evidenced in our bile duct ligated rats, 
mostly at 6 wk. However, some characteristics of  bile 
duct ligated rats are not typically observed in HRS seen 
in clinical medicine. While patients with HRS are usually 
oliguric[1,3], our bile duct ligated animals at 4 wk and 6 
wk increased the urinary volume when compared to 
the sham-operated group. It should be mentioned that, 
despite the elevation in the urinary volume, these animals 
still presented water and sodium retention, according 
to the observed reductions in free water clearance and 
in urinary sodium concentration. The so-called polyuria 
was not enough to excrete the whole amount of  water 
and sodium retained by rats with 4 wk and 6 wk of  
BDL. Indeed, most investigators have used the BDL 
model to study pathological sodium retention[6,11], which 
occurs in liver disease. Another possible explanation 
for this apparently elevated urinary volume is the well-
known effect of  circulating bile acids in kidney function 
during obstructive jaundice[12,13]. Acute cholaemia may 
cause volume depletion by increasing urinary salt loss, 
which, in turn, may aggravate the direct nephrotoxicity 
of  circulating bile compounds[12]. In vitro addition of  
bile acids or bilirubin at concentrations comparable to 
those found in the plasma of  BDL rats, to a mixture of  
reactive enzymes strongly inhibited most, particularly 
mitochondrial oxidative phosphorylation[13]. Thus, high 
concentrations of  these substances in the blood may 
explain the development of  renal failure during liver 
disease, and its reversibility when liver function returns 
to normal[13]. It also should be noted that the normal 
kidney histology and the unchanged levels of  renal 
hydroxyproline content also favors the existence of  
HRS, a syndrome characterized by functional rather than 
structural disarrangement of  the kidneys in presence 
of  progressive liver disease[1,4]. Despite the differences 
in renal parameters in HRS in our system and in HRS 
observed in humans, this model seems to be very useful 
to evaluate the progression of  renal dysfunction in 
hepatic diseases, since BDL rats are normally able to 
maintain a residual diuresis, probably allowing their long-
lasting survival[6].

The pathophysiolog y of  HRS is s t i l l poor ly 
understood. Hypoperfusion of  the kidney due to 
active renal vasoconstrictors has been considered the 
hallmark of  HRS[1-4]. In this context, Ozdogan and co-
workers[14] conducted an elegant study that evidenced 
the role of  endothelin-1, a potent vasoconstrictor, in 
an experimental model of  HRS, which was induced 
by endotoxin administration to carbon tetrachloride-
treated rats. In addition, the renin-angiotensin system 
(RAS) and the sympathetic nervous system, some of  
the major systems with a vasoconstrictor effect in the 
renal circulation, have been suggested as potential 
mediators of  renal vasoconstriction in HRS[4,11,15]. 
During hepatic damage, systemic vasodilation and 
hyperdynamic circulation have been observed[16], which 

in turn promote an increase in sympathetic nervous 
activity, plasma renin activity (PRA), angiotensin Ⅱ 
and aldosterone levels, especially in the presence of  
HRS[3,4]. It is well known that angiotensin Ⅱ is one 
of  the most powerful regulators of  sodium excretion, 
operating through extrarenal as well as intrarenal 
mechanisms[17-19]. Some authors believe that, at the early 
stages of  hepatic injury, the renal effects of  angiotenisin 
Ⅱ represent a compensatory mechanism against the 
drop in organ perfusion pressure[3,4]. However, the 
development of  renal impairment leading to HRS 
would occur as a result of  an uncontrolled activation 
of  systemic vasoconstrictor factors such as angiotensin 
Ⅱ, sympathetic nervous system, endothelin and others 
that could not be counteracted by vasodilators such 
as nitric oxide, prostaglandins, bradykinin and maybe 
angiotensin-(1-7)[3,4].

In this regard, we recently have shown that bile duct 
ligated rats presented different profiles of  circulating 
RAS expression according to the progress of  hepatic 
damage[20]. At early stages (1 wk and 2 wk of  BDL), 
animals exhibited an elevation of  angiotensin Ⅱ and 
angiotensin-(1-7) levels, without concomitant changes 
in PRA and angiotensinⅠ. With the progression of  
liver fibrosis (4 wk and 6 wk of  BDL), RAS profile 
changed toward an overall enhancement of  the PRA 
and the circulating levels of  angiotensinⅠ, angiotensin 
Ⅱ and angiotensin-(1-7)[20]. According to these data[20], 
we hypothesize that not only angiotensin Ⅱ, but 
also angiotensin-(1-7) may possibly participate in the 
regulation of  renal blood flow, glomerular filtration, 
and tubular transport in liver diseases. However, we still 
do not know how angiotensin-(1-7) could affect renal 
function in BDL rats. It has been clearly demonstrated 
that angiotensin-(1-7) also exerts complex renal 
actions[19,21,22]. Our group and others detected in vivo 
and in vitro antidiuretic effects of  angiotensin-(1-7) 
by increasing f luid reabsorption[23-26]. These renal 
actions could contribute to sodium and water retention 
observed in bile duct ligated rats. In contrast, other 
studies showed that angiotensin-(1-7) has natriuretic and 
diuretic effects by inhibiting sodium reabsorption[27,28]. 
In addition, angiotensin-(1-7) seems to be involved 
in renal hemodynamic regulation by opposing the 
vasoconstrictive effects of  angiotensin Ⅱ in glomerular 
vessels[29,30]. However, it is difficult to know if  the 
changes in the components of  the RAS preceded or 
were caused by the decline in renal function. The liver, 
or maybe also the kidney, could produce angiotensin 
peptides, which, in turn, act either as systemic hormones 
or as locally generated factors. Accordingly, Paizis et al[31] 
detected an up-regulation of  angiotensin converting 
enzyme 2 (ACE2), the main enzyme responsible for 
angiotensin-(1-7) synthesis[22], in liver tissue from 
cirrhotic patients and bile duct ligated rats. Herath et al[32]  
showed increased expression of  angiotensin-(1-7) 
receptor, the Mas receptor[33], in experimental billiary 
fibrosis, suggesting a role for ACE2-angiotensin-(1-7)-
Mas axis in liver injury. 

Finally, the overall state of  sodium and water 
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balance and the effect of  many circulating and/or local 
regulators may influence the direction of  the observed 
renal actions in bile duct ligated rats. Further studies 
are necessary to clarify the mechanisms involved in 
the development of  HRS in experimental cirrhosis. 
However, our data indicate that BDL emerges as a good 
model for the study of  HRS.

 COMMENTS
Background
Hepatorenal syndrome (HRS) has been defined as a progressive renal failure 
that occurs in patients with chronic liver disease and advanced hepatic failure 
in the absence of any apparent clinical cause for renal insufficiency. HRS 
corresponds to a functional alteration without histological changes in kidney 
tissue. There are many experimental models to induce hepatic fibrosis. 
However, none of them has been systematically evaluated as a model of 
hepatorenal syndrome.
Research frontiers
In this study, we aimed to systematically evaluate in bile duct ligated rats at dif-
ferent post-procedure time-points, whether there were alterations of renal func-
tion without changes in histopathology.
Innovations and breakthroughs
Renal dysfunction without histological changes occurred according to the 
duration of bile duct ligation (BDL) in the absence of any additional treatment. 
Animals at 2 wk of BDL exhibited a well-preserved renal function, suggesting 
that the renal homeostatic compensatory mechanisms remained intact at this 
moment of hepatic damage. However, the progression of the process culmi-
nates in a non-compensated state, as already shown by rats at 4 wk of BDL 
with ascites, changes in water balance, sodium retention and increased serum 
creatinine levels. After 6 wk of BDL, features of hepatorenal syndrome (HRS) 
became evident, including reduction in creatinine clearance and fluid retention 
without alterations in renal histology and renal tissue collagen content. Our data 
showed that BDL seems to be a helpful model for the study of HRS, since it 
mimics clinical conditions characterized by obstructive jaundice, such as biliary 
atresia and choledochal cysts.
Applications 
The mechanisms for the renal changes observed in BDL animals remain 
unclear; however, this study indicates that BDL emerges as a good model for 
further studies of HRS and its treatment.
Peer review
This study is a well-designed experimental work, which tries to define an 
experimental model for hepatorenal syndrome.
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Abstract
AIM: To evaluate the effects of chlorella crude extract 
(CCE) on intestinal adaptation in rats subjected to 
short bowel syndrome (SBS).
METHODS: Wistar rats weighing 230-260 g were 
used in the study. After anesthesia a 75% small bowel 
resection was performed. Rats were randomized and 
divided into groups. Control group (n  = 10): where 5% 
dextrose was given through a gastrostomy tube, Enteral 
nutrition (EN) group (n  = 10): Isocaloric and isonitrogen 
EN (Alitraq, Abbott, USA), study group (n  = 10): CCE 
was administrated through a gastrostomy tube. Rats 
were sacrificed on the fifteenth postoperative day and 
blood and tissue samples were taken. Histopathologic 
evaluation, intestinal mucosal protein and DNA levels, 
intestinal proliferation and apoptosis were determined 
in intestinal tissues, and total protein, albumin and 

citrulline levels in blood were studied.
RESULTS: In rats receiving CCE, villus lengthening, 
crypt depth, mucosal DNA and protein levels, intestinal 
proliferation, and serum citrulline, protein and albumin 
levels were found to be significantly higher than those 
in control group. Apoptosis in CCE treated rats was 
significantly reduced when compared to EN group rats.
CONCLUSION: CCE has beneficial effects on intestinal 
adaptation in experimental SBS.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION 
Short bowel syndrome (SBS) is a clinical condition 
characterized by diarrhea, dehydration, electrolyte 
imbalance, malabsorption, and progressive malnutrition 
related to a wide resection of  the small intestine[1-3]. 
In the pediatric population, necrotizing enterocolitis, 
gastroschisis, omphalocele, intestinal atresia and 
Hirschsprung disease, and in the adults mesenteric 
vascular occlusion, inflammatory bowel disease (IBD) 
and malignancies, are the most common reasons 
for  performing extensive resection of  the intestine[2]. 
Retaining intestinal autonomy depends on the length 
of  remaining intestine and the adaptive capacity of  the 
intestinal remnant. Some compensatory changes occur 
after massive intestinal resection in order to maintain 
adequate digestion. Restoration of  the absorptive surface 
area and functional capacity result in morphologic and 
functional improvement. Structural adaptation after 



www.wjgnet.com

Kerem M et al . Effects of chlorella on intestinal SBS                                                                                    4513

intestinal resection involves intestinal dilatation and 
elongation, villus lengthening, and increasing crypt cell 
proliferation. These changes result in a marked increase 
in the intestinal absorptive surface area[4]. The functional 
adaptation mechanism in the remnant intestine is still not 
entirely understood. Regulation of  intestinal adaptation 
is an extremely complicated process influenced by 
many factors[5]. Some of  these factors are nutrients, 
gastrointestinal secretions, hormones, and a variety of  
polypeptides stimulating growth capability[6]. The most 
important therapeutic objectives in the management 
of  SBS are maintenance of  the patient’s calorie intake 
and nutritional status. Optimal intestinal rehabilitation 
should enhance the intestinal adaptation and shorten 
the period of  intestinal recovery[7,8]; Yet, today no such 
optimal therapy exists. However, some enteral nutrition 
(EN) products are used for energy supports in order 
to reduce demand for total parenteral nutrition (TPN). 
The prospective, randomised and double blind clinical 
study of  Byrne and colleagues[9] showed that glutamine, 
growth factor and optimum diet could reduce the length 
of  TPN support. O’Dwyer and colleagues[10] emphasized 
that glutamine enriched TPN significantly improved 
the mucosal recovery and adaptation. New treatment 
alternatives to the current ones are still under research in 
experimental and clinical studies.

Chlorella is a species of  green algae that grows in 
fresh water. The name Chlorella is taken from the Greek 
word meaning “small, fresh green”, it contains the 
highest level of  chlorophyll in the world when compared 
with all other nutrients. It has been consumed as a 
food source for centuries mainly in Japan and other Far 
East countries, and suggestion of  its healing properties 
has enhanced consumption[11,12]. Biotechnological 
processing for single cell protein production is the most 
emphasized area of  chlorella studies. Because of  high 
protein ingredients, chlorella was considered to be a 
protein source in the beginning, but later it was seen 
as a “functional nutrient” first in Japan then Europe 
and America, and today it is accepted that chlorella is 
rich in nutritional ingredients[11,12]. Active ingredients 
of  chlorella are: 61.6% protein, 12.5% fat, 13.7% 
carbohydrate, trace elements (Al, Ze, P, Ca, Mg, Mn, 
Ni, Se), vitamins (carotene, beta-carotene, thiamine, 
B1, B2, B6, C, D, E, K), nucleic acids (RNA and DNA), 
and various enzymes[12,13]. In our previous research, we 
showed that feeding with chlorella crude extract (CCE) 
has beneficial effects on malnourished rats which had 
undergone colon anastomosis[13].

In the current study, we aimed to evaluate the efficacy 
of  chlorella extract which is rich in amino acids, beta 
carotene, and trace elements on intestinal adaptation in 
SBS.

MATERIALS AND METHODS
Al l p rocedure s we re conduc t ed acco rd ing to 
recommendations of  the Animal Research Committee 
at Gazi University in Ankara, Turkey. Wistar rats 
weighing 230-260 g were used in the study. The rats were 

maintained at 23℃ in a 12 h light dark cycle, with free 
access to water and standard rat chow for a week. Eight 
hours prior to the start of  experiments, rats were deprived 
of  food while drinking water was available ad libitum. 
Animals were anesthetized by an intramuscular injection 
of  40 mg/kg ketamine (Ketalar®, Parke Davis, Eczacıbasi, 
Istanbul, Turkey) and 5 mg/kg xylazine (Rompum®,  
Bayer AG, Leverkusen, Germany). Rats underwent 
central venous catheterization by inserting the catheter 
into the right external jugular vein, and were operated on 
under sterile conditions. A gastrostomy tube was placed 
for enteral feeding before the 75% small bowel resection. 
A 3 cm midline laparotomy was performed and intestinal 
transections were done 15 cm above the ileocecal junction 
and 5 cm from the duodenojejunal transition. Interrupted 
sutures of  7-0 PDS (Ethicon®, USA) were used for end 
to end bowel anastomosis. The venous catheter and 
the gastrostomy tube were tunneled subcutaneously 
through the dorsal cervical area, and attached with special 
apparatus (Swivel 56-1308; Harvard Apparatus, USA) 
which has a port and equipped with a spring system just 
beneath the skin. Before the closure of  the abdominal 
cavity, 3 mL saline was administered intraperitoneally for 
the fluid resuscitation.

During the postoperative 3 d, rats received 60 kcal 
non-protein energy and 0.414 g nitrogen total paranteral 
nutrition (TPN). After postoperative day 4, rats were 
randomized and divided into the groups below: (1) Sham 
group: Laparotomy was performed; (2) Control group: 
5% dextrose 12 mL/24 h was given to the rats by the 
gastrostomy tube with the infusion pump; (3) EN group: 
isocaloric (60 kcal/d) and isonitrogen (0.686 g/d) Alitraq 
(Abbott, USA) given to the rats through the gastrostomy 
tube with the infusion pump. Since, Alitraq is the EN 
product which has the highest amount of  glutamine, 
and research clearly shows that glutamine has beneficial 
effect in SBS, Alitraq was used for enteral feeding in this 
study; (4) Study group: rats received CCE (60 kcal/d) 
through the gastrostomy tube by the infusion pump. 
In the sham, both EN and study group rats were not 
allowed to eat solid food, but were free to drink water.

Rats were anesthetized by intraperitoneal injection 
of  50 mg/kg sodium pentothal before laparotomy. The 
length of  the small bowel was measured from the Treitz 
to the caecum. After withdrawal of  blood samples from 
vena cava, rats were sacrificed by bleeding. Intestinal 
resection was quickly performed, and specimens were 
washed with cold saline. Histopathologic samples 
were taken from both the jejunal and ileal side of  the 
anastomosis, and the rest of  it was weighed.

Preparation of the algae extract, its ingredients and its 
use
Culturing and growth conditions: Collection and 
isolation of  microalgae were made in compliance with 
Rippka et al[14]. Microalgae were obtained from GUMACC 
(Gazi University Microalgae Culture Collection) Chlorella 
sp. C1 were expanded in number by culture in BG11 
nutrition medium (blue-green medium 11) at less than 
3000 lux light intensity, under illumination for 16 h 



and under darkness for 8 h. Algae were harvested after 
approximately a 15-d production period.

Preparation of  the extracts: Algal mass from an axenic 
exponential culture of  the microalgae strains grown 
in BG11 were separated from the culture medium by 
centrifugation and pellets were dried at 60℃ for 24 h.  
Methanol extracts were prepared according to the 
methods of  Khan et al[15] and Vlachos et al[16], from dry 
algal mass (ratio 1:15 g/mL) extracted throughout 24 h. 
After separating the extraction phase, all of  the extracts 
were preserved at 4℃. The chlorella sp. extract was 
resuspended at 1 g/mL in 0.9% sterile saline.

Ingredients of  algae extract and its use: The dose 
of  algae extract used was 50 g/kg BW/d[13,15,16]. The 
suspension was given via oral gavage three times a day in 
equal doses (each dose was less than 5 mL).

Biochemical analysis
Serum protein, albumin and blood sugar levels were 
analyzed from blood samples. The mucosal layers of  
the intestinal samples were brushed with slides and then 
weighed. After a homogenization process, mucosal DNA 
and protein levels were evaluated by the techniques of  
Chomczynski as described previously[17].

Serum citrulline levels
Serum citrulline levels were measured by the tandem 
mass spectrophotometric technique with isotope 
embedded amino acid standards. The results were 
expressed as mmol/L.

Histopathology
Jejunal and ileal tissue samples were fixed in a 10% 
solution of  formaldehyde, and embedded in paraffin 
wax from which 3-µm-thick sections were mounted on 
slides. The sections were stained with hematoxylin-eosin 

(HE), and mucosal widening, villus length and crypt 
depth were evaluated.

Enterocyte proliferation and apoptosis
Cr ypt ce l l pro l i fera t ion was deter mined us ing 
5-bromodeoxyuridine (BrdU). Twelve hours before 
sacrifice, 100 mg/kg BrdU was given intraperitoneally 
to the rats. Sections were stained with anti-BrdU 
antibodies. Every 10 crypts stained with positive BrdU 
were calculated as a proliferation index. The TUNEL 
technique was used for the determination of  apoptotic 
cells.

Statistical analysis
All values were expressed as mean ± SE and the results 
were compared by analysis of  variance (one-way 
ANOVA) and Scheffe’s post hoc analysis. P < 0.05 was 
considered statistically significant. Statistical evaluation 
was carried out using SPSS 11.5 software (SPSS, 
Chicago, IL, USA).

RESULTS
Three rats died during the creation of  the SBS, and they 
were replaced with new ones.

Weight lost
All rats subjected to SBS lost significant weight 
when compared with their orginal weight before the 
experiment. In the EN and study (CCE) groups, rats lost 
less weight than the control group (P < 0.05). When they 
were compared with each other, it was observed that in 
the CRE group rats lost significantly less weight than the 
EN group (P < 0.001, Table 1).

Histopathologic evaluation
In the control group, mucosal widening, villous length, 
crypt depth and amount of  mitosis markedly decreased 

Table 1  Total biochemical, histopathology and DNA results

Sham Control EN CCE ANOVA Sheffe's

Weight loss (g)   0 ± 0 52 ± 8 34 ± 6 24 ± 5   < 0.001 a, c, e
Width of jejunum (cm) 0.84 ± 0.1 0.48 ± 0.4 0.62 ± 0.3 0.78 ± 0.1 < 0.05 c, e, g
Length of jejunum villi (mm)   0.74 ± 0.22   0.38 ± 0.18   0.54 ± 0.12   0.76 ± 0.11 < 0.05 c, e, g
Depth of jejunum crypt (mm)   0.51 ± 0.13   0.32 ± 0.13   0.52 ± 0.10   0.68 ± 0.08 < 0.05 c, e, g
Number of jejunal mitosis (n) 11.2 ± 2.1   4.2 ± 2.1 13.4 ± 4.3 22.8 ± 5.2   < 0.001 c, e, g
Width of ileum (cm) 0.84 ± 0.1 0.48 ± 0.4 0.62 ± 0.3 0.78 ± 0.1 < 0.05 c, e, g
Length of ileum villi (mm)   0.74 ± 0.22   0.38 ± 0.18   0.54 ± 0.12   0.56 ± 0.11 < 0.05 a, c
Depth of ileum crypt (mm)   0.61 ± 0.10   0.36 ± 0.13   0.58 ± 0.19   0.64 ± 0.08 < 0.05 c, e, g
Number of ileum mitosis (n) 11.2 ± 2.1   4.2 ± 2.1 13.4 ± 4.3 22.8 ± 5.2   < 0.001 c, e, g
Total protein (mg/dL)   6.8 ± 1.8   4.3 ± 1.3   6.1 ± 1.4   6.6 ± 2.0 < 0.05 c, g
Albumin (mg /dL)   2.2 ± 0.2   1.1 ± 0.3   1.9 ± 0.1   2.0 ± 0.3 < 0.05 c, g
Serum citrulline (micromol/L)   72.2 ± 11.2 34.2 ± 6.2 52.3 ± 7.9 68.8 ± 9.8   < 0.001 c, g
Mucosal DNA  (ng/mL) 622 ± 48 318 ± 32 716 ± 61   898 ± 182   < 0.001 c, g
Mucosal protein (mg/mL) 16.2 ± 3.8   6.2 ± 2.6 12.9 ± 3.8 15.3 ± 4.5   < 0.001 c, g
Cell proliferation index Jejunum 310 ± 27 550 ± 40 710 ± 50 850 ± 55   < 0.001 a, c, g
(BrdU (+) cells/ 10 crypts) Ileum 280 ± 32 510 ± 35 730 ± 45 970 ± 65   < 0.001 a, c, g
Apoptosis index Jejunum    12 ± 2.1    25 ± 3.2    18 ± 3.1    14 ± 2.1   < 0.001 a, c, g
(Apoptotic cell/1000 cell) Ileum    13 ± 2.3    29 ± 2.5    21 ± 4.1    16 ± 3.7   < 0.001 a, c, g

aP < 0.05, Sham group vs other groups; cP < 0.05, CCE and EN and control group; eP < 0.05, CCE vs EN group; gP < 0.05, control vs other groups.
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when compared to sham, EN and CCE groups (P < 
0.05). Jejunal and ileal mitosis number in the EN and 
CCE groups were significantly higher than those at the 
control group (P < 0.05). The amount of  mitosis in both 
segments of  intestine in the CCE group was markedly 
higher than those in the EN group. Villus length and 
mucosal widening were not significantly different 
between the EN and CCE groups, whereas crypt depth 
was remarkably increased in the CCE group over the 
others (P < 0.05, Table 1, Figure 1).

Mucosal DNA levels
Mucosal DNA levels significantly decreased in the 
control group when compared to the other groups. 
The mucosal DNA levels for EN and CCE groups 
were found to be remarkably higher than the sham 
and control groups. Moreover, the same parameters 
significantly increased in the CCE group when compared 
to the EN group (P < 0.05, Table 1).

Mucosal protein levels
Ileal mucosal protein levels were significantly higher 
in the CCE group than all other groups (P < 0.05). 
The mucosal protein levels of  the control group were 
markedly reduced when compared the other groups (P 
< 0.05). There was no difference between the EN and 
CCE groups (P < 0.05, Table 1).

Cell proliferation index
The jejunal and ileal cell proliferation indexes were 
significantly higher in the CRE group than all other 

groups (P < 0.05). The cell proliferation indexes in the 
control group were increased when compared to the 
sham group while they were significantly lower than the 
EN and CCE groups (P < 0.05, Table 1).

Apoptotic index
Apoptosis in the control group was markedly increased 
compared to other groups. The apoptotic index in 
subjects fed with CCE was significantly lower than those 
in the EN and control groups (P < 0.05), and it was 
found to be insignificantly higher than the apoptotic 
indexes of  the sham group (P < 0.05, Table 1).

DISCUSSION
Loss of  small bowel function caused by extended 
intestinal resection results in malabsorption and fluid 
and electrolyte imbalances[1]. In the early postoperative 
period the first priority of  SBS treatment is adequate 
resuscitation of  volume and electrolyte disturbances. 
When these parameters are stabilized, parenteral nutrition 
can be started[1-3]. Although parenteral nutrition causes 
a significant decrease in the mortality rates of  SBS, the 
time required for optimal TPN therapy is too long and 
has many disadvantages and severe complications[4-7]. 
Searching for new treatment methods for increasing bowel 
adaptation mechanisms in order to reduce complications 
of  SBS is an area which many recent studies concentrated 
on. The hormones; bombesin, growth factors, insulin 
like growth factors, ghrelin, leptin, and EN products; 
glutamine, fish oil (omega-3 fatty acids), immune 

A

DC

B

Figure 1  Villi and crypts in the ileum of rats which underwent SBS (HE, x 100): Control group (A) and EN group (B); C: Significant elongation of villi in CCE group (İleum, 
HE, x 100); D: Significant mitotic figures in the crypts in the CCE group (İleum, HE, x 400).
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nutrients and fibers, have been investigated, and found to 
have beneficial effects on bowel adaptation mechanism in 
SBS[8-10,18]. We designed our research on the use of  species 
of  chlorella algae for healing effects because of  its high 
protein, nucleic acid, antioxidant and fiber content[11,12]. In 
this study, it was observed that enteral feeding with CCE 
has beneficial effects on intestinal adaptation in rats with 
SBS. Lengthening of  the intestinal villus, increasing crypt 
depth, intestinal proliferation, mucosal protein, DNA, 
serum citrulline, protein and albumin levels, and decrease 
of  apoptosis were found in the study. This is the first 
study to demonstrate the healing effects of  chlorella on 
SBS. 

When we look at the current literature, we can 
find few trials of  different algae species[19,20]. Tokida 
ameliorated murine chronic colitis through down-
regulation of  interleukin-6 production on colonic 
epithelial cells. Sakai et al[21] have also described that 
Sargassum horneri, a marine brown algae, increases 
Cl- absorption in isolated rat colon by activation of  
leukotrienes. In another study, it was shown that algae 
extract can reduce inflammation and ultrastructural 
changes in rats colitis induced by acetic acid[20]. Gonzalez 
et al[22], demonstrated that intestinal myeloperoxidase 
enzyme levels remarkably decrease in response to algae 
extract. Dvir and colleagues[23] suggested that red algae 
can regulate intestinal physiology and lipid metabolism, 
it can also be used as a functional nutrient. The same 
investigators claimed that algae-derived polysaccharides 
can increase jejunal muscular hypertrophy, and algae fiber 
can lengthen both colon and small bowel and increase 
colonic transit time by 44% compared to control group. 
Significant increases in mucosal villous lengthening 
and crypt depth due to the effects of  micro-algae were 
observed in the same study. Although it is very rare, we 
can see the use of  algae for SBS in the literature.

To our knowledge, if  f luid resuscitation is not 
subsequently provided following the surgery, mortality 
can be significantly high in animal models of  SBS[1]. 
For this reason, we inserted an intravenous line in 
rats, before starting TPN, and we resuscitated them 
with iv fluid for a short period of  time. After the third 
postoperative day, rats received dextrose in addition to 
EN and CCE. They were weighed daily until the end of  
the experiment. All rats subjected to SBS lost significant 
weight. However, weight lost in rats fed with EN and 
CCE was markedly less than the control group. Though 
both EN and CCE resulted in weight gain in rats, the 
CCE group rats gained more weight than the EN group. 
Both nutritional solutions have almost the same energy 
distribution, but CCE has higher nucleotide content, and 
better absorptive and adaptive capacity than the EN, so 
rats gained more weight in the CCE group than those 
in other groups. In our previous study, we observed that 
CCE increases weight gain in malnourished rats.

Recent articles feature the amino acid citrulline, the 
best marker of  intestinal absorptive capacity in SBS 
due to massive intestinal resection[3-7]. The clinical study 
of  Rhoads et al[24], found that there was a correlation 
between serum citrulline levels and enteral tolerance, and 

levels of  serum citrulline could be used as a predictive 
test. In our study, fifteenth day serum citrulline levels 
were significantly lower than those in other groups. 
However, the CCE group serum citrulline levels were 
markedly higher than those in the control and EN 
groups. Another result of  absorptive and adaptive 
responses was the significant increase in serum protein 
and albumin levels in CCE fed rats when compared to 
control rats. High amino acid and nucleotide levels in 
CCE could be responsible for these effects.

Mucosal DNA and BrdU proliferation index for 
evaluating intestinal proliferation rate were found 
significantly reduced in SBS rats when compared 
to control group rats. Mucosal DNA and intestinal 
proliferation index were markedly higher in CCE 
and EN groups than those in control group. These 
parameters also increased in the CCE group compared 
to the EN group. Excessive amount of  nucleic acid, 
protein, vitamin and other substances in CCE may be 
responsible for these outcomes. 

In conclusion, enteral administration of  CCE 
increases intestinal adaptation and proliferation 
in experimental SBS. The current study provides 
preliminary data for future research. More studies are 
needed to investigate the use of  algae species growing in 
water as a clinical nutrition product.

 COMMENTS
Background
Chlorella is a species of green algae that grows in fresh water. The name 
chlorella is taken from the Greek word meaning “small, fresh green”, it contains 
the highest level of chlorophyll in the world when compared with the all other 
nutrients. It has been consumed as a food source for centuries mainly in Japan 
and other Far East countries, and suggestion of its healing properties has 
enhanced consumption. However, there is little data about the use of chlorella 
in disease, which is investigated in this experimental study.
Research frontiers
Short bowel syndrome (SBS) which affects both children and adults is a 
generally seen disease. The basis of treatment for this disease is enteral and 
intravenous nutrition. Several enteral nutrition (EN) products have been used 
for SBS. The aim of this study is to evaluate the effect of chlorella in SBS in 
rats.
Innovations and breakthroughs
In this study, positive effects of orally given chlorella were seen. This is the first 
study on this subject. It was seen that chlorella increased intestinal adaptation 
in SBS.
Applications
This experimental study will guide new experimental and clinical studies. 
Chlorella is an algae which is widely found in both salt and fresh water. As 
a usage for EN, it can be used for acute pancreatitis, inflammatory bowel 
diseases, colitis studies and clinical studies.
Peer review
In this experimental study about SBS, orally given CCE showed a positive effect 
on parameters of intestinal adaptation. Since it is the first study that shows 
positive effects of algae in SBS, this is an interesting study.
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Abstract
AIM: To estimate the prevalence of inherited and 
acquired thrombophilic risk factors in patients with 
abdominal venous thrombosis and to compare the risk 
factor profiles between Budd-Chiari syndromes (BCS) 
and splanchnic vein thrombosis (SVT).
METHODS: In this retrospective study, 36 patients 
with abdominal venous thrombosis were studied. 
The patients were divided into Budd-Chiari group 
(hepatic vein, IVC thrombosis) and splanchnic venous 
thrombosis group (portal, splenic, superior mesenteric 
veins) based on the veins involved. Hereditary and 
acquired thrombophilic risk factors were evaluated in 
all patients.
RESULTS: Twenty patients had SVT, 14 had BCS, 
and 2 had mixed venous thrombosis. Ten patients 
(28%) had hereditary and 10 patients (28%) acquired 
thrombophilic risk factors. The acquired risk factors 
were significantly more common in the SVT group 
(SVT vs  BCS: 45% vs  7%, c2 = 5.7, P  = 0.02) while 
hereditary risk factors did not show significant 
differences between the two groups (SVT vs  BCS: 25% 
vs  36%, c2 = 0.46, P  = 0.7). Multiple risk factors were 
present in one (7%) patient with BCS and in 3 patients 
(15%) with SVT. No risk factors were identified in 57% 
of patients with BCS and in 45% of patients with SVT.
CONCLUSION: Hereditary and acquired risk factors 
play an important role in the etiopathogenesis of 
abdominal venous thrombosis. Acquired risk factors 

are significantly more common in SVT patients while 
hereditary factors are similar in both groups.
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INTRODUCTION
Abdominal venous thrombosis may present as Budd-
Chiari Syndrome (BCS) (thrombosis of  inferior vena 
cava and/or hepatic veins) or splanchnic venous 
thrombosis (SVT) (occlusion of  portal, splenic, superior 
or inferior mesenteric veins). Hereditary and acquired 
risk factors have been implicated in the etiopathogenesis 
of  abdominal venous thrombosis[1,2]. Hereditary risk 
factors for thrombophilia include Factor V Leiden gene 
mutation, prothrombin gene mutation, homozygous 
methyl tetrahydrofolate reductase (MTHFR) gene 
mutation, and deficiencies of  coagulation inhibitor 
protein C, protein S and antithrombin Ⅲ (AT Ⅲ)[3-7]. 
Causes of  acquired thrombophilia are myeloproliferative 
disorders, malignancy, surgery, antiphospholipid 
syndrome, pregnancy, ora l contracept ives, and 
infection[8-11]. Identification of  these risk factors may 
help in evaluation, planning therapy, or screening family 
members to evaluate an individual risk.

There are few studies from South Asian regions 
which have comprehensively evaluated prothrombotic 
risk factors in BCS and portal venous thrombosis 
(PVT)[12,13]. These studies did not assess risk factors 
in patients with mesenteric venous thrombosis. Other 
studies have evaluated individual risk factors or multiple 
risk factors in single venous thrombosis[14-17]. The aim 
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of  the study was to analyse prothrombotic etiological 
profiles (hereditary and acquired) in patients with 
abdominal venous thrombosis and to compare the 
profiles of  the BCS and SVT groups.

