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Abstract
Biliary tract cancer is a rare malignant tumor. There is 
limited knowledge about biology and natural history 
of this disease and considerable uncertainty remains 
regarding its optimal diagnostic and therapeutic man-
agement. The role of adjuvant therapy is object of 
debate and controversy. Although resection is identified 
as the most effective and the only potentially curative 
treatment, there is no consensus on the impact of ad-
juvant chemotherapy and/or radiotherapy on the high 
incidence of disease recurrence and on survival. This 
is mainly due to the rarity of this disease and the con-
sequent difficulty in performing randomized trials. The 
only two prospectively controlled trials concluded that 
adjuvant chemotherapy did not improve survival. Most 
of the retrospective trials, which had limited sample 
size and included heterogeneous patients population 
and non-standardized therapies, suggested a marginal 
benefit of chemoradiotherapy in reducing locoregional 
recurrence and an uncertain impact on survival. Well-
designed multi-institutional randomized trials are nec-
essary to clarify the role of adjuvant therapy. Two on-
going phase Ⅲ trials may provide relevant information.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Biliary tract cancer (BTC) is a rare tumor accounting for 
approximately 4% of  all malignant neoplasms of  the 
gastrointestinal tract. Marked gender, ethnical and geo-
graphical variations exist and, in certain regions of  the 
world, like Chile or North India, BTC is one of  the most 
common causes of  cancer mortality. The median age at 
presentation is the seventh decade of  life with a male to 
female ratio of  1.5[1-5].

Surgical resection is the only potentially curative treat-
ment for BTC. However, the resectability rate has been 
reported to range between 30% and 70%, with large 
variability based on tumor location (70% for ampullary 
cancer, 40%-50% for gallbladder, intrahepatic and distal 
extrahepatic cancer and 30% for hilar BTC)[6,7]. The type 
of  resection and prognosis vary with anatomical location 
with a 5-year overall survival (OS) rate of  20%-40% for 
intrahepatic adenocarcinoma, 50%-70% for ampullary 
cancer, 25%-50% for distal cholangiocarcinoma and for 
gallbladder cancer and 15%-35% for hilar BTC[8].

Due to the rarity of  this disease, in which patients 
with curatively resected tumors are in the minority, pro-
spective trials have been rarely performed and, some-
times, eligibility criteria allowed the enrolment of  both 
patients with pancreatic cancer and BTC, thus hampering 



Ref. No. of patients Site Therapy OS (median)

Yes No CRT Obs

[38]   73 GB 25 48     58      50
[39]   96 PV 54 42 35.2 16.5
[41]   49 All 34 15 16.4    6.71

[42]   48 EHBD 48   44%2 NA
[43]   84 All 34 50     42      29
[44] 125 PV 29 96     67      42
[45]   34 EHBD 34   0   35%2 NA
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the interpretation of  results. Accordingly, information 
with a high level of  evidence is lacking and wide areas of  
debate and controversy on optimal adjuvant therapeutic 
management exist.

PROGNOSTIC FACTORS
The 5-year OS rate with surgery alone is disappointing, 
ranging from 15% to 70%[6]. Complete surgical resec-
tion with histologically negative (R0) surgical margins has 
been reported to be the most important prognostic fac-
tor[9]. Since prognosis varies also with anatomical location, 
the heterogeneity of  patient population of  the reported 
studies may affect the interpretation of  the data[8]. Other 
prognostic factors such as tumor stage, nodal status, vas-
cular and perineural invasion, elevated baseline CA 19-9 
level and histologic grade have been identified in many 
reports[10-13]. Among those, the prognostic relevance of  
tumor stage, nodal status, histologic grade and resection 
margin is almost universally accepted and should be taken 
into account for the stratification of  the patients in pro-
spective trials and for the interpretation of  the results in 
non-randomized series; while the prognostic role of  el-
evated baseline CA 19-9 level and vascular and perineural 
invasion is still controversial[14-45].

THERAPEUTIC MANAGEMENT
Most patients with BTC are not suitable for curative sur-
gery at diagnosis, and the rate of  microscopically positi-
ve resection margins (R1) has been reported to be up to 
74%[14]. In addition, locoregional failure occurs in more 
than half  of  the patients, even after R0 resection[9,10]. Iso-
lated locoregional disease was reported in approximately 
15% of  patients with gallbladder cancer, 20% with peri-
ampullary cancer and 60% with hilar cholangiocarcinoma. 
In contrast, systemic disease, with or without concomi-
tant locoregional recurrence, occurred in 85% of  patients 
with gallbladder cancer, 75% with periampullary cancer 
and 41% with hilar cholangiocarcinoma[10,11]. Because of  
poor survival after curative resection due to frequent lo-
cal relapse and distant metastases[9-11,36], the role of  adju-
vant therapy has been widely explored[16,32,38,41-56].

Chemoradiation
Previous studies, mainly focusing on adjuvant chemora-
diation therapy (CRT) with a variety of  regimens, led to 
conflicting results and the role of  this therapeutic strat-
egy remains controversial. No large randomized trial of  
adjuvant CRT has ever been performed. A small phase 
Ⅲ European Organization for Research and Treatment 
of  Cancer trial, including 92 eligible patients with peri-
ampullary adenocarcinoma, demonstrated no statistically 
significant difference in survival between adjuvant CRT 
following resection vs observation[37]. However, since this 
trial included a limited number of  patients and an out-
dated chemoradiation in terms of  imaging, techniques, 
planning, dose and concomitant radiosensitizing chemo-

therapy, definitive conclusions on the role of  modern 
chemoradiation are impossible to draw.

Conversely, a retrospective series of  73 patients with 
gallbladder cancer treated between 1985 and 2004 at Mayo  
Clinic[38] suggested that adjuvant CRT may obtain a sta-
tistically significant improvement in OS only for patients 
with lymph node involvement. Similarly, two retrospective 
series of  fluoropyrimidine-based post-operative chemo-
radiation from MD Anderson Cancer Center[39] and from 
South Korea[40], including 96 patients affected by ampul-
lary adenocarcinoma and 91 patients with extrahepatic 
bile duct cancer, respectively, suggested an improved OS 
only in patients with locally advanced tumor (T3/T4)[39] 
or with R1 resection[40]. A few other smaller retrospective 
series also reported a modest potential OS benefit with 
adjuvant CRT (Table 1)[38,39,41-45].

Apart from the controversial impact on OS, CRT may  
have a role in improving local control, especially in pa-
tients at higher risk of  local failure, such as those with R1 
margins and positive lymph nodes. In fact, 5-year local 
control rate raised from 40%-50% in patients with am-
pullary cancer treated with surgery alone to 65%-80% in 
those who received post-operative CRT[1,39-41,57].

Unfortunately, the retrospective nature of  most of  the-
se studies, the small sample size, the lack of  correction for 
multiple comparisons, patient selection bias; heterogeneity 
in terms of  patients’ characteristics, treatment regimens, 
tumor site and stage; long-lasting accrual periods, differ-
ent surgical, radiotherapy and radiological techniques in 
different historical periods and other confounding factors 
do not allow to draw any firm conclusion on the role of  
CRT. In fact, younger and healthier patients were more 
likely to be offered adjuvant CRT. On the other hand, 
patients with high risk features were more likely to receive 
adjuvant therapy than those with favorable features.

Chemotherapy
A few studies evaluated the role of  adjuvant chemother-
apy in BTC. A retrospective single centre analysis on 42 
patients suggested that postoperative gemcitabine-based 
chemotherapy may be a promising strategy to improve 
OS after surgical resection for hilar cholangiocarcinoma[55]. 

Table 1  Survival outcome for adjuvant chemoradiation

1Statistically significant; 25-year overall survival (OS). CRT: Chemoradia-
tion; Obs: Observation; PV: Papilla of vater; GB: Gallbladder; EHBD: 
Extrahepatic bile duct; All: PV + GB + EHBD + intrahepatic bile duct; NA: 
Not applicable.



2593 June 7, 2012|Volume 18|Issue 21|WJG|www.wjgnet.com

Consistently, the addition of  fluorouracil-based chemo-
therapy to adjuvant CRT seemed to improve disease free 
survival (3-year DFS 45% vs 27%) and OS (3-year OS 
63% vs 31%) compared to CRT alone in another retro-
spective series of  120 patients with radically resected ex-
trahepatic BTC.

A phase Ⅲ trial addressed the role of  adjuvant che-
motherapy with 5-fluorouracil and mitomycin-C in a 
series of  508 patients with surgically treated pancreatico-
biliary malignancies including 335 patients with BTC[58]. 
OS was significantly increased when compared to obser-
vation arm only in the unplanned subset analysis of  61 
resected patients with macroscopically positive resection 
margins (R2) affected by gallbladder cancer. Similarly, a 
more recent phase Ⅲ trial exploring the role of  single 
agent adjuvant chemotherapy with either gemcitabine or 
5-fluorouracil, in 304 patients with ampullary adenocar-
cinoma submitted to curative resection did not demon-
strate a survival benefit for any of  the adjuvant therapy 
arms when compared to surgery alone[59].

GUIDELINES AND CURRENT CLINICAL 
PRACTICE 
The National Comprehensive Cancer Network (NCCN) 
guidelines[60] recommend only observation or adjuvant 
CRT with concomitant fluoropyrimidine for patients with 
R0 margins or negative lymph-nodes and adjuvant thera-
py with concurrent 5-fluorouracil-based CRT followed or 
not by additional fluoropyrimidine- or gemcitabine-based 
regimens in patients with R1 margins or metastatic lymph 
nodes. The use of  chemotherapy is recommended due to 
the high incidence of  systemic relapse and to the results 
observed in the therapeutic management of  advanced 
disease[61,62]. The European Clinical Practice guidelines[63] 
are more vague, only suggesting CRT as a possible thera-
peutic option after surgery for BTC. More restrictive 
indications derive from a modified and implemented ver-
sion of  NCCN guidelines proposed by a committee of  
specialists of  the Middle East and North Africa Region, 
which recommend only observation or enrolment into a 
clinical trial after an R0 and/or a negative regional nodes 
resection, because of  conflicting data regarding adjuvant 
CRT[64].

Given the lack of  guidelines based on high level of  
evidence, it is not surprising that patients submitted to 
curative surgery for biliary tract tumors receive hetero-
geneous management around the world. A survey of  
therapeutic strategies recommended in the clinical prac-
tice in 2001-2002, reported that adjuvant CRT was widely 
adopted in the majority of  American centers (71%), fol-
lowed by Asian/Pacific centers (55%), but only by 29% of  
European institutions[65]. This scenario may have changed 
in more recent years with a trend towards possibly in-
creasing use of  adjuvant treatment due to the numerous 
positive experiences reported in the literature in the last 
decade[9-11,38-42,44,45,55,57-59,66,67]. However, eighty-eight per-
cent of  the interviewed physicians recognized the unmet 

need for achieving higher levels of  evidence from large 
prospective trials to support the routine use of  adjuvant 
treatment[65].

FUTURE DIRECTIONS
Altogether, the available data do not allow to answer the 
question whether patients submitted to curative resection 
for BTC should receive an adjuvant therapy and which 
treatment strategy may provide the largest benefit.

In fact, neither adjuvant CRT nor adjuvant chemo-
therapy with either single agent or a 5-fluorouracil-mito-
mycin doublet improved OS when compared to observa-
tion alone in phase Ⅲ trials[14,58,59], while only a modest 
benefit in loco-regional control rather than on OS was 
suggested with CRT by retrospective series that, in any 
case, suffer from previously mentioned methodological 
limitations[1,38,41-45,65-68].

The causes of  this disappointing scenario and of  the 
lack of  a convincing answer are manifold. First, when 
compared to trials on advanced disease, trials on adjuvant 
therapy are more demanding, also due to the involvement 
of  different specialists (surgeon, radiologist, oncologist 
and radiotherapist); more resource- and time-consuming, 
due to the longer patient’s life expectancy and to the in-
ferior number of  patients; and require a more selective 
choice of  centers to be involved. Second, evidence-based 
information on the most active and effective chemothe-
rapy regimen against unresectable or metastatic disease 
is limited as well. Accordingly, the selection of  promis-
ing regimens that may have a relevant impact on disease 
natural history is challenging. Only recently, cisplatin and 
gemcitabine regimen became the new standard of  treat-
ment in advanced BTC[61] providing a rational for investi-
gating the role of  this combination in the adjuvant setting. 
Additionally, two ongoing phase Ⅲ trials are currently 
exploring the role of  capecitabine (NCT00363584) and of  
GEMOX regimen (NCT01313377) in the adjuvant setting 
and may provide further information in the next future. 
Third, the rarity of  disease limits the interest of  pharma-
ceutical companies while investigator initiated trials are 
hindered by the restricted availability of  agents already 
registered and authorized for the treatment of  the disease. 
Fourth, the choice of  the most promising therapeutic 
strategy is crucial in this disease that has a very high rate 
of  both local and systemic recurrence. Systemic chemo-
therapy and CRT, rather than being taken as alternative 
therapies, should be combined taken into account in the 
design of  post-operative management. However, the role 
of  sequential therapy with CRT followed by systemic che-
motherapy or the inverse sequence was rarely addressed 
in prospective trials[55]. Fifth, the knowledge on tumor 
biology is limited and, at the moment, does not allow to 
identify new agents that may contribute to improve the 
outcome of  the disease. Last but not least, the interpreta-
tion of  trials result is often challenging due to the het-
erogeneity of  enrolled patients population. Stratification 
based on tumor location, extent of  resection, lymph node 
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status and resection margin status will be crucial to the 
success of  future studies.

CONCLUSION
A multi-institutional worldwide effort to conduct well de-
signed phase Ⅲ trial and to expand biological knowledge 
of  the disease is necessary to clarify the role of  adjuvant 
therapy in BTC.
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Abstract
Motor vehicle accidents (MVAs) are serious social issues 
worldwide and driver illness is an important cause of 
MVAs. Minimal hepatic encephalopathy (MHE) is a com-
plex cognitive dysfunction with attention deficit, which 
frequently occurs in cirrhotic patients independent of 
severity of liver disease. Although MHE is known as a 
risk factor for MVAs, the impact of diagnosis and treat-
ment of MHE on MVA-related societal costs is largely 
unknown. Recently, Bajaj et al  demonstrated valuable 
findings that the diagnosis of MHE by rapid screening 
using the inhibitory control test (ICT), and subsequent 
treatment with lactulose could substantially reduce the 
societal costs by preventing MVAs. Besides the ICT 
and lactulose, there are various diagnostic tools and 
therapeutic strategies for MHE. In this commentary, we 
discussed a current issue of diagnostic tools for MHE, 
including neuropsychological tests. We also discussed 
the advantages of the other therapeutic strategies for 
MHE, such as intake of a regular breakfast and coffee, 
and supplementation with zinc and branched chain ami-
no acids, on the MVA-related societal costs.

© 2012 Baishideng. All rights reserved.
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INVITED COMMENTARY ON HOT 
ARTICLES 
We have read with great interest the recent article by Bajaj 
et al[1] describing the diagnosis and treatment of  minimal 
hepatic encephalopathy (MHE) to prevent motor vehicle 
accidents (MVAs), and would strongly recommend it to 
the readers.

MVAs are serious social issues worldwide[2]. Various 
factors are intricately involved in the occurrence of  MVAs,  
and driver illness is an important cause[2]. Besides acute 
myocardial infarction, epileptic seizure, and hypoglycemia 
related to the use of  anti-diabetic agents, liver cirrhosis with 
MHE has been reported to increase the risk of  MVAs[3-6].  
Although MHE occurs in up to 80% of  patients with 
chronic liver disease[3] and diagnostic tools and therapeutic 
strategies for MHE exist[7-11], little information is available 
about the management of  patients with liver cirrhosis 
with regard to preventing MVAs and subsequently reduc-
ing the associated societal costs.
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In their study, Bajaj et al[1] performed a cost-effective-
ness analysis to identify management strategies for the di-
agnosis and treatment of  MHE in patients with liver cir-
rhosis to reduce MVA-related societal costs. They found 
that the diagnosis of  MHE by rapid screening using the 
inhibitory control test (ICT), and subsequent treatment 
with lactulose could substantially reduce societal costs 
by preventing MVAs[1]. This is a significant study, and we 
agree with the authors about the benefits of  the use of  
the diagnostic test and therapeutic management. How-
ever, we suggest that the management strategy should be 
modified to some extent for use in general medical insti-
tutions to prevent MVAs on a larger scale.

The ICT is a computerized test of  attention and re-
sponse inhibition that has been used to characterize atten-
tion deficit disorders[12]. The ICT consists of  the presenta-
tion of  several letters at 0.5 s intervals, while the subject 
is instructed to respond or inhibit their response to the 
specific letter[13]. The ICT is considered reliable and sen-
sitive for the diagnosis of  MHE[5,13]. In addition, unlike 
standard neuropsychological tests, ICT results are signifi-
cantly associated with the future occurrence of  MVAs[3]. 
However, the test takes approximately 30 min to complete 
and patients need to be familiar with computer operation. 
Furthermore, validation and standardization are required 
for each population, and therefore, so far, the ICT is not 
universally accessible. Similarly, other diagnostic tools for 
MHE also require trained personnel and specialized equip-
ment[11]. In fact, an American Association for the Study 
of  Liver Disease (AASLD) survey showed that the ma-
jority of  AASLD members are not able to test for MHE  
because of  a lack of  time, resources, and suitable person-
nel[14]. Along with Bajaj et al[14], we propose that rapid and 
simple tools for the diagnosis MHE should be developed 
urgently, such as biochemical tests or virtual reality driving 
simulations.

Lactulose has been used to treat hepatic encephalo-
pathy since 1966[15]. Lactulose reduces blood ammonia 
levels and improves overt hepatic encephalopathy as well 
as MHE[7]. In their study, Bajaj et al[1] have demonstrated 
the benefits of  lactulose therapy on the occurrence of  
MVAs and MVA-related societal costs. However, compli-
ance with lactulose treatment is generally poor, primarily 
because of  its side-effects such as abdominal discom-
fort[16,17]. Recently, other therapeutic strategies for MHE 
have been reported. First, as prolonged periods of  fasting 
are linked to the development of  MHE, having a regular 
breakfast improves the attention and executive functions 
of  cirrhotic patients with MHE[18]. Second, coffee intake 
improves cognitive function in elderly people as well as in 
patients with type 2 diabetes mellitus[19,20]. Although the 
beneficial effects of  coffee on cognitive function have 
never been investigated in cirrhotic patients, insulin resis-
tance is frequently seen in patients with chronic liver dis-
ease[21-23]. In addition, coffee consumption is known to im-
prove hepatic inflammation and fibrosis in patients with 
chronic liver disease[24]. Third, the blood ammonia level is 
regulated by the activity of  ornithine transcarbamoylase 
and zinc is a coenzyme required for its up-regulation[25]. 

Oral zinc supplementation improves hyperammonemia as 
well as hepatic encephalopathy, as seen in a double-blind 
randomized controlled trial[26]. Finally, a decrease in serum 
branched chain amino acids (BCAA) levels is a feature of  
chronic liver disease[27]. BCAA is a source of  glutamate, 
which detoxifies ammonia by glutamine synthesis in the 
skeletal muscle and brain[28]. Therefore, BCAA enhances 
the detoxification of  blood ammonia by incorporating 
ammonia in the process of  glutamine production and 
is currently used for treating patients with hepatic en-
cephalopathy[29]. Thus, a therapeutic approach comprising 
the intake of  a regular breakfast and coffee, and supple-
mentation with zinc and BCAA may improve the cost-
effectiveness of  MVA-related events in cirrhotic patients 
with MHE (Figure 1).

Prevention of  MVA by the diagnosis and treatment 
of  MHE is an important component in the management 
of  patients with liver cirrhosis. Collaborative researches 
among medical institutions, automobile companies, and 
governmental sectors may help further prevent MVAs 
and subsequently reduce MVA-related societal costs.
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been addressed in several studies, there are minimal 
studies evaluating patients’ perspective on these issues. 
Women’s attitudes may influence their decision to have 
children and can positively or negatively influence the 
chance of conceiving, and their beliefs regarding thera-
pies may impact on the course of their disease during 
pregnancy and/or breastfeeding. This review article 
outlines the impact of IBD and its treatment on preg-
nancy, and examines the available data on patients’ 
views on this subject.
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INTRODUCTION
Inflammatory bowel disease (IBD) predominantly affects 
the younger-aged population and therefore is prominent 
in women of  child-bearing age. It often requires medica-
tion for maintenance of  remission[1]. Literature on preg-
nancy in IBD has mainly utilized tertiary hospital cohorts 
and focused on pregnancy outcomes. Current guidelines 
emphasize the importance of  inducing and maintaining 
disease remission prior to conception and during preg-
nancy[1,2]. Studies of  patients’ perspective of  the influ-
ence of  IBD on fertility, pregnancy and breastfeeding 
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Abstract
Inflammatory bowel disease (IBD) affects women of 
childbearing age and can influence fertility, pregnancy 
and decisions regarding breastfeeding. Women with 
IBD need to consider the possible course of disease 
during pregnancy, the benefits and risks associated 
with medications required for disease management 
during pregnancy and breastfeeding and the effects 
of mode of delivery on their disease. When indicated, 
aminosalicylates and thiopurines can be safely used 
during pregnancy. Infliximab and Adalimumab are con-
sidered probably safe during the first two trimesters. 
During the third trimester the placenta can be crossed 
and caution should be applied. Methotrexate is as-
sociated with severe teratogenicity due to its folate 
antagonism and is strictly contraindicated. Women with 
IBD tend to deliver earlier than healthy women, but 
can have a vaginal delivery in most cases. Caesarean 
sections are generally recommended for women with 
active perianal disease or after ileo-anal pouch surgery.
While the impact of disease activity and medication has 
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are highly relevant and beginning to emerge. This review 
article summarizes this evidence and examines the cur-
rently available data describing the patients’ views.