MATERIALS AND METHODS
Patients admitted with abdominal venous thrombosis that 
had complete etiological work up during the period July 
1997 to June 2006 were included in the study. Patients 
with incomplete evaluation (acute thrombosis or on 
anticoagulants) were excluded. Diagnosis of  thrombosis 
was based on Doppler sonography, abdominal computed  
tomography (CT), or venography. For all selected patients, 
clinical information and laboratory data were collected by 
a standardized review of  medical charts using uniform 
structured data forms. Details of  acquired prothrombotic 
risk factors like abdominal surgery, oral contraceptives, 
pregnancy, liver cirrhosis, antiphospholipid syndrome, 
infection, or others were also obtained.

Genetic tests for mutation in Factor V Leiden 
gene (1691, G-A), MTHFR gene (677 C-T), and 
prothrombin gene (20210, G-A) were done in all the 
patients by PCR amplification of  the respective gene 
segments[18-20]. The amplified products were subjected 
to restriction digestion fragment length polymorphism 
(RFLP) analysis. Protein C and AT Ⅲ were assessed 
using chromogenic assays, done on the coagulation 
analyzer (Dade Behring’s Sysmex CA 1500). Free protein 
S was estimated by an immunoassay (Chromogenix 
Coamatic Protein S Free, IL) done on the ACL Advance 
(Instrumentation Laboratory). The assays for protein 
C, protein S, and AT Ⅲ were run concurrently with 
normal control and abnormal control (substrate present 
in low level simulating deficiency states) samples for 
validation as well as comparison with normal. The 
normal reference ranges of  various tests were  protein C: 
50%-150% of  normal; protein S: 50%-150% of  normal; 
AT Ⅲ: 80%-120% of  normal. Patients were considered 
to have protein C, protein S, or AT Ⅲ deficiency only if  
liver dysfunction was ruled out.

Statistical analysis
Comparison between the BCS and the SVT group was 
done by Fischer’s exact test for categorical variables and 
Mann Whitney U test for continuous variables. A P value 
of  < 0.05 was considered significant. All analysis was 
performed in SPSS for Windows Version 11.

RESULTS
Thirty-six patients with thrombosis of  abdominal veins 
were studied. The mean age of  the patients was 36.7 
years (range: 3-69 years). There were 24 males (67%) 
and 12 females (33%). Abdominal pain, the commonest 
symptom, was seen in 16 (44%), hepatomegaly in 4 
(11%), splenomegaly in 10 (28%), and ascites in 13 (36%) 
patients. Acute presentation was more common in SVT 
(40%) than in BCS (21%). Diagnosis of  abdominal 
venous thrombosis was made by Doppler sonography 
in 21 patients (58%), CECT abdomen in 10 (28%), and 

venography in 5 (14%) patients. Twenty patients had 
thrombosis of  splanchnic veins (SVT), 14 had thrombosis 
of  inferior vena cava and/or hepatic vein (BCS) and 2 had 
thrombosis in both splanchnic and IVC/hepatic veins.

The site of  thrombosis along with detai ls of  
hereditary and acquired risk factors in all patients studied 
is shown in Table 1. Hereditary risk factors were present 
in 10 (28%) patients and acquired risk factors in 10 (28%) 
patients. The most common hereditary risk factors 
were Factor Ⅴ Leiden gene mutation (11%) and AT Ⅲ 
deficiency (11%) followed by protein C deficiency (8%). 
None of  the patients had a prothrombin gene mutation, 
protein S deficiency, or was homozygous for MTHFR 
gene mutation. MTHFR mutation (heterozygous) was 
seen in 22% patients, which is not considered a risk 
factor for thrombosis. In the BCS group (14 patients): 
IVC obstruction alone was present in 5 patients, hepatic 
vein (HV) obstruction alone in 6 patients, and IVC + 
HV obstruction in 3 patients. Hereditary risk factors 
were present in 5 (36%) patients and acquired risk factor 
in one (7%) patient. In SVT group (20 patients): portal 
vein (PV) obstruction alone was present in 4 patients, 
splenic vein (SV) obstruction alone in 2 patients, 
superior mesenteric vein (SMV) obstruction alone in 1 
patient, PV + SMV obstruction in 3 patients, and PV + 
SV + SMV obstruction in 10 patients. Hereditary risk 
factors were present in 5 (25%) patients and acquired 
risk factors in 9 (45%) patients.

Comparison of  risk factor profiles between the BCS 
and the SVT group is shown in Table 2. Hereditary risk 
factors were higher in the BCS group (BCS vs SVT: 36% vs 
25%, P = 0.7), but this difference did not reach statistical 
significance. Acquired risk factors were significantly 
higher in the SVT group (SVT vs BCS: 45% vs 7%, P = 
0.02). The prevalence of  multiple risk factors in the BCS 
and the SVT group are shown in Table 3. More than one 
risk factor was seen in 1 (7%) patient in the BCS group 
and in 4 (20%) patients in the SVT group. No risk factor 
was identified in 57% of  patients in the BCS group and in 
45% of  patients in the SVT group.

DISCUSSION
This study evaluated hereditary and acquired risk factors 
in 36 patients with abdominal venous thrombosis. 
Hereditary risk factors were identified in 36% of  patients 
with BCS and in 25% of  patients with SVT. Acquired 
risk factors were detected in 7% of  patients with BCS 
and in 45% of  patients with SVT.

Prevalence of  Factor V Leiden mutation (FVLM), 
the most common cause of  inherited thrombophilia, 
is variable in different populations[21]. Risk of  venous 
thrombosis is 5- to 8-fold in heterozygotes and 50- to 
80-fold in mutation homozygotes[3]. Janssen et al showed 
that prevalence of  FVLM in BCS (26%) and PVT (8%) 
was higher than in controls (3%) suggesting that FVLM 
is an important risk factor for BCS (OR 11.3) and PVT 
(OR 2.7)[22]. Mohanty et al also found FVLM to be an 
important risk factor in BCS (26%; OR 14.5) and in PVT 
(6%; OR 2.3)[12]. Bhattacharyya et al demonstrated FVLM 
mutation in 17% of  BCS and in 3% of  patients with 
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PVT[13]. Koshy et al showed that the prevalence of  FVLM 
was similar in patients with PVT (3%) and controls (1%) 
and suggested that FVLM is not associated with PVT in 

India[14]. Similar observations were made by Sharma et al 
who demonstrated FVLM in 1.6% of  patients with PVT 
and in 4% of  controls[15]. In the present study, 14% of  
patients with BCS and 10% with SVT were heterozygotes, 
both higher than control data (1%-4%) reported earlier 
from India[12,14,15]. Though the numbers of  patients in the 
study are small, results suggest that FVLM may be a risk 
factor in BCS and SVT.

Prothrombin gene mutation, a risk factor for venous 
thrombosis (homozygote: 10-fold; heterozygote: 2- 
to 4-fold) is rare in African and Asian populations 
compared to Caucasians[23]. None of  the five Indian 

Table 2  Characteristics and risk factors of patients with BCS 
and SVT

BCS (n  = 14) SVT (n  = 20) P 1

Age: Median (IQR) 39.5 (27.25) yr 42.5 (20.5) yr 0.18 
Female 21.4% 40% 0.30
Acute presentation 21.4% 40% 0.30
Hereditary risk factors 35.7% 25% 0.70
Factor Ⅴ Leyden mutation 14.3% 10% 0.55
Prothrombin gene mutation      0%   0% -
Homozygous MTHFR gene 
mutation

     0%   0% -

Protein C deficiency   7.1% 10%       1.0
Protein S deficiency      0%   0% -
AT Ⅲ deficiency 21.4%   5% 0.28
Acquired risk factors    7.1% 45% 0.02
No risk factor 57.1% 45% 0.70

1Fisher’s exact test for categorical variables and Mann Whitney’s U test for 
continuous variable.

Table 3  Prevalence of multiple risk factors (inherited and 
acquired) among patients with BCS and SVT n  (%)

Number of risk 
factors

BCS  
(n  = 14)

SVT  
(n  = 20)

Total 
(n  = 34)

0 8 (57) 9 (45) 17 (50)
1 5 (36) 7 (35) 12 (35)
2              1 (7)             3 (15)            4 (12)
3                -              1 (5)            1 (3)
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Table 1  Site of thrombosis and presence of risk factors in individual patients

Patient  
No.

Group Site Age(yr) Sex Hereditary risk factors Acquired risk factors

FVL PT MTHFR1 PrC PrS AT Ⅲ

  1 IVC and/or 
Hepatic vein 
thrombosis 
(BCS)

Ⅳ 12 M -,- -,- -,- N N N
  2 Ⅳ 43 M -,- -,- -,- N N N Past peripheral DVT
  3 Ⅳ 45 M -,- -,- -,- N N N
  4 H 20 F +,- -,- -,- N N N
  5 Ⅳ + H 39 M -,- -,- -,- N N N
  6 H 42 F -,- -,- -,- N N N
  7 H 20 M -,- -,- +,- N N N
  8 Ⅳ 49 M -,- -,- -,- N N N
  9 H   4 M -,- -,- -,- N N N
10 Ⅳ 46 M -,- -,- +,- N N Y
11 Ⅳ + H 54 M +,- -,- +,- N N N
12 Ⅳ + H   5 M -,- -,- +,- Y N Y
13 H 40 F -,- -,- -,- N N N
14 H 28 M -,- -,- +,- N N Y
15 Splanchnic 

vein 
thrombosis 
(SVT)

P + SP + SM 55 F -,- -,- -,- Y N N
16 P + SP + SM 49 F -,- -,- -,- N N N
17 P + SP + SM 44 F -,- -,- -,- N N N Abdominal surgery
18 SP 35 M -,- -,- -,- N N N
19 P   3 M -,- -,- +,- Y N N Abdominal surgery
20 P 22 F -,- -,- -,- N N N Cirrhosis
21 P + SP + SM 51 F -,- -,- -,- N N N Past peripheral DVT
22 P + SM + IM 47 F -,- -,- -,- N N N
23 P 30 M -,- -,- -,- N N N
24 P + SM 37 M -,- -,- -,- N N N Cirrhosis
25 P + SM 43 M -,- -,- -,- N N N
26 SM 31 M +,- -,- -,- N N N APLA
27 P 30 M -,- -,- -,- N N Y
28 P + SP + SM 28 M -,- -,- -,- N N N
29 SP 20 M -,- -,- -,- N N N Acute pancreatitis
30 P + SP + SM 62 M -,- -,- -,- N N N
31 P + SP + SM 69 M -,- -,- -,- N N N Cirrhosis, HCC
32 P + SM 49 F -,- -,- -,- N N N
33 P + SP + SM 53 M +,- -,- -,- N N N Polycythemia, APLA
34 P + SP + SM 42 F -,- -,- +,- N N N
35 BCS  +  SVT Ⅳ + H + P 50 F -,- -,- +,- N N N
36 H + P 25 M -,- -,- -,- N N N

Ⅳ: Inferior vena cava; H: Hepatic vein; P: Portal vein; SP: Splenic vein; SM: Superior mesenteric vein; IM: Inferior mesenteric vein; FVL: Factor Ⅴ Leiden 
gene; PT: Prothrombin gene; MTHFR: Methyl tetrahydrate folate reductase gene; PrC: Protein C deficiency; PrS: Protein S deficiency; AT Ⅲ: Antithrombin 
Ⅲ deficiency; Y: Yes; N: No; APLA: Antiphospholipid antibody. -,-: Wild type; -,+: Heterozygous mutation. 1Heterozygous MTHFR gene mutation is not 
considered a risk factor of thrombosis.



studies have shown this gene mutation in cases or 
controls[12,13,15-17]. We also did not detect this mutation in 
any of  our patients. Prevalence of  heterozygote MTHFR 
gene mutation in patients with venous thrombosis is 
similar to healthy controls suggesting that this mutation 
is not an important prothrombotic factor[24]. It has 
been shown that homozygote MTHFR mutation, 
one of  the causes of  hyperhomocystinaemia (risk 
factor for vascular disease), is a risk factor for venous 
thrombosis[19,24]. None of  the patients in the present 
study were homozygous for the MTHFR mutation. 
Three patients had heterozygote MTHFR mutation 
as the only abnormality. They were presumed to have 
idiopathic abdominal venous thrombosis as heterozygote 
MTHFR mutation alone is not considered a significant 
prothrombotic risk factor. Five heterozygous patients 
had additional hereditary or acquired risk factors. 
In a study from Northern India, Bhattacharyya et al 
investigated 57 BCS and 48 PVT patients, and reported 
none were homozygous for MTHFR gene mutation. 
Heterozygous mutations were seen in 24% of  BCS and 
21% of  PVT patients[13].

Indian and Western studies have shown that protein C 
deficiency is the second most common cause of  inherited 
thrombophilia in patients with BCS and PVT[12,13,22]. 
Amarapurkar et al showed that protein C deficiency was 
the commonest hereditary risk factor (26%) in a study 
on 28 patients with mesenteric venous thrombosis[25]. 
Protein C was also the commonest risk factor (38% 
patients) in a series of  16 patients with mesenteric venous 
thrombosis reported by Harward et al[26]. In the present 
study, protein C deficiency was demonstrated in 7% of  
patients with BCS and in 10% of  patients with SVT. 
Prevalence of  protein S, and AT Ⅲ deficiency as risk 
factors for inherited thrombophilia in patients with BCS 
and PVT were low in Indian and Western studies[12,13,22]. 
Protein S deficiency was not detected in any of  our 
patients. AT Ⅲ deficiency was higher in patients with BCS 
(21%) as compared to those with SVT (5%). Diagnosis of  
inherited deficiencies of  protein C, protein S, and AT Ⅲ, 
as a cause of  abdominal venous thrombosis is difficult, 
because acquired deficiencies develop in liver failure, acute 
thrombosis, and during anticoagulant therapy[27]. None of  
the patients in the present study with protein C and AT 
Ⅲ deficiency had liver failure or were on anticoagulant 
therapy.

Comparison of  prothrombotic risk factor profiles 
between BCS and SVT showed a trend for hereditary risk 
factors to be more frequent in BCS (BCS vs SVT: 35.7% vs 
25%; P = 0.7); two other Indian studies have made similar 
observations of  hereditary factors being more frequent 
in BCS group compared to PVT group[12,13]. Studies on 
prevalence of  acquired risk factors in abdominal venous 
thrombosis have shown variable results. Denninger et al 
and Janssen et al have shown that acquired risk factors 
are more frequent in PVT than in BCS[22,28]. Mohanty et al 
found the frequency of  acquired risk factors to be similar 
in BCS and PVT[12]. In our study, acquired risk factors 
were significantly more common in the SVT group (BCS 
vs SVT: 7% vs 45%; P = 0.02) suggesting that SVT is a 

heterogeneous disease where hereditary and local risk 
factors play important roles.

No risk factor was identified in 57% of  BCS and 
45% of  patients with SVT. One possible reason may be 
the low prevalence of  myeloproliferative disorders in our 
series (one patient). Myeloproliferative disorders (overt 
or latent) have been shown as an important risk factor 
in previous studies on abdominal vein thrombosis[28-31]. 
Tests for detecting latent myeloproliferative disorders 
(formation of  spontaneous  erythroid colonies 
in cultures of  bone mar row progenitor cel ls in 
erythropoietin-poor medium[32,33]) were not performed 
on our patients. In a study from Western India, an 
etiological factor could be found in 59% of  the BCS and 
30% of  the PVT patients[12]. Interestingly, in this study 
also, none had a myeloproliferative disorder.

Previous studies have suggested that venous 
thrombosis results from coexistence of  several risk 
factors[28]. In the present study, ≥ 2 risk factors were 
detected in 7% of  BCS and in 20% of  patients with SVT.

Hereditar y and acquired r isk factors play an 
important role in etiopathogenesis of  abdominal venous 
thrombosis. Acquired risk factors are significantly 
more common in patients with SVT while hereditary 
risk factors are similar in patients with BCS and SVT. 
Recognition and evaluation of  these risk factors may 
help in therapy and prevention of  disease progression. 
As a significant number of  patients lack obvious 
etiology further research is required to identify as yet 
unrecognized risk factors.

 COMMENTS
Background
Abdominal venous thrombosis may present as Budd-Chiari Syndrome (BCS) or 
splanchnic venous thrombosis (SVT). Hereditary and acquired risk factors are 
implicated in the etiopathogenesis of abdominal venous thrombosis. There are 
few systematic studies that have comprehensively evaluated both hereditary 
and acquired factors in BCS and SVT. Most studies have evaluated either a 
single prothrombotic risk factor or multiple risk factors in a single vein.
Research frontiers
Concept of multifactorial theory of thrombogenesis suggests that thrombosis 
occurs by activation of a trigger factor (acquired) in a thrombophilic milieu 
(hereditary). The prevalence of inherited risk factors is variable between 
populations throughout the world. Possible reasons are small numbers of 
patients studied, non-standardized evaluation of parameters tested, and 
genetic differences between patient populations. Data need to be generated by 
good studies from different geographical areas in the world. Etiological factors 
for abdominal venous thrombosis were identified in 70%-80% of patients in 
Western studies. In Indian studies, no risk factor was identified in half the 
patients suggesting that other unknown hereditary/risk factors may be operating 
in these patients.
Innovations and breakthroughs
The present study suggests that acquired risk factors which are preventable are 
important in etiopathagenesis of SVT. As no risk factors were identified in about 
half the patients, research needs to be ongoing to identify unknown hereditary/
acquired risk factors operating in these patients.
Applications
Abdominal venous thrombosis is a life threatening condition caused by single 
or multiple, hereditary or acquired prothrombotic risk factors. Prevention and 
therapy with non-invasive techniques and new anticoagulant drugs are now 
possible. Complete thrombophilia screening is, therefore, important for risk 
assessment, and therapy in patients with abdominal venous thrombosis. With 
continuing search for hereditary risk factors (genetic molecular defects), true 
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idiopathic thrombotic disease will become uncommon.
Peer review
This paper investigates genetic and acquired risk factors in patients with 
thromboembolism in abdominal veins. The authors make a difference between 
hereditary and acquired risk. It’s a nice study.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) has been 
known to be a common medical condition affecting ap-
proximately 35%-40% of  the adult population in the 
Western world[1,2]. Forty-four of  all Americans suffer 
from heartburn at least once per month, 20% at least 
once per week[3]. The role of  GERD in causing extra-
esophageal symptoms is also increasingly being recog-
nized[4]. Chronic laryngeal signs and symptoms associated 
with GERD are often referred to as reflux laryngitis or 
laryngopharyngeal reflux (LPR)[5]. But, not all episodes 
of  GERD are associated with LPR and not all patients 
with LPR have typical features of  GERD[6]. Classic re-
flux symptoms (heartburn and regurgitation), which are 
referred to as “typical GERD,” may be absent in more 
than half  the patients presenting with extra-esophageal 
manifestations[7,8]. The “silent reflux” contributes to the 
difficulty in making a definite and correct diagnosis. The 
extra-esophageal manifestations of  GERD provide the 
most challenging areas to perform good research[9]. 

Furthermore, the prevalence of  LPR in the patients 
with GERD has not been studied well in the past. The 
kind of  patients with GERD who are more associated 
with LPR is stil l unknown. The cause-and-effect 
relationship between GERD and LPR remains elusive.

In patients with esophageal syndromes of  GERD, 
ref lux esophagitis (RE) is more easily diagnosed 
definitely by endoscopy than others. The objectives of  
our current study were to determine the prevalence of  
LPR in the patients with RE and to find out the factors 
that contribute to the development of  LPR.    
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Abstract
AIM: To assess the prevalence of laryngopharyngeal 
reflux (LPR) in patients with reflux esophagitis and dis-
close factors contributing to the development of LPR.    
METHODS: A total of 167 patients who proved to 
have reflux esophagitis by endoscopy were enrolled. 
They received laryngoscopy to grade the reflux find-
ings for the diagnosis of LPR. We used validated ques-
tionnaires to identify the presence of laryngopharyn-
geal symptoms, and stringent criteria of inclusion to 
increase the specificity of laryngoscopic findings. The 
data of patients were analyzed statistically to find out 
factors related to LPR.    
RESULTS: The prevalence rate of LPR in studied sub-
jects with reflux esophagitis was 23.9%. Age, hoarse-
ness and hiatus hernia were factors significantly as-
sociated with LPR. In 23 patients with a hiatus hernia, 
the group with LPR was found to have a lower trend of 
esophagitis grading.
CONCLUSION: Laryngopharyngeal reflux is present in 
patients with reflux esophagitis, and three predicting 
factors were identified. However, the development of 
LPR might be different from that of reflux esophagi-
tis. The importance of hiatus hernia deserves further 
study. 

© 2008 The WJG Press. All rights reserved.
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MATERIALS AND METHODS
Recruitment of patients
Consecutive patients who were diagnosed to have 
RE by gastroendoscopic examination due to various 
symptoms, such as epigastric pain, acid regurgitation, 
heartburn, nausea, abdominal fullness sensation, and 
so on, at the gastrointestinal clinic of  Cathay General 
Hospital from September 2006 to October 2007 were 
enrolled. These qualified patients then were referred to 
the otorhinolaryngologic clinic for the further work-
up of  a laryngoscopic examination. Written, informed 
consent had to be provided by the participants before 
the endoscopic examination. 

To improve the specificity of  our study, the inclu-
sion criteria of  the patients were very strict. Patients 
were excluded from the study if  they had a history of  
respiratory or gastrointestinal malignancy; radiation 
therapy to the head and neck, lung, or gastrointestinal 
tract; gastroesophageal surgery; use of  H2-receptor an-
tagonists or proton pump inhibitors in previous 1 mo; 
past or present smoker; excessive alcohol consumption; 
chronic cough attributable to known chronic pulmonary 
or tracheobronchial disease; professional voice users (e.g. 
singer, teacher); excessive voice use; exposure to occupa-
tional or environmental pollutants; history of  seasonal 
allergic rhinitis; pharyngolaryngeal infection in the previ-
ous 3 mo; tracheal intubation in the previous 12 mo and 
use of  inhaled corticosteroids[10,11]. 

Gastroendoscopic examination
All subjects received conventional endoscopic imaging, 
as well as imaging with the narrow-band imaging (NBI) 
system by using a video endoscope (GIF-H 260; Olym-
pus Optical Co, Ltd, Tokyo, Japan). A group of  experi-
enced endoscopists performed the endoscopic examina-
tion. NBI is a novel, non-invasive optical technique that 
adjusts reflected light to enhance the contrast between 
the esophageal mucosa and the gastric mucosa[12]. The 
Los Angeles classification was used to grade esophagi-
tis. A hiatus hernia was diagnosed if  the hernia sac was 
more than 2 cm in length. We did not include patients 
suspected to have Barrett’s esophagus due to diagnostic 
complexity.

Questionnaire
The qualified participants needed to complete a ques-
tionnaire by answering “yes” or “no” with the aid of  
research nurses, right after the gastroendoscopic exami-
nation. It was used to identify the presence of  any throat 
or reflux symptoms (cough, hoarseness, throat clearing, 
sore throat, thick drainage, globus sensation, bad taste in 
the mouth, swallowing problems, chest pain). Subjects 
were also asked to score the severity of  each symptom 
based on a graded scale of  1 to 4 [1 = rare (once a 
month or less), 2 = occasional (2-3 times a month), 3 = 
frequent (several times a week); 4 = all the time (several 
times daily)]. The graded scales of  more than 2 were 
considered significant, and the symptoms with such a 
scale could be included into the study[13]. 

Laryngoscopic examination
Each patient at the otorhinolaryngologic clinic under-
went an endoscopic examination (Hopkins 70℃ Tele-
scope, Model 8706 CA, Karl Storz, Germany) of  the lar-
ynx by two well-trained otolaryngologists, both with ex-
perience of  over 10 years and good consensus, to grade 
the laryngoscopic findings. The otolaryngologists were 
not aware of  the results of  the questionnaire before the 
laryngoscopic examination. A reflux finding score (RFS) 
was obtained based on the laryngeal examination scoring 
system by Belafsky et al[14]. A RFS of  > 7 was considered 
abnormal and to have LPR. Laryngeal signs suspected 
to be reflux-related were determined based on an agree-
ment of  the two experts.

Statistical analysis
Statistical analyses were performed using the Stata 8.0 
for Window (STATA Corp, College Station, TX). Patient 
characteristics were compared using the Student’s t test 
and Pearson’s λ2 test for proportions. A logistic regression 
model was used to adjust for confounding covariates 
including, age, sex, BMI, disease (presence or absence), a 
hiatus hernia (presence or absence), and the grading of  
LA classification (A, B, C) etc. A two-tailed P value of  less 
than 0.05 was taken to indicate statistical significance.

RESULTS
Two hundred twenty-two patients with endoscopically 
proven RE initially were included in the study. However, 
13 patients did not visit otorhinolayngeal clinic due to 
personal reasons and 42 patients were excluded because 
they did not meet the strict inclusion criteria. Therefore, 
a total of  167 patients (80 males and 87 females) were 
enrolled in this study. The demographic characteristics 
of  the studied subjects are listed in Table 1. 96.4% of  
the patients belonged to the groups of  esophagitis grade 
A and B; only 3.6% were of  grade C. A hiatus hernia 
was found in 13.8% of  the patients.

Table 2 shows comparisons of  demographic charac-
teristics of  patients with and without LPR. Among the 
167 patients, 23.9% (40 cases) were diagnosed to have 
LPR. The difference in age between the patients with 
and without LPR was significant (45.2 vs 49.9 years, P 
= 0.04). The patients with LPR were younger than the 
ones without LPR. The presence of  hoarseness symp-
tom was significantly higher in the group with LPR 
(55.0% vs 26.8%, P = 0.001). In addition, a hiatus hernia 
was found more frequently in the group with LPR (27.5% 
vs 9.5%, P = 0.004). 

If  we combined the symptom of  hoarseness and pres-
ence of  a hiatus hernia together, the prediction of  LPR 
was much higher (odds ratio increased up to 12.3, Table 3).

We also made a detailed analysis in the patients 
with a hiatus hernia. The distribution of  esophagitis 
grading between the groups with and without LPR 
were compared. Of  interest, in 23 patients with a hiatus 
hernia, the group with LPR (11 patients) had a relatively 
lower trend of  esophagitis grading (LA grade A/B/C: 
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9, 81.8%/2, 18.2%/0, 0%), whereas the group without 
LPR (12 patients) had a higher trend of  grading (LA 
grade A/B/C: 4, 33.3%/6, 50.0%/2, 16.7%). The 
difference was statistically significant (P = 0.04). 

DISCUSSION
The association between LPR and GERD has not been 
firmly established yet[6]. Not all patients with GERD will 
develop LPR. On the other hand, it is estimated that 
50%-60% of  chronic laryngitis and difficult-to-treat sore 
throat may be related to GERD[8]. The causal association 
between acid reflux and laryngitis is highly plausible con-
sidering the close anatomical relationship. The vagally 
mediated reflexes (bronchospasm, laryngospasm and 
cough) stimulated by esophageal acid is also implicated 
in the pathogenesis of  GERD-related extra-esophageal 
disorder[11,15]. 

Currently, there is no “gold-standard” for the di-
agnosis of  LPR. Ambulatory 24-h dual or triple probe 
pH-metry was once considered the best method for 
reflux testing[16] but the position of  the probes makes 
the measurement not easy to interpret, and there is no 
consensus about the pathological reflux at the level of  
laryngopharynx[6]. Moreover, extra-esophageal reflux is 
also intermittent. A negative pH study does not rule out 
extra-esophageal reflux[17]. The empiric therapy with ag-
gressive acid suppression, usually BID dosing of  proton-
pump inhibitors (PPIs), is currently recommended as 
the most practical and cost effective approach for the 
patients suspected with extra-esophageal presentations 
of  GERD[16]. Nevertheless, this therapeutic trial for the 
diagnosis of  LPR could not provide direct evidence of  
pathologic imaging changes of  patients, about which 
most clinicians want to learn.

Laryngeal examination with special emphasis on the 
posterior location of  tissue injury can be helpful for the 
diagnosis of  LPR[18]. The severity of  mucosal injury may 
be graded according to the RFS by Belafsky 2001[14]. 

The RFS is an 8-item clinical severity scale based on 
findings during fiberoptic laryngoscopy. However, this 
RFS system has been criticized to have high inter- or 
intra-observer variability and low specificity for reflux 
laryngitis[6,10,19]. Therefore, it is very important to exclude 
meticulously other potential etiologies that can lead to 
laryngeal irritation. In our study, we did a very stringent 
selection of  the patients to avoid the secondary causes 
of  chronic laryngitis, such as smoking, alcohol, excessive 
voice use, allergies, or asthma. 

The NBI system we used on gastroendoscopic exam-
inations could offer a better image of  capillary patterns 
and, thus, enhance the contrast between the esophageal 
and gastric mucosa and facilitate the endoscopic evalu-
ation of  esophagitis[20,21]. The better depictions of  small 
erosive foci improves the intra- and inter-observer re-
producibility in the grading of  esophagitis, especially 

Table 1  Demographic characteristics of 167 patients

Demographic characteristics                                               n

Gender (male/female)   80/87
Age (yr)
   mean ± SD   48.8 ± 12.8
   Range   21- 81
BMI (kg/m2)
   mean ± SD   23.4 ± 3.2
   Range   16.1-36.3
LPR symptoms (%)
   Hoarseness   56 (33.5)
   Globus   56 (33.5)
   Cough   46 (27.5)
Throat clearing   59 (35.3)
LA grade (%)
   A 118 (70.7)
   B   43 (25.7)
   C     6 (3.6)
Hiatus hernia (%)   23 (13.8)

BMI: Body mass index; LPR: Laryngopharyngeal reflux; LA grade: The 
grade of Los Angeles classification of esophagitis.

Table 2  Comparisons of demographic characteristics of 
patients with and without LPR

LPR (n  = 40) Non-LPR (n  = 127) P

Gender (%) 0.67
   Male 18 (45.0)   62 (48.8)
   Female 22 (55.0)   65 (51.2)
   Age (yr)    45.2 ± 11.9      49.9 ± 12.9 0.04
   BMI (kg/m2)  23.3 ± 3.2    23.4 ± 3.2 0.88
LPR symptoms (%)
   Hoarseness 22 (55.0)   34 (26.8)   0.001
   Globus 14 (35.0)   42 (33.1) 0.82
   Cough 12 (30.0)   34 (26.8) 0.69
   Throat clearing 16 (40.0)   43 (33.9) 0.47
LA grade (%) 0.68
   A 29 (72.5)   89 (70.1)
   B   9 (22.5)   34 (26.8)
   C 2 (5.0)   4 (3.1)
Hiatus hernia (n, %) 11 (27.5) 12 (9.5)   0.004

BMI: Body mass index; LPR: Laryngopharyngeal reflux; LA grade: The 
grade of Los Angeles classification of esophagitis.

Table 3  Logistic regression analyses on predictors of LPR

Odds ratio

Model 1 Model 2

Gender 
   Female - -
   Male 0.72 0.82
   Age  0.961  0.961

   BMI 0.98 0.99
LPR symptoms 
   Hoarseness  4.121 -
   Globus 1.77 1.21
   Cough 0.91 1.23
   Throat clearing 0.82 1.24
LA grade
   A - -
   B 0.81 0.76
   C 2.35 2.21
Hiatus hernia  4.781 -
Hiatus hernia and Hoarseness -  12.31

BMI: Body mass index; LPR: Laryngopharyngeal reflux; LA grade: The 
grade of Los Angeles classification of esophagitis. 1P value is significant at 
the 0.05 level.
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in the grading of  class A or B esophagitis[12], which was 
very helpful in our study.

In our study, LPR was present in 23.9% of  the 
studied subjects with RE. In the past, Koufman de-
scribed posterior laryngitis in 74% and laryngeal edema 
with erythema in 60% of  all patients with GERD[16]. 

Tauber et al also reported 85% of  GERD-positive pa-
tients had posterior laryngitis and 69% had laryngitis 
with an interarytenoid erythema and edema[22]. Our 
prevalence rate of  LPR is much lower than theirs; the 
different sample size of  patients and method of  enroll-
ment in our research must have influenced the results. 
Because we used very stringent criteria to enroll the 
patients, it was possible that we missed some cases and 
underestimated the prevalence rate of  LPR. In fact, this 
kind of  report is quite rare in the literature. Most papers 
dealt only with the prevalence rate of  GERD (ranging 
20%-50%) in patients with LPR[4,21,23,24]. 

Our results indicated that age, hoarseness and a hia-
tus hernia could be the predicting factors of  LPR in the 
patients with RE. However, gender, body mass index, 
and the severity of  esophagitis were not associated. A 
large cohort study performed by Jaspersen et al reported 
female gender, higher age, severe esophagitis, longer du-
ration of  GERD and smoking were significantly related 
to the extra-esophageal disorder[25]. Their risk factors 
were not the same as ours, which might be caused by the 
recruitment method they used. Though the case number 
of  their study was large, they did not exclude the patients 
strictly and included patients who smoked. The patients 
they studied did not receive a laryngoscopic examination, 
and solely relied on the “symptom questionnaire” for the 
diagnosis of  extra-esophageal disorders, which could be 
another factor that would induce diverse outcomes.

Increased GERD severity due to degradation of  
the gastroesophageal junction and impaired esophageal 
clearance was found in the elderly[26]. Yet, age as a factor 
contributing to LPR seldom has been mentioned before. 
In the present study, the RE patients with LPR were of  
a younger age than the patients without LPR. This find-
ing is contradictory to the result of  Jaspersen’s study, in 
which they noted higher age was a risk factor for the oc-
currence of  extra-esophageal disorder[25]. The opposite 
results again might be attributed to the different recruit-
ment and research methods. However, the drawback of  
our study was that we had fewer patients. According to 
our findings, higher age, which implies the probable lon-
ger duration of  GERD, is not essential for the develop-
ment of  LPR. In addition, our study also indicated the 
severity of  RE had nothing to do with the occurrence of  
LPR. Therefore, the existence of  LPR seems to be not 
associated with the duration or severity of  RE.