LITERATURE SEARCH
A literature search was conducted using Pubmed from 
1980 to 2010 with the search terms “IBD”, “Crohn’s dis-
ease (CD)”, “ulcerative colitis (UC)”, “pregnancy”, “breast 
feeding” and “nursing”. Further relevant articles were 
identified from the reference lists of  identified articles.

Fertility and fecundity
Factors determining fecundity and fertility in IBD include 
disease systemic effects (e.g., fatigue and anaemia) as well 
as libido and sexual inactivity, which, in turn, may be 
influenced by body image issues and dyspareunia[3]. Fur-
thermore, concerns over the influence of  disease activity 
or medications on a successful pregnancy may also influ-
ence fecundability. In UC, overall fertility is comparable 
to that of  the healthy population[3-5], but women with 
ileo-anal pouches (IPAA) have reduced fecundity[6,7]. Fer-
tility in CD in remission is equivalent to that of  healthy 
women[4,8,9] but may be reduced in patients with active 
disease[9-12]. As in UC, women with CD also have reduced 
fecundity following extensive surgery involving the pel-
vis[5-7,13-18].

Disease behaviour during and after pregnancy
Disease activity during pregnancy is similar to that in 
non-pregnant women as reported by two Danish cohort 
studies. In 97 women with UC, flare rates were 34% per 
year during pregnancy and 32% per year outside preg-
nancy[19], while in 68 women with CD there was also no 
increased risk of  a flare during pregnancy[20]. The vast 
majority of  women have quiescent disease during pre-
gnancy as shown in a population based cohort of  461 
women from the Northern California Kaiser Permanente 
population[21].

Women with IBD might experience a more benign 
course of  disease in the post-partum period. A signifi-
cantly reduced number of  flares in comparison to pre-
pregnancy in a small cohort of  18 CD and 19 UC pa-
tients was reported by Castiglione et al[22]. A larger pan-
European study of  93 women with CD and 173 women 
with UC confirmed this finding[23]. The reason for this 
phenomenon is unknown, but it has been proposed that 
disparity between maternal and foetal human leukocyte 
antigen class Ⅱ antigens leads to a state of  immuno-tol-
erance or suppression that in turn leads to a more benign 
course of  IBD[24].

Effects of IBD and IBD disease activity on pregnancy
Active disease during pregnancy has been linked to ad-
verse pregnancy outcomes of  low birth weight, pre-term 
birth and foetal loss[19,25-27]. Population-based studies have, 
however, reported conflicting results. In 461 women (300 
with UC) of  the Kaiser Permanente population in North 

America, no correlation between adverse pregnancy out-
comes and disease activity was found[21], while a study 
of  157 Danish women with CD revealed that active dis-
ease increased the risk of  pre-term birth[28]. The higher 
proportion of  patients with active disease in the Danish 
study (45% vs 20% in the Kaiser Permanente population) 
may explain this difference.

Some studies, including a meta-analysis by Cornish 
et al[29], reported an increase in pre-term births in IBD 
patients[21]. Other studies, however, that differentiated 
UC from CD found an increase in pre-term birth rates 
for patients with CD only[30,31]. CD women also delivered 
lower birth weight babies than healthy controls and UC 
women[30,31]. It is important to recognise that all stud-
ies examining pregnancy outcomes in IBD used healthy 
women controls rather than those with other chronic dis-
eases.

Congenital abnormalities in offspring of mothers with IBD
Congenital abnormalities of  variable severities occur in 
3%-7% of  babies of  healthy mothers[32]. Studies of  con-
genital malformations in the offspring of  mothers with 
IBD have reported conflicting results. In a population 
based cohort of  262 women from Washington state, 
North America, an increased risk of  congenital malfor-
mations was found in the offspring of  UC patients (7.9% 
vs 1.7% in healthy controls; P < 0.001) but not in those of  
CD patients (3.4%; P = NS)[30]. The study did not control 
for medication use[30]. In contrast, the Hungarian Case 
Control Surveillance of  Congenital Anomalies (HCCSCA) 
(1980-1996) found no increase in the risk for “any” mal-
formation [odd ratio (OR): 1.2, 95% (confidence interval) 
CI: 0.9-1.8] in the offspring of  79 UC mothers compared 
to 95 control mothers after adjusting for parity, age and 
medication use[33]. Specific malformations of  the limb 
(OR: 6.2, 95% CI: 2.9-13.1), urinary tract (OR: 3.3, 95% 
CI: 1.1-9.5) and multiple malformations (OR: 2.6, 95% 
CI: 1.3-5.4), however, were significantly increased[33].

An Italian case-control study reported a significantly 
increased risk of  congenital anomalies in the offspring 
of  90 women with IBD (5.5% vs 0% in 240 healthy con-
trols) and that CD and UC had equivalent risks[31]. The 
reported 0% incidence of  congenital abnormality rate in 
healthy controls, however, was unusually low given this 
rate can approach 7%[32].

The risk of  congenital malformations in the offspring 
of  461 women with IBD from the Northern California 
Kaiser Permanente population was not increased in com-
parison to 493 healthy controls[21]. Cornish et al[29] found 
in a meta-analysis of  four studies an increased risk (OR: 
2.37, 95% CI: 1.47-3.82) of  reporting congenital abnor-
malities for UC, while for CD the risk increase was not 
statistically significant (OR: 2.14, 95% CI: 0.97-4.74; P = 
0.06).

Data on congenital malformations may be contra-
dictory due to differences in study design, the inclusion 
of  cohort vs population subjects, and sample sizes. The 
majority of  studies, however, report an increased risk for 
malformations in UC, but not in CD. Further prospective 
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studies adjusting for disease activity, medication and age 
of  the mother are needed.

Medication during pregnancy
The risks and benefits of  medication need to be consid-
ered on an individual patient level, since active disease 
poses a risk to the pregnancy[26-28]. The European Crohn’s 
and Colitis Organisation (ECCO) guidelines state the risk 
of  adverse pregnancy outcomes from active disease to 
be higher than the risk of  using most IBD medications[2]. 
The United States Food and Drug Administration issued 
a categorisation of  drugs safety in pregnancy (Table 1)[34].

Aminosalicylates: Sulfasalazine, mesalazine and balsala-
zide are category B medications, while olsalazine is category 
C. Initial case reports[35-37] suggesting sulphasalazine tera-
togenicity was refuted by a Danish cohort study demon-
strating no adverse outcomes in 17 pregnant CD patients 
exposed to sulfasalazine[28]. Another study of  181 preg-
nant patients with IBD exposed to sulfasalazine reported 
lower rates of  adverse outcomes than those expected 
in the general population[38]. Sulfasalazine impairs folate 
absorption, which is vital for neural tube development. 
Therefore folate supplementation is mandated[2].

Several studies have demonstrated the safety of  me-
salazine[39-41]. Robust data from a Danish population-
based cohort and a prospective controlled trial of  165 
pregnant women with mesalazine exposure reported no 
increased risk of  congenital abnormalities[42,43]. It is un-
clear whether an excess of  stillbirth and preterm birth 
in 88 pregnancies of  women with CD on mesalazine 
reported in the population based study[43], occured as a 
result of  IBD itself  rather than the medication since this 
study incorporated 19 418 pregnancies of  healthy women 
without any chronic illnesses and medication exposure as 
the control group. Thus, sulfasalazine and mesalazine are 

considered safe in pregnancy.

Antibiotics: Antibiotics play an important role in the man-
agement of  perianal CD[2]. Metronidazole is a category B 
medication. In a population based case-control study us-
ing HCCSCA data (1980-1991), metronidazole exposure 
during the second or third trimester was associated with 
cleft defects[44]. Other studies including two meta-analyses 
and a prospective controlled study, however, found no in-
creased risk of  congenital abnormalities relating to met-
ronidazole use[45,46]. Quinolones can induce congenital ab-
normalities in animals due to their accumulation in bone 
and cartilage[47]. In 2 human studies totalling over 250 
patients without IBD, no increased risk of  adverse preg-
nancy outcomes or foetal malformations was found[48,49].

Short-term antibiotic use in pregnancy appears safe 
in largely non-IBD cohorts. In IBD, however, exposure 
to antibiotics can be prolonged and the associated risks 
may therefore be higher[2]. A small series of  IBD patients 
found no adverse pregnancy outcomes in 27 patients ex-
posed to metronidazole and 18 to ciprofloxacin[50].

Tetracyclines (retardation of  foetal skeletal develop-
ment) and sulphonamides (interferes with folic acid me-
tabolism) should both be avoided in pregnancy[2].

Corticosteroids: Prednisone and budesonide have cat-
egory C ratings. Corticosteroids cross the placenta and 
some adverse data exist in humans. A meta-analysis of  
ten cohort and case-control studies totalling 50 845 pa-
tients without IBD found no increase in overall risk of  
major congenital abnormalities, but there was a signifi-
cant risk of  oral clefts[51]. In contrast a prospective study 
of  262 women found that neither the overall risk for 
malformations nor the risk for clefts was increased[52]. No 
human data exist on orally administered budesonide, but 
studies looking at women exposed to inhaled or intra-na-
sal budesonide have found it to be safe during pregnan-
cy[53,54]. Due to oral budesonide’s high first pass hepatic 
metabolism, significant foetal exposure is less likely.

Thiopurines: Mercaptopurine and its pro-drug azathio-
prine are category D due to previous links with spontane-
ous abortions[55,56]. Animal studies, using doses of  1.5-2.5 
mg/kg, have not reported any adverse outcomes apart 
from low birth weights[57,58]. Transplant and rheumatol-
ogy cohorts demonstrated the safety of  thiopurines[59-61]. 
Most studies in pregnant IBD patients report no adverse 
outcomes[62,63], but a Danish study reported a increased 
pre-term birth, low birth weight and foetal abnormalities 
in a cohort of  only 10 patients[64]. That study compared 
pregnancy outcomes in thiopurine exposed patients to 
those of  the general population rather than non-exposed 
IBD patients. It is therefore unclear whether the in-
creased risk detected in the study was due to medication 
or IBD itself. In contrast, a prospective Austrian abstract 
of  33 women[65] and a French study on 86 women show 
no increase in adverse outcomes[66]. Paternal thiopurine 
exposure within 3 mo prior to conception led to a higher 

Table 1  Food and Drug Administration categories of drug 
safety during pregnancy

FDA category Definition

A Controlled studies in animals and women have shown 
no risk in the first trimester, and possible foetal harm is 
remote

B Either animal studies have not demonstrated a foetal 
risk but there are no controlled studies in pregnant 
women, or animal studies have shown an adverse 
effect that was not confirmed in controlled studies in 
women in the first trimester

C No controlled studies in humans have been performed, 
and animal studies have shown adverse events, or 
studies in humans and animals not available; give if 
potential benefit outweighs the risk

D Positive evidence of foetal risk is available, but the 
benefits may outweigh the risk if life-threatening or 
serious disease

X Studies in animals or humans show foetal 
abnormalities; drug contraindicated

FDA: Food and Drug Administration. 
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rate of  pregnancy related complications in one study[67], 
but another study reported no increased risk of  adverse 
outcomes[68].