LPR may have several clinical symptoms. Among 
them, throat-clearing, persistent cough, globus and 
hoarseness are the most common complaints[24]. In our 
study, the prevalence of  hoarseness in all the patients 
was 33.5%. When we made comparison between the 
patients with and without LPR, the rate of  hoarseness 
became 55.0% vs 26.8%, which was statistically signifi-
cant. Our result indicated that more than 50% of  the RE 

patients with LPR had the symptom of  hoarseness. As 
for the other symptoms (globus, throat discomfort and 
persistent cough), we did not find significant differences 
between the two groups.

Hoarseness is a common complaint of  the patients 
at the otorhinolaryngologic clinic. Underlying causes 
include malignancy, vocal cord palsy, polyps and nodules 
of  the vocal cords, laryngitis and functional disorders. 
Acute laryngitis is usually infective, whereas chronic lar-
yngitis may result from a spectrum of  insults including 
cigarette smoking, dehydration, acid reflux and muscular 
imbalance[6]. Hoarseness is not specific for LPR. There-
fore, we must exclude several other possible causes be-
fore we can make sure the laryngitis-related hoarseness 
is induced solely by acid reflux. In our patients with RE, 
an additional symptom of  hoarseness might reflect that 
the acid reflux has gone beyond the upper esophageal 
sphincter and injured the vocal cord. Extra-esophageal 
manifestation of  GERD, thus, might be incurred.

Hiatus hernias have a higher detection rate in West-
ern populations, ranging between 14.5% and 22%[27]. In 
the Far East, the prevalence rate is much lower, 7% of  
464 subjects in Taiwan[28], 2.9% of  11 943 subjects in Sin-
gapore[29], and 17.5% of  6010 individuals in Japan were 
reported[30]. In a recent series in Taiwan, hiatus hernia 
was found in 18.8% of  patients with erosive esopha-
gitis[31]. In our research, it was 13.8% of  the studied 
subjects, which was also higher than that of  the normal 
population here.

A hiatus hernia can disrupt both the anatomy and 
physiology of  the normal anti-reflux mechanism. It is 
associated with decreased esophageal peristalsis; it also 
increases the cross-sectional area of  the esophago-gastric 
junction and acts as a reservoir allowing reflux from the 
hernia sac into the esophagus during swallowing. The 
presence of  a hiatus hernia is associated with symptoms 
of  gastroesophageal reflux, and increased prevalence and 
severity of  RE[27]. Because the presence of  a hiatus hernia 
would increase esophageal acid exposure, it is emerging as 
an important factor in the pathogenesis of  GERD[27]. 

In our study, a confirmed hiatus hernia was found 
to be a risk factor contributing to LPR in the patients 
with RE. Considering the possible mechanism of  
reflux-related extra-esophageal disorders, it will not be 
surprising to disclose the importance of  a hiatus hernia 
in these patients. With the existence of  a hiatus hernia, 
the acid reflux could be potentiated and would result 
in more mucosal injury up to larynx. Animal studies 
have shown that even minute amounts of  gastric acid 
and pepsin on laryngeal mucosa can induce significant 
inflammation and edema[32,33]. Further work is still 
needed to understand how a hiatus hernia influences 
the progression of  GERD and its complications. At 
present, a hiatus hernia is known to be a marker of  
severe GERD[27] and must have a contributing effect in 
the pathogenesis of  LPR.

In our patients with a hiatus hernia, we also analyzed 
their grade of  esophagitis. Between the groups with 
and without LPR, the result was quite interesting and 
surprising. In this category, the patients with LPR had 
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a milder form of  esophagitis than the ones without 
LPR. This finding again supports the concept that the 
development of  LPR is not related to the severity of  
RE. To the contrary, LPR can be seen more frequently 
in the patients with mild RE when a confirmed hiatus 
hernia is present. Of  interest, Li et al just reported that 
a hiatus hernia was found to be associated with more 
severe esophagitis in patients with RE[34]. Therefore, the 
development of  LPR must be different from that of  
simple RE without LPR. Moreover, our patients who 
coexisted with a hiatus hernia and hoarseness had a very 
high odds ratio for LPR. Combining these two factors 
clinically, we could predict the presence of  LPR more 
accurately in the patients with RE.

Regretfully, we had only 6 patients (3.6%) with LA 
grade C esophagitis and no patient with grade D. Thus, 
in our research, several factors could not be viewed 
and studied with the entire esophagitis spectrum from 
grade A to D. Another drawback of  our study is that 
we did not include patients suspected to have Barrett’s  
esophagus or endoscopically suspected esophageal 
metaplasia, which could be another intriguing field to see 
the relationship between GERD and extra-esophageal 
syndromes.

In conclusion, our study revealed that age, hoarseness 
and a confirmed hiatus hernia were the factors related to 
LPR in the patients with RE. LPR could be associated 
with RE, but the definite cause-and-effect relationship 
is still unknown. Our research was only a hospital-
based study; more case numbers and convincing data are 
necessary in the future. Based on the aforementioned 
findings, the development of  LPR seems to be different 
from that of  RE. The importance of  a confirmed hiatus 
hernia in LPR deserves further study.
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 COMMENTS
Background
The role of gastroesophageal reflux disease (GERD) in causing laryngopha-
ryngeal reflux (LPR) is being increasingly recognized, but the cause-and-effect 
relationship between them remains elusive.
Research frontiers
This research is to assess the prevalence of LPR in the patients with reflux 
esophagitis (RE), and also to identify the factors contributing to the development 
of LPR.
Innovations and breakthroughs
The prevalence rate of LPR in our studied subjects with RE was 23.9%. 
Age, hoarseness, and hiatus hernia were the factors significantly associated 
with LPR. In addition, the patients who coexisted with a hiatus hernia and 
hoarseness had a very high odds ratio (12.3) for LPR. Another interesting 
finding was that in 23 patients with a hiatus hernia, the group with LPR was 
incidentally revealed to have lower trend of esophagitis grading.
Applications 
LPR is present in patients with RE and three predicting factors could be identi-
fied. Combining the two factors of hoarseness and hiatus hernia together, we 
could predict the presence of LPR more accurately in the patients with RE. 
However, the development of LPR seems to be different from that of RE, based 

on the findings of this research. The importance of hiatus hernia in LPR de-
serves further study. 
Peer review
In this study, the authors ascertained the association of LPR with GERD and 
analyzed the factors related to the development of LPR. The results could be 
very important because the readers could learn the newest knowledge and 
understand the future perspectives in this field. 
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Abstract
AIM: To describe the radiological f indings of a 
macro-regenerative nodule (MRN) in the liver of pre-
transplantation biliary atresia (BA) patients and to 
correlate it with histological findings.
METHODS: Between August 1990 and November 
2007, 144 BA patients underwent liver transplantation 
(LT) at our institution. The pre-transplantation 
computer tomography (CT) and magnetic resonance 
imaging (MRI) findings were reviewed and correlated 
with the post-transplantation pathological findings.
RESULTS: Nine tumor lesions in 7 patients were 
diagnosed in explanted livers. The post-transplantation 
pathological findings showed that all the lesions were 
MRNs without malignant features. No small nodule 
was detected by either MRI or CT. Of the 8 detectable 
lesions, 6 (75%) were in the central part of the liver, 
5 (63%) were larger than 5 cm, 5 (63%) had intra-
tumor tubular structures, 3 (38%) showed enhancing 
fibrous septa, 3 (38%) had arterial enhancement in 
CT, one (13%) showed enhancement in MRI, and one 
(13%) had internal calcifications.
CONCLUSION: Although varied in radiological 
appearance, MRN can be d i f ferent ia ted f rom 
hepatocellular carcinoma (HCC) in most of BA patients 
awaiting LT. The presence of an arterial-enhancing 

nodule does not imply that LT is withheld solely on 
the basis of presumed malignancy by imaging studies. 
Liver biopsy may be required in aid of diagnostic 
imaging to exclude malignancy.
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INTRODUCTION
Bil iar y atres ia (BA), the congenita l absence or 
destruction of  the intra- or extra-hepatic biliary 
system[1], affects about 5-10/100 000 live births[2]. Porto-
enterostomy is typically performed as soon as possible 
in these children[3,4]. However, liver cirrhosis and its 
complications may develop in some patients even after a 
successful porto-enterostomy. Liver transplantation (LT) 
is, thus, beneficial to BA, and is the leading reason for 
LT in children[5].

Macro-regenerative nodule (MRN), defined as a 
regenerating liver nodule > 0.5 cm in size, is occasionally 
encountered in cirrhotic livers[6] and may mimic a 
hepatocellular carcinoma (HCC)[7,8]. Differentiating this 
benign entity from HCC may be challenging, but is very 
important when considering patients for LT. Although 
the clinical importance of  MRN in BA patients have 
been discussed[9], further details of  its computer 
tomography (CT) and magnetic resonance imaging 
(MRI) radiological appearances remain to be elucidated. 
The objective of  this study was to describe the CT and 
MRI appearances of  MRN in BA patients, and their 
radiological importance.
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MATERIALS AND METHODS
Patients
We reviewed the images, medical records, and pathological 
reports of  144 BA patients who underwent LT from 
August 1990 to November 2007 in Chang Gung Memorial 
Hospital-Kaohsiung Medical Center, Taiwan, China. The 
diagnosis of  BA was proven by surgical and pathological 
findings after porto-enterostomy in all patients. Of  the 
144 patients, routine liver CT angiography and MRI were 
not performed in 33 patients before September 2000 
because no standard procedure was available. However, 
there were no liver masses described in the pathological 
reports in these 33 patients. A total of  111 patients were 
included in this study.

CT
Preoperative imaging evaluation was performed in 
the 111 patients using Somaton plus 4 spiral CT 
scanner (Siemens, Erlangen, Germany). Sedation using 
intravenous propofol (0.5-1 mg/kg body weight) without 
tracheal intubation was given in uncooperative patients. 
The scanning protocol was 5-mm collimation and a  
1:1.5 pitch. The images were subsequently reconstructed 
at a 4- or 5-mm interval with scanning range from lung 
base to liver edge. Non-contrast enhanced scanning was 
performed followed by contrast enhanced scans utilizing 
an intravenous contrast medium (1.5-2 mL/kg body 
weight) injected at 1.5 mL/s with an automated power 
injector via a 22- or 24-gauge intravenous catheter. The 
arterial phase acquisition started at 20-25 s, porto-venous 
phase at 60-70 s and equilibrium phase at 3-5 min after 
intravenous administration of  a contrast medium.

MRI
Seventy-nine of  the 111 patients underwent MRI 
examination. We used a 1.5-T superconducting imager 
(Gyroscan Intera, Philips Medical system, Netherland 
B.V.) equipped with a phase-array body-coil. The liver 
was imaged in the axial planes with the following 
sequences: T1WI (GRE), T2WI (SENSE) and contrast-
enhanced T1WI (GR). T1WI (GRE) was conducted 
using the following parameter: a repetition time/ echo 
time of  10/4.6 milliseconds. The T2WI (SENSE) was 
imaged using the following parameter: a repetition time/ 
echo time of  600/80 milliseconds.

For all the pulse sequences, a 5-8 mm thick slice was 
used with a 2 mm gap, 256 × 256 matrix size, echo train 
length of  1, number of  average of  1 and a 35-40 field of  
view, depending on the size of  the individual patient’s liver.

A contrast medium was administrated using 
gadolinium-DTPA (0.1 mmole/kg body weight, 
Magnevist, Schering, Berlin, Germany) followed by 
a 20-mL saline flush. The delay for image acquisition 
timing was determined with a bolus tracking technique. 
Image reconstruction with 5-8 mm thickness was 
performed with source images at a MRI workstation.

Image interpretation
Two radiologists experienced in reading abdominal 

radiography retrospectively reviewed the images from the 
picture archiving and communicating system (PACS, GE 
medics) or from the patient’s file storage (before 2002). 
Arterial, porto-venous and equilibrium phase images 
were interpreted conjointly. Preoperative assessment of  
the liver nodules included the number, location, size (the 
largest diameter in 3D orthogonal view), morphology, 
enhancing pattern, and signal intensity in MRI.

Histopathologic review
All explanted livers were serially sliced at 0.5 cm intervals 
and carefully inspected to detect the focal lesions seen 
during preoperative imaging. The size and location of  
all visible nodules were recorded at gross inspection. All 
macroscopic nodules were examined microscopically 
for histological identification and differentiation. 
Representative sections of  the liver were also examined.

Serum alpha-fetoprotein (AFP)
Serum AFP values were determined in all patients at the 
time of  imaging or before transplantation.

RESULTS
Nine MRN were detected in the explanted liver of  
7 (4.8%) out of  the 111 patients. The mean nodule 
diameter was 5.9 cm (range 1.6-9 cm). The MRN were 
located in the medial aspect (hepatic segments 4, 5, and 
8) of  6 (67%) patients and in the lateral part of  the liver 
(hepatic segments 2, and 6) of  3 (33%). The margin of  
the nodules was well-defined in all specimens. Of  these 
9 MRN, 7 were detected by CT and 7 by MRI. One was 
not detected by either MRI or CT, and one was found by 
MRI only. One patient with MRN did not undergo MRI. 
The CT and MRI findings of  the 8 detectable MRN 
are listed in Table 1. At CT, the MRN were hyperdense 
compared with the surrounding liver parenchyma before 
contrast in 6 (75%) nodules (Figure 1A), the other 3 
(38%) nodules were isodense (Figure 2A). After contrast 
medium enhancement, one nodule (13%) showed 
prominent enhancement both in arterial phase and in 
porto-venous phase, two nodules (25%) showed early 
enhancement and early wash-out pattern (Figure 3A), 
and four (50%) nodules showed no enhancement.

At MRI, the nodule was isointense to hyperintense 
on T1WI sequences and hypointense in T2WI in 5 
(63%) nodules (Figure 1B) with one nodule showing 
T2WI central hyperintensity. Two nodules (25%) were 
hypointense on T1WI and hyperintense in T2WI (Figure 
2B). After contrast enhancement, only one nodule showed 
enhancement. The other characteristic radiological 
findings in CT and MRI included stretching of  intratumor 
tubular structures (5 lesions) (Figures 1C and 3B), 
fibrous septa in the periphery of  the nodules (2 lesions), 
and internal calcifications (1 lesion). The septa were 
hypointense both before and after enhancement in T1WI.

Histopathology displayed that all lesions were MRN 
(Figures 1D and 3C), which were described as well-
circumscribed liver cell nodules showing proliferating 
uniform liver cells bearing uniform round nuclei and 
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eosinophilic cytoplasm. No cellular atypia was found. 
The liver cells were arranged in one- to two-cell thick 
plates with intervening sinusoids (Figure 3D). No 
apparent sinusoidal capillarization was seen in the tumor 
lesion and no malignant foci were identified. Abortive 
portal tract formation was also noted. In all the seven 
MRN patients, the AFP level was < 3 ng/mL before LT.

DISCUSSION
Multi-acinar MRN, first described by Edmondson in 

1976[10], are sometimes seen in the cirrhotic liver. In 1996, 
an International Working Party defined MRN as “at least 
5 mm regenerative nodules containing more than one 
portal tract”[10]. The reported prevalence in autopsy and 
explanted series varies from 14.2% in nodules > 1 cm in 
diameter to 37% in nodules > 0.5 cm in diameter[6,11,12]. 
It has been proposed that nodules > 2 cm in diameter in 
a background of  cirrhosis are almost always dysplastic. 
However, these data were derived mainly from viral- 
or alcoholic-related cirrhotic livers. The smallest lesion 
found at gross pathology in our series was 1.6 cm in 

Figure 1  A 3-year-old BA girl with segments 5-8 (asterisk) and segment 2 (arrow) MRN. A: The density of the MRN is slightly higher than that in the surrounding liver 
parenchyma during pre-enhanced phase of the CT; B: FSE/T2WI MRI shows a lower signal intensity in the MRN than in the surrounding liver; C: During portovenous 
phase of the CT, the tubular structure and splaying portal veins can be seen in the MRN (arrowhead); D: The explanted liver and intra-tumoral portal tract can be seen 
(arrowhead).

DC

BA

←

←

Table 1  Summary of CT and MRI characteristics

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
Size (cm) 9; 5; 1.61 4.5 2.1 3.5 7 7.5 13
Location (segment) S5-8/S2 S6 S8 S5 S4-5-8 S4-5-8 S5-6-7-8
Density in CT (-) relative to liver 
parenchyma

Hyperdense; 
Hyperdense

Hyperdense Isodense Isodense Hyperdense Hyperdense Hyperdense

Enhancement in CT No Early
enhancement and 

early wash-out

Delayed
portovenous 
enhancement

No Arterial and
portovenous 
enhancement 

No Early patchy 
enhancement 

early wash-out
MRI T1WI/T2WI/C+ Hyperintense/

Hypoinstense
Hyperintense/
Hypoinstense

Hypoinstense/
Hyperintense

Hypoinstense/
Hyperintense

Not done Hyperintense/
Hypoinstense

Isointense/
Hypoinstense

Septa T1WI/T2WI/C+ Not discernible Hypoinstense/
Hypointense/

Enhanced

Not discernible Not discernible Not done Hypoinstense/
Hypointense/

Enhanced

Not discernible

Presence of internal tubular 
structure (portal tract)

Yes; yes No No No Yes Yes Yes

Calcifications No No No Yes No No No

1This small nodule is not detected by either CT or MRI.
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diameter and 56% (5/9) of  the nodules were > 5 cm in 
diameter (Figure 1A). In the literature, lesions > 10 cm 
in diameter have been reported[13,14].

MRN can be divided into siderotic and non-siderotic 
types[15] based on the presence of  iron deposition within 
the mass. The presence of  iron results in hypointense 
signal especially with longer TE MRI pulse sequences[16]. 
In this study, 63% (5/8) of  the regenerating nodules 
fit this pattern (Figure 1B)[17,18]. In non-siderotic 
regenerating nodules (2/8), the patterns included T1 
hypointensity and T2 hyperintensity (Figure 2B). These 
non-siderotic MRN are difficult to see on pre-enhanced 
CT due to their isodensity with the surrounding liver 
parenchyma (Figure 2A). Because of  the retrospective 

design of  the current study, our methodology did not 
include histopathologic proof  that the decreased signal 
intensity seen was caused by hepatic iron deposition. 
However, the same imaging techniques have been used 
to detect hepatic iron overload and siderotic regenerative 
nodules, and the results were confirmed with quantitative 
histopathologic measurements[19-21].

In CT hepat ic angiography, MRN have been 
characterized as non-enhancing nodules surrounded by 
enhancing fibrous septa[22]. However, in our study, this 
structural pattern was not easily seen. Only 25% (2/8) in 
our cases had broad vascular septa partially discernable 
by MRI. These septa were hypointense on T1W images, 
perhaps due to the fibrous component of  the septum 

Figure 3  Patchy arterial enhancement within the mass in arterial phase of the CT (A), tubular structure (arrowhead) within the mass during portovenous phase of 
the CT (B), the explanted liver and intra-tumoral portal tract (arrowhead) (C), and microscopic examination (HE) showing uniform benign-looking liver cells arranged 
in one- to two-cell thick plates with intervening sinusoids and surrounding fibrous septa infiltrated with lymphocyte (D) in a 3-year-old BA girl with 13 cm MRN in right 
liver.

DC

BA

Figure 2  A 16-month-old BA girl with a 2.1 cm MRN in segment 8. A: During pre-enhanced phase of the CT, no nodule can be seen; B: The signal intensity is 
hyperinstense on T2WI MRI.

BA
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itself. Enhancing septa were seen only in two nodules in 
this series after gadolinium-DTPA administration.

Fifty-three percent (5/8) of  the MRN in our series 
had characteristic internal enhancing tubular structures 
during porto-venous phase. This was particularly true in 
the larger masses (Figures 1C and 3B). The enhancing 
tubular structures correlated with a distorted portal 
vein accompanying a bile duct on histopathology  
(Figures 1D and 3C). MRN virtually always contain 
some normal-appearing abortive portal tracts with 
complete portal veins, hepatic arteries and bile ducts[10]. 
Importantly, as a regenerative nodule progresses to 
become a dysplastic nodule or early HCC, one may 
notice the loss of  visualization of  these portal tracts and 
development of  new arterial vessels, termed non-triadal 
arteries. These features are often used to differentiate 
MRN from adenoma or carcinoma pathologically. 
Therefore, the imaging appearance of  these characteristic 
findings may be useful in diagnosing MRN during the 
pretransplant survey among BA patients awaiting LT.

Other useful imaging features used to differentiate 
MRN from HCC have been described elsewhere. First, 
a MRN is usually hyperdense to liver parenchyma 
in pre-enhanced study and often (but not always) 
does not enhance post contrast. A typical HCC is 
hypodense or isodense to liver parenchyma in pre-
enhanced study and shows early arterial enhancement 
and early washout in porto-venous phase in dynamic-
enhanced CT[23]. Second, the signal intensity of  MRN 
in T2WI is often hypointense while malignant tumors 
are often hyperintense[23,24]. Third, MRN, especially 
larger ones, show splaying of  intratumor portal veins 
while malignant tumors usually demonstrate displaced 
or obliterated portal veins. However, there are some 
overlapping features between MRN and HCC[25]. In a 
cirrhotic liver, early reports suggested that virtually all 
arterial-enhancing lesions are HCC. However, arterial 
enhancement may be seen in a regenerating nodule, non-
tumor arterio-portal shunt, and aberrant venous drainage 
in a cirrhotic liver[8,26,27]. Our series demonstrated that 
arterial enhancement also occurred in MRN of  BA 
patients.

A MRN has been presumed to be a precancerous 
lesion in virus-related or alcoholic-related liver cirrhosis 
because malignant foci are occasionally found in 
MRN[28,29]. Although rare, one case report has described 
a small HCC in a BA-related cirrhotic liver[30]. The 
possibility of  early HCC could not be excluded in some 
of  our pre-transplant imaging surveys of  BA patients. 
According to the non-invasive diagnostic criteria for 
HCC proposed by the European Association for the 
Study of  the Liver[31,32], a diagnosis of  HCC is established 
by the concomitant positive findings in two imaging 
techniques, or by a positive findings in one imaging 
technique with an AFP > 400 μg/L. The radiological 
interpretations for three arterial-enhancing tumor lesions 
(patient 2, 5 and 7) in this series were HCC initially  
(Figure 3A). Using the Barcelona Clinic Liver Cancer 
staging classification and treatment schedule, LT is 
considered for patients with three nodules < 3 cm in 

diameter or with one tumor < 5 cm in diameter and liver 
function impairment[33]. LT may be precluded in patients 
5 and 7 if  the HCC diagnosis was made based solely on 
imaging. Furthermore, the AFP values for all cases were 
< 3 ng/mL. In such a situation, liver biopsy is necessary 
to confirm the nature of  an arterial enhancing mass in 
order to exclude hepatic malignancy.

In conclusion, MRN are seen in about 5% of  patients 
with BA awaiting LT. CT and MRI imaging features 
of  MRN as described in this review can be useful in 
differentiating MRN from HCC in most of  BA patients 
awaiting LT. The presence of  an arterial-enhancing 
nodule should not imply that LT should be withheld 
solely on the basis of  presumed malignancy by imaging 
studies, especially if  the AFP value is incongruent with 
radiographic findings. Liver biopsy may be required in 
aid of  diagnostic imaging to exclude malignancy in these 
cases.

 COMMENTS
Background
End stage liver cirrhosis develops in some biliary atresia (BA) patients later in 
life. Liver transplantation (LT) is beneficial to such patients. Macro-regenerative 
nodules (MRNs) in cirrhotic liver are occasionally encountered in computer 
tomography (CT) / magnetic resonance imaging (MRI) and may be confused 
with hepatocellular carcinoma (HCC).
Research frontiers
The authors described typical and atypical CT/MRI appearance of the MRN in 
BA patients, and the criteria for differentiation of MRNs from MRN. The strategy 
of managing atypical MRNs is also discussed.
Innovations and breakthroughs
This study showed that the majority of MRNs can be easily differentiated from 
hepatocellullar carcinoma by CT/MRI and unnecessary liver biopsy can be 
avoided.
Applications
Using the radiographic features presented in this study will help manage BA 
patients awaiting LT properly.
Terminology
MRN are defined as regenerative nodules larger than 0.5 cm in diameter in a 
cirrhotic liver. BA is a congenital absence or destruction of the intra- or extra-
hepatic biliary system. It affects about 5-10/100 000 live births and is the leading 
cause for liver transplant in children especially in the oriental population.
Peer review
The authors described the radiological findings of MRN in the liver of pre-
transplantation BA patients and correlated it with histological findings. This is an 
interesting paper, which is informative to readers.
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Abstract
AIM: To evaluate the long-term risk of gastroduodenal 
ulcer and cardiovascular events induced by celecoxib 
in a population-based, randomized, double-blind, 
placebo-controlled study. 

METHODS: From 2004 to 2006, a total of 1024 
Chinese patients (aged 35 to 64 years) with severe 
chronic atrophic gastritis, intestinal metaplasia or 
dysplasia were randomly assigned to receive 200 mg 
of celecoxib twice daily or placebo in Linqu County 
(Shandong Province, China), a high-risk area of gastric 
cancer. All gastroduodenal ulcer and cardiovascular 
events occurred were recorded and the patients were 
followed up for 1.5 years after treatment. At the end 
of the trial, a systematic interview survey about other 
adverse events was conducted. 
RESULTS: Gastroduodenal ulcer was detected in 19 
of 463 (3.72%) patients who received celecoxib and 
17 of 473 (3.31%) patients who received placebo, 
respectively (odds ratio = 1.13, 95% CI = 0.58-2.19). 
Cardiovascular (CV) events occurred in 4 patients who 
received celecoxib and in 5 patients who received 
placebo, respectively. Compared with those who 
received placebo, patients who received celecoxib had 
no significant increase in occurrence of CV events (hazard 
ratio = 0.84, 95% CI = 0.23-3.15). Among the adverse 
events acquired by interview survey, only the frequency 
of bloating was significantly higher in patients treated 
with celecoxib than in those treated with placebo. 
CONCLUSION: Treatment of gastric cancer with 
celecoxib is not associated with increased risk of 
gastroduodenal ulcer and cardiovascular events. 

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION 
Celecoxib, approved by the US Food and Drug 
Administration (FDA) in 1998 for osteoarthritis and 
rheumatoid arthritis, is a cyclooxygenase-2 (COX-2) 
inhibitor. Owing to the selective inhibition of  COX-2, 
this drug provides similar anti-inflammatory effects 
and a reduced risk of  gastrointestinal complications in 
osteoarthritis and rheumatoid arthritis patients compared 
with nonsteroidal anti-inflammatory drugs (NSAIDs)[1,2], 
which inhibit both COX-1 and COX-2. In addition, 
celecoxib, a selective inhibitor of  COX-2, can block 
tumor growth by its antiangiogenic and proapoptotic 
effects, suggesting that it can be used in the prevention 
and treatment of  cancers[3-5]. 

However, it was reported that rofecoxib, also a 
COX-2 inhibitor, is associated with gastrointestinal toxic 
effects and cardiovascular (CV) events[6,7]; But, it has no 
gastrointestinal toxicity[8]. The conflicting results have 
raised the concern about the safety of  celecoxib[9,10]. In 
2005, the FDA Advisory Committee concluded that 
the adverse events of  celecoxib are less than those of  
rofecoxib[11]. Therefore, we studied the safety issue of  
celecoxib. Gastroduodenal ulcer and CV events induced 
by celecoxib are reported in this paper. 

MATERIALS AND METHODS 
Study population 
In 2004, a total of  1024 subjects, randomly selected from 
12 villages of  Linqu County (Shandong Province, China), 
participated in this study. Their age was 35-64 years. All 
subjects received a brief  physical examination and their 
medical history was recorded. Subjects were ineligible 
if  they had a history of  stroke within two years, angina 
or congestive heart failure or myocardial infarction 
within one year, neoplastic diseases in the previous 
10 years, esophageal or gastric surgery, inflammatory 
bowel disease, or bleeding diathesis, paracetamol allergy 
or hypersensitivity to aspirin, or other life-threatening 
illness. The remainders received 13C-urea breath test 
(13C-UBT) and gastroscopic examination with biopsies 
from 5 standard sites of  the stomach. Only those who 
had Helicobacter pylori (H pylori) infection and a histological 
diagnosis of  severe chronic atrophic gastritis (CAG), 
intestinal metaplasia (IM) or dysplasia (DYS) were 
enrolled in the intervention trial. A written informed 
consent was obtained from each participant and the trial 
was approved by the Institutional Review Board (IRB) 
of  Peking University School of  Oncology (PUSO). 

Study design and randomization 
Subjects were randomly assigned to received antibiotics 
and/or celecoxib or their placebo in a 2 × 2 factorial 
design. Finally, the subjects were divided into four 
groups. Group 1 received anti-H pylori treatment in the 
first week followed by 200 mg celecoxib twice daily for 
24 mo, group 2 received anti-H pylori treatment in the 
first week followed by a look-alike celecoxib placebo 
for 24 mo, group 3 received a look-alike anti-H pylori 

placebo in the first week followed by celecoxib twice 
daily for 24 mo, group 4 received a look-alike anti-H 
pylori placebo in the first week followed by a look-alike 
celecoxib placebo for 24 mo. We only observed and 
evaluated the risk of  cardiovascular and other adverse 
events in the celecoxib and placebo groups (Figure 1). 
Both the participants and investigators were blinded to 
the treatment. Randomization of  treatment assignments 
was generated at Westat Inc. in the US after eligibility 
was determined. 

From March 16 to 30, 2004, the eligible participants 
were given a triple therapy with 20 mg omeprazole,  
1 g amoxicillin and 500 mg clarithromycin or placebo 
twice daily for 7 d to eradicate their H pylori infection. 
Then 200 mg of  celecoxib or placebo twice daily was 
given orally from April 8, 2004 to May 6, 2006, except 
for April 2005 because of  the interim gastroscopic 
examination. 

Follow-up 
During the period of  study, labeled pill bottles of  
celecoxib or placebo were distributed to participants 
in each village by PUSO staff  and trained field staff  
each month. The field staff  visited each participant 
twice a month to monitor treatment-related events and 
to promote pill compliance in the entire duration of  
the study. The staff  counted and recorded the number 
of  pills remaining in each bottle before the new pill 
bottles were distributed each month. If  a subject was 
not at home during the staff  visit, an evening visit was 
scheduled. A subject was considered compliant if  the pill 
bottle was empty at the end of  that month. If  a subject 
was unable to be contacted at the time of  counting pills, 
he or she was considered non-compliant. 

Adverse events 
Gastroduodenal ulcer was detected in 2005 and 
2006 by the same group of  PUSO physicians and 
gastroenterologists. Gastroscopic procedures, including 
biopsy samples taken from seven standard sites of  
stomach and histopathologic criteria, have been 
described elsewhere[12]. The gastroenterologist and 
pathologist were blinded to the subjects’ intervention. 

The CV events were defined as fatal or nonfatal 
myocardial infarction, ischemic and hemorrhagic stroke 
as previously described[13]. When visiting the participants, 
investigators recorded the CV events and other 
complaints of  the participants. While investigators were 
absent, participants-reported symptoms were recorded 
by doctors in village clinics. All the CV events were 
diagnosed in local hospitals. 

Other non-adjudicated adverse events were acquired 
by an interview among all the subjects at the end of  the 
trial in May 2006. All the subjects’ symptoms in the past 
two years were inquired and recorded by the trained 
interviewers, checked and categorized by two physicians 
in a blinded fashion after completion of  the survey. 

If  the symptoms were related to treatment, PUSO 
physicians and field staff  paid a close attention to the 

www.wjgnet.com

4536      ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol     July 28, 2008      Volume 14    Number 28



subjects for at least 2 mo and these subjects received 
continuous treatment if  the symptoms were aggravated. 

Statistical analysis 
This study was designed to achieve a significant level 
of  95% (< 0.05) and a power of  90% to detect a 20% 
regression of  pre-malignant lesions, based on the 
background of  80% prevalence of  gastric atrophy. At 
least 120 subjects were required in each group in order 
to detect a significant difference between the different 
treatment groups. 

All data analyses were performed in a blinded 
fashion. The relative risks (with 95% confidence 
intervals) of  gastroduodenal ulcer were analyzed using 
logistic regression by adjusting gender, age, smoking 
and drinking. The rate of  CV events was determined 
and multivariate hazard ratio (HR) was calculated using 
the Cox proportional-hazard model. All P values were 
two-sided, and P < 0.05 was considered statistically 
significant. All analyses were performed with SAS 
software, version 8.2. 

RESULTS 
The 1024 participants were divided into celecoxib 
treatment group (n = 511) and placebo treatment group 
(n = 513). The baseline characteristics were balanced 
between the two groups (Table 1). During the two-year 
period of  treatment, 88 participants who were relatively 
evenly distributed between the two groups withdrew 
from the study (Figure 1). The compliance rate was 
90.61% in the celecoxib treatment group and 92.20% in 
the placebo treatment group, respectively. 

From April 2004 to May 2006, gastroduodenal ulcer 
was detected in 19 of  463 (3.72%) participants of  the 
celecoxib treatment group and in 17 of  473 (3.31%) 
participants of  the placebo treatment group, respectively. 
The odds ratio (OR) was 1.13 (95% CI = 0.58-2.19, 
Table 2). 

During the entire period of  follow-up, CV events 
occurred in 4 participants of  the celecoxib treatment 
group and in 5 participants of  the placebo treatment 
group, respectively (Table 2). Compared with the placebo 
treatment group, the celecoxib treatment group had no 
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significant increase in occurrence of  CV events (HR =  
0.84, 95% CI = 0.23-3.15). 

The main nonadjudicated side effects are listed 
in Table 2. Except for bloating (OR = 2.85, 95% CI 
= 1.19-6.84), there were no significant differences in 
the frequency of  other nonadjudicated adverse events 
between the two groups. 

DISCUSSION 
In this study, gastroduodenal ulcer and CV events 
occurred in the subjects who took 200 mg celecoxib 
twice daily. 