Thus, studies comparing outcomes of  thiopurine ex-
posed and unexposed IBD patients demonstrate no asso-
ciation with adverse outcomes. The single study showing 
a possibly increased risk is small and compares exposed 
patients to the general population[64]. Based on the overall 
evidence and despite the category D classification, the 
ECCO guidelines therefore consider thiopurines safe and 
well tolerated in pregnancy[2].

Methotrexate: Methotrexate is rated category X as it is 
clearly teratogenic and an abortifacient due its biological 
action as a folate antagonist. It is associated with numer-
ous foetal abnormalities and high risk of  foetal mortality 
and absolutely contraindicated for women attempting 
pregnancy[69,70]. 

Other immunosuppressants: Data on cyclosporine and 
tacrolimus mainly stems from the transplant and rheuma-
tology literature and both are rated category C[2].

Biological agents: Infliximab has been classed as catego-
ry B. It does not cross the placenta during the first trimes-
ter and hence there is no exposure in this critical phase of  
development[71]. Infliximab crosses the placenta in later 
stages of  pregnancy and may be present in the newborn 
for several weeks[71]. Safety data for infliximab are pro-
vided by three large scale studies. The Crohn’s Therapy 
Resource, Evaluation and Assessment Tool registry-a 
prospective, North American observational multi-centre 
study-enrolled infliximab-exposed and unexposed CD 
patients from 1999 to 2004[72]. No differences in miscar-
riages and neonatal complications were found between 
infliximab-exposed (117 pregnancies) and unexposed 
(49 pregnancies) women[72]. The retrospective Infliximab 
Safety Database (maintained by Centocor) found no dif-
ferences in adverse outcomes between 96 pregnancies in 
women with infliximab exposure compared to the gen-
eral population[73]. The Leuven group in Belgium treated 
29 women treated with infliximab during 35 pregnancies 
and six women with adalimumab during seven pregnan-
cies. In comparison to IBD patients without infliximab 
or adalimumab exposure, no increased risk of  adverse 
events was found[74].

Adalimumab is also classed as a category B drug and 
expected to have the same placental transfer as inflix-
imab. Apart from the Leuven experience[74] there are few 
reports on IBD patients exposed to adalimumab during 
pregnancy[75,76]. The organisation for teratology specialists’ 
registry of  women with rheumatoid arthritis compared 34 
adalimumab-exposed pregnancies to 52 pregnancies of  
healthy women and found no increased risk of  adverse 
pregnancy outcomes[77]. Certolizumab and natalizumab 
are category B and C drugs respectively, but there is cur-
rently little data on their effects in pregnancy[2].

Infliximab use in pregnancy resulted in the death of  

a 3 mo old child with disseminated Bacillus Calmette-
Guérin (BCG) after receiving the live BCG vaccination[78]. 
Live vaccinations are contra-indicated for immuno-com-
promised patients. Newborns to mothers exposed to 
infliximab and adalimumab mothers should have their 
vaccination postponed[78].

Mode of delivery
Patients with IBD (especially CD) were more likely to 
have a caesarean section in Cornish’s meta-analysis of  six 
studies (OR: 1.5, 95% CI: 1.26-1.79; P < 0.001) compared 
to the general population[29], but there was no difference 
in caesarean rates between UC and controls[29]. Concerns 
regarding the preservation of  the anal sphincter function 
and the development of  perianal disease after traumatic 
injuries occurring during vaginal delivery may partially 
explain this phenomenon. However, the chance of  devel-
oping perianal disease in women with CD without prior 
perianal involvement is low; in a population based cohort 
study from Mannitoba, Canada only one of  27 women 
without prior perianal disease developed perianal disease 
after vaginal delivery and episiotomy[79]. Conversely, in a 
self-report survey of  179 women without perianal dis-
ease, 18% reported perianal involvement after delivery[80], 
but it is possible that selection bias, that is, more women 
with than without perianal disease may have responded, 
and recall bias may have occurred[80].

A population based cohort study from Mannitoba of  
11 patients with inactive perianal disease and two single 
case reports from France and United States, revealed that 
inactive perianal disease may tolerate a vaginal delivery 
with episiotomy if  needed without risking a flare[79,81,82]. 
However, women with active perianal disease should be 
advised to have a caesarean section as a high risk of  dete-
rioration is anticipated. Delivery trauma can lead to poor-
healing in the perineum. ECCO guidelines advise that 
elective caesarean section is indicated for all women with 
perianal involvement[2] even though there is little evidence 
suggesting harm from a vaginal delivery in cases of  inac-
tive disease.

ECCO guidelines recommend mandatory caesarean 
sections after IPAA[2]. Changes in anal sphincter func-
tion are temporary and long-term disturbances seem to 
be independent of  the mode of  delivery in patients with 
IPAA[14,16,83]. The largest study of  232 females with preg-
nancies after IPAA found no difference in pouch-related 
complications between women undergoing vaginal deliv-
ery or caesarean section[84]. In another survey, functional 
pouch outcomes of  85 women with vaginal deliveries af-
ter IPAA were no different to those of  343 age matched 
women who did not have children after IPAA[85]. A Finish 
survey study of  39 women with IPAA found no differ-
ences in pouch function after 19 vaginal deliveries in 
comparison to 21 caesarean sections and the rate of  5 
tears after vaginal delivery was similar to a healthy control 
group[86]. In a cohort of  women investigated four years 
after IPAA at the Cleveland clinic, United States no clini-
cal differences were demonstrated between 20 women 
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with at least one vaginal delivery compared to 62 women 
who only had caesarean sections[87]. Subclinical differenc-
es in anorectal physiology were however demonstrated 
as women with vaginal deliveries had significantly lower 
squeeze pressure on anorectal manometry and signifi-
cantly more anal sphincter defects detected by anorectal 
sonography than those women with caesarean sections[87]. 

The ECCO guidelines state that women are at border-
line incontinence after IPAA surgery and that any further 
disruption by a vaginal delivery might compromise this[2]. 
This theoretical concern is supported by sonographic and 
manometric evidence of  sphincter dysfunction, but this 
does not translate to clinical differences in pouch func-
tion or quality of  life. Precautionary caesarean sections 
are however recommended[2].

Thus, mandatory recommendation for caesarean sec-
tions in IBD is only for very specific indications and deci-
sions should be made on a case by case basis.

Breast feeding
Breast milk provides ideal nutrition and has positive ef-
fects for the immune system of  the newborn[88]. Data on 
the protective effect of  breastfeeding against the develop-
ment of  IBD report are conflicting. Study design, recall 
bias, definition of  breast feeding (especially duration) and 
the design bias often inherent in retrospective case-control 
studies may explain some of  the differences[89]. A meta-
analysis of  17 studies found reduced ORs of  0.67 (95% 
CI: 0.52-0.86) for CD and 0.77 (95% CI: 0.61-0.96) for 
UC. The relevance of  a French case-control study report-
ing an increased risk (OR: 2.1, 95% CI: 1.3-3.4) of  devel-
oping CD[90] remains unclear, in light of  previous studies 
showing no effect or a protective effect[89,91].

Fewer patients with IBD breastfeed compared to the 
general population, and this may relate to fears about 
adverse effects of  maternal medication[92]. Most maternal 
medications can be detected in breast milk, but this does 
not always lead to biological effects in the infant.

Based on two case reports of  bloody diarrhoea in 
newborns breastfed by mothers taking sulfasalazine and 
5-aminosalicylates respectively, the American Academy 
of  Pediatrics advises against breastfeeding by mothers 
taking these medications[93-95]. In contrast, several studies 
demonstrate the safety of  sulfasalazine and 5-aminosalicy-

lates while breastfeeding by detecting low levels of  drug 
in breast milk or the infant’s serum[39,96,97]. Based on above 
evidence mothers on sulfasalazine and 5-aminosalicylates 
should not be discouraged from breastfeeding unless the 
infant develops diarrhoea. 

Since corticosteroids are found in human breast milk 
in low concentrations, women are advised to avoid feeding 
within 4 h of  taking an oral dose to reduce exposure[2,98]. 
Thiopurine and associated metabolite levels are either at 
undetectable, or extremely low levels, in human breast 
milk[99-101], while infants’ levels were undetectable[102,103]. 
Infliximab can not be detected in infants of  breastfeeding 
mothers[104], but adalimumab has been found in miniscule 
concentrations in breast milk in a single case[105]. Metho-
trexate should be avoided as it is found in breast milk[106]. 
Sulfasalazine, 5-aminosalicylates, steroids and thiopurines 
are all considered advisable during breast feeding[2] (Table 2).

Women’s beliefs and attitudes
Few studies have evaluated the perspectives of  patients 
with IBD on fertility, pregnancy, breast feeding and pre-
gnancy outcomes. Women with IBD may have fewer 
children as more stay “voluntarily childless”[107]. A survey 
of  Crohn’s and Colitis Foundation of  America members 
reported that 18% of  females with CD and 14% of  fe-
males with UC decided to stay childless compared to 6% 
of  the general population (P = 0.001 for CD, P = 0.08 
for UC). Notably, the decision to stay childless amongst 
IBD patients contrasts to the much lower “involuntary” 
childlessness rates (inability to conceive) (5% in CD, 1.7% 
in UC and 2.5% in the general population, P = NS)[107]. 
Concerns about the effect of  pregnancy on their disease, 
about passing on IBD to their children and about their 
ability to look after children were given as the main rea-
sons for voluntarily childlessness[107]. IBD patients have 
expressed a high interest in genetic testing to determine 
their future health or that of  their family members[108], 
but there are no data whether women with IBD would 
base decisions to have children on the results of  genetic 
testing should a reliable test become available.

Data from an Australian IBD cohort were recently de-
scribed by Mountifield et al[109,110] in two studies. The first 
postal questionnaire study evaluated the experience and 
views regarding fertility in 255 women with IBD and 

Table 2  Medication recommendation for pregnancy and breast feeding

Class Drugs FDA category Pregnancy advice Detection in breast milk

Aminosalicylates Sulfasalazine, balsalazide, mesalazine B Safe to use (folate supplementation for sulfasalazine) Low levels detectable
Aminosalicylates Olsalazine C Safe to use
Antibiotics Metronidazole B Safe to use
Antibiotics Ciprofloxacin Limited data; probably safe
Corticosteroids Prednisolone, budesonide C Safe to use Detectable
Thiopurines Azathioprine, 6-mercaptopurine D Safe to use Very low levels detectable
Folate antagonist Methotrexate X Absolutely contraindicated
Biological agent Infliximab B Probably safe (avoid during 3rd trimester) Not detectable
Biological agent Adalimumab B Probably safe (avoid during 3rd trimester) Very low levels detectable

FDA: Food and Drug Administration. 
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found live birth rates of  1.0 for CD, 1.2 for UC, which 
are considerably lower than those of  the general popula-
tion of  1.8[109]. This coincided with a fear of  infertility 
in 42.7% of  patients, which was particularly apparent in 
women with CD or previous surgery[109]. Unfortunately, 
the study did not report whether women fearing infertil-
ity were indeed experiencing problems conceiving. Con-
versely, women sought fertility advice only as often as the 
general population[109]. The study highlights a difference 
between the medical evidence and patients’ perception of  
infertility as patients overestimate their risk of  infertility 
largely. The second study examined the experiences and 
views of  219 women after pregnancy[110]. The patients’ 
main concern related to potential harm towards their 
pregnancy from IBD medication (84%) rather than the 
need to control active disease[110]. “Free text” responses 
suggested that women would rather “put up with the 
disease than harm my baby with medications”. The main 
concerns regarding side effects of  IBD medication re-
lated to congenital abnormalities rather than more com-
mon adverse outcomes of  pregnancy such as pre-mature 
delivery or low birth weight[110]. Of  note, some patients 
considered steroid “rescue” therapy safer than continu-
ation of  IBD maintenance medication[110]. The authors 
suggested their findings reflected a lack of  patients’ 
knowledge in the field of  IBD and pregnancy’[110]. The 
study provides insight into patients’ views: many opinions 
were contrary to current medical evidence, and women 
may make decisions based on incorrect perceptions.

Two population based Danish studies have examined 
adherence to IBD medication prior and during preg-
nancy in 58 women with CD and 63 women with UC. 
Adherence, measured by retrospective self-reporting, was 
relatively high in both CD (72%)[111] and UC (60%)[112] as 
adherence in the non-pregnant IBD population ranges 
from 55%-70%[113]. It is, however, difficult to interpret 
the study findings since there was no direct control group 
of  non-pregnant patients included and selection bias 
(responders vs non-responders) and recall bias (the ques-
tionnaires were sent years after the pregnancies) may be 
likely. Furthermore, adherence was assessed using a simple 
question rather than a validated tool. Reasons for non-
adherence were quiescent disease (59%) and a fear of  
negative effects on the unborn child (50%), while forget-
fulness was uncommon (5%)[112]. These studies highlight 
that unwanted effects of  medication play an important 
part in women’s views and influence decision making.

CONCLUSION
IBD affects women of  childbearing age and may have an 
effect on their offspring. Fertility is reduced in active CD 
and after surgery. The risk of  active disease during preg-
nancy carries a significant risk to baby and mother. The 
limited data available on patients’ beliefs and attitudes 
suggest that many women hold views contrary to medical 
evidence. Women with IBD are therefore at risk of  mak-
ing uninformed choices that could in turn lead to adverse 
outcomes. There is a need for further studies examining 

women’s views in more detail and to investigate whether 
these beliefs are driven by a lack of  knowledge. In the 
meantime, women with IBD should receive advice and 
counselling by their physician prior and during pregnancy. 
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Abstract
Gut flora and bacterial translocation (BT) play important 
roles in the pathogenesis of chronic liver disease, in-
cluding cirrhosis and its complications. Intestinal bacterial 
overgrowth and increased bacterial translocation of gut 
flora from the intestinal lumen predispose patients to 
bacterial infections, major complications and also play 
a role in the pathogenesis of chronic liver disorders. 
Levels of bacterial lipopolysaccharide, a component 
of gram-negative bacteria, are increased in the portal 
and/or systemic circulation in several types of chronic 
liver disease. Impaired gut epithelial integrity due to 
alterations in tight junction proteins may be the patho-
logical mechanism underlying bacterial translocation. 
Preclinical and clinical studies over the last decade have 
suggested a role for BT in the pathogenesis of nonal-
coholic steatohepatitis (NASH). Bacterial overgrowth, 
immune dysfunction, alteration of the luminal factors, 
and altered intestinal permeability are all involved in 
the pathogenesis of NASH and its complications. A 
better understanding of the cell-specific recognition 
and intracellular signaling events involved in sensing 
gut-derived microbes will help in the development of 
means to achieve an optimal balance in the gut-liver 
axis and ameliorate liver diseases. These may suggest 

new targets for potential therapeutic interventions for 
the treatment of NASH. Here, we review some of the 
mechanisms connecting BT and NASH and potential 
therapeutic developments.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Bacterial translocation (BT) and the derangement of  gut 
flora are of  substantial clinical relevance to patients with 
chronic liver disease and cirrhosis[1,2]. Intestinal bacte-
rial overgrowth and increased bacterial translocation of  
gut flora from the intestinal lumen predispose patients 
to bacterial infections and major complications[3,4]. Fur-
thermore, levels of  bacterial lipopolysaccharide (LPS), a 
component of  gram-negative bacteria, are increased in 
the portal and/or systemic circulation in several types of  
chronic liver disease. Bauer et al[5-7] have demonstrated 
this phenomenon in cirrhosis. Impaired gut epithelial 
integrity due to alterations in tight junction proteins may 
be the pathological mechanism underlying bacterial trans-
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location. Over the last decade, increased gut permeability 
and increased LPS levels have been described in patients 
with alcoholic and nonalcoholic steatohepatitis (NASH)[8,9]. 
Increased serum LPS levels and activation of  proinflam-
matory signaling cascades have been suggested to be im-
portant for disease progression in these settings[10]. Some 
potential mechanisms to explain the association between 
BT and liver disease associated with lipid accumulation 
and the development of  NASH are reviewed here. These 
mechanisms may suggest new targets for potential thera-
peutic interventions for the treatment of  NASH.

BACTERIAL TRANSLOCATION, THE 
INNATE IMMUNE SYSTEM AND TOLL-
LIKE RECEPTORS PLAY A ROLE IN THE 
PATHOGENESIS OF LIVER DAMAGE
Inflammation is involved in the pathogenesis of  chronic 
liver diseases and plays a role in the development of  
progressive hepatic damage and fibrosis[11]. Liver inflam-
mation and chronic damage are mediated by innate im-
mune responses that are regulated by toll-like receptors 
(TLRs)[12]. Innate immune cells can both initiate and 
maintain inflammation in the liver. Bacteria translocated 
from the gut activate lymphocytes after interacting at the 
mesenteric lymph nodes (MLNs)[13]. 

Innate immune cells, particularly dendritic cells, play 
a pivotal role in sensing pathogens and initiating adaptive 
immune responses through the activation and regulation 
of  T lymphocyte responses[11]. The immune system is 
abnormally activated in patients and experimental models 
with cirrhosis and ascites[14-16]. In an animal model of  cir-
rhosis, systemic activation of  the immune system occurs 
before ascites develop and is driven by the recirculation 
of  cells activated in hepatic lymph nodes (HLNs)[13]. In 
compensated cirrhosis, bacterial DNA fragments reach 
the MLNs, where they elicit a local inflammatory re-
sponse. Bacterial DNA fragments were present in the 
MLNs of  54% of  rats with cirrhosis, indicating their 
potential role in systemic inflammation[13]. BT initiates a 
Th1 immune response in MLNs, leading to T-helper 1 
(Th1) polarization and the production of  tumor necrosis 
factor (TNF)-α by monocytes. The recirculation of  these 
activated effector immune cells into the blood promotes 
systemic inflammation[16]. A systemic inflammatory state 
with increased circulating TNF-α has been linked to in-
creased susceptibility to bacterial infections and hemody-
namic dysfunctionin patients with cirrhosis[15-18].

The liver provides a tolerogenic immune environ-
ment for antigen-specific T cells. The liver is a source 
for activated immune cells present in the blood. The 
activation of  Kupffer cells, recruited macrophages, and 
inflammatory cells results in the production of  cytokines 
and chemokines that lead to prolonged inflammation 
and hepatocyte damage[11]. A direct correlation between 
activated cells in the blood and HLNs, but not in MLNs, 
supports this concept, as does the fact that the changes 

in activated cells in the MLNs, but not in the blood or 
HLNs, can be reversed by gut decontamination with an-
tibiotics[13]. Th1 cells and monocytes were expanded and 
activated to produce intracellular interferon (IFN)-γ and 
TNF-α in the MLNs of  cirrhotic rats[18]. Abrogation of  
bacterial translocation by bowel decontamination reduced 
the number of  activated Th1 cells and monocytes and 
normalized IFN-γ and TNF-α production by monocytes 
in the MLNs and blood[16,19]. 

TLRs and TLR ligands play roles in the pathophysi-
ology of  liver fibrosis[20,21] and cirrhosis, viral hepatitis, 
ALD[22,23], nonalcoholic fatty liver disease (NAFLD) and 
hepatocellular carcinoma[24]. TLRs recognize pathogen-
associated molecular patterns (PAMPs) to detect the pres-
ence of  pathogens[24]. TLRs are expressed on immune cells, 
Kupffer cells, endothelial cells, dendritic cells, biliary epi-
thelial cells, HSCs, and hepatocytes. TLR signaling induces 
potent innate immune responses in these cells[25]. The liver 
is constantly exposed to PAMPs, such as LPS and bacte-
rial DNA, through bacterial translocation via the portal 
vein system connecting it to the intestine[25].

TLRs also play a role in the regulation of  inflamma-
tion based on their ability to recognize endogenous TLR 
ligands, termed damage-associated molecular patterns 
(DAMPs)[24]. The liver not only represents a major tar-
get of  bacterial PAMPs in many disease states but also 
upregulates several DAMPs following injury[11,24]. The 
activation of  inflammatory cells, including Kupffer cells, 
is a crucial step in the activation of  hepatic stellate cells 
(HSCs)[25]. Intestinal bacterial microflora and functional 
TLR4, but not TLR2, are required for hepatic fibrogen-
esis[20]. Crosstalk between TLR4 signaling and transform-
ing growth factor beta (TGF-β) signaling in HSCs has 
been reported[25]. Quiescent HSCs have been shown to 
be the target through which TLR4 ligands promote fi-
brogenesis. TGF-β signaling through the TLR4-MyD88-
NFkappaB axis provides a novel link between proinflam-
matory and profibrogenic signals[20].

The activation of  innate immune responses involving 
TLR4 and complement play important roles in initiat-
ing alcoholic steatohepatitis and fibrosis[26]. Activation 
of  the TLR4-mediated myeloid differentiation factor 88 
(MyD88)-independent [TRIF/interferon regulatory fac-
tor (IRF)-3] signaling pathway in Kupffer cells contrib-
utes to alcoholic steatohepatitis, whereas activation of  
TLR4 signaling in HSCs promotes liver fibrosis[26].

Activation of  the innate immune system and increased 
release of  proinflammatory cytokines and other mediators 
play an important role in the development of  alcoholic 
liver disease (ALD)[27,28]. Alcohol-induced hepatocellular 
damage may occur as a result of  bacterial or endotoxin 
translocation due to a reduction in reticuloendothelial 
system function in ALD. The recognition of  gut-derived 
endotoxin by TLR4 contributes to the development of  
ALD through the activation of  TLR-induced intracellu-
lar signaling pathways, cytokine production, and ROS[29]. 
TLR-dependent, ethanol-induced oxidative stress is im-
portant for the regulation of  NFkappaB activation and 
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cytokine production by Kupffer cells[28]. Kupffer cells 
are stimulated by gut-derived endotoxin via mechanisms 
dependent on increased gut permeability and alcohol-
induced liver injury[28]. 