Two previous tr ials addressed the possibil i ty 
that celecoxib has a lower rate of  gastrointestinal 
complications than NSAIDs[14,15]. It was reported that 
the annual incidence rate of  upper gastrointestinal 
complications and symptomatic ulcers is significantly 
lower in the celecoxib treatment group than in the 
combined diclofenac and ibuprofen treatment group 
(2.08% vs 3.54%; P = 0.02) after 6 mo of  treatment[14]. It 
has been shown that the incidence rate of  gastric ulcer in 
the celecoxib treatment group and diclofenac treatment 
group is 18% and 34%, respectively (P < 0.001), and 
the incidence rate of  duodenal ulcer is 5% and 11%, in 
the celecoxib treatment group and diclofenac treatment 
group, respectively (P < 0.009)[15]. 

Although the distinct role of  celecoxib in ulcer is 
still unclear[16], most studies suggested that celecoxib is 
not associated with gastric or duodenal ulcer[17-19]. Our 
trial compared the effects of  celecoxib and placebo on 

gastroduodenal ulcer, and the risk of  gastroduodenal 
ulcer was not increased after treatment with 200 mg 
celecoxib daily compared with placebo. 

The association between celecoxib and CV events 
was still debatable in our study. It was reported that a 
single dose of  400 mg celecoxib daily and placebo does 
not induce excess CV risk[20]. However, it was reported 
that 800 mg celecoxib increases the risk of  death due to 
cardiovascular disease, myocardial infarction, stroke, or 
heart failure[21]. 

T h e m e ch a n i s m u n d e r l y i n g t h e p o t e n t i a l 
cardiovascular risk of  COX-2 inhibitors is not fully 
understood. Although the imbalance caused by 
COX-2 inhibitors suppressing the COX-2 dependent 
prostacyclin production in endothelial cells without 
affecting the synthesis of  platelet-derived thromboxane 
A2, may promote thrombosis and increase the risk 
of  CV events[22-24], the extent of  instability to serum 
thromboxane and platelet function can be influenced 
by many factors, such as different doses of  COX-2 
inhibitors, variability among patients[16]. 

In this study, different dose-effects of  celecoxib on 
cardiovascular risk were observed. The dose of  800 mg 
celecoxib daily could increase the CV risk. However, 400 
mg celecoxib daily did not increase the CV risk, suggesting 
that it can be used in the treatment of  gastric ulcer. 

In the present study, the frequency of  bloating 
was higher in the celecoxib treatment group than in 
the placebo treatment group. However, the CV events 
were mild and tolerable, and none of  the participants 
withdrew from this trial. 

In conclusion, increases in gastroduodenal ulcer and 
CV events do not occur in subjects who take 200 mg 
celecoxib twice daily for two years. Celecoxib can be 
used in prevention and treatment of  gastric cancer. 

ACKNOWLEDGMENTS 
The authors thank the residents, field staff, and 
governments of  Linqu County for supporting this long-
term trial. 

 COMMENTS
Background
Celecoxib, a cyclooxygenase-2 inhibitor, is widely used as an analgesic and 
anti-inflammatory agent. In addition, it can prevent cancer. However, it is 
necessary to evaluate the risk of gastroduodenal ulcer and cardiovascular 
events, particularly in population-based studies.
Research frontiers
No increase in gastroduodenal ulcer and cardiovascular (CV) events were 
found in the subjects who took 200 mg celecoxib twice daily for two years. 
Innovations and breakthroughs
This paper firstly reports an assessment of celecoxib-related gastroduodenal 
ulcer and cardiovascular events in Chinese population.
Applications 
Celecoxib (200 mg twice daily for two years) can prevent and treat gastric 
cancer in Chinese population.
Peer review
The authors documented the absence of adverse effects of prolonged celecoxib 
administration at gastroduodenal and cardiovascular level in Chinese patients. 
The study was well designed and the results are reliable.

Table 2  Incidence and risk of side effects in two groups 

Celecoxib, 
n  (%)

Placebo, 
n  (%)

OR (95% CI) 

Gastroduodenal ulcer 19 (3.72) 17 (3.31) 1.13 (0.58-2.22) 
CV events   4 (0.86)   5 (1.06) 0.84 (0.23-3.15) 
Main nonadjudicated 
side effects 
   Abdominal pain   8 (1.73) 13 (2.75) 0.62 (0.26-1.52) 
   Bloating 19 (4.10)   7 (1.48) 2.85 (1.19-6.84) 
   Constipation   9 (1.94) 15 (3.17) 0.61 (0.26-1.40) 
   Diarrhea 24 (5.18) 24 (5.07) 1.02 (0.57-1.83) 
   Dizziness 25 (5.40) 36 (7.61) 0.69 (0.41-1.17) 
   Gastric spasmus 15 (3.24) 15 (3.17) 1.02 (0.49-2.12) 
   Headache 26 (5.62) 23 (4.86) 1.16 (0.65-2.07) 
   Heartburn 29 (6.26) 23 (4.86) 1.31 (0.75-2.30) 
   Loss of appetite 25 (5.40) 16 (3.38) 1.63 (0.86-3.10) 
   Muscle pain   55 (11.88)   70 (14.80) 0.78 (0.53-1.13) 
   Nausea 14 (3.02) 17 (3.59) 0.84 (0.41-1.72) 
   Pain in the chest 16 (3.46) 17 (3.59) 0.96 (0.48-1.92) 
   Palpitations 22 (4.75) 16 (3.38) 1.43 (0.74-2.75) 

Table 1  Baseline characteristics of 1024 participants

Celecoxib, n  (%) Placebo, n  (%) P  

Male 238 (46.58) 235 (45.81) 0.81 
Age (yr, means ± SD) 52.94 ± 6.51 52.93 ± 6.48 0.97 
Smoking 146 (28.57) 142 (27.68) 0.75 
Drinking 172 (33.66) 175 (34.11) 0.88 
Hypertension 155 (30.33) 160 (31.19) 0.77 

www.wjgnet.com

4538      ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol     July 28, 2008      Volume 14    Number 28



REFERENCES
1	 Bombardier C, Laine L, Reicin A, Shapiro D, Burgos-

Vargas R, Davis B, Day R, Ferraz MB, Hawkey CJ, 
Hochberg MC, Kvien TK, Schnitzer TJ. Comparison of 
upper gastrointestinal toxicity of rofecoxib and naproxen in 
patients with rheumatoid arthritis. VIGOR Study Group. N 
Engl J Med 2000; 343: 1520-1528, 2 p following 1528

2	 Singh G, Fort JG, Goldstein JL, Levy RA, Hanrahan PS, 
Bello AE, Andrade-Ortega L, Wallemark C, Agrawal NM, 
Eisen GM, Stenson WF, Triadafilopoulos G. Celecoxib 
versus naproxen and diclofenac in osteoarthritis patients: 
SUCCESS-I Study. Am J Med 2006; 119: 255-266

3	 Gasparini G, Longo R, Sarmiento R, Morabito A. Inhibitors 
of cyclo-oxygenase 2: a new class of anticancer agents? 
Lancet Oncol 2003; 4: 605-615

4	 Steinbach G ,  Lynch PM, Phillips RK, Wallace MH, 
Hawk E, Gordon GB, Wakabayashi N, Saunders B, Shen 
Y, Fujimura T, Su LK, Levin B. The effect of celecoxib, 
a cyclooxygenase-2 inhibitor, in familial adenomatous 
polyposis. N Engl J Med 2000; 342: 1946-1952

5	 Harris RE, Beebe-Donk J, Alshafie GA. Reduction in the 
risk of human breast cancer by selective cyclooxygenase-2 
(COX-2) inhibitors. BMC Cancer 2006; 6: 27

6	 Langman MJ, Jensen DM, Watson DJ, Harper SE, Zhao 
PL, Quan H, Bolognese JA, Simon TJ. Adverse upper 
gastrointestinal effects of rofecoxib compared with NSAIDs. 
JAMA 1999; 282: 1929-1933

7	 Bresalier RS, Sandler RS, Quan H, Bolognese JA, Oxenius B, 
Horgan K, Lines C, Riddell R, Morton D, Lanas A, Konstam 
MA, Baron JA. Cardiovascular events associated with 
rofecoxib in a colorectal adenoma chemoprevention trial. N 
Engl J Med 2005; 352: 1092-1102

8	 Bertagnolli MM, Eagle CJ, Zauber AG, Redston M, 
Solomon SD, Kim K, Tang J, Rosenstein RB, Wittes J, Corle 
D, Hess TM, Woloj GM, Boisserie F, Anderson WF, Viner 
JL, Bagheri D, Burn J, Chung DC, Dewar T, Foley TR, 
Hoffman N, Macrae F, Pruitt RE, Saltzman JR, Salzberg B, 
Sylwestrowicz T, Gordon GB, Hawk ET. Celecoxib for the 
prevention of sporadic colorectal adenomas. N Engl J Med 
2006; 355: 873-884

9	 Psaty BM, Potter JD. Risks and benefits of celecoxib to 
prevent recurrent adenomas. N Engl J Med 2006; 355: 
950-952

10	 Graham DJ .  COX-2 inhibitors, other NSAIDs, and 
cardiovascular risk: the seduction of common sense. JAMA 
2006; 296: 1653-1656

11	 Okie S. Raising the safety bar--the FDA's coxib meeting. N 
Engl J Med 2005; 352: 1283-1285

12	 You WC, Li JY, Blot WJ, Chang YS, Jin ML, Gail MH, Zhang 
L, Liu WD, Ma JL, Hu YR, Mark SD, Correa P, Fraumeni 
JF Jr, Xu GW. Evolution of precancerous lesions in a rural 
Chinese population at high risk of gastric cancer. Int J Cancer 

1999; 83: 615-619
13	 Collaborative overview of randomised trials of antiplatelet 

therapy--I: Prevention of death, myocardial infarction, 
and stroke by prolonged antiplatelet therapy in various 
categories of patients. Antiplatelet Trialists' Collaboration. 
BMJ 1994; 308: 81-106

14	 Silverstein FE, Faich G, Goldstein JL, Simon LS, Pincus 
T, Whelton A, Makuch R, Eisen G, Agrawal NM, Stenson 
WF, Burr AM, Zhao WW, Kent JD, Lefkowith JB, Verburg 
KM, Geis GS. Gastrointestinal toxicity with celecoxib vs 
nonsteroidal anti-inflammatory drugs for osteoarthritis 
and rheumatoid arthritis: the CLASS study: A randomized 
controlled trial. Celecoxib Long-term Arthritis Safety Study. 
JAMA 2000; 284: 1247-1255

15	 Emery P, Zeidler H, Kvien TK, Guslandi M, Naudin R, 
Stead H, Verburg KM, Isakson PC, Hubbard RC, Geis GS. 
Celecoxib versus diclofenac in long-term management of 
rheumatoid arthritis: randomised double-blind comparison. 
Lancet 1999; 354: 2106-2111

16	 Brinkmann G, Burkhart C, Clausen M, Henze E. [The 
effect of Belzer and Bretschneider cardioplegia solutions on 
myocardial energy metabolism. A study with 31phosphorus 
magnetic resonance spectroscopy in an animal model] Z 
Kardiol 1992; 81: 339-344

17	 Varas-Lorenzo C, Maguire A, Castellsague J, Perez-
Gutthann S. Quantitative assessment of the gastrointestinal 
and cardiovascular risk-benefit of celecoxib compared 
t o  i n d i v i d u a l  N S A I D s  a t  t h e  p o p u l a t i o n  l e v e l . 
Pharmacoepidemiol Drug Saf 2007; 16: 366-376

18	 Kasliwal R ,  Layton D, Harris S,  Wilton L,  Shakir 
SA. A comparison of reported gastrointestinal and 
thromboembolic events between rofecoxib and celecoxib 
using observational data. Drug Saf 2005; 28: 803-816

19	 Deeks JJ, Smith LA, Bradley MD. Efficacy, tolerability, and 
upper gastrointestinal safety of celecoxib for treatment of 
osteoarthritis and rheumatoid arthritis: systematic review of 
randomised controlled trials. BMJ 2002; 325: 619

20	 Arber N, Eagle CJ, Spicak J, Racz I, Dite P, Hajer J, Zavoral M, 
Lechuga MJ, Gerletti P, Tang J, Rosenstein RB, Macdonald 
K, Bhadra P, Fowler R, Wittes J, Zauber AG, Solomon 
SD, Levin B. Celecoxib for the prevention of colorectal 
adenomatous polyps. N Engl J Med 2006; 355: 885-895

21	 Solomon SD, McMurray JJ, Pfeffer MA, Wittes J, Fowler R, 
Finn P, Anderson WF, Zauber A, Hawk E, Bertagnolli M. 
Cardiovascular risk associated with celecoxib in a clinical 
trial for colorectal adenoma prevention. N Engl J Med 2005; 
352: 1071-1080

22	 Fitzgerald GA. Coxibs and cardiovascular disease. N Engl J 
Med 2004; 351: 1709-1711

23	 Hawkey CJ. COX-2 inhibitors. Lancet 1999; 353: 307-314
24	 Antman EM, DeMets D, Loscalzo J. Cyclooxygenase 

inhibition and cardiovascular risk. Circulation 2005; 112: 
759-770

      S- Editor  Zhong XY    L- Editor  Wang XL    E- Editor  Lin YP

www.wjgnet.com

Feng GS et al . Celecoxib and its adverse effects                                                                                         4539



Online Submissions: wjg.wjgnet.com                                                                                                           World J Gastroenterol  2008 July 28; 14(28): 4540-4545
wjg@wjgnet.com                                                                                                                             World Journal of Gastroenterology  ISSN 1007-9327
doi:10.3748/wjg.14.4540                                                                                                                                                © 2008 The WJG Press. All rights reserved.

Radiofrequency ablation as a treatment for hilar 
cholangiocarcinoma 

Wei-Jun Fan, Pei-Hong Wu, Liang Zhang, Jin-Hua Huang, Fu-Jun Zhang, Yang-Kui Gu, Ming Zhao, 
Xiang-Long Huang, Chang-Yu Guo 

 RAPID COMMUNICATION

www.wjgnet.com

Wei-Jun Fan, Pei-Hong Wu, Liang Zhang, Jin-Hua Huang, 
Fu-Jun Zhang, Yang-Kui Gu, Ming Zhao, Cancer Center 
of Sun Yat-Sen University, 651# Dong Feng Dong Road, 
Guangzhou 510060, Guangdong Province, China 
Xiang-Long Huang, Chang-Yu Guo, Radiology Department, 
Centro Hospitalar Conde de São Januário (CHCSJ), Macau 
SAR CP3002, China 
Author contributions: Fan WJ and Wu PH contributed 
equally to this work; Huang JH, Zhang FJ, Gu YK and Zhao M 
provided patients’ information, Huang XL, Guo CY analyzed 
data; Fan WJ and Zhang L wrote the paper.
Correspondence to: Pei-Hong Wu, Cancer Center of Sun 
Yat-Sen University, 651# Dong Feng Dong Road, Guangzhou 
510060, Guangdong Province, China. jrkzl@gzsums.edu.cn
Telephone: +86-20-87343270   Fax: +86-20-87343270
Received: September 28, 2007  Revised: July 19, 2008
Accepted: July 26, 2008
Published online: July 28, 2008

Abstract
AIM: To explore the role of radio-frequency ablation 
(RFA) as a treatment for hilar cholangiocarcinoma. 
METHODS: E leven pat ients wi th obst ruct ive 
cholestasis underwent Computed Tomography (CT) 
examination, occupying lesions were observed in the 
hepatic hilar region in each patient. All lesions were 
confirmed as cholangioadenocarcinoma by biopsy 
and were classified as type Ⅲ or Ⅳ by percutaneous 
transhepatic cholangiography. Patients were treated 
with multiple electrodes RFA combined with other 
adjuvant therapy. The survival rate, change of CT 
attenuation coefficient of the tumor and tumor size 
were studied in these patients after RFA. 
RESULTS: In a follow-up CT scan one month after 
RFA, a size reduction of about 30% was observed in 
six masses, and two masses were reduced by about 
20% in size, three of the eleven masses remained 
unchanged. In a follow-up CT scan 6 mo after RFA, 
all the masses were reduced in size (overall 35%), in 
which the most significant size reduction was 60%. 
The survival follow-up among these eleven cases was 
18 mo in average. Ongoing follow-up showed that the 
longest survival case was 30 mo and the shortest case 
was 10 mo. 
CONCLUSION: RFA is a microinvasive and effective 
treatment for hilar cholangiocarcinoma. 

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION 
Hilar cholangiocarcinoma (also known as Klatskin 
Tumor) was first reported by Gerald Klatskin in 1965. 
Since then, many therapeutic methods have been 
established to treat this type of  tumor. For those 
patients presenting with type Ⅰ and type Ⅱ tumors, 
surgical resection is good and has a high 5-year survival 
rate[1-5]. However, for those tumors classified as type 
Ⅲ and Ⅳ tumors, the surgical prognosis is poor even 
when combined with local tumor resection and left or 
right hemi-lobectomy of  the liver, which can itself  lead 
to further complications[6-8]. Thus, finding a surgical 
approach for the treatment of  type Ⅲ and Ⅳ Klatskin 
tumors is problematic. Percutaneous image-guided 
radiofrequency ablation (RFA) has received increasing 
attention as a promising technique for the treatment 
of  liver tumors. This technique permits the destruction 
of  tumors without necessitating their removal, and in 
many cases, can be used in place of  more invasive and 
expensive surgical treatment. Initial attempts at tissue 
ablation with radiofrequency have been limited to the 
1.6-cm diameter coagulation necrosis obtained from 
a single conventional electrode[9]. In order to achieve 
larger thermal necrosis, internally cooled, single or 
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clustered electrode technique, as well as expandable 
needle techniques has been introduced. Hence, from 
May, 2003 to December, 2005, we applied RFA therapy 
to a group of  11 patients with pathologically confirmed, 
type Ⅲ and Ⅳ cholangiocarcinoma after percutaneous 
transhepatic cholangic drainage (PTCD) in order to 
determine its safety, efficacy, and outcome. 

MATERIALS AND METHODS 
Patient demographics 
Eleven patients enrolled in this study were all male, 
ranging in age from 42 to 74 years, with a mean of  
52 years. All patients presented with jaundice, and 
underwent CT examination, Occupying lesions were 
observed in hepatic hilar region in all cases. All lesions 
were confirmed as cholangioadenocarcinoma by biopsy 
and were classified as type Ⅲ a (n = 4), type Ⅲ b (n = 
2), type Ⅳ (n = 5) tumors by percutaneous transhepatic 
cholangiography. The average dimensions of  the tumor 
masses were 3.4-4.5 cm. 

Instruments 
The Marconi CT-Twin f lash, with the following 
parameters: volumetric scan with 5-10 mm thickness and 
pitch 1, WE7568 multiple electrode tumor RF ablator, 
200W pulse output and 290 KHz pulse frequency, was 
applied (made by Beijing Welfare Electronic Ca.). A 
temperature sensor was installed in the electrode to 
monitor the temperature and the sensor deviation was 
± 0.50℃. A WHK-4 multiple electrode tumor RFA 
electrode with side holes ablation needle was applied. 
These systems deploy an array of  multiple curved 
stiff  wires in the shape of  an umbrella from a single 
14-gauge or 16-gauge canula (Figure 1). This array 
can produce zones of  coagulation necrosis of  up to  
4-5 cm compared to the bipolar electrode. Furthermore, 
there are tiny side holes in the distal end of  the central 
electrode, which make it possible for saline infusion 
during RFA in order to avoid charring and improve the 
ablation effect. 

Therapeutic strategy 
All patients were hospitalized with proper blood analyses 
and preparations before synthetic interventional therapy. 
PTCD was performed for biliary drainage for 2 wk prior 
to RFA in order to preserve or improve hepatic function. 
The tumor size determined the number of  sessions and 
duration of  RFA.

PTCD (percutaneous transhepatic cholangic drainage) 
By using a 22 gauge Chiba needle, PTC was performed 
from the right middle axillary line to the most dilated 
intrahepatic biliary duct according to a prior CT scan. 
When the needle punctured the biliary duct, we fixed 
the needle and injected contrast media to perform 
cholangiography. The contrast media allowed better 
depiction of  the stenotic segment and determined 
whether the left and right hepatic ducts were involved, 
allowing the tumor to be staged further. A unilateral 

drainage catheter was applied for type Ⅲ a and type Ⅲ b. 
Bilateral kissing catheters were applied for type Ⅳ. The 
percutaneous drainage catheter was fixed onto the skin 
with stitches and connected with a drainage bag for daily 
observation of  external bile drainage. 

RFA
After 2 wk of  biliary drainage, depending on the patient’
s general condition and improvement of  the hepatic 
function, RFA was applied by percutaneous puncture 
into the tumor mass with an ablation electrode needle 
under CT guiding (a density survey of  the tumor 
mass was performed before the procedure). After 
optimal tumor puncture, we delivered the electrodes 
in appreciable diameter. The electrodes were distanced 
from the drainage catheter during the RFA procedure, 
thereby protecting the catheters from mechanical 
puncture and thermal damage. The duration of  ablation 
was dependant on the size of  the tumor mass, with  
10 min for those ≤ 3 cm, and 10-15 min for those 
around 3.1-4.0 cm. We prolonged the procedure time 
during which the temperature slowly increased. Injection 
of  1 mL of  10% saline from the side aperture of  the 
needle every minute enhanced the excitement of  ion 
vibrations, increasing the capability of  the device. A 
CT scan was performed after delivering the electrodes 
to ensure that the entire lesion was fully covered within 
the region of  RFA. This would provide complete tumor 
necrosis and eliminate the possible residual tumor 
infiltration in the adjacent area (Figures 2 and 3). 

Follow up 
After RFA, regular monthly abdominal CT scans 
including a plain scan, double-phase scan and delayed 
image were performed with biochemical blood analysis 
in the first 6 mo. For the next 6 mo, follow-up work was 
every 2 mo, and 1 year after RFA, follow-up was every  
3 mo. 

Evaluation of the therapeutic effect 
One month after the RFA synthetic therapy, CT scans 
were compared to the baseline data. The treatment was 
counted as effective, in case where there was significant 
density attenuation of  the tumor mass with no contrast 
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Figure 1  A: The white arrow indicates the injection hole; B: The white 
arrow indicates the side hole, and the black arrow indicates hooked array 
radiofrequency needles



enhancement, regardless of  whether the tumor size 
was reduced or remained unchanged. Conversely, cases 
were counted as non-effective, if  the tumor mass was 
enlarged and there was no significant density attenuation 
and inhomogeneous enhancement by Ⅳ contrast.

RESULTS 
Quantification of tumor density change 
The average density of  the 11 tumor masses was 44.23 
Hu before RFA therapy. One month after the therapy, it 
decreased to 21.6 Hu with the most marked case being a 
decrease of  about 40 Hu. 

Quantification of tumor size 
After RFA treatment, six masses had diminished in size 
by approximately 30%, two masses had been reduced 
by approximately 20% and no significant change in size 
was noted in three masses. These results were confirmed  
1 mo later by a second CT scan. After 6 mo, the average 
size reduction in all the masses was approximately 35%. 
The most significant size reduction was 60%. 

Quantification of biochemical blood analysis 
One month after PTCD, the direct and indirect bilirubin 
levels returned to their normal range (direct bilirubin ≤ 
8 μmol/L and indirect bilirubin ≤ 15 μmol/L) in nine 
cases. By 6 mo after RFA therapy, the bilirubin levels of  
all cases had returned to their normal range. 

Quantification of complications 
No severe complications occurred during or after each 
procedure with the exception of  fever post RFA. 

Survival analysis
The 11 patients were all alive at the end of  the study. 
The survival period among these 11 cases was 18 mo 
on average. Ongoing follow-up showed that the longest 
survival case was 30 mo and the shortest case was  
10 mo.

DISCUSSION 
Gerald Klatskin[10] first described the specific entities 
of  adenocarcinoma as confined below, at or above 
the confluence of  the common hepatic duct in 1965. 
Afterwards, Bismuth and Corlette[11] classified the 
tumor into four types: Type Ⅰ: the lesion is confined 
to the common hepatic duct with no involvement of  
the left and right common ducts or confluence; Type 
Ⅱ: confluence of  the hepatic ducts is involved, but the 
lesion does not extend to the left and right intrahepatic 
biliary ducts; Type Ⅲ a: the lesion spreads to the right 
hepatic duct; Type Ⅲ b: the lesion spreads to the left 
hepatic duct; Type IV: involvement of  the left and right 
hepatic ducts and confluence[12-18]. 

For Type Ⅰ and Ⅱ tumors, surgical resection is 
the most effective form of  therapy. Furthermore, a 
surgical approach is still possible in cases of  local tumor 
recurrence[19,20]. However, for Type Ⅲ tumors, radical 
resection is an aggressive procedure that might involve 
removal of  the left or right hepatic lobe and caudate 
lobe of  the liver. A mortality rate of  up to 10% has been 
encountered, and survival after surgical resection on this 
type of  tumor has been disappointing[12,14,21-24]. Palliative 
resection of  Type Ⅳ tumor is stil l controversial, 
but doctors tend to perform liver transplantation. 
Transartery chemoembolization (TACE) is not an ideal 
treatment for Type Ⅳ tumors. Since the tumor mass is 
hypo-vascular, only a faint tumor contrast dye will be 
observed by DSA (Digital Subtraction Angiography) 
resulting in inadequate lipiodol staining. Chemotherapy 
either general or intra-arterial does not improve 
survival[25-27]. Based on these reasons, we propose that 
RFA therapy should be used for the treatment of  type 
Ⅲ and Ⅳ cholangiocarcinoma. 

Due to the massive and wide range of  invasion of  
the tumor, the majority of  patients with Type Ⅲ and 
Ⅳ Klatskin’s tumor present with serious obstructive 
jaundice on admission. Therefore, with the aid of  DSA, 
PTCD is the first step of  the sequential interventional 
therapy since it anticipates jaundice and decompensates 
liver function by using an internal and external drainage. 
Two weeks following the drainage, until jaundice 
diminishes and hepatic function is amended, RFA is 
carried out and that is the most critical step of  this 
sequential interventional therapy. RFA is becoming 
a widely used tool for treatment of  liver metastatic 
tumors especially since Rossi et al introduced new needle 

←

Figure 2  A case with type Ⅲb Klatskin tumor. A: Plain CT scan reveals that the 
tumor is in the main trunk of left hepatic duct with dilatation of branches; B: The 
patient underwent RFA under CT guidance after internal and external drainage 
for two weeks. 
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electrodes capable of  increasing the diameter of  tissue 
necrosis to 4-5 cm[28,29]. The tissue necrosis should 
include 5 mm of  normal tissue around the lesion for 
oncological clearance. 

The basic principle of  RFA therapy is described 
below. Under CT or sonographic guidance, the electrode 
percutaneously punctures and is placed into the tumor 
tissue with single or multiple electrode probes. The 
cluster of  electrodes at the end of  the probe will 
emit median to high-frequency electromagnetic wave 
energy that may induce ionic vibrating friction of  the 
target tissue cells resulting in the generation of  heat. 
As the local temperature increases up to 80℃-90℃, 
it is sufficient to cause coagulation necrosis of  the 
tumor tissue, and eventually, liquefaction or fibrosis. 
Coagulation of  the peripheral vessel and tissue around 
the tumor will form a reactive zone. Thus, the tumor 
blood supplies are interrupted contributing to the 
prevention of  metastasis. 

The tumor size determines the number of  sessions 
and duration of  RFA. Furthermore, extending the range 
of  RFA to 0.5 cm out of  the normal tissue margin where 
possible will effectively eliminate potential minimal tumor 
infiltration in the normal liver tissue. This creates a free 
margin and may reduce the likelihood of  tumor relapse. 

RFA has a tendency to injure the biliary system when 
the lesions are near the porta hepatis. This injury may 
be a bile fistula or an obstruction of  the biliary tract. 
In our study, none of  these complications occurred, 
since PTCD was performed in all of  our cases before 
RFA. The advantages of  PTCD before RFA are that: (1) 
the probability of  biliary tract injury decreases due to 
remission of  the obstruction and dilation of  the biliary 
tract after PTCD; and (2) the drain pipe which was 
detained in the biliary tract during PTCD can be used as 
a localization mark during RFA. 

There are several large vessels near the porta hepatis. 
Thus, serious hemorrhage will occur if  the puncture 
of  the needle injures the large vessels. Hemorrhage will 
also occur if  the dissepiment necrosis of  the vessels 
happens during the RFA procedure due to the entry 
of  the electrode. RFA treatment of  all 11 cases in our 

study did not result in hemorrhagic complications. Our 
experience is that the radiologist who operates the RFA 
procedure must possess the imaging radiology and 
puncture technique, as well as being able to identify the 
large vessels in the porta hepatis and evade them. When 
the electrode enters the large vessels, the temperature 
remains low or the curve of  the temperature offers 
crenate type and duty curve lasts high. At this time, the 
power source must be turned off  immediately, and the 
location of  the needle and electrode is adjusted. The 
cooling effect of  the blood flow in the large vessels near 
the lesions results in lower efficacy in tumor necrosis. 
Our countermeasure is to inject 1 mL of  10% saline 
from the side aperture of  the needle every minute to 
enhance ion vibration and excite the instrument to 
enhance the duty. It is also important to prolong the 
procedure time to ensure that the total time of  effective 
temperature (higher than 70℃) lasts for 10-15 min. 

Evaluation of  the therapeutic effects of  this 
treatment requires analysis of  the changes in the 
density and size of  the tumor mass by CT compared 
with base line data. One month follow-up after RFA 
showed that for all 11 cases, there were varying degrees 
of  diminishing density and there was no enhancement 
in the contrast scans of  the tumor mass. These effects 
were mainly due to the tumor coagulation and necrosis. 
In some cases, the lesion presented with an even lower 
density value because of  the vacuum phenomenon 
resulting from long-term and multi-session therapy. 

Six masses had diminished in size by approximately 
30%, two masses had been reduced by approximately 
20% and no significant change in size was noted in three 
masses. 

Size reduction of  the tumor mass was significantly 
noted in six out of  11 cases, two masses had been 
reduced by approximately 20%, and the other three 
lesions remained unchanged in other five patients in one 
month CT follow-up. However, 6 mo after synthetic 
sequential IR therapy, all 11 cases presented with varying 
degrees of  size reduction. This was probably due to 
the slow progressive development of  the coagulated 
necrosis, liquefaction and fibrosis of  the lesion. 

Figure 3  A case with type IV Klatskin tumor. A: The plain CT reveals that the tumor is in the portal hepatic region with dilatation of the left and right hepatic ducts; B: 
The patient underwent RFA under CT guidance after internal and external drainage for 2 wk; C: The plain CT scan reveals a liquidized and necrotic region of the 
tumor in the portal hepatic region without contrast enhancement 2 mo after RFA. 

A B C

www.wjgnet.com

Fan WJ et al . RFA treat hilar cholangiocarcinoma                                                                                        4543



To date, all 11 patients are alive. A recent follow-up 
shows that the survival of  a group of  29 cases of  Klatskin 
tumor treated by surgical intervention. The mortality 
rate in the hospital (during and after surgery) was 17%, 
the average hospital stay was 71 d, and a survival rate 
of  1 year was observed in 50% of  cases. Tsukada et al 
reported the survival after RFA therapy to be 18 mo 
on average, ranging between 10 mo and 30 mo so far. 
No complications among these 11 cases were observed 
during or after synthetic sequential interventional 
therapy. Parc et al[12] reported a group of  39 cases of  
Klatskin’s tumor treated by surgical intervention. Radical 
resection was performed in 18 cases, and the remaining 
21 cases underwent palliative operation. Among the 18 
cases treated with radical resection, one had type Ⅰ, 
two had type Ⅱ, eight had type Ⅲ a, two had type Ⅲ 
b and five had type IV. Four of  the 18 cases developed 
post-operative complications and the survival rate 
ranged between 1 (67%) and 5 (47%) years. Of  the 21 
cases treated with palliative operation, the post-surgery 
mortality was 14% and the mean survival range was only 7 
mo. Nimura[30,31] performed a liver and bile duct resection 
combined with Whipple’s operation in five patients with 
hilar tumors. Two of  the five patients died after surgery 
and the three survivors died 8, 10 and 27 mo later. 

Compared with surgical intervention, the RFA 
treatment that we used for type Ⅲ and Ⅳ Klatskin’s 
tumor is less invasive and involves less complications. 
Furthermore, a higher mean survival rate (up to 18 mo) 
has been shown after RFA than surgical intervention. 
Thus, we believe that RFA is a less invasive, safe, 
effective and promising therapy for type Ⅲ and Ⅳ 
Klatskin tumors. The long-term curative effect requires 
further study. 

 COMMENTS
Background
Hilar cholangiocarcinoma (also known as Klatskin tumor) was first reported 
by Gerald Klatskin in 1965. Since then, many therapeutic methods have been 
established to treat this type of tumor. For those patients presenting with 
type I and type II tumors, surgical resection is good and has a high 5-year 
survival rate. However, for those tumors classified as type Ⅲ and Ⅳ tumors, 
the surgical prognosis is poor even when combined with local tumor resection 
and left or right hemi-lobectomy of the liver, which can itself lead to further 
complications. Thus, finding a surgical approach for the treatment of type Ⅲ 
and Ⅳ Klatskin tumors is problemtic.
Research frontiers
Percutaneous image-guided radiofrequency ablation (RFA) has received 
increasing attention as a promising technique for the treatment of liver tumors. 
This technique permits the destruction of tumors without necessitating 
their removal, and in many cases, can be used in place of more invasive 
and expensive surgical treatment. Initial attempts at tissue ablation with 
radiofrequency have been limited to the 1.6-cm diameter coagulation necrosis 
obtained from a single conventional electrode. In order to achieve larger 
thermal necrosis, internally cooled, single or clustered electrode technique, as 
well as expandable needle techniques have been introduced.
Innovations and breakthroughs
To date, all 11 patients are alive. A recent follow-up shows that the survival 
range after RFA therapy is 18 mo on average, ranging between 10 mo and 
30 mo so far. No complications among these 11 cases were observed during 
or after synthetic sequential interventional therapy. Compared with surgical 
intervention, the RFA treatment that we used for type Ⅲ and Ⅳ Klatskin’s tumor 

is less invasive and involves less complications. 
Applications 
RFA is a less invasive, safe, effective and promising therapy for type Ⅲ and Ⅳ 
Klatskin tumors. The long-term curative effect requires further study.
Peer review
According to the study, we know that a new therapy for type Ⅲ and Ⅳ Klatskin 
tumor, and RFA is less invasive, soft and have fewer complications than 
common surgical treatment. It is worth paying attention and we are looking 
forward to the better curative effect from RFA.
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Abstract
AIM: To investigate the effect of delayed ethyl 
pyruvate (EP) delivery on distant organ injury, 
survival time and serum high mobility group box 1 
(HMGB1) levels in rats with experimental severe acute 
pancreatitis (SAP).
METHODS: A SAP model was induced by retrograde 
injection of artificial bile into the pancreatic ducts of 
rats. Animals were divided randomly into three groups 
(n  = 32 in each group): sham group, SAP group and 
delayed EP treatment group. The rats in the delayed 
EP treatment group received EP (30 mg/kg) at 12 h, 
18 h and 30 h after induction of SAP. Animals were 
sacrificed, and samples were obtained at 24 h and 
48 h after induction of SAP. Serum HMGB1, aspartate 
aminotransferase (AST), alanine aminotransferase 
(ALT), blood urea nitrogen (BUN), and creatinine 
(Cr) levels were measured. Lung wet-to-dry-weight 
(W/D) ratios and histological scores were calculated 
to evaluate lung injury. Additional experiments were 
performed between SAP and delayed EP treatment 
groups to study the influence of EP on survival times 
of SAP rats.
RESULTS: Delayed EP treatment significantly reduced 
serum HMGB1 levels, and protected against liver, renal 
and lung injury with reduced lung W/D ratios (8.22 ± 

0.42 vs  9.76 ± 0.45, P  < 0.01), pulmonary histological 
scores (7.1 ± 0.7 vs  8.4 ± 1.1, P  < 0.01), serum AST 
(667 ± 103 vs  1 368 ± 271, P  < 0.01), ALT (446 ± 91 
vs  653 ± 98, P  < 0.01) and Cr (1.2 ± 0.3 vs  1.8 ± 0.3, 
P  < 0.01) levels. SAP rats had a median survival time 
of 44 h. Delayed EP treatment significantly prolonged 
median survival time to 72 h (P  < 0.01).
CONCLUSION: Delayed EP therapy protects against 
distant organ injury and prolongs survival time via  
reduced serum HMGB1levels in rats with experimental 
SAP. EP may potentially serve as an effective new 
therapeutic option against the inflammatory response 
and multiple organ dysfunction syndrome (MODS) in 
SAP patients.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Excessive activation of  the inflammatory mediator 
cascade during severe acute pancreatitis (SAP) is a major 
cause of  multiple organ dysfunction syndrome (MODS), 
which leads to a high mortality rate[1]. Therapeutic 
strategies targeting these inflammatory mediators are 
thought to be an ideal way to reduce the severity of  SAP. 
This is difficult, however, because the cytokines, such as 
TNF-α and IL-1β, are released early in the development 
of  a systemic inflammatory response[2]. This leaves a 
narrow therapeutic window for the administration of  
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therapeutics, and delayed delivery of  anti-inflammatory 
therapeutics are not effective after the inflammatory 
mediator cascade has developed[2].

High mobility group box 1 (HMGB1) protein, which 
has been known as a ubiquitously expressed, intracellular 
DNA-binding protein for about 30 years, was recently 
identified as a late-acting mediator of  endotoxin 
lethality[3]. It was reported that serum HMGB1 levels 
increased in patients with sepsis/endotoxemia[3-5], 
hemorrhagic shock[6], acute lung injury[7,8], rheumatoid 
arthritis[9] and disseminated intravascular coagulation[10]. 
HMGB1 is identified as a late mediator of  endotoxin 
lethality because its systemic release during endotoxemia 
is delayed as compared with the rapid increase of  the 
early proinflammatory cytokines, such as TNF-α and 
IL-1β. HMGB1 is released by endotoxin-stimulated 
macrophages only after a delay of  12-18 h. A similar 
delayed appearance of  HMGB1 (8-32 h) was also 
observed in the serum of  mice with endotoxemia after 
TNF-α had reached its peak and subsided[3]. Delayed 
anti-HMGB1 antibody dosing still confers significant 
protection against endotoxin lethality[3]. Strategies that 
target HMGB1 with specific antibodies or antagonists 
seem to have potential value for treating lethal systemic 
inflammatory diseases characterized by excessive 
HMGB1 release, and the delayed kinetics indicate that 
HMGB1 may provide a broader therapeutic window for 
treating those inflammatory disorders[11].

It has been recently demonstrated that the serum 
levels of  HMGB1 were significantly elevated in patients 
with SAP on admission, and were correlated with the 
severity of  the disease[12]. Early blockade of  HMGB1 
attenuates the development and associated organ 
dysfunction in experimental SAP[13]. These indicate that 
HMGB1 may be an effective therapeutic target of  SAP. 
In a previous experimental study, we demonstrated that 
the serum levels of  HMGB1 began to rise significantly 
at 12 h, and were maintained in high levels up to 48 h 
after induction of  experimental SAP in rats[14]. Thus, 
we conceive that delayed therapeutic delivery targeting 
HMGB1 might attenuate SAP in rats.

Ethyl pyruvate (EP), a stable lipophilic pyruvate 
derivative, is an agent that can effectively protect animals 
from ischemia-reperfusion-induced tissue injury[15]. EP 
administration significantly improves the survival of  
lethal hemorrhagic shock in standard models[16,17], and 
significantly inhibits the systemic release of  both early 
(TNF-α) and late (HMGB1) cytokines that mediate the 
lethality of  sepsis and systemic inflammation, even when 
administered 24 h after cecal puncture[18]. We hypothesize 
that delayed EP administration could reduce the severity 
of  SAP in rats through inhibiting the systemic release of  
HMGB1.

MATERIALS AND METHODS
Animals
Male Wistar rats weighing 200-250 g were obtained 
from the Experimental Animal Center of  Tongji 

Medical College, Huazhong University of  Science and 
Technology (Wuhan, China). Before the experiment, 
the animals were kept in rooms at 20 ℃ ± 2 ℃ in 12-h 
light-dark cycles for at least 1 wk to acclimate to the 
surroundings with free access to water and standard rat 
chow.

Induction of pancreatitis
The animals were fasted with free access to water 12 h 
before surgery. The rats were then intra-abdominally 
anesthetized by 1% pentobarbital sodium (35 mg/
kg body weight) , and incised through a median 
incision of  the abdomen. After the common bile 
duct was clamped in the hepatoduodenal ligament 
by a small bulldog clamp, the biliopancreatic duct 
was cannulated through mammary papi l la from 
the an te r io r wa l l o f  the duodenum. 1 mL/kg  
body weight of  5% sodium taurocholate (Sigma, St. 
Louis, MO, USA) was injected by the cannula with an 
even speed of  0.1 mL/min, and the atraumatic vascular 
clamp was removed 10 min later. Finally, the abdominal 
incisions were closed in two layers. All procedures were 
performed using a sterile technique.

Study protocol
After the stabilization period, 96 male rats were 
randomly divided into three groups (each group n = 
32), and each group was divided into two subgroups 
(each subgroup n = 16).  Animals in a subgroup were 
sacrificed at either 24 h or 48 h after surgery. Rats in 
group Ⅰ (sham group) underwent laparotomy with 
manipulation of  the pancreas (sham procedure) and 
received 40 mL/kg normal saline subcutaneously (single 
dose). Groups Ⅱ and Ⅲ underwent laparotomy with 
induction of  SAP, and subsequently received saline every 
6 h after induction of  SAP. Rats in group Ⅱ (delayed 
EP treatment group) additionally received 30 mg/kg 
body weight EP intravenously at 12, 18 and 30 h after 
induction of  SAP. EP (Sigma, St. Louis, MO, USA) 
was prepared in solution with sodium (130 mmol/L), 
potassium (4 mmol/L), calcium (2.7 mmol/L), chloride 
(139 mmol/L), and EP (28 mmol/L) (pH 7.0). Rats in 
group Ⅲ (SAP group) intravenously received the same 
volume of  vehicle at the same time as in group Ⅱ.  
Twenty four hours after induction of  SAP, the surviving 
rats were anesthetized with ether, and blood samples 
were taken from the inferior vena cava to measure serum 
HMGB1 levels and blood biochemical parameters. The 
animals were sacrificed, and the right lung was obtained 
to evaluate lung injury. 48 h after induction of  SAP, only 
blood samples were taken in order to measure serum 
HMGB1 levels.

To investigate the effect of  EP on the survival time 
of  SAP rats, 48 male rats underwent laparotomy with 
induction of  SAP, and were randomly divided into two 
groups (each group n = 24): SAP group and delayed EP 
treatment group. Rats in the EP treatment group received 
delayed EP delivery (30 mg/kg body weight) intravenously 
at 12, 18, 30 and 48 h after induction of  SAP, and received 



the above-mentioned fluid resuscitation. Rats in the SAP 
group received fluid resuscitation and the same volume of  
vehicle intravenously as in the EP treatment group. The 
number of  surviving rats was recorded every 4 h after 
induction of  SAP.

HMGB1 measurement
HMGB1 was analyzed by Western blot as described 
by Wang et al[3]. Briefly, serum was first filtered with 
Centricon YM-100 (Millipore) to clear the samples 
from cell debris and macromolecular complexes formed 
during clotting. Samples were then concentrated 
15-fold with Centricon YM-30 and separated on 12% 
SDS-polyacrylamide gels. Protein was transferred to 
nitrocellulose membranes (Pall) and HMGB1 was 
analyzed by using polyclonal anti-HMGB1 antibodies 
(Santa Cr uz) and secondar y ant i -g oat a lka l ine 
phosphatase (Beijing Zhongshan Biotechnology). 
The intensity of  the 30-kDa band was analyzed by 
densitometry. Standard curves were constructed using 
r-HMGB1 (Sigma, St. Louis, MO, USA).

Blood biochemical parameters measurements
Serum aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), blood urea nitrogen (BUN), 
and creatinine (Cr) levels were measured using a standard 
clinical automated analyzer.

Lung wet-to-dry-weight (W/D) ratios and histological 
scores
The right lung was wiped dry with filter paper and 
weighed. Then, it was dried to a constant weight at 60 ℃ 
for 72 h in an oven. W/D ratios could then be calculated. 
Routine paraffin sectioning was performed on the lung 
tissue. Pulmonary histological scores were graded using 
a Gloor score system (normal, 0; mild, 1; moderate, 2; 
severe, 3; overwhelming, 4) for intra-alveolar oedema, 
intra-alveolar haemorrhage, and neutrophil infiltration 
and these scores were then added to give a total score[19].

Statistical analysis
mean ± SD values for blood biochemical parameters, 

HMGB1 serum levels, lung W/D ratios and histological 
scores were determined. The differences between the 
two groups were further evaluated with the Mann-
Whitney U test. Overall survival was calculated by 
the Kaplan-Meier Estimate. The log-rank test and the 
Breslow test were used to compare survival curves in the 
two groups. A P value < 0.05 was considered statistically 
significant.

RESULTS
Serum HMGB1 levels
At 24 h and 48 h after induction of  SAP, serum HMGB1 
levels of  SAP rats were higher than those of  the sham 
group. Delayed EP administration significantly reduced 
the serum HMGB1 levels of  SAP rats (Figure 1).

Lung injury
Lung W/D ratios were observed to evaluate the 
severity of  pulmonary edema. At 24 h after induction 
of  SAP, W/D ratios were elevated in the SAP group in 
comparison with the sham group (9.76 ± 0.45 vs 5.43 
± 0.21, P < 0.01). The lung W/D ratio of  rats that 
received delayed EP administration was significantly 
lower than that of  the SAP group (P < 0.01), although it 
was significantly higher than that of  the sham group (8.22 
± 0.42 vs 5.43 ± 0.21, P < 0.01).

The pulmonary histological scores, an all round 
evaluation for lung injury, were lower in the EP 
treatment group than that in the SAP group (7.1 ± 0.7 
vs 8.4 ± 1.1, P < 0.01), although they were significantly 
elevated in comparison with the sham group (vs 0.5 ± 0.1, 
P < 0.01).

Hepatic and renal dysfunction
EP treatment protected against liver and renal injury. 24 
hours after induction of  SAP, serum AST, ALT, BUN 
and Cr levels were significantly elevated in groups Ⅱ and 
Ⅲ. Delayed EP administration significantly attenuated 
the elevated AST, ALT and Cr levels (Table 1).

Survival analysis
SAP rats all died within 3 d without the delayed EP 
administration, and their median survival time was  
44 h (95% confidence interval 29.6 h to 58.4 h). Delayed 
EP administration significantly prolonged the median 
survival time to 72 h (95% confidence interval 52.8 h to 
91.2 h; Figure 2).

Table 1  Blood biochemical parameters

Groups Group Ⅰ Group Ⅱ Group Ⅲ

AST (IU/L) 154 ± 20 446 ± 91b 653 ± 98b,d

ALT (IU/L) 51 ± 9   667 ± 103b 1368 ± 271b,d

BUN (mg/dL) 26 ± 3 38 ± 4b          41 ± 4b

Cr (mg/dL)   0.4 ± 0.1   1.2 ± 0.3b   1.8 ± 0.3b,d

Blood samples were obtained 24 h after induction of SAP. Group Ⅰ: Sham 
group; Group Ⅱ: Delayed EP treatment group; Group Ⅲ: SAP group. bP < 
0.01 vs Group Ⅰ; dP < 0.01 vs Group Ⅱ.
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DISCUSSION
Extracellular HMGB1 was recently implicated as a late 
mediator of  delayed endotoxin lethality. High serum 
HMGB1 levels in patients with sepsis are associated 
with increased mortality, and administration of  HMGB1 
produces acute inflammation in animal models of  lung 
injury and endotoxemia. During lethal endotoxemia in 
mice, serum HMGB1 levels accumulate 8-32 h after 
LPS administration[3]. Passive immunization of  mice 
with anti-HMGB1 antibodies attenuates LPS-induced 
lethality, even when antibody administration is delayed 
until after the onset of  the early proinflammatory 
cytokine response (2 h after endotoxin administration)[3]. 
The delayed kinetics of  HMGB1 appearance indicates 
that the therapeutic window may be significantly wider 
than for any previously described cytokine target.

In a previous experimental study, we demonstrated 
that the serum levels of  HMGB1 began to increase 
significantly at 12 h after induction of  SAP, after the 
TNF-α and IL-1β peak had already occurred. The 
delayed kinetics of  HMGB1 release may provide a wider 
therapeutic window for SAP. It was shown that EP could 
inhibit HMGB1 release from macrophages and prevent 
the accumulation of  serum HMGB1 levels in mice 
with lethal sepsis by inhibiting NF-κB and p38 MAPK 
signaling[18]. In this study, we administered SAP rats with 
EP intravenously. As a result, EP significantly reduced 
serum HMGB1 levels in rats with SAP, even though EP 
delivery began 12 h after induction of  SAP.

In SAP, MODS, a consequence of  the systemic 
inflammatory response syndrome, is a contributor to 
high mortality in the early phase[1]. It is conceivable 
that the release of  mediators from the excess of  
activated macrophages/monocytes and neutrophils 
may lead to remote organ injury[1]. Serum HMGB1 
levels are significantly elevated in patients with SAP on 
admission[12]. Purified rHMG-1 is lethal to both LPS-
responsive (C3H/HeN, Balb/c) and LPS-resistant 
(C3H/HeJ) mice, indicating that HMG-1 mediates lethal 
toxicity in the absence of  LPS signal transduction[3]. 
The cytokine activity of  HMGB1 has been well-
documented in many cell types. In cultured human 
primary macrophages/monocytes, HMGB1 stimulates 

the release of  multiple proinflammatory cytokines, 
including TNF-α, IL-1α, IL-1β, IL-1RA, IL-6, IL-8, 
MIP-1α, and MIP-1β, but not IL-10 and IL-12[20]. 
In cultured human microvascular endothelial cells, 
addition of  HMGB1 induces the expression of  adhesion 
molecules, such as ICAM-1, VCAM-1, and RAGE, as 
well as the release of  TNF-α and IL-8, MCP-1, PAI-1, 
and tPA[21]. HMGB1 also activates human neutrophils 
to produce proinf lammatory mediators, such as 
TNF-α, IL-1β, and IL-8, suggesting an important 
role for HMGB1 in activation of  neutrophils during 
inflammation[22]. HMGB1 also increases the permeability 
in cultured enterocytes via a nitric oxide (NO)-dependent 
pathway[23,24]. These indicate that HMGB1 is potent in 
augmenting the inflammatory response. A previous study 
showed the early blockade of  HMGB1 attenuated organ 
dysfunction in experimental SAP[13]. This study indicated 
that HMGB1 might be a good target to prevent organ 
injury in SAP. In this study, to evaluate the degree of  
injury in distant organs, such as lung, liver and kidney, 
serum AST, ALT, BUN and Cr levels were measured, 
and lung W/D ratios were calculated. Serum AST, ALT 
and Cr levels, and lung W/D ratios were lower in the EP 
treatment group compared to those in the SAP group. 
This indicates that delayed EP treatment protected 
against distant organ injury. An additional study was 
performed to evaluate the effect of  EP on survival times 
of  SAP rats. As a result, delayed EP administration 
significantly prolonged the survival times of  SAP rats.

These results give direct evidence that the beneficial 
effects of  EP are due to downregulation of  HMGB1, 
and reveal that EP may be a useful new therapeutic 
option against the inflammatory response and MODS in 
SAP rats, and may also be effective in SAP patients, even 
when anti-inflammatory therapy is delayed in the early 
phase. In this study, EP and reduction in serum HMGB1 
levels actually reduces the severity of  acute pancreatitis, 
and prolongs survival time of  SAP rats. All rats finally 
die, however. Further studies should be performed to 
elucidate the role of  HMGB1 in SAP and to determine 
whether a higher dose or earlier delivery of  EP could 
improve the survival rates of  SAP rats. Subsequently, 
clinical investigations could be carried out to study 
whether EP can be used for SAP patients.

 COMMENTS
Background
Excessive activation of inflammatory mediator cascade during severe acute 
pancreatitis (SAP) is a major cause of the high mortality. Cytokines such 
as TNF-α and IL-1β are released early in the development of systemic 
inflammatory response. This leaves a narrow therapeutic window for 
administration of therapeutics and delayed delivery of that anti-inflammatory 
therapeutics is not effective after the inflammatory mediator cascade has 
developed.
Research frontiers
Extracellular high mobility group box 1 (HMGB1) was implicated as a late 
mediator of endotoxin lethality. The cytokine activity of HMGB1 has been well-
documented in many cell types. It was reported that serum HMGB1 levels 
increased in patients with sepsis/endotoxemia, hemorrhagic shock, acute lung 
injury, rheumatoid arthritis and disseminated intravascular coagulation. It has 
been recently demonstrated that the serum levels of HMGB1 correlated with 
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the severity of SAP.
Innovations and breakthroughs
In a previous experimental study, the authors demonstrated that the serum 
levels of HMGB1 began to rise significantly at 12 h, and maintained at high 
levels up to 48 h after induction of experimental SAP in rats. The delayed 
kinetics indicates that HMGB1 may provide a broader therapeutic window for 
treating this lethal systemic inflammatory disease.
Applications
Ethyl pyruvate (EP), a stable lipophilic pyruvate derivatives, is a nontoxic food 
additive. According to this study, it is potential to be used as an effective and 
low-cost therapeutic remedy for SAP patients.
Peer review
This report is of interest and considerable potential importance, because it 
indicates that delayed treatment of rats with experimental SAP with EP is 
associated with a reduction of HMGB1 levels in blood; a decrease in lung, 
kidney, and liver injury; and prolonged survival. The "therapeutic window" for 
inhibiting this inflammatory mediator appears to be more favorable than for 
some other mediators which more rapidly reach a peak in the blood.
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Abstract
AIM: To define the potential role of programmed 
death-1/programmed death-ligand (PD-1/PD-L) 
pathway in different hepatitis B virus (HBV) infection 
disease status; we examined the expression of PD-1 
on antigen specific CD8+ T cells in peripheral blood 
of patients with chronic hepatitis B (CHB) and acute 
exacerbation of hepatitis B (AEHB) infection.
METHODS: The PD-1 level on CD8+ T lymphocytes 
and the number of HBV specific CD8+ T lymphocytes 
in patients and healthy controls (HCs) were analyzed 
by staining with pentameric peptide-human leukocyte 
antigen2 (HLA2) complexes combined with flow 
cytometry. Real-time quantitative polymerase chain 
reaction (PCR) was used to measure the serum HBV-
DNA levels.
RESULTS: The level of PD-1 expression on total 
CD8+ T cells in CHB patients (13.86% ± 3.38%) was 
significantly higher than that in AEHB patients (6.80% 

± 2.19%, P  < 0.01) and healthy individuals (4.63% ± 
1.23%, P  < 0.01). Compared to AEHB patients (0.81% 
± 0.73%), lower frequency of HBV-specific CD8+ 
T cells was detected in chronic hepatitis B patients 
(0.37% ± 0.43%, P  < 0.05). There was an inverse 
correlation between the strength of HBV-specific CD8+ 
T-cell response and the level of PD-1 expression. 
Besides, there was a significant positive correlation 
between HBV viral load and the percentage of PD-1 
expression on CD8+ T cells in CHB and AEHB subjects 
(R  = 0.541, P  < 0.01). However, PD-1 expression was 
not associated with disease flare-ups as indicated by 
alanine aminotransferase (ALT) levels (R  = 0.066, P  > 
0.05).
CONCLUSION: Our resu l t s conf i rm prev ious 
reports that HBV specific CD8+ T-cell response in 
the peripheral blood is more intense in patients with 
AEHB than in chronic hepatitis B with persistent viral 
infection. Moreover, there is a negative correlation 
between the level of PD-1 and the intensity of virus 
specific CD8+ T cell response.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Many individuals infected with hepatitis B virus (HBV) 
become chronic carriers and their liver disease may 
progress to chronic active hepatitis, cirrhosis, and 
hepatocellular carcinoma[1]. There is substantial evidence 
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to suggest that adaptive immunity has a central role 
in determining whether HBV infection is followed by 
recovery or viral persistence[2]. In particular, the cellular 
immune response plays a critical role in the ability of  
HBV-infected individuals to control viral replication[3]. 
Patients who develop chronic HBV infection have 
progressive low frequency and functional impairment 
of  T helper cells (Th cells), both in the peripheral blood 
and the liver[4]. The cytotoxic T lymphocyte (CTL) 
response is also impaired in chronic HBV infection with 
high viral load[5]. However, the molecular mechanisms 
underlying the exhaustion of  memory T-cell subsets 
have not yet been elucidated. Understanding the 
immunopathogenesis of  HBV infection is crucial for the 
development of  effective strategies to control HBV.

Our present knowledge suggests that the interaction 
between positive and negative costimulatory molecules 
expressed on T cells and antigen presenting cells is 
essential for the development of  T cell responses[6,7]. 
Among the many costimulatory molecules, programmed 
death-1 (PD-1) and its ligands programmed death 
1-ligand 1 (PD-L1) and PD-L2 constitute important 
pa thways tha t regu la te and f ine - tune immune 
responses[8-10]. Recent evidence indicates that the 
exhausted virus-specific CD8+ and CD4+ T cells in 
chronic viral infection hyperexpress PD-1 molecule[11-14]. 
However, the infected cells that remain productive 
resist early apoptosis by down regulation of  PD-1[15]. 
PD-L1 expression on monocytes and dendritic cells 
is also increased in HIV infected individuals[16]. These 
findings indicates that the PD-1/PD-L1 pathway plays 
a crucial role in inhibiting the function of  virus-specific 
CD8+ T cells in chronic viral infections, in mice and 
humans[17] [Human immunodeficiency virus (HIV)[18-20], 
hepatitis C virus (HCV)[21,22] and HBV[23]]. These studies 
illustrated that the level of  PD-1 expression correlates 
with the degree of  HBV-specific T-cell impairment. 
Thus, induction of  apoptosis may be a major mechanism 
employed by the PD-1/PD-L costimulatory pathway 
to affect the outcome of  virus-specific T cell response. 
Such negative regulation of  CD8+ T cell function by 
PD-1/PD-L system has also been observed in HBV 
infection[16].

It should be noted that the extent of  HBV-specific 
T-cell exhaustion which influences the disease status of  
patients with HBV infection has thus far been analyzed 
only in small groups of  patients, both those who 
were able to control an acute infection and those with 
established chronic infection[16]. However, little is known 
as to whether PD-1 expression on CD8+ T cells differs 
between patients with acute exacerbation of  hepatitis B 
(AEHB) and chronic HBV infection.

To define the potential role of  PD-1/PD-L pathway 
in acute exacerbation of  HBV infection, we examined 
the expression of  PD-1 on antigen specific CD8+ T 
cells in the peripheral blood in 32 patients with chronic 
untreated HBV infection and 11 patients with AEHB. 
The present study was performed by using pentamer 
technology combined with flow cytometry, allowing the 
direct visualization of  HBV specific CD8+ T cells.

MATERIALS AND METHODS
Subjects
A total of  89 patients were enrolled in the study from 
either the outpatient clinic or the inpatient service of  
the Department of  Infectious Diseases and Hepatology 
of  the Union Hospital, Wuhan, China. The study group 
comprised of  66 chronic hepatitis B (CHB) patients 
[32 were human leukocyte antigen (HLA)-A2+], 
23 AEHB (11 HLA-A2+) patients and 28 healthy 
donors. All subjects were anti-HBV treatment naive at 
the time of  enrollment. Since APC-labeled HLA-A2 
pentamer complexes specific for the HBV Core 18-27 
(FLPSDFFPSU) can only identify HBV specific T cells 
in HLA-A2+ patients, all HBV-infected individuals 
subjected to fluorescent monoclonal antibodies and 
pentamer staining were first serologically identified 
as having the HLA-A2+ genotype. HLA typing was 
performed using flow cytometry by staining peripheral 
blood mononuclear cells (PBMCs) with a fluorescent 
anti-HLA-A2.01 antibody (Serotec). The criteria for 
the diagnosis of  AEHB and CHB have been described 
previously in detail[24]. Based on the infection status, the 
subjects were divided into two groups: 11 patients had 
clinical, biochemical, and virologic evidence of  AEHB 
infection [history of  CHB, total bilirubin (TB) levels 
at least 10 times the upper limit of  the normal, and 
plasma prothrombin activity (PTA) < 40%]. All patients 
were hepatitis B surface antigen (HBsAg) positive, and 
negative for antibodies against hepatitis C virus, hepatitis 
D virus (HDV), hepatitis E virus (HEV), HIV type-1 
and HIV-2. Moreover, other causes of  chronic liver 
disease were excluded. Patients with CHB patients had 
ALT levels ranging from 6 to 1485 U/liters and HBV 
DNA values from < 103 to 4.61 × 108 copies/mL. 
Patients with AEHB had TB levels ranging from 228 to 
715.8 μmol/L, ALT from 36 to 174 U/liters, and HBV 
DNA from 4.3 × 104 to 8.9 × 107 copies/mL. A total of  
28 HLA-A2+ uninfected age and sex matched healthy 
blood donors with normal liver functions were selected 
as healthy control (HC). Our study was approved by the 
local ethics committee, and all subjects gave a written 
informed consent.

Serum viral load and ALT determination
The presence or absence of  HBsAg, hepatitis B “e” 
antigen (HBeAg), antibody to hepatitis B surface antigen 
(anti-HBs), antibody to hepatitis B core antigen (anti-
HBc), antibody to hepatitis B “e” antigen (anti-HBe), 
and antibodies to HCV, HDV, HIV-1, and HIV-2 were 
determined by using commercial enzyme immunoassay 
kits. Serum HBV viral load quantification was performed 
at the laboratory of  Hepatology and Infectious Disease, 
Union Hospital by real-time polymerase chain reaction 
(PCR) (ABI PRISM 7300 Sequence Detector, PE 
Biosystems) based on the TaqMan technology using a 
commercial PCR diagnostic kit (Da An Gene Co. Ltd. 
of  Zhong Shan University, Guangzhou, China). The 
viral DNA was extracted according to the manufacturer’s  
protocol. Sequences of  forward primer (5′-ATCCT
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GCTGCTATGCCTCATCTT-3′), reverse primer (5′- 
ACAGTGGGGGAAAGCCCTACGAA-3 ′ ) and 
fluorogenic Taqman probes (5′-TGGCTAGTTTACTAG 
TGCCATTT-G3′) were designed against a highly 
conserved region of  the HBV genome overlapping the 
genes encoding the X-protein and DNA polymerase. 
The cycling program was: 50℃ for 2 min, 93℃ for  
5 min, 40 cycles of  93℃ for 30 s, 53℃ for 30 s, 72℃ 
for 30 s, and 72℃ for 7 min. A serum sample quantified 
by b-DNA method was used as the standard to estimate 
the number of  virus and as the quality control for HBV 
quantitative PCR. The internal control was estimated 
by commercialized β-actin kit (PE Biosystems) with 
reaction condition at 50℃ for 2 min first and 5 min at 
93℃, followed by 40 cycles of  denaturation at 93℃ for 
30 s and annealing-extension at 65℃ for 1 min. The 
analysis was accomplished within 2 min automatically at 
the end of  the run. The HBV DNA cut-off  value was 
1000 copies/mL.

The serum ALT levels were assayed by CL-7200 
Fully-auto Chemistry Analyzer provided by Shimadzu 
Co. Ltd, at the Department of  Clinical Laboratory, 
Tongji Hospital, Tongji Medical College, Huazhong 
University of  Science and Technology, China.

Isolation of PBMC
Using centrifugation on Ficoll-Hypaque density gradient 
(HaoYang Biological Manufacture, Tianjin, China) and 
RBC lysis Solution (Roche), PBMC were isolated from 
fresh heparinized blood (5 mL) collected from each 
patient, washed twice in phosphate-buffered saline and 
analyzed immediately.

Peptide-HLA class Ⅰ pentamer antibodies and cell 
surface staining
To measure the number of  virus-specific CD8+ T cells 
and PD-1 expression on CD8+ T-cell subsets, cells 
were stained with fluorescein isothiocyanate (FITC)-, 
phycoerythrin (PE)-, and allophycocyanin (APC)-labeled 
monoclonal antibodies or pentamer, according to the 
manufacturers’ instructions. Briefly, a total of  1 × 106 
to 5 × 106 freshly isolated PBMC were incubated for 30 
min at room temperature with APC-labeled HLA-A2 
pentamer complexes specific for the HBV Core 18-27 

(FLPSDFFPSU) (Proimmune Oxford, United Kingdom) 
in RPMI 1640 and 10% fetal calf  serum. After a wash 
with phosphate-buffered saline-0.1% fetal calf  serum, 
cell surface staining was performed for 15 min in the 
dark by simultaneously using anti-CD8 (PE-conjugated), 
anti-PD-1 (FITC-conjugated) and the corresponding 
IgG2a isotype controls (eBioscience San Diego, CA).

Flow cytometry
Cells were washed twice with PBS and gated on CD8+ 
T cells; 1 × 106 events in the lymphogate were collected 
by a BD Biosciences multi-color flow cytometer (LSR2, 
Becton Dickinson Biosciences). The data were analyzed 
by using the FACS Diva software. Pentamer-positive 
responses were reported as a percentage of  pentamer-
positive T cells among the total CD8+ T cell population. 
The frequency of  pentamer-positive cells exceeding 
0.02% of  CD8+ T cells indicated a positive response.

Statistical analysis
We used SPSS 12.0 software to perform statistical analyses. 
Frequency of  pentamer positive CD8+ T cells and levels 
of  PD-1 expression in HCs and patients with different 
viremia levels were compared using the Mann-Whitney 
test. Spearman correlation analysis was used to evaluate the 
correlation between viral load, frequency of  HBV-specific 
T cells and PD-1 expression. All tests were two-tailed and 
P-values less than 0.05 were considered significant.

RESULTS
PD-1 expression on PBMC in patients of different 
disease states
To determine PD-1 expression on CD8+ T cel l 
population, we examined the frequency of  PD-1-
expression on CD8+ T-cell subsets using polychromatic 
flow cytometry in the three study groups: AEHB, CHB 
and HC. The PD-1 levels on the total CD8+ T cells 
in CHB patients (13.86% ± 3.38%) were significantly 
higher compared to AEHB patients (6.80% ± 2.19%, P 
< 0.01) and healthy individuals (4.63% ± 1.23%, P < 0.01) 
(Figure 1). Representative flow cytometry plots of  PD-1 
expression on CD8+ T cells from the peripheral blood 
of  one health individual (5.8%) and two patients with 
CHB (12.71%) and AEHB (7.1%) are shown in Figure 2.

Comparison of HBV-specific CD8+ T cells upregulated in 
AEHB and CHB patients
The frequency of  HBV-specific CD8+ T cells in the 
three study groups was assessed. The detection limit was 
0.02% for CD8+ T cells specific for the core peptide 
spanning amino acids 18 to 27. None of  the 28 healthy 
individuals showed a positive response with pentamer. 
Compared to AEHB patients (0.81% ± 0.73%), there 
was a lower frequency of  HBV-specific CD8+ T cells 
(0.37% ± 0.43%) in CHB patients (P < 0.05) (Figure 3). 
Representative plots from two patients with CHB (0.07%) 
and AEHB (0.3%) infection indicating the number of  
HBV-specific CD8+ T cells are shown in Figure 4.
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Figure 1  PD-1 expression on CD8+ T cells in patients with acute exacerbation 
of hepatitis B (AEHB), chronic hepatitis B (CHB) and healthy controls (HC).
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PD-1 expression in relation to different HBV-specific 
CD8+ T cell responses
Using linear regression and Spearman’s correlation 
analyses, we found an inverse correlation between 
HBV-specific CD8+ T-cell response and level of  PD-1 
expression in AEHB and CHB patients. In other words, 
the higher the PD-1 expression level, the weaker (or 
totally absent) HBV-specific CD8+ T-cell response was 
observed (Figure 5).