TLR9 and TLR2 mediate Propionibacterium acnes-induced 
sensitization to LPS-triggered acute liver injury in mice[12]. 
Ligand-specific activation of  TLR2 and TLR9 is depen-
dent on the common TLR adaptor MyD88. MyD88 in 
immune cells, but not in liver parenchymal cells, plays 
important roles in inflammatory cell recruitment and liver 
injury[12].

Activation of  TLR9 induces type Ⅰ interferons via 
IRF-7. Type Ⅰ IFNs were upregulated during TLR9-as-
sociated liver injury in WT mice. Type Ⅰ IFN signaling is 
therefore required for protection from immune-mediated 
liver injury[30]. Type Ⅰ IFNs have anti-inflammatory effects 
mediated by endogenous interleukin (IL)-1ra, which regu-
lates the extent of  TLR9-induced liver damage[30,31]. These 
data support the notion that bacterial translocation, the 
innate immune system and TLRs play an important role in 
the pathogenesis of  liver damage.

BACTERIAL TRANSLOCATION 
IS ASSOCIATED WITH FAT 
ACCUMULATION IN THE LIVER
Several mechanisms have been proposed to explain the 
association between fat accumulation in the liver and 
bacterial translocation. A link between inflammation and 
hepatic steatosis was shown both in alcoholic and non-
ALD[32,33]. The consumption of  refined carbohydrates in 
soft drinks has been postulated to be a key factor in the 
development of  NAFLD. 

Results of  several studies have shown that an increased 
consumption of  fructose may result in an increased lipid 
accumulation in the liver which was accompanied by insu-
lin resistance and elevated plasma triglycerides (Ackerman, 
2005 No. 260; Jurgens, 2005 No. 261; Faeh, 2005 No. 
262; Lewis, 2004 No. 264). Consumption of  high levels 
of  fructose lead to liver damage through overfeeding and 
also may induce a proinflammatory response by increasing 
intestinal translocation of  endotoxin[34]. In a mouse model, 
hepatic lipid accumulation was higher in mice consuming 
fructose; these mice also showed high endotoxin levels in 
portal blood, lipid peroxidation and TNF-α expression[34]. 

Macrophages facilitate the clearance of  cholesterol 
from the body via reverse cholesterol transport[35]. LPS 
has been shown to suppress PPARgamma1 and its down-
stream target genes in macrophages, inducing foam cell 
formation. This was proposed as a mechanism underly-
ing the development of  bacterial infection-induced ath-
erosclerosis[35]. LPS induces the expression of  adipocyte 
enhancer-binding protein 1 (AEBP1) during monocyte 
differentiation. LPS-induced down-regulation of  pivotal 
macrophage cholesterol efflux mediators, leading to foam 
cell formation, is mediated by AEBP1. AEBP1-indepen-
dent pathways contribute to the delayed effects of  LPS 

on macrophage cholesterol efflux and the development 
of  foam cells[35].

The published data support the hypothesis that bacte-
rial translocation may underlie some of  the mechanisms 
associated with fat accumulation in the liver.

BACTERIAL TRANSLOCATION IS 
ASSOCIATED WITH MITOCHONDRIAL 
DYSFUNCTION
Mitochondrial dysfunction is a pathogenic feature of  
NASH[29,36] and there is evidence that mitochondrial dam-
age contributes to apoptotic/necrotic cellular damage in 
NASH[37]. NASH is associated with an increase in reactive 
oxygen species (ROS) production in Kupffer cells and 
hepatocytes[38]. The greater the decrease in cytochrome 
and oxidase activity seen, the more significant is the in-
crease in ROS production. Mitochondrial dysfunction 
and overproduction of  ROS play key roles in the pro-
gression of  chronic hepatitis C and ethanol-induced liver 
injury. Ethanol also causes bacterial translocation in the 
intestine, and the resulting LPS activates Kupffer cells to 
produce pro-inflammatory cytokines[38]. It has been sug-
gested that NASH may also result from increased ROS 
production in Kupffer cells and hepatocytes that may 
be dependent on bacterial translocation[38]. Therefore, in 
addition to its effects which are directly or indirectly as-
sociated with fat delivery, BT may also be associated with 
mitochondrial dysfunction that further contributes to fat 
accumulation in NAFLD.

BACTERIAL TRANSLOCATION IS 
ASSOCIATED WITH THE DEVELOPMENT 
OF NONALCOHOLIC STEATOHEPATITIS
Evidence supporting a role for the liver-gut axis in the 
pathogenesis of  NAFLD has been slowly accumulating 
over the past 7 years[39-41]. Both preclinical and clinical 
data suggest an association between BT, small intestinal 
bacterial overgrowth (SIBO) and NASH[42,43]. Recently, 
the presence of  SIBO has been associated with the sever-
ity of  liver steatosis[44]. Exposure to bacterial products of  
intestinal origin, most notably endotoxin, including LPS, 
leads to liver inflammation, hepatocyte injury and hepatic 
fibrosis[43].

TLR4[45] and its coreceptor, myeloid differentiation 
factor-2 (MD-2), recognize LPS and activate proinflam-
matory signaling pathways. TLR4 can specifically rec-
ognize LPS as a danger signal and induce activation of  
inflammation-associated genes[46,47]. A 4-wk high-fat diet 
increased plasma LPS concentration two to three times[48] 
and the LPS recognition complex (TLR4 and MD-2) ac-
tivates NADPH in liver steatosis and induces fibrosis in 
a NASH model in mice. These data support the role of  
these receptors in the development of  steatosis, inflam-
mation and fibrosis in NASH[49].

Ilan Y. Bacterial translocation in NASH
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The suppression of  inflammation and immune toler-
ance are known to occur in normal livers. Suppressed 
inflammation has been shown despite bacterial coloniza-
tion in normal human livers maintaining liver immune 
homeostasis[50]. In spite of  increased bacterial coloniza-
tion of  liver tissues, lower levels of  TLR2/4 mRNA and 
TLR4 and pIKKalpha, a marker for nuclear factor-kappa 
B (NFkappaB) activation, proteins were found in liver tis-
sues from healthy subjects compared with samples from 
patients with primary biliary cirrhosis and NASH. Al-
though these data raise the question of  whether BT initi-
ates the inflammatory process in the liver or whether it is 
instead a result of  the inflammatory process, these results 
further support a role for BT in the pathogenesis of  the 
disease.

SIBO also plays a role in NASH via interactions with 
TLR-4 and the induction of  IL-8[43]. SIBO has been re-
ported to coexist with NASH[51-56]. Patients with NASH 
show higher levels of  expression of  TLR-4/MD-2 on 
CD14-positive cells[43]. Serum levels of  the proinflamma-
tory cytokine IL-8 were higher in samples from NASH 
patients than in those from control subjects and were 
correlated positively with TLR-4 expression.

Leptin is a proinflammatory cytokine associated with 
the progression of  NASH. Leptin enhanced TNF-α pro-
duction and caused a dose-dependent increase in MAPK 
activity in LPS-stimulated KCs[57]. KCs isolated from 
the leptin receptor-deficient Zucker rat (fa/fa) showed 
reduced production of  TNF-α upon stimulation with 
LPS[57]. Furthermore, treatment of  normal rats with leptin 
increased LPS-induced hepatic TNF-α production in 
vivo, and leptin receptor-deficient Zucker rats showed re-
duced hepatic TNF-α production upon addition of  LPS 
in vivo[57].

Following BT, LPS activates inflammasomes[58-60]. In-
flammasomes respond to endogenous and exogenous 
danger signals by inducing the processing of  pre-IL-1ss 

into secreted IL-1ss[36]. In the methionine-choline-defi-
cient (MCD) or high fat diet-induced models, saturated 
fatty palmitic acid activates the inflammasome and sensi-
tizes hepatocytes to LPS-induced IL-1ss release. Hepato-
cytes exposed to saturated fatty acid release danger signals 
that trigger inflammasome activation in immune cells[36]. 
LPS treatment significantly increased hepatic TNF-α 
production in MCD mice. LPS also induced a significant 
increase in TUNEL-positive cells[61]. This increase in 
apoptosis was inhibited by treatment with a neutralizing 
anti-mouse TNF receptor antibody or pentoxifylline.

In humans, dietary fructose intake has been associ-
ated with increased intestinal permeability and trans-
location of  bacterial endotoxin; plasminogen activator 
inhibitor (PAI-1) may also contribute to the development 
of  NAFLD in humans[62]. Plasma concentrations of  en-
dotoxin and PAI-1 and hepatic mRNA expression levels 
of  TLR4 and PAI-1 were higher in NAFLD patients than 
in control subjects. Serum levels of  LPS-binding protein 
(LBP) were increased in obese patients with NAFLD[63]. 
Plasma levels of  LBP were further increased in patients 
with steatohepatitis when compared with patients with 
simple steatosis[63]. TNF-α mRNA expression in liver tis-
sue was significantly higher in patients with NASH than 
in control subjects and was correlated with the increase 
in plasma levels of  LBP.

BT is also involved in nitric oxide synthase (NOS) 
upregulation through the activation of  both endothelial 
NOS and inducible NOS[64-66]. The prevention of  intestinal 
gram-negative bacterial translocation by norfloxacin cor-
rects circulatory changes by decreasing nitric oxide (NO) 
production in cirrhosis. Norfloxacin administration signifi-
cantly decreased the incidence of  gram-negative bacterial 
translocation and production of  proinflammatory TNF-α, 
IFN-γ and IL-6[66,67].

The published data support the hypothesis that BT 
is associated with the development and maintenance of  
continued lipid accumulation, inflammation and fibrosis 
in patients with NASH (Figure 1).

BACTERIAL TRANSLOCATION IS CLINI-
CALLY RELEVANT IN CHRONIC LIVER 
DISEASE
BT was shown to affect the development of  chronic liver 
disease and the associated complications. It is also associ-
ated with an impaired prognosis[68]. Bacterial DNA is a 
marker of  bacterial translocation and can be detected in 
uninfected patients with cirrhosis and ascites[69,70]. It is as-
sociated with a marked inflammatory response and with 
the activation of  the inducible form of  NOS and the re-
lease of  NO. A similar effect is observed in patients with 
SBP[68].

The induction of  cirrhosis in rats by CCl4 led to pro-
longed oxidative stress in the intestine, accompanied by 
increased sugar content in both the intestinal brush bor-
der and the surfactant layers[71]. This was accompanied by 
changes in bacterial flora in the gut, and these bacteria 
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Figure 1  Bacterial translocation is associated with the development of 
nonalcoholic steatohepatitis. NASH: Nonalcoholic steatohepatitis.
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showed increased hydrophobicity and adherence to the 
mucosa. These data support the notion that oxidative stress 
in the intestine during cirrhosis alters mucosal glycosylation 
and increases the hydrophobicity of  the luminal bacteria, 
enabling increased bacterial adherence to epithelial cells, 
facilitating BT[71].