Correlation of PD-1 expression with serum HBV DNA 
load
In the present study, there was a significant positive 
correlation between HBV viral load and PD-1 expression 
on CD8+ T cells in CHB and AEHB subjects. These 
findings indicate that high plasma viral load correlates 
with PD-1 upregulation on the total CD8+ T cells in 
viremic individuals (Figure 6).

Correlation between PD-1 expression and serum ALT 
levels
We also assessed the relationship between PD-1 
expression and serum ALT levels, another predictor 
of  HBV disease progression. There was no correlation 
between PD-1 expression and serum ALT levels in the 
study patients (Figure 7).

DISCUSSION
The development of  chronic persistent HBV infection 
is usually associated with quantitative and qualitative 
exhaustion of  functional T cells. Recent studies have 
shown that the negative costimulatory receptor PD-1 
along with its ligand PD-L1 are upregulated on PBMC 
and virus specific T cells, to attenuate T cell responses 
which accounts for the impairment of  their function[15,16]. 
However, under acute hepatitis B (AHB) conditions, the 
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levels of  PD-1 are significantly down regulated on PBMC 
or on HBV specific CD8+ T cells compared to CHB 
patients. Several previous studies[10,25,26] have suggested 
that operating co-stimulatory pathways may provide a 
new method to restore the impaired function of  virus 
specific T cells and control chronic virus infection. 
Blocking the PD-1/PD-L1 pathway by anti-PD-L1 mAb 
or applying soluble PD-1 results in improvement of  T 
cell functions such as survival, proliferation and cytokine 
production[27-29]. This would result in better control of  
the virus infection. Thus, an accurate balance between 
positive and negative co-stimulatory regulation such as 
PD-1/ PD-L pathway may contribute to the outcome of  
disease progression in HBV infection.

However, the mechanism by which PD-1 affects the 
function of  CD8+ T cells in AEHB is unclear. To clarify 
the correlation between PD-1 expression and different 
presentations of  HBV infection, we investigated the role 
of  PD-1 in AEHB and chronic HBV infection, using 
a MHC class Ⅰ pentamer specific for 18-27 epitopes, 
using the flow cytometry technology. Consistent with 
previous studies, we found that peripheral blood 
CD8+ T cells showed a higher PD-1 expression in 
CHB patients compared to AEHB patients and HCs. 
There was a negative correlation with impaired HBV-
specific CD8+ T cell function and a positive correlation 
with the plasma viral load. However, we did not find 
an association between PD-1 expression and hepatic 
inflammatory indicator: serum ALT levels. Our data 
indicates that similar to AHB patients, CD8+ T cells 
in AEHB patients expressed a low level of  PD-1 and 

an enhanced level of  HBV specific CD8+ T cells 
compared to CHB patients. These results are in line 
with previous reports which indicate that virus specific 
T cell function is upregulated during acute exacerbation 
of  hepatitis B infection compared to during persistent 
CHB. Furthermore, the proportion of  CD8+ T cells 
expressing PD-1 correlated negatively with the intensity 
of  virus specific CD8+ T cell response.

The low levels of  PD-1expression were associated 
with low levels of  HBV viremia. However, we did 
not find any correlation between PD-1 expression 
and disease flare-up indicator, ALT. Recent studies 
have shown that persistent antigenic stimulation has a 
suppressive effect on functional T cells. Briefly, T cells 
up-regulate their surface receptors such as PD-1 to 
restrict positive TCR signaling and, therefore, avoid the 
development of  a strong immune response, including 
autoimmune diseases. However, some microorganisms 
may utilize this in vivo protection system to escape the 
host immune system and result in persistent viremia. 
However, why this phenomenon is broken in patients 
with AEHB remains to be investigated.

Although PD-1/PD-L pathway plays a prominent 
role in the regulation of  T cell dysfunction, other 
costimulatory molecules cannot be excluded. In a recent 
study, it was observed that apart from PD-1, several 
other gene expressions were involved in promoting 
exhausted CD8+ T cells during chronic viral infection[13]. 
However, recent data indicates that PD-1 is a major 
factor of  apoptosis sensitivity over and above other 
factors[9]. Future studies should be addressed to clarify 
the intracellular mechanisms used by the PD-1/PD-L1 
pathway to influence disease status during viral infection. 
Importantly, the use of  highly active anti-retroviral 
therapy (HAART), accompanied by the recovery of  the 
host immune response, has been found to down-regulate 
PD-1 expression in ‘typical progressor’ (TP) patients 
infected with HIV[11,30]. Therefore, it is important to 
determine whether direct suppression of  PD-1/PD-L 
pathway could provide a potentially effective treatment 
for persistent viral infections.

 COMMENTS
Background
Nearly, 2 billion people are infected with hepatitis B virus (HBV) worldwide. 
Persistent HBV infection of the liver is associated with end-stage liver diseases 
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CD8 T-cells and the level of PD-1 expression in patients with AEHB and CHB (R 
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including cirrhosis and hepatocellular carcinoma. During chronic HBV infection, 
the effector functions of virus specific T cells often show an impaired activity 
indicated by low levels of cytokine production and cytotoxic activity. As a result, 
viruses can persist and establish long-term residency in vivo. However, the 
underlying mechanisms responsible for the induction of T-cell tolerance are not 
completely understood.
Research frontiers
The aim of this study was to explore the potential role of programmed death-1/
programmed death-ligand (PD-1/PD-L) pathway in antiviral immunity during 
HBV infection.
Innovations and breakthroughs
This is the first report on the differences in PD-1 expression on CD8+ T cells in 
acute exacerbation of hepatitis B (AEHB) and chronic HBV infection.
Applications
Blockade of PD-1/PD-L1 pathway may open a novel therapeutic strategy for 
restoring the function of the exhausted CD8+ T cells, and enhancing viral 
control during chronic viral infections. The perspective of future application: 
further studies to assess the intracellular mechanisms used by the PD-1/PD-L1 
pathway to influence the disease status in viral infection.
Peer review
This is a requisite investigation. The levels of PD-1 on CD8+ T cells has until 
now been analyzed only in small groups of patients with acute infection and 
established chronic infection. The manuscript provides new information about 
PD-1 expression on CD8+ T cells in different disease states of HBV infection 
including AEHB and chronic hepatitis B (CHB).
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Abstract
AIM: To inves t iga te the e f fec t o f admiss ion 
hypertriglyceridemia (HTG) on the episodes of severe 
acute pancreatitis (SAP).
METHODS: One hundred and seventy-six patients 
with SAP were divided into HTG group (n  = 45) 
and control group (n  = 131) according to admission 
triglyceride (TG) ≥ 5.65 mmol/L and < 5.65 mmol/L,  
respectively. Demographics, etiology, underlying 
diseases, biochemical parameters, Ranson’ s score, 
acute physiology and chronic heath evaluation Ⅱ 
(APACHE Ⅱ) score, Balthazar’s computed tomography 
(CT) score, compl icat ions and morta l i ty were 
compared. Correlation between admission TG and 24-h 
APACHE Ⅱ score was analyzed.
RESULTS: SAP patients with HTG were younger 
(40.8 ± 9.3 years vs  52.6 ± 13.4 years, P  < 0.05) 
with higher etiology rate of overeating, high-fat diet 
(40.0% vs  14.5%, P  < 0.05) and alcohol abuse (46.7% 
vs  23.7%, P  < 0.01), incidence rate of hypocalcemia 
(86.7% vs  63.4%, P  < 0.01) and hypoalbuminemia 
(84.4% vs  60.3%, P  < 0.01), 24-h APACHE Ⅱ score 
(13.6 ± 5.7 vs  10.7 ± 4.6, P  < 0.01) and admission 
serum glucose (17.7 ± 7.7 vs  13.4 ± 6.1, P  < 0.01), 
complication rate of renal failure (51.1% vs  16.8%, P  < 
0.01), shock (37.9% vs  14.5%, P  < 0.01) and infection 
(37.4% vs  18.3%, P  < 0.01) and mortality (13.1% vs  
9.1%, P  < 0.01). Logistic regression analysis showed 
a positive correlation between admission TG and 24-h 
APACHE Ⅱ score (r  = 0 .509, P  = 0.004).

CONCLUSION: The clinical features of SAP patients 
with HTG are largely consistent with previous studies. 
HTG aggravates the episodes of SAP.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Hypertriglyceridemia (HTG) is a rare but well-recognized 
cause for severe acute pancreatitis (SAP), which has been 
intensively studied since Speck noted the association 
between hyperlipidemia and acute pancreatitis (AP) in 
1865[1-4]. HTG can be a primary cause for AP which 
occurs in 1.3%-3.8% of  AP patients, or secondary to 
other factors prior to the increase of  lipid levels, or 
both[5]. Clinically, mild to moderate hyperlipidemia in AP 
patients, particularly in alcoholic pancreatitis patients, is 
often observed. However, it is difficult for clinicians to 
distinguish mild to moderate hyperlipidemia secondary 
to AP from marked HTG that primarily causes AP.

It is generally believed that a serum triglyceride (TG) 
level of  more than 1000 mg/dL (about 11.3 mmol/L) 
is needed to precipitate AP, the reduction of  which 
to well below 1000 mg/dL may effectively prevent 
further episodes[6]. Animal studies showed that HTG 
intensifies the course of  AP including both edematous 
and necrotizing pancreatitis[7,8]. It was reported that TG 
would worsen pancreatic injury induced by AP when 
it reaches 5.65 mmol/L, thus playing a worth-noting 
role in predisposing mild pancreatitis to the vicious 
episode[9]. Extreme elevation of  TG in AP patients with 
familial HTG can cause the so-called “hyperlipidemic 
abdominal crisis”[10]. However, it was also reported that 
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SAP patients with HTG can have pancreatic necrosis, 
pseudocysts, abscesses and other complications that can 
be seen in other types of  pancreatitis with a different 
clinical course from other forms of  AP[11]. Thus, the 
correlation between HTG and the severity of  AP 
episodes is still uncertain.

In this study, the clinical features and the effect of  
HTG on the episodes of  SAP were investigated with 
HTG as a coexisting medical condition of  SAP. 

MATERIALS AND METHODS
Patients 
The diagnostic criteria for SAP formulated at the 
Bangkok World Congress of  Gastroenterology 2002 
in Thailand[12] were employed and organ failure was 
defined according to the Criteria of  Clinical Diagnosis 
and Classification System for AP formulated by 
the Pancreatic Surgical Society of  Chinese Medical 
Association in 1997[13] in this study. From March 2003 
to December 2004, all patients diagnosed with SAP and 
admitted to West China Hospital of  Sichuan University 
within 72 h after onset of  symptoms were included. 
Patients were excluded if  they had hepatic dysfunction 
or renal failure prior to the development of  SAP.

Methods
One hundred and seventy-six SAP patients admitted 
to our hospital were enrolled and divided into HTG 
group (n = 45) and control group (n = 131) according 
to admi s s i on TG ≥ 5 . 65 mmo l/L and TG <  
5.65 mmol/L, respectively. Blood samples were 
collected at admission for biochemical examinations in 
Department of  Laboratory Medicine of  our hospital.

All patients received standardized comprehensive 
treatments [12]. The main protocols of  treatment 
throughout the study were intensive care, oxygen 
inhalation, fasting, intermittent gastrointestinal 
decompression and fluid infusion. The balance of  
internal environment was maintained, prophylactic 
an t ib io t i c s were used for 7 -14 d , H 2 receptor 
antagonists or proton pump inhibitors were given for 
7 d. When the patients developed respiratory failure, 
a respirator was employed to assist respiration. When 
the patients developed hypoalbuminaemia, 20% of  
human serum album in 50 mL was used daily until the 
serum albumin value became normal. When serum 
lipid value was decreased to normal, fat emulsion was 
added in parenteral nutrition. During hospitalization, 
microbiological tests of  sputum, urine, feces, or blood 
were performed, when the following susceptible clinical 
symptoms or signs appeared: body temperature ≥ 
38.5℃ and white blood cell (WBC) count ≥ 20 × 109 /L,  
signs of  peritoneal irritation (area) in more than 2 
quadrants, and intractable malnutrition. Contrast-
enhanced computed tomog raphy (CECT) was 
performed to determine necrotic infection of  (peri) 
pancreas. For those who were unsuitable for CECT 
evaluated by the investigator, magnetic resonance 
imaging was alternatively eligible. Ultrasound-guided 

fine needle aspiration (FNA) was performed for 
microbiological testing when air bubbles appeared in 
necrotic tissue of  the (peri) pancreas. Bacterial infection 
was confirmed by positive culture or smear examination. 
Fungal infection was confirmed by positive fungi in 
no less than 2 different specimens by culture or smear 
examination.

The sex , age, e t io log y, under ly ing d iseases, 
biochemical parameters and incidence of  complications 
including acute respiratory distress syndrome (ARDS), 
renal failure, acute hepatitis, shock, encephalopathy, 
infection rate, and mortality, were confirmed by one 
of  the investigators using a standard data collection 
instrument. The Ranson’s score, 24-h APACHE Ⅱ score 
and admission Balthazar’s CT score were calculated by a 
single investigator.

Statistical analysis
Data were expressed as mean ± SD or percentage. 
Data in normal distribution were analyzed using t-test. 
Data in abnormal distribution were analyzed using 
Wilcoxon rank sum test. Categorical data were analyzed 
using chi-square test. The correlation between serum 
TG and 24-h APACHE Ⅱ score was analyzed using 
Logistic regression. P < 0.05 was considered statistically 
significant.

RESULTS
Clinical features
The clinical features of  the patients in the HTG and 
control groups are summarized in Table 1. There were 
no statistical differences in sex distribution and incidence 

Table 1  Clinical features of patients in HTG and control 
groups

HTG group 
(n  = 45)

Control group 
(n  = 131)

Sex (Male/Female) 27/18 72/59
Age (mean ± SD, yr) 40.8 ± 9.3 

(24-61)a
  52.6 ± 13.4 

(22-82)
Etiology, n (%)
   Overeating and high fat diet  18 (40.0)a 19 (14.5)
   Alcohol abuse  21 (46.7)b 31 (23.7)
   Gallstones    5 (11.1)b 37 (28.2)
   L-Asparaginase chemotherapy 2 (4.4)          0
   Pregnancy   6 (13.3)          0
Underlying diseases, n (%)
   Hypertension   6 (13.3) 15 (11.5)
   Coronary heart disease 3 (6.7) 7 (5.3)
   Atherosclerosis 3 (6.7) 9 (6.9)
   Familial hyperlipidemia   6 (13.3)        11 (8.4)
Admission biochemical
   Serum glucose (mmol/L)  17.7 ± 7.7b 13.4 ± 6.1
   Hypoalbuminaemia (%)  38 (84.4)b 79 (60.3)
   Hypocalcaemia (%)  39 (86.7)b 83 (63.4)
   Hypopotassemia (%) 16 (35.6) 50 (38.2)
   Hyponatremia (%) 26 (57.8) 59 (45.0)
   Ranson’s score (mean ± SD)  4.7 ± 1.9   4.9 ± 2.0
   24-h APACHE Ⅱ score (mean ± SD)  13.6 ± 5.7b 10.7 ± 4.6
   Balthazar’s CT score (mean ± SD)   5.4 ± 2.3   6.3 ± 5.4

aP < 0.05, bP < 0.01 vs control group.



rate of  underlying diseases between the two groups. 
Patients in the HTG group were younger (P < 0.05) with 
a higher rate of  overeating and a high fat diet (P < 0.05) 
and alcohol abuse (P < 0.01) and less gallstones (P < 
0.01). The Ranson’s score and initial Balthazar’s CT score 
were not statistically different between the two groups, 
but the 24-h APACHE Ⅱ score was higher in the 
HTG group than in the control group (P < 0.01). The 
incidence rate of  hypokalemia and hyponatremia had no 
difference and was higher in the HTG group than in the 
control group (P < 0.01), and admission serum glucose 
was higher in the HTG group than in the control group (P 
< 0.01).

Complications and mortality
There were no statistical differences in complications 
such as ARDS, acute hepatitis and encephalopathy 
between the two groups. However, more complications, 
such as renal failure, shock and infection occurred in 
the HTG group than in the control group (P < 0.01). 
The mortality was higher in the HTG group than in the 
control group (P < 0.01) (Table 2).

DISCUSSION
HTG-associated SAP is an uncommon, but potentially 
life-threatening disease[14]. HTG may be primary in origin 
(hereditary or sporadic genetic disorder of  metabolism) 
or secondary (associated with an identifiable disease or 
condition and is reversible with control or eradication of  
that disease or condition) to other factors or both[15-17]. 
Although the exact pathogenesis of  HTG-associated 
AP is not clear, it is thought to result from toxic injury 
to acinar cells and capillary endothelia by excessive free 
fatty acids from hydrolysis of  TG[18,19]. Competitive 
oxidation of  ethanol is also responsible for SAP by 
aggravating the level of  serum lipids[20]. L-asparaginase-
induced HTG is suggested as a possible mechanism of  
SAP[21,22]. HTG is the cause for gestational pancreatitis in 
56% cases[23]. Elevated estrogen increases the synthesis 
of  TG and depresses plasma postheparin lipolytic 
activities by inhibiting the removal efficiency of  TG, 
and high-fat intake may be a cause for AP during 
pregnancy[24-27], which are largely consistent with the 
results of  our study, showing that the patients with 

HTG were younger with more diet-associated etiologies 
including overeating, high-fat diet and alcohol abuse. 
SAP patients with HTG had a higher incidence of  
hypoalbuminaemia and hypocalcemia and a higher level 
of  admission serum glucose, which may be associated 
with the aggravation of  HTG, resulting from severe 
stress response and metabolic disorders[28].

The role of  HTG in modulating disease course of  
AP is still controversial. Although studies demonstrated 
that HTG has no significant correlation to complications 
of  disease or overall end-of-episode severity in AP 
patients[3,12]. It was reported that HTG is independently 
associated with the severity of  AP and plays a role in 
the aggravation of  acute necrotizing pancreatitis[29-31]. 
The results of  our study show that the incidence of  
admission hypocalcaemia, a predictable index of  SAP[32], 
and the 24-h APACHE Ⅱ score were higher in the HTG 
group than in the control group. The complications, 
such as renal failure, shock and infection, and the 
mortality were higher in the HTG group than in the 
control group, indicating that HTG aggravates SAP, 
leading to systemic complications and a high mortality 
rate of  SAP.

In conclusion, the cl inical features of  HTG-
associated SAP are largely consistent with previous 
studies. HTG aggravates SAP.

 COMMENTS
Background
Hypertriglyceridemia (HTG) is associated with severe acute pancreatitis (SAP), 
which has long been recognized. HTG may be a primary etiology of SAP, and 
it is difficult for clinicians to identify it. Some previous studies suggest that HTG 
is independently associated with the severity of acute pancreatitis (AP) and 
plays a role in the aggravation of acute necrotizing pancreatitis. However, its 
mechanism underlying such a role is still controversial.
Research frontiers
HTG is a rare cause for pancreatitis. An elevated TG level is needed to 
precipitate the episode of AP, which is called “hyperlipidemic abdominal 
crisis”. Moreover, recurrent pancreatitis may occur in patients with familial 
hyperlipoproteinemia. Which patients progress to the extremely dangerous 
state during SAP and specific strategy against its deterioration and recurrence 
are the major research field. 
Innovations and breakthroughs
It is generally believed that the serum triglyceride (TG) level of more than  
1000 mg/dL (about 11.3 mmol/L) is needed to precipitate AP, but the clinicians 
cannot identify mild to moderate HTG secondary to SAP with marked HTG 
that causes AP in the acute phase. This research used admission HTG as a 
coexisting factor for SAP patients at admission.
Applications
At present, the exact role of HTG in the development of SAP remains unclear. 
Our study, conducted in one of the largest institutions in China, showed that 
HTG could aggravate SAP and leads to a worse outcome of SAP patients, 
thus providing applicable and valuable evidence for prognostic evaluation of 
pancreatitis.
Terminology
AP is an acute inflammatory process in the pancreas involveing local or other 
organ systems. Severe AP is defined as the occurrence of organ failure. HTG is 
defined as an abnormal concentration of TG in the blood.
Peer review
This research investigated the effect of admission HTG on the severity of SAP, 
by regarding admission HTG as a coexisting factor for SAP. The study was well 
designed and its results are valuable. 

Table 2  Incidence of complications and mortality in HTG 
and control groups n  (%)

HTG group (n  = 45) Control group ( n  = 131)

Complications
   ARDS 29 (64.4) 61 (46.6)
   Renal failure   23 (51.1)b 22 (16.8)
   Acute hepatitis 20 (44.4) 38 (29.0)
   Shock   17 (37.9)b 19 (14.5)
   Encephalopathy 10 (22.2) 24 (18.3)
   Infection   17 (37.4)b 24 (18.3)
Death   14 (31.1)b                  12 (9.1)

bP < 0.01 vs control group.
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Abstract
AIM: To invest igate the expression frequency 
of endocan in colorectal cancer and analyze the 
relationship between endocan expression and clinical 
parameters and to study the role of endocan in 
colorectal carcinogenesis.
METHODS: Expression of endocan in 72 tumor tissue 
samples of colorectal cancer as well as in 27 normal 
mucous membrane tissue samples was analyzed 
using in situ hybridization, immunohistochemistry on 
tissue microarray, Western blot and reverse-transcript 
polymerase chain reaction (RT-PCR).
RESULTS: The expression of endocan was higher 
in normal colon and rectum tissue samples than in 
cancerous tissue samples (mRNA = 92.6%, protein 
= 36%), and was lower in colorectal cancer tissue 
samples (mRNA = 70.4%, protein = 36.1%). No 
correlation was found between staining intensity and 
clinical parameters such as sex, age, tumor size and 

TNM stage. However, the expression of endocan was 
positively correlated with the tissue differentiation in 
colorectal cancer.
CONCLUSION: The expression of endocan is down-
regulated in colorectal cancer and is posit ively 
correlated with the tissue differentiation in colorectal 
cancer, suggesting that the expression of endocan is 
associated with development and differentiation of 
colorectal cancer.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Colon and rectum cancers accounted for about 1 
million new cases in 2002 (9.4% of  the world total)[1], 
There is at least a 25-fold variation in the occurrence of  
colorectal cancer around the world. The incidence of  
colorectal cancer increases rather rapidly in countries 
where the overall risk was formerly low (especially in 
Japan, but also elsewhere in Asia)[2]. Although it has been 
found that many factors are correlated with genesis and 
development of  colon and rectum cancers, it cannot 
explain all the clinical and pathological manifestations. It 
is critical to investigate new factors which are intimately 
correlated with initiation and development of  colorectal 
cancer.

Endocan, previously cal led endothel ia l cel l -
specific molecule-1 (ESM-1)[3], is over expressed 
in human tumors, and its serum levels are elevated 
in late-stage lung cancer and experimental tumor, 
as measured by enzyme-linked immunoassay or by 
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immunohistochemistry. mRNA level of  endocan is also 
recognized as one of  the most significant molecular 
signatures with a poor prognosis of  several types of  
cancer including lung cancer. Over expression of  this 
dermatan sulphate proteoglycan is also directly involved 
in tumor progression as observed in mouse models of  
human tumor xenografts. These results suggest that 
endocan is a biomarker of  inflammatory disorders and 
tumor progression as well as a validated therapeutic 
target in cancer.

We studied the expression of  endocan in colon and 
rectum tissue samples. The results of  this study indicate 
that endocan expression is down-regulated in colorectal 
cancer and positively correlated with the differentiation 
of  colorectal cancer. Changes in endocan expression 
represent an important step in development and 
differentiation of  colorectal cancer.

MATERIALS AND METHODS
Patients and samples
Seventy-two colorectal cancer patients, who consecutively 
underwent radical surgical resection at Anhui Medical 
University Hospital from the year 2001 to 2003, were 
recruited into this study. Tumor and mucosa samples 
were embedded in paraffin after 16 h formalin fixation. 
None of  the patients (23 males, 49 females, mean age 54 
years, range 17-87 years) received any anticancer therapy. 
According to the TNM classification[4], 43 cases were at 
stages Ⅰ and Ⅱ, 29 cases at stages Ⅲ and Ⅳ. Well- and 
moderately- differentiated adenocarcinoma was found 
in 57 patients and poorly-differentiated adenocarcinoma 
was observed 15 patients[5], and strong lymphoid 
infiltrate including lymphoid follicles with germinal 
centers was demonstrated in 39 patients.

In situ hybridization
c R N A p r o b e l a b e l i n g :  T h e s e q u e n c e s o f  
specific primers for endocan are as follows: sense, 
5'-AGCTGGAATTCCATGAAGAG (20 bp) and 
antisense, 5'-TCTCTCAGAAAGCTTAGCCG (20 bp)[3]. 
PCR was performed to amplify endocan DNA, and 
the PCR product was ligated into the pGEM-T-Vector 
to get the recombinant plasmid pGEM-T-endocan. 
The recombinant plasmid was transformed into E.coli, 
amplified and digested with the restriction endonuclease 
(EcoRI and HindⅢ). The objective gene (V-gene) was 
purified using a DNA gel extraction kit to gobtain 
the probes for the following digoxigenin-labeling and 
detected according to the manufacturer's instructions.

Hybridization: All specimens were fixed in 10% neutral 
buffered formalin and embedded in paraffin. A series 
of  5-μm thick sections were cut for analysis. In situ 
hybridization was performed as previously described[6] 

with certain modifications, using digoxigenin-labeled 
antisense cDNA probes. Briefly, the sections were dried 
at 60℃ for 4 h, dewaxed, rehydrated and pretreated with 
DEPC-treated PBS containing 100 mmol/L glycine and 
0.3% Triton X-100, respectively. The sections were then 

permeabilized with 20 μg/mL RNase-free proteinase K 
(boster, Wuhuan, China) for 20 min, incubated at 37℃ 
for at least 20 min with prehybridization buffer. Each 
section was overlaid with 30 μL hybridization buffer 
containing a 10 ng digoxigenin-labeled cDNA probe 
and incubated at 42℃ overnight. After hybridization, 
the section was incubated with digoxigenin antibody 
(75 mU/mL) for 2 h. The positive signal for endocan 
mRNA was detected using DAB as a substrate. The 
presence of  brown staining in the cytoplasm was 
considered positive.

Protein extraction from paraffin- fixed tissue
Paraffin-fixed tissue was cut into 50 5-μm thick sections 
for protein extraction and mounted onto plain glass slides. 
Three 5-μm thick sections for protein extraction were 
deparaffinized in xylene, rehydrated in graded ethanol, 
immersed in distilled water, and air-dried. To exclusively 
collect 5 mm × 5 mm cancer tissues, the targeted areas 
were cut microscopically with a fine needle for observation 
of  the morphology of  HE-stained sections under a 
microscope. After the tissue sections on the glass slide 
were immersed in distilled water, only the targeted areas 
of  cancer tissue were separated from the glass slide and 
recovered. Adenoma tissue was also cut into sections 
and collected in the same manner. Normal mucosa was 
recovered from 5 cm-long sections of  full-depth colorectal 
wall with a fine needle as previously described[7,8].

Immunohistochemistry
The pathology of  colorectal carcinoma was performed 
on 5-μm thick sections of  10% formalin-embedded 
samples with a S-P kit. Slides were boiled in 10 mmol/L  
citrate buffer (pH 6.0) for 10 min to allow antigen retrieval 
before a 12-h incubation at 4℃ with primary antibody 
against endocan (Santa Cruz). The mean percentage of  
positive tumor cells was determined in ten areas at a high 
magnification (× 400) and graded from 0 to 4 (0 ≤ 5% 
positive cells, 1 = 6%-25%, 2 = 26%-50%, 3 = 51%-75%, 
and 4 = 76%-100%, 0 = negative, 1-4= positive). Negative 
controls were obtained by omitting the primary antibody. 
Each normal mucosa sample, as an internal positive 
control, was simultaneously analyzed. Slides were read by 
two observers blinded to the clinical data.

Reverse-transcript polymerase chain reaction (RT-PCR)
Two micrograms of  total RNA was prepared from 
colon and rectal tissues, randomly primed, and reverse 
transcribed with Superscript Ⅱ (Gibco). The sequences 
of  specific primers used for endocan are as follows: 
sense, 5'-CTCAGGCATGGATGGCATGAAGTG-
3'; antisense, 5'-GAGACCCGGCAGCATTCTCTT 
TCA-3'; and β-actin: sense: 5'-ACTCTTCCAGCCTTC 
CTTC-3' and antisense: 5'-ATCTCCTTCTGCATC 
CTGTC-3'. After a hot start at 94℃, 35 PCR cycles were 
performed, each cycle consisting of  annealing at 57℃ 
for 45 s and extension at 72℃ for 45 s.

Western blot analysis
Twenty micrograms of  protein was incubated in a 



loading buffer (125 mmol/L Tris-HCl, pH 6.8, 10% 
b-mercapto-ethanol, 4.6% SDS, 20% glycerol and 0.003% 
bromophenol blue) for 5 min at 100℃, separated by 
sodium dodecyl sulfate polyacrylamide gel (SDS-PAGE) 
and electroblotted to PVDF membrane (BioRad). After 
non-specific binding sites were blocked for 1 h with 
5% nonfat milk in TPBS (PBS contained 0.05% Tween 
20), the membrane was incubated overnight at 4℃ with 
primary antibody. After washing 3 times in TPBS, the 
membrane was incubated with horseradish peroxidase-
conjugated goat anti-rabbit IgG for 2 h at room 
temperature, and washed twice with TPBS. Immunoblot 
was detected by autoradiography using an enhanced 
chemoluminescence detection kit.

Statistical analysis
Chi-square test and F-test were used to compare the 
categorical data. SPSS 11.0 was used to analyze the data.

RESULTS
Expression of endocan in colon mucous membrane and 
colorectal cancer specimens
In situ hybridization analysis showed that endocan 
mRNA was expressed in the cytoplasm of  epithelial 
cells in mucous membrane of  colon and rectum and in 
well- and moderately-differentiated colorectal cancer. 
However, endocan mRNA expression was down-
regulated in poorly-differentiated colorectal cancer 
(Figures 1 and 2).

Meanwhile, we performed immunohistochemical 
staining for endocan protein with a monoclonal antibody 
against human endocan. The endocan protein expression 

was concordantly regulated by mRNA.
The statistical results demonstrated that endocan 

was differentially expressed in  normal colon mucosa 
and carcinoma tissue samples. The expression rate of  
endocan was 92.6% (25/27) in normal colon mucosa 
tissue samples and 36.1% (24/72) in colorectal cancer 
tissue samples, and was significantly lower in cancerous 
tissue samples than in normal tissue samples (P = 0.001,  
Table 1). Endocan protein was identically expressed 
as mRNA; The expression rate was 70.4% (19/27) in 
normal colon and rectum mucosa tissue samples and 
36.1% (26/72) in colorectal cancer tissue samples. 
Endocan was also differently expressed in normal and 
colorectal cancer tissue samples (P = 0.005, Table 2).

Correlation between expression of endocan and 
differentiation of colorectal cancer
The expression of  mRNA and protein in colorectal 
cancer t i ssue samples was not cor re la ted wi th 
age, gender, cl inical stage, tumor size or lymph 
node metastasis, but positively correlated with the 
differentiation of  tumors (Table 3).

RT-PCR and Western blot were performed to further 
observe the relationship between the expression levels 
of  endocan and differentiation of  colorectal cancer 
(Figure 3). Both endocan transcript and translation were 
detected in colon mucous membrane and in well- and 
moderately-differentiated colon carcinoma, but scarely 
detected in poorly-differentiated carcinoma.

DISCUSSION
Endocan was originally cloned from a human endothelial 
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Figure 1  Expression of endocan in normal mucous membrane and cancer tissues of colon and rectum tissues. A: Endocan was expressed in the cytoplasm of the 
epithelial cell and it had a high polarity under the nucleus; B: The expression of endocan in colon and rectum tissues. This section show that it had a high expression 
in mucous membrane by the side of carcinoma tissue (gray arrow), also in well and moderately-differentiated colon carcinoma tissues (black arrow), but a weak 
expression in poorly differentiated carcinoma tissues (white arrow).

Table 1  Differential expression of endocan  mRNA and 
protein in normal and colon cancer tissues

Type n Expression of 
endocan  mRNA

Positive 
(%)

P

+ -
Normal mucous membrane 27 25   2 92.6 0.001
Colon carcinoma tissue 72 24 48 33.3 (χ2 = 25.266)

Table 2  Differential expression of endocan protein in normal 
and colorectal cancer tissues

Type n Expression of 
endocan protein

Positive 
(%)

P

+ -
Normal mucous membrane 27 19   8 70.4 0.005
Colon carcinoma tissue 72 26 46 36.1 (χ2 = 7.965)
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Figure 2  The expression 
o f  e n d o c a n  i n  n o r m a l 
m u c o u s  m e m b ra n e  a n d 
different differentiation colon 
carcinoma tissues. It had a 
high expression in well and 
moderately-differentiated 
colon carcinoma tissues, but 
a weak expression in poorly 
d i f ferent ia ted carc inoma 
tissues. A: The expression 
o f  e n d o c a n  i n  n o r m a l 
mucous membrane; B: The 
expression of endocan in 
wel l -di fferent iat ion colon 
carcinoma tissue; C: The 
expression of endocan in 
wel l -di fferent iat ion colon 
carcinoma tissue; D: The 
e x p r e s s i o n  o f  e n d o c a n 
i n  poo r l y  d i f f e ren t i a t ed 
colon carcinoma tissue; E: 
Negative control. Left: in 
s i tu  hybr idizat ion; Right: 
immunohistochemistry.

A

D

C

B

E

www.wjgnet.com

Zuo L et al . Endocan expression and differentiation in colorectal cancer                                                        4565



cell cDNA library by Lassalle and collaborators in 
1996[3]. This molecule is the product of  a single gene, 
localized on human chromosome 5 at the position 
5q11.2, that is organized into 3 exons separated by 2 
introns. It encodes for a soluble proteoglycan of  50 kDa 
containing a mature polypeptide of  165 amino acids and 
a single dermatan sulphate chain, covalently linked to the 
serine residue at position 137[9].

Endocan, as a proteoglycan, plays an important 
role in several pathophysiological processes including 

inflammatory disorders[10-15] and tumor progression, 
and in the control of  fundamental cellular processes, 
such as adhesion [16], migration and angiogenesis. 
Inflammatory cytokines, such as TNF-α and LPS[17], and 
pro-angiogenic growth factors, such as VEGF[18], HGF/
SF[19-22] and FGF-2[23,24], strongly stimulate the expression 
and secretion of  endocan in human endothelial cells.

Endocan has been identified as a potential novel 
endothelial cell marker and a new target for cancer 
therapy. It was reported that high endocan mRNA 
levels correlate with a poor prognosis and metastasis of  
several types of  cancer, including breast, renal and lung 
cancer[1,25,26]. A study of  78 breast cancer patients, with 
the aim to define the optimal prognosis classifier, was 
performed on 70 genes according to standard prognostic 
criteria, showing that endocan over expression in breast 
cancer is associated with a higher risk of  metastasis and 
death within 5 years[27]. Furthermore, 1234 genes that 
have been identified are differentially expressed in renal 
cell carcinoma, and endocan mRNA level is 3-fold higher 
in renal cell carcinoma samples than in normal tissue 
samples[28]. This up-regulation of  endocan expression 
also correlates with increased tumor vasculature and 
inflammation in renal cancer, which is actually the ninth 
most common malignancy in Western countries, and no 
effective treatment is available for it. Similarly, a recent 
extensive hybridization study showed that the endocan 
gene is one of  the most highlighted genes, with at 
least a 2-fold increase in all the 8 renal cell carcinoma 
samples analyzed, compared to normal tissue samples[29]. 
Interestingly, a parallel up-regulation was also revealed for 
VEGF and c-Met proto-oncogene receptor for HGF/SF, 
both of  which are heavily implicated in angiogenesis. 
A comparable study, by dot blotting and hybridization 
showed that endocan is dramatically up-regulated in 
several (5/14) renal cell carcinoma biopsies, and is 
correlated with both VEGF and VEGF receptor gene 
expressions[30]. A gene profiling study of  tissues from 23 
lung cancer patients demonstrated that endocan is one 
of  the significant poor prognosis classifiers among the 42 

Table 3  Correlation of endocan  mRNA and protein expression with clinical pathological parameters

Group n Endocan   mRNA Endocan protein

+ - Positive (%) P + - Positive (%) P

Age ≤ 54 34 10 24 29.4   0.676 (χ2 = 0.174) 11 23 32.4 0.702 (χ2 = 0.146)
> 54 38 14 24 36.8 15 23 39.5

Sex Male 23   9 14 39.1 0.919 (χ2 = 0.01) 10 13 43.5 0.530 (χ2 = 0.395)
Female 49 17 32 34.7 16 33 32.7

Size ≤ 3 11   3   8 27.3 0.643a   5   6 45.5   0.483a

> 3 61 21 40 34.4 21 40 34.4
Infiltration Full-thickness 64 21 43 32.8 0.791a 21 43 32.8   0.099a

Non-full-thickness   8   3   5 37.5   5   3 62.5
Metastasis Nonmetastatic tumor 27   8 19 29.6   0.796 (χ2 = 0.067)   9 18 33.3   0.899a

Metastatic tumor 45 16 29 35.6 17 28 37.8
Grade Differentiated 

(well + moderately)
57 23 34 40.4   0.031 (χ2 = 4.642) 26 31 45.6   0.003 (χ2 = 8.824)

Poorly differentiated 15   1 14  6.7   1 14  6.7
TNM stage Ⅰ and Ⅱ 43 18 25 41.9   0.324 (χ2 = 0.973) 18 25 41.9  0.324 (χ2 = 0.973)

Ⅲ and Ⅳ 29   8 21 27.6   8 21 27.6

aP < 0.05 vs controls.
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β-actin
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A

500 bp

500 bp
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Figure 3  The expression of endocan in colon and rectum tissues. A: RT-
PCR analysis of endocan mRNA in colon and rectum tissues. Endocan mRNA 
was highly expressed in normal colon and rectum tissue and well and mid- 
differentiated colorectal cancer tissues, but was down regulated in poorly 
differentiated colorectal cancer tissues. Endocan expression (up) and β-actin 
expression (down). 1: 100 bp Marker; 2: Normal colon and rectum mucous 
membrane; 3: Well-differentiated differentiated colorectal cancer tissue; 4: 
Moderately colorectal cancer tissue; 5: Poorly differentiated colorectal cancer 
tissue. B: Expression of endocan by Western blot. Endocan was detected 
at high expression levels in normal colorectal and well-differentated tissues; 
Moreover, there was a down regulation in the poorly differentiated colorectal 
cancer tissues. Lane 1, 3, 5: Normal mocusa, well-differentiated tissues; lane 2, 
4, 6: Poorly-differentiated tissues.
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genes associated with a high risk of  cancer-related death.
Endocan was less reported in colon and rectum 

tissues. Moreover, little is known about its molecular 
mechanism. We mapped the regulation of  endocan 
expression in normal membrane mucosa and colorectal 
cancer tissue samples. Our results reveal that endocan 
was significantly expressed at transcriptional and 
translat ional level in normal colorectal mucous 
membrane and in well- and moderately-differentiated 
colorectal cancer, but weakly expressed in poorly-
differentiated colorectal cancer. Meanwhile, RT-PCR 
and Western blot also showed that the expression 
of  endocan was upregulated in normal colon and 
rectum tissue samples, and down-regulated in poorly- 
differentiated colorectal cancer tissue samples.

All these data show that endocan is differently 
expressed in colon and rectum tissue and other tissues. 
According to the previous results, endocan is almost not 
expressed in normal human tissue except in lung tissue. 
Our study showed that endocan was also expressed in 
normal colon and rectum tissue, but its expression was 
down-regulated in colorectal cancer, suggesting that 
regulation may be complex in colon and rectum. As we 
know, there are a lot of  germs in human colon. Most 
of  the outer germs are killed by gastric acid when they 
get into the stomach through the mouth. In the upper 
part of  the small intestine, the number of  germs is 
also small. However, this number increases gradually 
at the end of  the ileum and reaches its maximum in 
the colon, where the contents is neutral or alkaline and 
movement is slower, thus making the germs propagate 
at a fast pace. There are 109-1011 germs per gram of  
colon contents. However, these germs can decompose 
protein, which is called degradation. In this process, the 
germs also produce some virulent substances, amino 
acids, peptide, amine, and hydrogen sulphide and proper 
indole, all of  which can activate macrophages and 
monocytes to secrete a large number of  cell factors, such 
as IL-1 and TNF-α, which can stimulate expression of  
endocan. That is why we can detect a high expression of  
endocan in normal colon and rectum tissue. However, 
the expression of  endocan was down-regulated in 
poorly-differentiated colorectal cancer, suggesting that 
endocan may be closely related with differentiation and 
development of  colorectal cancer. 

 COMMENTS
Background
Endocan plays a key role in the regulation of certain processes, such as cell 
adhesion, inflammatory disorders and tumor progression and correlates with 
poor prognosis and metastasis in several types of cancer, including breast, 
renal and lung cancer, indicating that endocan may also play a role in the 
pathology of cancer cells and/or may be a tumor marker. However, few studies 
are available on endocan expression in colorectal tissue. This study was to map 
endocan expression in colorectal tissue and analyze the relationship between 
endocan expression and tumor differentiation.
Research frontiers
Colorectal cancer accounted for about 1 million new cases in 2002 and its 
incidence increases. The results of this study indicate that endocan may be 
used as a special molecule in the early diagnosis and treatment of colorectal 

cancer.
Innovations and breakthroughs
The results of this study show that endocan expression plays a role in the 
pathogenesis of colorectal cancer.
Applications
The expression level of endocan plays an important role in the pathogenesis of 
colorectal cancer. Endocan may be used in the treatment of colorectal cancer in 
clinical practice.
Peer review
The authors showed that the expression level of endocan was lower in colon 
cancer tissue than in normal colon tissue. The study was well-designed and the 
data are original and informative.
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Abstract
AIM: To investigate the etiology, diagnosis and 
treatment of spontaneous perforation of the colon.
METHODS: The c l i n i ca l da ta o f 10 cases o f 
spontaneous perforation of the colon, observed at 
Fuding hospital from January 2004 to December 2007, 
were analyzed retrospectively.
RESULTS: The mean age at onset was 65 years 
(range from 45 to 73). Seven patients had a history 
of chronic constipation. All patients complained 
of sudden lower abdominal pain. The perforation 
occurred after coloclysis and administration of senna 
leaves in two patients. Nine patients had signs of 
peritoneal irritation. Seven cases underwent abdominal 
paracentesis, which was diagnostic in six. Only one 
case was definitely diagnosed prior to surgery. One 
patient underwent neoplasty of the colon, another a 
partial resection of colon, six a neoplasty of the colon 
plus sigmoid colostomy, and two underwent Hartmann 
surgery. All perforation sites were opposite to the 
mesenteric edge. The perforation sites were located 
on descending colon in one case, sigmoid colon in 
three cases, and rectosigmoid colon in six cases. In 
five patients, surgical pathological examination was 
consistent with the microscopical changes of colonic 
perforation caused by feces. Three patients died after 
surgery.
CONCLUSION: Spontaneous perforation of the colon 
most commonly occurs among the elderly with chronic 
constipation. Abdominal paracentesis is helpful for the 
diagnosis. The perforation site is located opposite to 
the mesenteric edge. Sigmoid colon and rectosigmoid 
colon are the most frequent locations. Neoplasty of the 
colon and sigmoid colostomy are the most frequent 

treatment. The prognosis is bad and the mortality rate 
after surgery is high.
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INTRODUCTION
Spontaneous perforation of  the colon is defined as a 
sudden perforation of  the normal colon in the absence 
of  diseases such as tumors, diverticulosis or external 
injury[1]. It is rare, often misdiagnosed and has a high 
mortality rate. It is seldom reported in the literature. 
In this study, we collected 10 cases of  such patients 
during 2004 to 2007, and analyzed their clinical features 
in order to improve the understanding of  this disease. 
The present study may be helpful for the diagnosis and 
treatment of  spontaneous colonic perforation.

METHODS AND MATERIALS
Ten cases of  spontaneous perforation of  the colon 
were collected at Fuding hospital from January 2004 
to December 2007. The clinicopathological data, 
including gender, age, past history, symptoms, physical 
examination, diagnostic assays, pathological examination 
and surgical information as well as outcome were 
analyzed retrospectively to assess the diagnosis and 
treatment.

RESULTS
Clinical data
There were 8 males and 2 females. The mean age at 
onset of  the disease was 65 years (range, 45 to 73). 
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Seven patients had a history of  chronic constipation. 
All patients reported a sudden lower abdominal pain. 
Three patients had a history of  oral administration of  
nonsteroid anti-inflammatory drugs (NSAIDs) to relieve 
abdominal pain. Five patients had possible correlated 
factors: in three, onset occurred after defecation and in 
the other two it did after coloclysis and administration 
of  senna leaves. Three pat ients had symptoms 
compatible with shock prior to surgery. Physical 
examination showed signs of  peritoneal irritation in 9 
cases, with tension of  all abdominal muscles, tenderness 
and rebound tenderness. The abdominal X-ray did 
not reveal any abnormal findings in 4 patients. Seven 
patients underwent diagnostic abdominal paracentesis. 
Feculent material was aspirated in six patients. Only one 
patient was definitely diagnosed before surgery. Five 
patients were misdiagnosed as having gastric or duodenal 
perforation, colorectal tumor in two other cases, acute 
gangrenous perforating appendicitis in one case and 
acute pancreatitis in one case.

Surgery
All patients underwent emergency surgical intervention. 
The time interval between onset and surgery ranged 
from 15 to 96 h. Seven patients underwent surgery 
6 h after hospital admission. One patient underwent 
neoplasty of  the colon, one a partial resection of  the 
colon, six a neoplasty of  the colon plus a sigmoid 
colostomy, and two had Har tmann surger y. Al l 
perforation sites were opposite to the mesenteric edge 
and were located on the descending colon in one case, 

the sigmoid colon in three, and the rectosigmoid colon 
in the remaining six.

Pathological examination
Five patients had surgical pathological examination. 
Macroscopic examination showed that the perforation 
sites were all located opposite to the mesenteric edge, 
had circular shape, and ranged from 2 to 3 cm in 
diameter. Microscopic examination showed necrosis of  
the whole wall of  the colon. The perforation site was 
characterized at its surface by inflammatory sphacelus. 
Granulation tissue grew from the bottom. Submucosal 
edema, diffuse hemorrhage and abundant neutrophil 
infiltration were found in the surrounding colonic 
mucosa, consistent with the microscopical changes 
typical of  colonic perforation caused by feces (Figure 1).

Prognosis
Three patients died after surgery because of  multiple 
organ failure caused by septic shock. The other seven 
patients survived and six patients who received neoplasty 
and sigmoid colostomy underwent another surgical 
intervention to close the stoma 3 months thereafter.

DISCUSSION
Cause of spontaneous colonic perforation
The cause of  spontaneous colonic perforation is usually 
unclear. In general, colonic perforation caused by feces 
is the most frequent occurrence. The disease has often 
been seen in patients with chronic constipation. In these 
cases, the solid feculent mass compresses the colonic 
wall, diminishes the blood supply and leads to ischemia 
and necrosis of  colonic mucosa, which forms marked 
feculent ulcer changes. The ulcer might lead to colonic 
rupture in some cases[2-5]. Maurer et al[3] have proposed 
the diagnostic criteria of  feculent colonic perforation: 
(1) Rounded shape, more than 1 cm in diameter; (2) The 
colon is full of  stool, which diffuses to the abdominal 
cavity through the perforation; (3) Ischemia and necrosis 
of  colonic mucosa leading to feculent ulcer and acute 
inflammatory reaction surrounding the perforation site 
can be seen at microscopical examination; (4) External 
injury or other diseases such as obstruction, tumors 
and diverticulosis must be excluded. All five cases with 
pathological examination were consistent with the above 
criteria. Maurer et al[3] also proposed that the feculent 
ulcer may present at multiple sites. The proportion of  
cases with multiple ulcers in the same colonic segment is 
about 28%. 

Another cause is idiopathic colonic perforation. 
The pressure within the colonic lumen increases and 
distributes asymmetrically, leading to an excess pressure 
increase at the level of  the angle[6]. The colonic wall 
is hyperdilated, becomes excessively thin and the 
perforation occurs. Compared to feculent perforation, 
idiopathic colonic perforation has the following features: 
(1) The perforation is linear; (2) Feculent ulcer cannot 
be seen at microscopic examination. The mucosal edge 
is clear and does not extend to the serosa. The broken 

A

B

Figure 1  A: Inflammatory sphacelus and abundant neutrophil infiltration at the 
edge of the ulcer (HE, x 40); B: Numerous neutrophils infiltrate the muscular 
layer of the colon and the disrupted smooth muscle (HE, x 40).
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ends of  the muscular layer are regular[7]. Although 
these two conditions are different both macroscopically 
and microscopically, they are occasionally difficult to 
distinguish at surgery. Surgical pathological examination 
is necessary to make a definite diagnosis[7].

The most frequent sites of spontaneous colonic
perforation
The most frequent location is opposite to the mesenteric 
edge of  the sigmoid colon and recto-sigmoid colon. 
Maurer et al[3] reported that 52 out of  81 cases (64%) 
of  feculent perforation occurred at the above sites. 
In the study of  Kasahara e t a l , 68% (44/65) of  
idiopathic colonic perforation were located at those 
sites[7]. In the present study, 9 patients had the same 
characteristics. This phenomenon may be due to the 
special physiological and anatomical features of  sigmoid 
colon. There is no ramus anastomoticus between the 
lowest branch of  sigmoid arteries and the superior rectal 
artery, which causes a physiological ischemia. When 
some stiff  stool goes through sigmoid colon, the colonic 
wall is compressed and leads to the hindrance of  blood 
supply. The blood supply to the opposite side of  the 
mesentery is poor. The stool is more likely to stay in 
the rectosigmoid colon because of  the confined colonic 
cavity. The smooth muscle contracts, which leads to the 
increase of  the pressure of  colonic cavity[8-12].

This disease is more frequent in the elderly and 
the mean age at onset is more than 60. About 61% to 
81% of  patients had constipation history[2,4]. It is often 
misdiagnosed because doctors are unaware about this 
disease. Only 10% of  patients are definitely diagnosed 
prior to surgery[6]. In the present study, only one patient 
(1/10) was definitely diagnosed before surgery. It is very 
important to increase the awareness about this disease 
in order to improve the accuracy of  diagnosis. We think 
that the possibility of  this disease should be taken into 
consideration in elderly patients who have chronic 
constipation, when they have a history of  induction of  
increased intra-abdominal pressure, present with sudden 
abdominal pain spreading to the whole abdomen and have 
peritoneal irritation signs[13,14]. In this study, the abdominal 
paracentesis was diagnostic in 6 out of  7 patients. 
Therefore, abdominal paracentesis is a valuable tool for 
the diagnosis of  patients with this complication[15].

Surgical treatment of spontaneous colonic perforation
The mortality rate of  this disease is as high as 35% to 
47%[2,7]. In case of  perforation, innumerable bacteria 
spread from the colon into the abdominal cavity and 
cause acute diffuse peritonitis. Bacterial toxins are 
absorbed and lead to infectious shock and then multiple 
organ failure. So, patients should undergo surgery as 
soon as the disease is definitely diagnosed[16-20]. The 
types of  surgery are different depending on the time of  
onset, degree of  peritonitis, general physical condition 
and lesion of  the colon. The following types of  surgery 
are common: neoplasty, colostomy, neoplasty plus 
proximal colostomy, Hartmann surgery[21-23]. Neoplasty 

plus proximal colostomy is the most popular since it is 
safe and time-sparing. Six patients underwent neoplasty 
plus proximal colostomy in the present study. Serpell 
et al[2] found that the mortality and complication rates 
after Hartmann surgery were lower than in case of  
other operations because Hartmann surgery dissects 
the affected colon. Maurer et al[3] proposed that feculent 
ulcer had multiple origins and, therefore, other segments 
of  the colon should be explored during the operation. 
If  the colonic wall is dilated or thinner, it should be 
resected. Subtotal colectomy may be essential for some 
cases, which can spare time-consuming coloclysis during 
the operation and avoid possible later re-perforation of  
the affected colon[24,25].

Spontaneous colonic perforation is noteworthy 
due to its high mortality rate. The possibility of  this 
disease should be taken into consideration in elderly 
patients having chronic constipation and bed-ridden for 
long periods of  time. Doctors should be careful when 
administering enema and cathartics.

 COMMENTS
Background
Spontaneous perforation of the colon most commonly occurs in the elderly, 
is usually misdiagnosed before surgery and leads to a high mortality rate 
after surgery. Early correct diagnosis, early surgery and appropriate surgical 
treatment options are the key to improve the prognosis. Effective measures 
should be carried out to prevent this disease in high-risk patients. This study 
may help the surgeon to recognize this rare entity.
Research frontiers
This article focuses on a rare disease, i.e. acute abdomen due to spontaneous 
perforation of the colon. It is helpful to increase awareness about spontaneous 
perforation of the colon.
Innovations and breakthroughs
It is very important to increase the knowledge about this disease in order to 
improve the diagnostic accuracy. The authors think that the diagnosis of this 
disease should be considered in elderly patients with chronic constipation, 
who induce an increase of the intra-abdominal pressure, present with sudden 
abdominal pain spreading to the whole abdomen and have signs of peritoneal 
irritation. In this study, the results of abdominal paracentesis were positive 
for 6 out of 7 patients. Therefore, abdominal paracentesis is valuable for the 
diagnosis of patients with this complication.
Applications
The spontaneous colonic perforation should be correctly diagnosed, due to its 
high mortality rate. Doctors should be careful when administering enema and 
cathartics.
Peer review
This is an interesting series of patients with a rare condition. The authors 
performed a single study center report of 10 patients. They analyzed the 
clinicopathological data retrospectively and assessed the diagnostic procedures 
and the treatment. In addition, they point out to surgeons the importance of 
recognizing this rare cause of acute abdomen with a high mortality rate.
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Abstract
Anabolic steroid abuse is common among athletes 
and i s assoc ia ted w i th a number o f med ica l 
complications. We describe a case of a 27-year-old 
male bodybuilder with multiple hepatic adenomas 
induced by anabolic steroids. He initially presented 
with tumor hemorrhage and was treated with left 
lateral hepatic segmentectomy. Regression of the 
remaining tumors was observed with cessation of 
steroid use. However, 3 years and a half after his initial 
hepatic segmentectomy, he presented with recurrent 
tumor enlargement and intraperitoneal hemorrhage in 
the setting of steroid abuse relapse. Given his limited 
hepatic reserve, he was conservatively managed with 
embolization of the right accessory hepatic artery. 
This is the first reported case of hepatic adenoma re-
growth with recidivistic steroid abuse, complicated 
by life-threatening hemorrhage. While athletes and 
bodybuilders are often aware of the legal and social 
ramifications of steroid abuse, they should continue to 
be counseled about its serious medical risks.
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INTRODUCTION
Anabolic steroid abuse is common among athletes and 
is associated with a number of  medical complications[1-3]. 
Reported hepatic complications include cholestasis, 
elevation of  aminotransferases, jaundice, benign hepatic 
adenomas, and rare cases of  hepatocellular carcinoma[4-6]. 
Histologic findings include peliosis hepatis, a lesion 
characterized by hepatic sinusoidal dilatation that is often 
cystic[7,8]. Rupture of  these cysts can cause fatal internal 
hemorrhage[9]. We report the first case of  adenoma re-
growth and hemorrhage after relapse of  androgen abuse.

CASE REPORT
A 27-year-old man with a 5-year history of  anabolic 
steroid abuse presented to the emergency room with 2 d 
of  midepigastric pain and nausea. His only medications 
were oral androstenedione and intramuscular nandrolone. 
He was a police officer and competitive bodybuilder. 
He denied use of  alcohol, tobacco, and intravenous 
drugs. Physical examination disclosed midepigastric 
tenderness and tender hepatomegaly. Laboratories were 
notable for 2.2 mg/dL total bilirubin, 1.3 mg/dL direct 
bilirubin, 2457 U/L ALT, 431 U/L AST, and 275 U/L 
alkaline phosphatase. Hematocrit was 50.5%. Abdominal 
computed tomography (CT) on admission showed a 
round, heterogeneous-appearing 9.9 cm × 9.6 cm mass 
in the left lobe of  the liver. Magnetic resonance imaging 
(MRI) with gadolinium contrast demonstrated multiple 
hepatic masses, the largest of  which measured 10.6 cm ×
10.6 cm. The largest mass had an enhancing capsule and 
demonstrated signal heterogeneity, characteristic of  an 
adenoma with intralesional hemorrhage (Figure 1A). The 
patient underwent left lateral hepatic segmentectomy 
with open cholecystectomy. Pathologic examination 
revealed an adenoma with peliosis hepatis, 25 cm in 
diameter. The patient was instructed to discontinue 
steroid use. On MRI 3 mo later, the adenomas appeared 
40% smaller (Figure 1B). The patient subsequently 
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resumed oral androstenedione only.
Approximately 3 years and a half  after his first 

presentation, the patient returned to the emergency 
room with sudden-onset, right-upper quadrant pain in 
the setting of  recurrent injection nandrolone use 6 wk 
earlier. Vital signs were within normal limits, and there 
was tender hepatomegaly. Laboratories were notable 
for ALT 625 U/L, AST 398 U/L, and normal alkaline 
phosphatase and total bilirubin. Prothrombin time (PT) 
was 13.1 s; international normalized ratio (INR) was 
1.1. The hematocrit was 38.7%. Abdominal CT revealed 
several lesions in the right lobe of  the liver, the largest 
of  which had increased in size to 7.7 cm × 7.2 cm and 
demonstrated intralesional hemorrhage, accompanied 
by a subcapsular hematoma and intraperitoneal 
hemorrhage. CT angiogram on hospital day 2 showed 
no contrast extravasation, but the hematocrit dropped to 
24.9%. On hospital day 3, the right upper quadrant pain 
worsened, and he became tachycardic. Repeat abdominal 
CT showed expansion of  the hematoma, with new 
anterior subcapsular and subphrenic components  
(Figure 2). The hematocrit was 24.4%. Because of  
his limited hepatic reserve and ongoing steroid abuse, 
he was felt to be a poor candidate for either hepatic 

resection or liver transplantation. He, therefore, 
underwent angiographic embolization of  the accessory 
right hepatic artery. Four units of  packed red blood cells 
were transfused. The serum ALT exceeded 10000 U/L 
after the procedure but declined over several days. After 
transient oliguric renal failure, he was discharged to 
home on post-procedural day 5.

DISCUSSION
We report a rare case of  hepatic adenoma regrowth with 
recidivistic steroid abuse, complicated by life-threatening 
hemorrhage. This case underscores the potentially life-
threatening complications of  anabolic steroid abuse, 
and calls for a high index of  suspicion among health 
care providers for hepatic complications if  a history of  
steroid use is elicited.

The risk of  androgen-associated liver tumors 
appears to correlate with the cumulative androgen 
dose and the potency of  the steroid used[10]. Our 
patient self-administered both oral androstenedione, 
which has relatively weak androgenic potential, and 
parenteral nandrolone, which is particularly potent 
due to C10 hydroxylation. Since androstenedione has 
not been associated with liver tumors, it is likely that 
the nandrolone promoted development of  his hepatic 
adenomas. This is consistent with the recurrence of  his 
symptoms soon after resumption of  nandrolone.

Both nandrolone and androstenedione have been 
classified as Schedule Ⅲ controlled substances in 
recognition of  their abuse potential[11,12]. Despite these 
legal restrictions, anyone can still obtain these drugs with 
little difficulty over the Internet.

By resuming anabolic steroid consumption after his 
first hospitalization, our patient clearly demonstrated 
a pattern of  substance abuse. Risk factors for anabolic 
steroid abuse in male bodybuilders include body-image 
disturbances, history of  childhood conduct disorder, 
and poor father-son relationships[13]. Had our patient’s  
condition deteriorated and necessitated consideration 

Figure 1  T1-weighted magnetic resonance imaging (MRI) of multiple hepatic 
adenomas. A: MRI at initial presentation demonstrates a heterogeneous-
appearing, well-circumscribed mass measuring 10.6 cm x 10.6 cm in segments 
2 and 3 of the liver and several smaller masses in the right liver. The largest 
mass has an enhancing capsule and demonstrates areas of internal T1 
hyperintensity and hypointensity, as well as T2 hyperintensity, characteristic of 
an adenoma with intralesional hemorrhage; B: Three months after left lateral 
segmentectomy and steroid cessation, the lesions in the right liver appear 
approximately 40% smaller and enhance more homogeneously on T1-weighted 
MRI, indicating regression. Images have been electronically adjusted to 
illustrate lesions.

B

A

Figure 2  Abdominal CT at second presentation with abdominal pain after 
resumption of steroid abuse. A heterogeneous-appearing, right hepatic 
mass measuring 7.2 cm x 7.7 cm and a large subcapsular hematoma are 
seen, indicating that one of the hepatic adenomas has enlarged since the 
previous presentation and has hemorrhaged spontaneously. Image has been 
electronically altered.
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of  liver transplantation, he would have been required to 
demonstrate a commitment to abstinence from steroids, 
in a manner analogous to the alcoholic patient[14].

Patients and physicians must be reminded that the 
sequelae of  anabolic steroid abuse are life threatening. 
While athletes and bodybuilders are often aware of  
the legal and social ramifications of  steroid abuse, they 
should also be counseled about its serious medical risks. 
In the context of  an addictive behavior pattern, assiduous 
surveillance for neoplasms should also be undertaken.
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Abstract
The r i sk of thromboembol ism is increased in 
inflammatory bowel disease and its symptoms may be 
overlooked. Furthermore, its treatment can be complex 
and is not without complications. We describe a case 
of an adolescent boy who developed a cerebral sinus 
venous thrombosis during a relapse of his ulcerative 
colitis and who, while on treatment with heparin, 
developed heparin-induced thrombocytopenia (HIT). 
The treatment was then switched to fondaparinux, a 
synthetic and selective inhibitor of activated factor Ⅹ.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory bowel 
disease (IBD) with unknown aetiology, which is localized 
in the colon. It affects both adults and children, and 
approximately 10% of  the patients are diagnosed during 
childhood[1]. Drugs used to induce its remission consist 
mainly of  5-aminosalicylic acid (5-ASA) and steroids, and 
5-ASA as its maintenance therapy[2] is often used. In more 
severe or steroid refractory cases, immune modulating 
therapy with azathioprine or 6-mercaptopurine, may be 
used, although the evidence for this is less convincing as 
compared to the treatment of  Crohn’s disease (CD)[3]. 
Despite intensive pharmacological treatment, relapse 
is not uncommon. Extra intestinal manifestations are 
reported to occur in about 40% of  adult patients with 
UC[4]. Figures for children are lower.

T here a re s eve ra l r i sk f ac to r s fo r ce rebra l 
venous thrombosis (CVT), such as hormones (e.g. 
contraceptives and pregnancy), different kinds of  
hereditary thrombophilia and local factors including 
tumors[5]. In childhood, other risk factors such as local 
head/neck infections, sepsis and dehydration due to 
systemic illness have been described[6]. CVT is associated 
with a significant morbidity and mortality in children, 
and antithrombotic therapy with heparin in the acute 
phase followed by warfarin is recommended both in 
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children and in adults[5,7]. However, CVT in children and 
adolescents with IBD is, only sparsely described. Hence, 
we describe a case of  an adolescent boy who developed 
a cerebral sinus venous thrombosis during a relapse 
of  his UC, and who, while on treatment with heparin, 
developed heparin-induced thrombocytopenia (HIT). 

Written consent was received from the patient.

CASE REPORT
The patient was an 18-year old male who presented 
with extensive ulcerative colitis at the age of  12.5 years. 
He was initially treated with steroids and olsalazine. He 
went into remission within 3 mo. During the following 
years, it was complicated with several relapses, which 
were treated with repeated courses of  prednisolone. 
Thus, two years after diagnosis, azathioprine (AZA) was 
started at a dosage of  1 mg/kg. His clinical condition 
was quite stable until the age of  17 years when an 
upper respiratory infection induced another relapse 
with worsening of  the patient’s general condition and a 
pronounced weight loss. A high dose of  prednisolone 
(i.e., 40 mg daily) was restarted and the AZA dose was 
further increased (approximate 2 mg/kg). One month 
after the introduction of  steroids, the patient developed 
unilateral peritonsillitis and was admitted to hospital for 
incision and intravenous penicillin G treatment. The 
dose of  prednisolone was by then tapered to 10 mg 
daily. The pharyngeal symptoms resolved and the patient 
was discharged on the third day. However, 5 d after 
discharge, he was readmitted due to a three-day history 
of  severe headache, accompanied with nausea and 
vomiting. His colitis was clinically improved, apart from 
continuing daily episodes of  loose stools.

The vital signs were normal. Neurological examination 
did not show any abnormalities or clinical signs of  
meningitis. During the first days after admission, the 
patient’s headache deteriorated. A CT-scan of  the head 
was performed and interpreted as normal. Hence, a 
lumbar puncture performed surprisingly revealed an 
intralumbar pressure of  49 cmH2O (< 20). The spinal 
fluid analyses were otherwise normal. An eye fundoscopy 
revealed bilateral papilloedema and a diagnosis of  
pseudotumor cerebri induced by the steroid treatment was 
suspected. In order to reduce the cerebrospinal pressure, 
10 mL of  cerebrospinal liquid was withdrawn. After an 
asymptomatic period of  about 14 h, the patient’s general 
appearance deteriorated with recurring severe headache.

Repeated neurological examinations did not reveal 
any focal symptoms. A magnetic resonance imaging 
of  the brain (MRI) showed a CVT in the right sinus 
transversum and confluence area (Figure 1). D-dimer 
was clearly elevated. Treatment with intravenous heparin 
infusion was initiated with a loading dose of  5000 IU, 
followed by a continuous heparin infusion adjusted 
according to aPTT (approximately 27 IU/kg per hour 
was required to maintain aPTT 2-3 times the baseline 
value). Despite an ongoing active colitis, anticoagulant 
therapy was considered safe.

In the following 7 d, the patient’s general condition 
improved, although his appetite was poor and the 
blood-stained diarrhoea continued. Mild iron deficiency 
anaemia was noted, but vitamin B12 and homocysteine 
levels were normal. Parenteral nutrition was given as a 
nutritional support. 

O n d ay 7 , wa r f a r i n wa s i n t r o d u c e d u n d e r 
concomitant continuous heparin infusion. A rapid 
platelet count fall of  80% in 48 h was noted. Hence, 
azathioprine was temporarily stopped due to its 
known risk of  thrombocytopenia. Heparin-induced 
thrombocytopenia (HIT) was suspected, warfarin 
was stopped and heparin infusion was switched to 
fondaparinux (Arixtra®, GlaxoSmithKline). The starting 
dose of  fondaparinux was 7.5 mg, which was tapered 
to 5 mg after 3 d. The diagnosis was later confirmed by 
the detection of  IgG-antibodies against heparin with 
consistent criteria for HIT[8]. The patient received a 
total of  6 units of  platelet transfusion over a period of  
4 d when the platelet count was < 18 × 109/L, due to 
the high expected risk of  bleeding in this patient with 
colitis. Despite this, he had blood in his stools on several 
occasions during this period. The platelet count started 
to rise 7 d after heparin was stopped. When the platelet 
count reached > 80 × 109/L, azathioprine and warfarin 
were reintroduced and after 2 d of  therapeutic INR 
between 2 and 3, fondaparinux was stopped after 9 d of  
treatment. The course of  thrombocytopenia and medical 
intervention are presented in Figure 2. 