In a human trial, the presence of  bacterial DNA was 
associated with aggravation of  peripheral vasodilation 
and with a worsening of  intrahepatic endothelial dysfunc-
tion[68]. Patients exposed to bacterial DNA had a signifi-
cantly lower mean arterial pressure and systemic vascular 
resistance. In response to increased blood flow caused 
by postprandial hyperemia, these patients had greater 
increases in hepatic vein pressure gradient and impaired 
hepatic vasorelaxation[68]. In contrast, a prospective trial 
of  151 patients with cirrhosis and ascites found no evi-
dence that the detection of  bacterial DNA in the ascites 
of  cirrhotics is of  clinical or diagnostic relevance to the 
detection of  SBP[72]. This discrepancy in the published 
data remains to be resolved.

Increased intestinal permeability and abnormal motil-
ity were frequently observed in cirrhotics without ascites, 
even in the absence of  evidence of  BT. It has been sug-
gested that these factors facilitate BT and thus precede 
it[73]. Systemic reactivity to microbial components as mea-
sured by the development of  antibodies was suggested to 
reflect the compromised mucosal immunity in cirrhotic 
patients[74]. The presence of  bacterial DNA in blood and 
ascites correlates with BT and is frequent in patients with 
advanced cirrhosis without overt infection; BT can also 
precede the occurrence of  overt bacterial infection in 
patients with cirrhosis[73]. Altered permeability of  the 
mucosa and deficiencies in host immune defenses that 
allow bacterial translocation from the intestine due to in-
testinal bacterial overgrowth have been implicated in the 
development of  SBP[71]. Altered intestinal permeability 
was observed in 45% of  patients with cirrhosis and was 
associated with Child-Pugh status, with the presence of  
ascites, and with a history of  SBP[75,76]. SIBO is much 
more frequent in patients with cirrhosis and was highly 
correlated with BT, especially in ascitic patients[77].

Higher levels of  Enterobacteriaceae were identified in 
cirrhotic rats than in healthy rats, and Bifidobacteria treat-
ment resulted in lower levels of  Enterobacteriaceae[61]. These 
results suggest the existence of  an imbalance in the gut 
flora in cirrhotic rats, which may further result in BT and 
altered liver function[61].

BT to MLNs in cirrhosis has been linked to impaired 
host defense in these patients[78]. BT and endotoxemia are 
contributing factors in the expansion of  specific subsets 
of  lymphocyte populations[79]. In a clinical trial of  40 
cirrhotics, the percentage of  activated monocytes and T 
lymphocytes was increased in patients, and the propor-
tions of  effector cells and of  those expressing CD95+ 
were higher. LBP modulates the biologic activity of  
circulating endotoxin, and its levels have been shown to 
rise in response to LPS[80-82]. Patients with elevated levels 
of  LBP showed higher frequencies of  regulatory T cells 

(CD4+CD25+FoxP3+) than those with normal levels 
of  LBP[79]. In a rat model, BT was associated with an in-
crease in the phagocytic capacity of  polymorphonuclear 
leukocytes[78]. Both TNF-α and IL-6 were increased in 
patients with translocation of  bacterial DNA from gram-
positive microorganisms regardless of  endotoxin and 
LBP levels[83].

These data suggest that BT is of  clinical relevance in 
patients with chronic liver disease and may be a contrib-
uting factor in the development of  liver disease and the 
degree of  severity of  the associated complications.

BACTERIAL TRANSLOCATION: 
IMPLICATIONS FOR THERAPY
Detoxification of  gut-derived toxins and microbial prod-
ucts from gut-derived microbes is one function of  the 
liver. Levels of  bacterial LPS are increased in the portal 
and/or systemic circulation in several types of  chronic 
liver diseases. Increased gut permeability and LPS also 
play roles in several liver disorders. NASH is associated 
with increased serum LPS levels and the activation of  
proinflammatory signaling[8,11], both of  which suggest BT 
as a potential therapeutic target in these disorders.

Probiotics have been suggested as a treatment for 
different types of  chronic liver damage because of  their 
abilities to augment intestinal barrier function and to pre-
vent BT[84,85]. The administration of  probiotics reduced 
BT in a rat model[86]. Both viable and heat-killed yeast 
cells prevented BT. This effect was suggested to be the 
result of  an immune modulatory effect and the mainte-
nance of  gut barrier integrity[87,88]. Oral treatment with 
viable or heat-killed Saccharomyces cerevisiae strain UFMG 
905 prevented BT in a murine model of  intestinal ob-
struction. Treatment with either viable or heat-killed yeast 
reduced intestinal permeability and increased IL-10 levels. 
Orally administered probiotics, nonpathogenic Escherichia 
coli, and gentamicin decreased BT and attenuated liver 
damage, decreasing levels of  TNF-α, IL-6, IL-10 and 
IL-12[89]. An enteral diet supplemented with Chlorella sp. 
microalgae had significant protective effects on the intes-
tinal mucosal barrier in a rat model of  obstructive jaun-
dice and reduced BT[90].

Oral treatment with resveratrol, curcumin or simvas-
tatin ameliorated small intestinal inflammation by main-
taining gut barrier function, preventing BT, and decreas-
ing Th1-type immune responses[91]. Oral administration 
of  these compounds increased regulatory T cell numbers 
and augmented intestinal epithelial cell regeneration 
in the ileum. Levels of  the anti-inflammatory cytokine 
IL-10 in the ileum, MLNs and spleen were increased, 
whereas the proinflammatory cytokines IL-23p19, IFN-γ 
and TNF-α were decreased[91]. Treated animals displayed 
fewer proinflammatory enterobacteria and enterococci 
and higher anti-inflammatory lactobacilli and Bifidobac-
teria loads.

Glutamine decreased intestinal permeability and BT to 
physiologic levels in treated animals and preserved intesti-
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nal barrier integrity[92]. Arginine supplementation reduced 
intestinal permeability and BT, leading to mucosal ileum 
preservation[93]. A specific nutritional combination rich in 
protein, L-leucine, fish oil and specific oligosaccharides 
resulted in reduced BT along with reduced production of  
proinflammatory cytokines[94], and supplementation with 
honey in the presence of  obstructive jaundice amelio-
rated BT[95].

Treatment with an anti-TNF-α mAb in a model of  
CCl4-induced cirrhosis decreased the incidence of  BT 
in a TNF-α- and TNF-α receptor-independent manner 
without increasing the risk of  systemic infection[96].

Desferrioxamine attenuated mucosal injury from post-
hepatectomy liver dysfunction, and this was associated 
with decreased BT in the portal circulation, decreased 
portal endotoxin levels, and decreased systemic endotoxin 
levels[97]. Low concentrations of  histamine inhibited bac-
teria from entering epithelial cells and inhibited intestinal 
BT[98]. In histamine-treated rats, the average numbers of  
bacteria in the liver and lymph nodes were much lower 
than those in control rats.

The sympathetic nervous system is activated in ad-
vanced cirrhosis, particularly in the splanchnic circulation, 
and exerts potent immunosuppressive actions. Splanchnic 
sympathectomy reduced bacterial translocation to MLNs 
in cirrhotic rats[99].

TREATMENT OF BACTERIAL TRANS-
LOCATION AS A MEANS OF TREATING 
NONALCOHOLIC STEATOHEPATITIS
In light of  the potential role of  BT in the development 
of  steatosis, steatohepatitis and fibrosis, several studies 
have evaluated the potential effects of  treatments aimed 
at BT.

Probiotics exhibit immunoregulatory and anti-inflam-
matory activity. Administration of  the probiotic VSL#3 
modulated liver fibrosis via the modulation of  collagen 
expression and impairment of  TGF-β signaling in a 
NASH model[100]; however, this treatment did not prevent 
inflammation and steatosis. 

Oxidative stress contributes to the development of  
NASH, suggesting that antioxidants, which decrease oxi-
dative stress, may ameliorate the disease. Increasing he-
patic α- or γ-tocopherol protected against LPS-induced 
NASH by decreasing liver damage, lipid peroxidation, 
and inflammation without affecting body mass or hepatic 
steatosis[101]. Resveratrol decreased NAFLD severity in 
rats via TNF-α inhibition and antioxidant activity[102]. Spe-
cifically, it decreased fat deposition, increased levels of  
activity of  superoxide dismutase, glutathione peroxidase 
and catalase and decreased NOS in the liver.

LPS-induced liver injury was prevented by 8A8, a syn-
thetic triglyceride containing an arachidonic acid branch, 
through the inhibition of  TNF-α and NO production by 
hepatic macrophages[103]. Stimulation of  peripheral blood 
mononuclear cells from NASH patients with LPS resulted 

in a strong increase in TNF-α production. Pentoxifylline 
caused a dose-dependent suppression of  TNF-α secre-
tion, suggesting that it may be able to serve as a potential 
treatment for NASH[104].

In an open-label trial, subjects with biopsy-proven 
NASH and insulin resistance were orally treated for 30 
days with an IgG-enhanced fraction of  enterotoxigenic 
Escherichia coli colostrum[105] (Imm-124©, Immuron, Aus-
tralia). An alleviation of  insulin resistance was detected 
by a decrease in fasting glucose levels, an elevation in the 
early peak of  insulin secretion following glucose adminis-
tration, improved OGTT, improved insulin secretion dur-
ing the OGTT, and improvements in the HOMA score 
and HBA1C levels. Treated patients showed a decrease in 
serum levels of  triglycerides, total cholesterol, and LDL 
cholesterol. A decrease in liver enzymes was noted in 
most treated patients. These effects were associated with 
increased serum levels of  GLP-1 and adiponectin. An 
increase in CD25+ and CD4+CD25+Foxp3+ regulatory 
T cells was also noted. An anti-LPS effect along with the 
promotion of  regulatory T cells suggests that a combined 
mechanism is responsible for these effects.

CONCLUSION
Alterations to intestinal microbiota seem to play impor-
tant roles in the induction and promotion of  liver dam-
age progression and in the development and severity of  
NASH. Bacterial overgrowth, immune dysfunction, alter-
ation of  the luminal factors, and altered intestinal perme-
ability are all involved in the pathogenesis of  NASH and 
its complications, including progression to cirrhosis, in-
fections, hepatic encephalopathy, SBP and renal failure[84]. 
A better understanding of  the cell-specific recognition 
and intracellular signaling events involved in sensing gut-
derived microbes will help in the development of  means 
to achieve an optimal balance in the gut-liver axis and 
ameliorate liver diseases[36]. The data described here sup-
port the notion that BT may serve as a new therapeutic 
target for NASH. 

BT induces an immune imbalance leading to a state 
of  chronic inflammation, fat accumulation in the liver, 
mitochondrial dysfunction and NASH.
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Abstract
AIM: To assess whether juvenile chronic ferric iron in-
gestion limit colitis and dysbiosis at adulthood in rats 
and mice.