During the course of  CVT and HIT, a low dose of  
prednisolone and olsalazine was continued. 

A follow-up CT scan 6 mo after the CVT diagnosis 
showed normal blood flow in all cerebral venous sini 
with no clinical neurological sequels.

A thorough work-up 7 mo after discharge showed 
that antithrombin, fibrinogen, lipoprotein (a), factor 
V gene mutation, prothrombin gene mutation, PAI-
Ⅰ, antiphospholipid antibodies, homocysteine, were 
all normal. Warfarin treatment was stopped after 8 mo 
of  treatment. Thereafter, protein S, protein C, lupus 
anticoagulants, and FⅧ were tested normal. 

The col i t is eventual ly went into cl inical and 
biochemical remission. The patient was hesitant to 
undergo another colonoscopy until 14 mo later, when 
the biopsies showed a mild diffuse inflammatory activity 
and some architectural mucosal changes.

←

Figure 1  T1 contrast enhanced 
transverse image showing a focal 
dark area (arrow) in the r ight 
transverse sinus and confluence, 
which are consistent with a cerebral 
sinus thrombosis.



DISCUSSION
The increased risk of  thromboembolism (TE) in 
patients with active IBD is well established[9-13] with 
a 6.5% incidence of  thrombosis or a 3-4 fold higher 
risk than in the general population[14]. TE can also 
occur in the pediatric age group[15]. The potential 
mechanisms underlying the prothrombotic state in 
IBD are hypercoagulation (elevated FⅧ, fibrinogen, 
decrease in antithrombin, protein S and protein C ), 
hypofibrinolysis [elevated PAI-1 and lipoprotein (a)], 
platelet abnormalities, endothelial dysfunction (increased 
von Willebrand factor) and immunological abnormalities 
(antiphosphlipid antibodies)[14,16]. The common genetic 
risk factors for TE factor Ⅴ mutation (Factor Ⅴ
Leiden) and prothrombin mutation (G20210A) are not 
overrepresented in patients with TE and IBD compared 
to other patients with TE[16].

It has been suggested that hyperhomocysteinemia is 
a risk factor for vascular disease and a mediator of  TE in 
adults and occurs more commonly in both pediatric and 
adult IBD patients than in healthy controls[17,18], which 
probably reflects the nutritional status with depleted 
levels of  folate, cobalamin (B12) and pyridoxine (B6)[19]. 
The increased risk of  TE in IBD associated with 
hyperhomocysteinemia is, however, questioned[19]. Other 
acquired risk factors for TE that can affect patients 
with IBD are steroid treatment, surgery, immobilisation, 
dehydration, central venous catheters[16] iron deficiency 
and infections[6]. 

In our patient, the risk factors for the development 
of  CVT were relapse of  the disease, treatment with high 
doses of  steroids and development of  peritonsillitis, 
surgical incision, dehydration, and iron deficiency 
anemia. Despite the risk factors, the diagnosis of  CVT 
was delayed mainly due to this complication which is 
rather rare. It is important to raise the question about 
sinus thrombosis in the request form to the radiology 
department since not only unenhanced CT, but also 
contrast CT needs to be performed for most cases. 

Cerebral venous thrombosis is a rare, but serious 
complication of  IBD and seems to be more common in 
UC than in CD patients[13]. Its prognosis is variable with 
a high risk of  residual symptoms in affected children 
and adolescents. Even death has been reported[13]. The 
most frequent symptom is headache, which occurs in 

75%-96% of  patients. The headache is often severe and 
diffuse, usually preceding the appearance of  neurological 
deficits. A combination of  focal deficits, headache, 
seizures and altered consciousness is very suggestive 
of  CVT[5]. Apart from supportive care, anticoagulation 
therapy with heparin is the first line therapy for mild 
to moderate cases. Thrombolysis using recombinant 
tissue-type plasminogen activator (rt-PA) or urokinase 
has also been tried with various successes[20]. Due to 
the potential risks, expert guidelines recommend that 
local thrombolysis using urokinase[20] or (rt-PA)[5] should 
be restricted to comatose patients or patients who 
deteriorate despite anticoagulant therapy. 

HIT is defined as an immune-mediated side effect of  
heparin therapy, which causes a drop in platelet count of  
≥ 50%[21]. HIT usually occurs after 5-10 d of  heparin 
treatment, but a faster drop may be seen if  heparin 
has been given earlier. Apart from thrombocytopenia, 
venous or arterial thrombosis can occur, even before 
thrombocytopenia. Other symptoms observed in 
children with HIT are acute thoracic pain, respiratory 
distress, anaphylactic shock and prolonged fever[8]. An 
auto-immune response to platelet surface factor 4 (PF4) 
in complex with heparin is the major pathophysiological 
factor[22]. These complexes lead to cellular activation and 
development of  thrombocytopenia or thrombosis[22]. 
In children, this is probably as common as in adults. In 
a recent review by Risch and co-workers, the incidence 
of  HIT in children is estimated to be 0%-2.3%[21]. 
Approximately 90 pediatric HIT cases have been 
reported in the literature until now[21]. Children or 
neonates treated in intensive care units after cardiac 
surgery and adolescents treated with unfractionated 
heparin after thromboembolism constitute the highest 
risk of  developing HIT in the pediatric population[21]. 
Although a rapid increase in platelet levels after cessation 
of  heparin is observed, stopping heparin, as a sole 
treatment, is not recommended since unfavourable 
outcome has been reported in over 40% of  patients 
due to the risk of  thrombosis. Hence, alternative 
anticoagulant therapy is recommended. Danaparoid 
(heparinoid) inhibits mainly factor Ⅹa, and to a lesser 
extent prothrombin, lepirudin (thrombin inhibitor), and 
argatroban (thrombin inhibitor) are the recommended 
drugs for the treatment of  HIT. Treatment of  HIT with 
danaparoid has a risk of  cross reactivity. Leptirudin and 
argatroban are expensive, administered as continuous 
intravenous infusion, and require frequent aPTT testing. 
However, for our patient, fondaparinux was used as 
anti-coagulant therapy. Fondaparinux is a synthetic 
and selective inhibitor of  activated factor Ⅹ (Ⅹa), 
administered as subcutaneous injection once daily. The 
antithrombotic effect is achieved by a selective binding 
of  fondaparinux to antithrombin, which increases 
300-fold the endogenic neutralisation by antithrombin on 
factor Ⅹa. Hence, it inhibits the production of  thrombin 
and the development of  thrombosis[23]. Fondparinux 
does not appear to interact with HIT-related antibodies 
to induce platelet activity and aggregation according to 
in vitro tests and small clinical trails[24].

For our pat ient , a l l potentia l future surgical 
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procedures and longer periods of  immobilization 
should be accompanied with anti-embolic prophylactic 
treatment. However, due to his episode of  HIT, 
heparin and low molecular weight heparin (LMWH) is 
contraindicated and alternative anticoagulant treatment 
must be used.

Patients with severe IBD are frequently treated with 
AZA, which may cause a problem during anticoagulant 
therapy for TE. Scarce reports are available on the 
AZA treatment which may interact with warfarin by 
diminishing its effect. Hence, the dose of  warfarin may 
have to be increased 3-4 fold in order to achieve an 
optimal PK INR level[25].

Thromboembolic complications of  IBD are not 
uncommon. If  headache occurs during severe relapse 
of  thromboembolism, CVT must be excluded. A CT 
scan with and without contrast is recommended as 
the first initial investigation. Platelet levels should be 
closely monitored during heparin treatment. When 
heparin is used, LMWH should be considered due to 
its lower risk of  HIT than unfractionated heparin[26]. 
However, heparin has advantages in patients with a 
high risk of  bleeding due to shorter T½. More studies 
concerning fondaparinux in treatment of  patients with 
HIT are needed. It is necessary to evaluate the screening 
methods for identification of  IBD patients with a high 
risk of  thromboembolic complications. Furthermore, 
the efficacy and safety of  prophylactic antithrombotic 
treatment of  children with severe IBD must be evaluated 
in controlled clinical trials.
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Abstract
Pylephlebitis, a rare complication of acute appendicitis, 
is defined as thrombophlebitis of the portal venous 
system. Pylephlebitis usually occurs due to secondary 
infection in the region drained into the portal system. 
We report a case of pylephlebitis caused by acute 
appendicitis. The patient was transferred from a 
private clinic 1 wk after appendectomy with the chief 
complaints of high fever and abdominal pain. He was 
diagnosed with pylephlebitis of the portal vein and 
superior mesenteric vein by CT-scan. The patient was 
treated with antibiotics and anticoagulation therapy, 
and discharged on the 25th day and follow-up CT 
scan showed a cavernous transformation of portal 
thrombosis.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Pylephlebitis is defined as thrombophlebitis of  the 
portal venous system associated with intraperitoneal 
septic conditions, such as colonic diverticulitis, acute 
appendicitis, and cholangitis. Pylephlebitis is considered 
a seriously lethal condition.

Recent advances in antibiotic therapy have made 
the occurrence of  pylephlebitis very rare. However, 
the mortality rate remains high because non-specific 
symptoms and low index of  suspicion usually delay the 
diagnosis of  pylephlebitis. The early use of  optimal 
diagnostic modalities and surgical interventions are 
essential to ensure the survival of  patients.

We describe a case of  thrombophlebitis of  the portal 
vein and superior mesenteric vein as a complication of  
acute appendicitis, which was successfully treated with 
antibiotics and anticoagulation therapy.

Case Report
A 26-year-old man was transferred to the emergency 
department with the complaints of  high fever and severe 
abdominal pain for 4 d. He underwent appendectomy 
for acute appendicitis 1 wk earlier. During the hospital 
stay, he had persistent fever up to 40℃ and diarrhea, and 
was treated with antibiotics, fluids and anti-pyretics.

On arrival, he had an elevated temperature of  39.7℃  
and complained of  severe epigastric pain. His blood 
pressure was 140/80 mmHg, his pulse rate was  
114/min, and the respiration rate was 24/min. Physical 
examination noted epigastric pain and tenderness, 
but could not find rebound tenderness and muscle 
guarding. Laboratory results showed mild leukocytosis  
(11500/mm3), anemia (9.9 g/dL hemoglobin), and 
elevated bilirubin (1.6/0.9 mg/dL total/direct bilirubin), 
alkaline phosphatase (213 U/L), and γ-GT (73 U/L).

Abdominal CT scan demonstrated thrombus 
formation in the portal vein extending from the superior 
mesenteric vein (SMV; Figure 1). He was admitted 
to the intensive care unit and treated with systemic 
Ⅳ antibiotics (the 3rd generation cephalosporin and 
metronidazole, chosen by empirical therapy) and 
anticoagulation therapy (a subcutaneous injection of  low 
molecular heparin, 1 mg/kg every 12 h). He was given 
nothing by mouth and parenteral nutrition was initiated 
to decrease the portal blood flow from the mesenteric 
vein.
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By the 3rd hospital day, his symptoms were gradually 
improved and the liver dysfunction and leukocytosis 
were normalized on the 11th day. Thereafter, oral 
feeding was started. No microorganisms were identified 
in his blood culture specimen. On the 12th hospital 
day, low molecular heparin was replaced with warfarin  
(5 mg/d) and continued until one month after discharge 
(Figure 2).

The follow-up CT scan taken 2 wk after admission 
showed a cavernous transformation of  portal vein 
thrombus and improved SMV thrombosis (Figure 3).

The patient was discharged on the 25th day without 
complications. A follow-up CT scan after 6 mo showed a 
slightly increased cavernous transformation of  the portal 
vein and marked improvement of  the SMV thrombosis. 

He appeared healthy and had no clinical and laboratory 
abnormalities on follow-up.

DISCUSSION
Although pylephlebitis is a rare complication derived 
from septic conditions of  the portal drainage area most 
commonly caused by colonic diverticulitis, it occurs in 
association with acute appendicitis, inflammatory bowel 
disease, suppurative pancreatitis, acute cholangitis, bowel 
perforation, and pelvic infection[1-3].

This disease entity occurred in 0.4% of  patients with 
acute appendicitis before 1950, but it has become very 
rare due to major advances in antibiotic therapy and 
surgical treatment[4]. However, the reported mortality 
rate of  pylephlebitis is 30%-50%, partly due to a delay 
in diagnosis from its atypical clinical findings and a low 
index of  suspicion[1,5].

Reported cases of  pylephlebitis are mainly young 
children, with a mortality rate of  up to 50%[4,6-8]. 
Children are particularly at a great risk of  appendiceal 
perforation because the diagnosis is delayed. As a result, 
young children are prone to develop pylephlebitis.

The clinical features of  pylephlebitis are non-specific. 
High fever, chills, malaise, right upper quadrant pain, 
and tenderness are the initial clinical manifestations. 
Balthazar and Gollapudi[9] reported that only 30% of  
patients with pylephlebitis present with localizing clinical 
signs of  a primary source of  sepsis. Laboratory findings, 
such as leucocytosis and mild abnormalities of  liver 
function tests, are usually non-specific, but jaundice is 
rare except in case of  multiple liver abscesses[4,5,7,10]. Our 
patient was treated conservatively for epigastric pain, 
high fever, and diarrhea after appendectomy in a private 
clinic, as there was no suspicion of  pylephlebitis.

Blood cultures revealed no microorganisms in our 
case. Baril et al[5] reported that bacteremia is present in 
less than one-half  of  patients, whereas Balthazar and 
Gollapudi[9] reported that up to 80% of  patients have 
positive blood cultures, and Escherichia coli, Bacteroides 
fragilis , Proteus mirabilis, Klebsiella pneumoniae , and 
Enterobacter spp. are the most common microorganisms 
isolated[4,7,9,10].

Modern diagnostic imaging techniques help the early 
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Figure 3  Arrow indicates the cavernous transformation of the portal vein on 
follow-up CT scan.
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diagnosis of  acute phase pylephlebitis. The sensitivity 
and specificity of  CT scans for pylephlebitis are not 
known. However, CT scans could simultaneously detect 
the primary source of  infection, extent of  pylephlebitis, 
and intrahepatic abnormalities, such as liver abscesses. 
Thus, CT scan is the most reliable initial diagnostic 
choice[9-11]. Air bubbles or thrombi of  the portal venous 
system are the critical CT findings of  pylephlebitis[9]. 
Ultrasound scan with color flow Doppler is also a 
sensitive test for confirming partial patency of  the portal 
vein and portal vein thrombosis[7].

Once a diagnosis of  pylephlebitis is established, 
appropriate treatment should be initiated as soon as 
possible.

The principal of  treatment for pylephlebitis is to 
remove the source of  infection and eradicate the toxic 
microorganisms using appropriate antibiotics. Immediate 
surgical intervention is necessary in most cases, but 
Stitzenberg et al[8] reported that interval laparoscopic 
appendectomy can be performed 3 mo after treatment 
with antibiotics and anticoagulants. Regarding the 
treatment of  portal thrombosis, Nishimori et al [11] 
reported that surgical thrombectomy can be performed 
through the ileocolic vein using a Fogarty catheter, but 
most reported cases are treated with systemic antibiotics 
and anticoagulants. A minimum of  4 wk of  antibiotic 
therapy is usually recommended and patients presenting 
with a hepatic abscess should receive at least 6 wk of  
antibiotic therapy[7,10].

The effectiveness of  anticoagulants in the treatment 
of  pylephlebitis is still controversial. We administered 
low molecular heparin for 11 d initially and warfarin for 
1.5 mo. Condat et al[12] recommended early anticoagulants 
therapy because the recanalization of  the portal system 
was significantly higher in the anticoagulation group 
compared to the control group. Baril et al[5] insisted that 
anticoagulants should be considered carefully because 
complications could present in 20% of  patients, and 
it is not necessary in patients with thrombus isolated 
to the portal vein, but could be used for prevention 
of  intestinal ischemia in patients with involvement of  
the superior or inferior mesenteric vein. Lim et al[10]  
recommended anticoagulation for the prevention 

of  septic pulmonary embolism from infected portal 
thrombi. 

In summary, pylephlebitis is a rare, but fatal 
complication of  acute appendicitis. Therefore, when 
pylephlebitis is suspected, immediate CT scan and 
antibiotic therapy, with or without surgical intervention, 
should be started to ensure the survival of  patients. 
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Abstract
Although hepatocellular carcinoma (HCC) is a common 
tumor, direct invasion of the gastrointestinal tract by 
HCC is uncommon. Recently, we encountered two 
cases of HCC with direct invasion to the colon. The 
first patient was a 79-year-old man who underwent 
transarterial chemo-embolization (TACE) for HCC  
1.5 years prior to admission to our hospital. Computed 
tomography (CT) showed a 7.5-cm liver tumor directly 
invading the transverse colon. Partial resection of 
the liver and transverse colon was performed. The 
patient survived 6 mo after surgery, but died of 
recurrent HCC. The second patient was a 69-year-old 
man who underwent TACE and ablation for HCC  
2 years and 7 months prior to being admitted to our 
hospital for melena and abdominal distension. CT 
revealed a 6-cm liver tumor with direct invasion to 
the colon. The patient underwent partial resection 
of the liver and right hemicolectomy. The patient 
recovered from the surgery. But, unfortunately, he 
died of liver failure due to liver cirrhosis one month 
later. Although the prognosis of HCC that has invaded 
the colon is generally poor due to the advanced stage 
of the disease, surgical resection may be a favorable 
treatment option in patients with a good general 
condition.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most 
common tumors worldwide[1]. Direct invasion to the 
gastrointestinal (GI) tract by HCC is uncommon, with 
a reported incidence of  0.5%-2% among clinical HCC 
cases[2,3]. GI bleeding or stenosis due to HCC invasion 
is very uncommon. In such cases, the best treatment 
remains controversial[4]. 

Due to improved instruments, techniques, and 
perioperative management, surgical resection is now 
safely performed in patients with advanced HCC. 
Therefore, it is also possible to resect HCC with direct 
invasion to the GI tract. Here, we present two cases of  
HCC with direct invasion to the colon that were treated 
by surgical resection.

CASE REPORT
Case 1
A 79-year-old man with chronic hepatitis C has been followed 
up since 1983. In August 1998, computed tomography 
(CT) revealed a 4-cm tumor in the caudate lobe of  the liver, 
which was diagnosed as HCC. The lesion was treated by 
transarterial chemo-embolization (TACE). In February 2000, 
the patient suffered from epigastralgia, and was admitted to 
our hospital. CT revealed that the liver tumor increased to 
7.5 cm in diameter and directly invaded the transverse colon  
(Figure 1). Liver function tests revealed no abnormalities. 
The serum α-fetoprotein (AFP) level was 331 ng/mL, 
and the protein induced by vitamin K absence or 
antagonist　2 (PIVKA-2) level was within normal range. 
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HCC invading the transverse colon was diagnosed and 
partial resection of  the liver and transverse colon was 
performed. In the resected specimen, a 96 mm × 58 mm 
liver tumor invading the transverse colon was found 
(Figure 2) . Histopathologic examination of  the 
specimen also showed poorly-differentiated HCC with 
direct invasion to the colon. The postoperative course 
was uneventful, and the patient was discharged on 
postoperative day 21. He survived symptom free for  
6 mo and died of  recurrent HCC.

Case 2
A 69-year-old man has been treated since 2000 for liver 
cirrhosis due to hepatitis C. In July 2004, CT revealed a 
4-cm tumor in segment 6 of  the liver, which was diagnosed 
as HCC. The lesion was treated by radiofrequency ablation 
(RFA) and TACE. In February 2007, the patient suffered 
from melena and abdominal distension and was admitted 
to our hospital. CT revealed that the tumor increased to  
6 cm in diameter and directly invaded the diaphragm and the 
hepatic flexure of  the colon (Figure 3). The ascending colon 
was dilated due to stenosis of  the colon. Colonoscopic 
examination revealed a hemorrhagic and lobulated 
tumor in the hepatic flexure of  the colon (Figure 4). 
Laboratory tests revealed 2.9 g/dL serum albumin,  
1.9 mg/dL serum total bilirubin, 52.1% prothrombin activity, 
and 17.3% indocyanine green retention rate at 15 minutes,  

15 ng/mL serum AFP, and 370 AU/mL PIVKA-2. HCC 
invading the hepatic flexure of  the colon was diagnosed, and 
partial resection of  the liver, right hemicolectomy and partial 
excision of  the diaphragm were performed. In the resected 
specimen, a 65 mm × 47 mm liver tumor, which invaded 
the hepatic flexure of  the colon, was found (Figure 5). 
Histopathologic examination of  the specimen also showed 
moderately differentiated HCC with direct invasion to 
the colon and diaphragm. The patient recovered from the 
operation, and had no evidence of  HCC recurrence, but 
unfortunately, he died of  liver failure due to liver cirrhosis  
1 mo later.

Figure 3  Computed tomography images showing a 6-cm liver tumor invades 
the colon and diaphragm (arrows) in case 2. 

←
←

Figure 4  Colonoscopic view showing a hemorrhagic and lobulated tumor with 
a smooth surface is seen in the ascending colon in case 2. 

Figure 5  Macroscopic appearance of the surgical specimen in case 2. The 
liver tumor invades the colon (arrows). 

←
←

Figure 2  Macroscopic appearance of the surgical specimen in case 1. The 
liver tumor invades the colon (arrows).

←←

Figure 1  Computed tomography images showing a 7.5-cm liver tumor (arrows) 
arising from the caudate lobe in case 1(A), which appears to invade the 
transverse colon directly (arrows) (B).

←
←←
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DISCUSSION
HCC, one of  the most common malignant tumors 
worldwide, is responsible for more than 250 000 deaths 
annually[1]. In some autopsy series, extrahepatic metastasis 
to the lung, lymphnodes, bone, heart, or adrenal glands 
has been found in 30%-75% of  advanced HCC cases[5]. 
HCC with direct invasion to other organs can occur, 
with the most frequent sites being the diaphragm and 
gallbladder[6]. HCC only rarely invades the GI tract, the 
reported incidence is 0.5%-2% of  clinical HCC cases and 
4% of  autopsy cases[2,3,7]. GI bleeding or stenosis due to 
HCC invasion is very uncommon[8]. The most frequently 
invaded GI tract sites are the duodenum and stomach[2] 
and invasion into the colon is very rare. To date, only eight 
cases of  invasion to the colon by HCC have been reported 
in the English literature (Table 1)[2,3,9-11]. Among the 10 
patients (including our two cases), the most frequent 
symptom was bloody stool (8 of  10 patients, 80%). Seven 
patients (70%) underwent transarterial embolization (TAE) 
or TACE for HCC prior to development of  invasion. 
Surgical resection or supportive care was almost selected 
in almost all cases. However, the outcomes were very 
poor, and the median survival was only 2.5 mo.

GI tract invasion by HCC sometimes occurs after 
TAE or TACE[8]. TAE and TACE can induce exophytic 
growth of  the HCC due to an inflammatory reaction 
and change in the extrahepatic blood supply. As a result, 
HCC may invade adjacent organs such as the diaphragm, 
stomach, duodenum, and colon. 

TAE or TACE is not an effective treatment for GI 
invasion by HCC. RFA is difficult to perform in patients 
with GI tract invasion because of  the risk of  GI tract 
perforation. Fujii et al[12] reported that the median survival 
time of  patients with GI tract invasion treated by surgical 
resection, nonsurgically, or by supportive therapies is 9.7 mo, 
3.0 mo and 1.2 mo, respectively. Therefore, surgical 
resection may be the most effective treatment for GI tract 
invasion by HCC. In addition, surgical techniques including 
liver resection and perioperative management have recently 
improved. Surgical resection is probably the best treatment 
option for HCC invading the GI tract if  the patient’s 
general condition including liver function is good.

T. H
irasita et al. 8 
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In conclusion, although the prognosis of  colonic 
invasion of  HCC is generally poor due to the advanced 
stage of  the disease, surgical resection may be a 
favorable treatment option in patients with a good 
general condition. 
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Table 1  Reported cases with invasion to the colon by HCC

Authors Age (yr)/Sex Viral
infection

Symptom Endoscopic shape Tumor size (mm) Previous treatment
for HCC 

Treatment Prognosis

Hashimoto M[8] (1996) 72/F HCV Melena Ulcerated 45 TAE (7 times) Operation 4 mo alive
Chen CY[9] (1997) 71/M Negative Bloody stool Lobulated 200 - - 6 mo dead
Lin CP[2] (2000) 59/M HCV Bloody stool Polypoid 80 TAE (3 times) - 1.2 mo dead
Lin CP[2] (2000) 67/M HBV Stool OB (+) Not observed 150 Operation TAE - 1.5 mo dead
Lin CP[2] (2000) 69/M HBV Stool OB (+) Not observed 200 - - 1.2 mo dead
Lin CP[2] (2000) 63/M Negative Bloody stool Not observed 200 - - 4.0 mo dead
Strivastava DN[10] (2000) 32/M HBV Bloody stool Not observed n.d. TAE TAE 0.7 mo dead
Zech CJ[11] (2006) 57/M HBV HCV Abdominal pain Not observed n.d. TACE (6 times) Operation ND
Our case 79/M HCV Epigastralgia Not observed 75 TACE Operation 6.0 mo dead
Our case 69/M HCV Melena Lobulated 55 RFA TACE Operation 1.0 mo dead

HBV: Hepatitis B virus; HCV: Hepatitis C virus; Stool OB (+): Stool positive for occult blood; TAE: Transarterial embolization; TACE: Transarterial 
chemoembolization; ND: Not described.
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and an increase in gastric pH, coupled with a reduction 
in oesophageal acid exposure, has been seen in gastro-
esophageal reflux disease (GERD) patients receiving  
20 mg or 40 mg rabeprazole once daily[2]. Shimatani  
et al[3] showed that 20 mg rabeprazole, twice daily, may 
result in better acid suppression than 10 mg rabeprazole, 
twice daily, in GERD patients[3]. Hence, we wanted to 
find out whether 20 mg dexrabeprazole daily would pro-
vide a greater efficacy than 10 mg dexrabeprazole daily 
against GERD.

This was a randomized, double-blinded, comparative 
study in clinical setting, approved by the institutional re-
view board and conducted in accordance with the Dec-
laration of  Helsinki and Good Clinical Practice guide-
lines.  Males and non-pregnant and non-lactating females 
between the age of  18-65 years, clinically diagnosed with 
GERD, were included after a written informed con-
sent was obtained from each of  them. Excluded from 
the study were those with abnormal laboratory tests at 
baseline (including liver enzymes greater than twice the 
upper limit of  normal), those who were refractory to a 
2-mo course of  H2-blocker or PPI therapy for GERD 
treatment, those who took PPI within 14 d of  screen-
ing or a H2-blocker or a prokinetic agent within 7 d of  
screening, those who required daily use of  NSAIDs, oral 
steroids, aspirin or were unable to discontinue the use 
of  anticholinergics, cholinergics, spasmolytics, opiates 
or sucralfate, and those with poorly controlled associ-
ated disease, such as heart disease, coagulation disorders, 
thyroid disorders. Patients having a history of  infectious 
or inflammatory conditions of  the intestine (including 
inflammatory bowel disease), malabsorption syndrome, 
obstruction, gastrointestinal malignancy, gastric or intes-
tinal surgery including vagotomy, Barrett's esophagus, 
esophageal stricture, pyloric stenosis, scleroderma or a 
history of  hypersensitivity to any of  the PPIs, were also 
excluded from the study. Enrolled patients were random-
ized to receive 10 mg dexrabeprazole once daily (D10-
OD), 10 mg dexrabeprazole twice daily (D10-BD) or  
20 mg dexrabeprazole daily (D20-OD) for 28 d. Visual 
analog scale (VAS, 0-100) was used to assess the sever-
ity of  GERD symptoms. A total of  136 patients were 
enrolled and all completed the study. No difference was 
found in the baseline demographics of  the patients. 

A significant reduction (P < 0.001, Tukey-Kramer 
multiple comparison test) from baseline (day 0, before 
therapy) VAS scores of  heartburn and regurgitation was 
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Abstract
Ten mg dexrabeprazole daily has been shown to be 
more effective than 20 mg rabeprazole daily against 
gastroesophageal reflux disease (GERD). This report 
shows that the efficacy of 10 mg dexrabeprazole daily 
is equivalent to that of 20 mg dexrabeprazole daily 
against GERD. This implies that a dose of 10 mg dexra-
beprazole is sufficient to block the maximum amount 
of proton pumps without any need to double the dose 
as suggested with rabeprazole. 
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We read with interest the article by Pai et al on the ef-
ficacy of  10 mg dexrabeprazole[1]. However, the effects 
of  rabeprazole on acid secretion are dose-dependent, 
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seen in all the treatment groups on day 14 with a further 
reduction on continuing the therapy until 28 d. Improve-
ment in the VAS scores in the D10-OD group was 
significantly better than in the D10-BD and D20-OD 
groups on day 14 with no significant difference between 
the D10-BD and D20-OD groups. On day 28, the D10-
OD group showed significantly higher improvement 
than the D10-BD group with no significant differences 
between the D10-OD & D20-OD and the D10-BD & 
D20-OD groups (Table 1). Percentage of  patients with 
≥ 50% relief  in symptoms of  heartburn and regurgita-
tion on day 28 was 86.5% and 91.9% in the D10-OD 
group, 91.2% and 97.1% in the D10-BD group, 89.3% 
and 92.9% in the D20-OD group, respectively. No 
between-group difference in proportion of  patients with 
≥ 50% relief  was observed (P > 0.05, chi-square test). 
None of  the patients reported any adverse drug reaction 
and no differences were seen in baseline laboratory pa-
rameters after therapy, indicating that dexrabeprazole at 
different doses was well-tolerated.

The results of  this study demonstrates that the effi-
cacy of  10 mg dexrabeprazole daily is equivalent to that 
of  20 mg dexrabeprazole daily in relieving symptoms 
of  GERD. This implies that 10 mg dexrabeprazole daily 
is potent and sufficient enough to block the maximum 
amount of  proton pumps, thus precluding the need to 
use higher doses as has been suggested with rabeprazole. 
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Table 1  Improvement in Visual Analog Scale (VAS) scores of symptoms (values expressed as mean ± SD)

Day 0 Day 14 Day 28

D10-OD
(A, n  = 74)

D10-BD 
(B, n  = 34)

D20-OD 
(C, n  = 28)

D10-OD 
(A, n  = 74)

D10-BD 
(B, n  = 34)

D20-OD 
(C, n  = 28)

D10-OD 
(A, n  = 74)

D10-BD 
(B, n  = 34)

D20-OD
(C, n  = 28)

Heartburn 48.5 ± 22.2 59.7 ± 12.4 58.2 ± 13.6 25.1 ± 16.2b 38.2 ± 13.1b 32.1 ± 15.5b 7.6 ± 15.2b 13.8 ± 10.7b 12.9 ± 14.4b

Between group 0.0071 0.007 0.033    0.00011    0.0001 0.052  0.0341  0.034 0.114
P values 0.0332  0.6523 0.652  0.0522   0.0783 0.078  0.1142   0.7793 0.779
Regurgitation 45.9 ± 20.4 57.6 ± 12.6 56.4 ±14. 5 21.9 ± 16.2b 35.9 ± 12.1b 30.7 ± 16.8b 6.2 ± 14.2b 11.8 ± 10.3b 10 ± 13.6b

Between group 0.0031 0.003 0.014 < 0.00011 < 0.0001 0.017 < 0.00011 < 0.0001 0.225
P values 0.0142  0.7293 0.729   0.0172    0.1623 0.162   0.2252    0.5563 0.556

bP < 0.001 vs baseline values (Tukey-Krammer Multiple comparison test). Between-group difference (T-test): 1A vs B; 2A vs C; 3B vs C. 
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Meetings

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

III FALK GASTRO-CONFERENCE

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Advanced Courses - European 

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

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

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

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

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

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

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

Global Collaboration for
Gastroenterology
For the first time in the history of 
gastroenterology, an international 
conference will take place which 
joins together the forces of four 
pre-eminent organisations: Gastro 
2009, UEGW/WCOG London. The 
United European Gastroenterology 
Federation (UEGF) and the World 
Gastroenterology Organisation 
(WGO), together with the World 
O r g a n i s a t i o n  o f  D i g e s t i v e 
E n d o s c o p y  ( O M E D )  a n d  t h e 
British Society of Gastroenterology 
(BSG), are jointly organising a 
landmark  meet ing  in  London 
from November 21-25, 2009. This 
collaboration will ensure the perfect 
balance of basic science and clinical 
practice, will cover all disciplines 
in gastroenterology (endoscopy, 
digest ive oncology,  nutr i t ion, 
digestive surgery,  hepatology, 
gastroenterology) and ensure a 
truly global context; all presented 
in the exciting setting of the city of 
London. Attendance is expected to 
reach record heights as participants 
are provided with a compact “all-in-
one” programme merging the best 
of several GI meetings. Faculty and 
participants from all corners of the 
earth will merge to provide a truly 
global environment conducive to the 
exchange of ideas and the forming 
of friendships and collaborations. 
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Peer reviewers: All articles received are subject to peer review. 
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acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
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Department of  Nuclear Medicine, Huaxi Hospital, Sichuan 
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Abstract
An informative, structured abstract of  no more than 350 words 
should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections: AIM: 
Only the purpose should be included. METHODS: The materials, 
techniques, instruments and equipment, and the experimental 
procedures should be included. RESULTS: The observed and 
experimental results, including data, effects, outcome, etc. should be 
included. Authors should present P value where necessary, and also 
include any significant data. CONCLUSION: Accurate view and 
the value of  the results should be included.

The format for structured abstracts can be found at: http://
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