METHODS: Two sets of experiments were designed. 
In the first set, recently weaned mice were either orally 
administered ferrous (Fe2+) iron salt or ferric (Fe3+) mi-
croencapsulated iron for 6 wk. The last week of experi-
ments trinitrobenzene sulfonic acid (TNBS) colitis was 
induced. In the second set, juvenile rats received the 
microencapsulated ferric iron for 6 wk and were also 
submitted to TNBS colitis during the last week of experi-
ments. In both sets of experiments, animals were sac-
rificed 7 d after TNBS instillation. Severity of the inflam-
mation was assessed by scoring macroscopic lesions 
and quantifying colonic myeloperoxidase (MPO) activity. 
Alteration of the microflora profile was estimated using 

quantitative polymerase chain reaction (qPCR) by mea-
suring the evolution of total caecal microflora, Bacte-
roidetes, Firmicutes and enterobacteria.

RESULTS: Neither ferrous nor ferric iron daily exposu-
res at the juvenile period result in any effect in control 
animals at adulthood although ferrous iron repeated ad-
ministration in infancy limited weight gain. Ferrous iron 
was unable to limit the experimental colitis (1.71 ± 0.27 
MPO U/mg protein vs  2.47 ± 0.22 MPO U/mg protein in 
colitic mice). In contrast, ferric iron significantly prevent-
ed the increase of MPO activity (1.64 ± 0.14 MPO U/mg 
protein) in TNBS-induced colitis. Moreover, this positive 
effect was observed at both the doses of ferric iron used 
(75 and 150 mg/kg per day po - 6 wk). In the study we 
also compared, in both rats and mice, the consequences 
of chronic repeated low level exposure to ferric iron (75 
mg/kg per day po - 6 wk) on TNBS-induced colitis and 
its related dysbiosis. We confirmed that ferric iron lim-
ited the TNBS-induced increase of MPO activity in both 
the rodent species. Furthermore, we assessed the ferric 
iron incidence on TNBS-induced intestinal microbiota 
dysbiosis. At first, we needed to optimize the isolation 
and quantify DNA copy numbers using standard curves 
to perform by qPCR this interspecies comparison. Us-
ing this approach, we determined that total microflora 
was similar in control rats and mice and was mainly 
composed of Firmicutes and Bacteroidetes at a ratio of 
10/1. Ferric juvenile administration did not modify the 
microflora profile in control animals. Total microflora 
numbers remained unchanged whichever experimental 
conditions studied. Following TNBS-induced colitis, the 
Firmicutes/Bacteroidetes ratio was altered resulting in a 
decrease of the Firmicutes numbers and an increase of 
the Bacteroidetes numbers typical of a gut inflammatory 
reaction. In parallel, the subdominant population, the 
enterobacteria was also increased. However, ferric iron 
supplementation for the juvenile period prevented the 
increase of Bacteroidetes and of enterobacteria num-
bers consecutive to the colitis in both the studied spe-
cies at adulthood.
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CONCLUSION: Rats and mice juvenile chronic ferric 
iron ingestion prevents colitis and dysbiosis at adulthood 
as assessed by the first interspecies comparison.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
In humans neonates never carry iron deficiency at birth 
and needs remain low during the first trimester of  life 
because of  a slowdown of  red blood cells production as 
well as physiological hemolysis[1]. From the fourth month 
of  life, iron requirements increase and appropriate diet 
supply, generally corresponding to food diversification, 
becomes necessary. Western countries recommendations 
leaded to iron fortification of  food for infants to prevent 
any risk of  anemia. Classical forms of  supplementation 
are ferrous (Fe2+) salts but are associated with frequent 
gastrointestinal side effects leading to poor compliance. 
In addition to this, presence of  ferrous iron in the colon 
could select gut microbiota for humans that are unfavor-
able to the host because iron is known to be essential for 
the growth and virulence of  many pathogenic enterobac-
teria[2]. To limit the unfavorable effects linked to ferrous 
iron absorption, food industry manufacturers have the 
possibility of  using ferric (Fe3+) forms mainly as of  pyro-
phosphate. However, this form displays not only a poor 
solubility in the food matrix but also a low bioavailability. 
To bypass these constraints, ferric pyrophosphate may 
be microencapsulated in lecithin beads (Lipofer®). The 
incidence of  the daily ingestion of  this form in juvenile 
individuals has not yet been investigated.

At the gut level, and particularly during the perinatal 
period, the crosstalk between bacteria, epithelium and 
lymphoid tissue is establishing. This crosstalk is involved 
in modelling the memory mechanisms of  systemic im-

munity response[3], when those systems mature to reach 
the full functionality of  the intestinal barrier. In humans, 
postnatal dominant colonisation by facultative anaerobic 
bacteria, among which we find enterobacteria, quickly 
gives way to dominant anaerobic bacteria development 
within a couple of  weeks, in order to reach an equilibrium 
during the second year of  life[4]. Intestinal microbiota is 
a large and extremely complex ecosystem, constituted by 
dynamic and diverse bacterial communities. The adult 
human tract environment harbours different bacterial 
phylotypes superior to 400 different species[5,6]. In perma-
nent contact with the mucosal surface through symbiotic 
interactions, it takes a prominent part on the maintenance 
of  health of  the host[7]. A 10/1 Firmicutes/Bacteroidetes 
ratio is considered to be representative of  an health sta-
tus[8] which reflects a stable equilibrium between bacteria. 
However, some groups, that are generally subdominant, 
such as enterobacteria may become potentially pathogenic 
and can affect host homeostasis[9]. Several studies have 
described a higher level of  Bacteroidetes and enterobac-
teria associated to a reduction of  Firmicutes in inflamma-
tory bowel disease (IBD) patients[9-14]. IBD are a group of  
chronic disorders of  the gastrointestinal tract and include 
Crohn’s disease (CD) and ulcerative colitis. The patho-
genesis is not known but involves, at least in part a loss 
of  tolerance towards the commensal colonic microbiota. 
Therefore, disruption of  this crosstalk results in a deregu-
lation of  the immune response to the gut microbiota and 
may lead to development of  chronic inflammation such 
as IBD[9].

Since ferrous oral iron may be at the origin of  entero-
bacteria proliferation[2] and since this development may 
contribute to intestinal mucosal barrier function deregula-
tion leading to intestinal inflammation, we hypothesized 
that ferric iron supplementation may modulate micro-
biota profile settlement when given to juvenile animals 
and could modify the course of  an experimental colitis in 
young adults. However, as individuals vary in their resis-
tance to pathogenic stimuli and as interspecies compari-
sons remain difficult to address, particularly when analys-
ing microbiota profile, this study aimed at: (1) comparing 
the incidence of  microencapsulated ferric iron with the 
ferrous iron on experimental colitis in mice; (2) evaluating 
the dose-response effect of  ferric iron in this model of  
inflammation in mice; and (3) analyzing the consequences 
of  repeated exposure to ferric iron on a moderate colitis 
and microbiota dysbiosis on two models of  rodents (mice 
and rats) to allow interspecies comparisons.

MATERIALS AND METHODS
Chemicals
Ferric pyrophosphate microencapsulated in lecithin beads 
(Lipofer®) used in this study was kindly provided as a 
stable solution by Lipofoods SA (Barcelona, Spain). An-
esthetics were obtained from Centravet (Nancy, France). 
All other chemical molecules were purchased from Sigma-
Aldrich SA (St Quentin-Fallavier, France) except if  speci-
fied.
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Animals
Experiments were conducted using male BalbC mice 
(15-17 g) and male Wistar rats (100-125 g) obtained from 
HARLAN Laboratories, Ganat (France). All animals were 
housed in stainless steel cages under controlled tempera-
ture (21 ± 1 ℃) and a 12 h light-dark cycles. They had free 
access to food (A04, SAFE, Epinay sur Orge, France) and 
water throughout the study. This study was performed 
at the Animal House Unit of  the Institut Polytechnique 
LaSalle Beauvais (policy agreement No. A60) and received 
prior approval from both the animal protocol review com-
mittee and of  the Picardie Council veterinary office.

Treatments
Two sets of  experiments have been designed. In the first 
series of  experiments, 4 groups of  16 male BalbC mice 
(10-12 g) were used. Three groups received either a solu-
tion of  ferrous iron (150 mg/kg per day po) or ferric iron 
(75 or 150 mg/kg per day po - Lipofer®) daily for 6 wk. 
The 4th group received water. 2,4,6 Trinitrobenzene sul-
fonic acid (TNBS) colitis was induced the last week of  the 
experiment on half  of  each group of  animals (n = 8/sub-
group). The other half  served as control (sham colitis). 
In the second series of  experiments, 16 male Wistar rats 
(75-100 g) were used. The animals were separated in two 
groups receiving either ferric iron (Lipofer®) at the dose 
of  75 mg/kg per day po or water under the same condi-
tions for 6 wk. Colitis was also induced during the last 
week of  the experiment. Half  of  each group of  animals 
were submitted to TNBS colitis (n = 8), the other half   
(n = 8) served as a control (sham colitis). Body weight 
was monitored throughout the experiments.

Experimental colitis
Among the chemically induced experimental colitis[15], 
TNBS in 50% ethanol is one of  the classical models be-
cause this mix induces a barrier break resulting in severe 
colitis with penetrating ulcers, a reduced colon length 
and thickening of  the colon wall as observed in IBD pa-
tients[16]. Mice were fasted overnight prior to induction of  
colitis but were allowed free access to water. They were 
anesthetized with a mixture (50% v/v) of  ketamine and 
xylazine (100 mg/mL) diluted in saline (NaCl 0.9%-w/v) 
at a dose 1 mL/kg ip. TNBS (Sigma Aldrich, France) di-
luted in 50% of  ethanol (v/v) was injected via a polyeth-
ylene catheter inserted at 4 cm from the anus at the dose 
of  100 mg/kg in 25 µL to induce an experimental colitis. 
Control mice were also anesthetized and received an equal 
volume of  saline. Following instillation mice were main-
tained in a head-down position for 2 min and received  
0.2 mL sc of  saline to prevent dehydration. Their awak-
ening was closely monitored. Mice were sacrificed 7 d 
later. Rats were anesthetized with the same mixture of  
anesthetics at the dose of  5 mL/kg ip and the solution 
of  TNBS was administered at 7 cm from the anus at the 
dose of  40 mg/kg in 100 µL. Saline (0.5 mL sc) was ad-
ministered to prevent dehydration. Rats were sacrificed 
7 d later. At sacrifice, macroscopic lesions were evalu-

ated and pieces of  proximal colon (1 cm from the caeco-
colonic junction) and caecal content were collected, snap 
frozen and stored at -80 ℃ until further evaluation in 
both rat and mice experiments.

Assessment of the inflammatory reaction
Macroscopic damage scores: After sacrifice, the colon 
was removed immediately and severity of  colonic mucosal 
alteration was determined according to a modified scale 
of  Wallace et al[17]. Briefly, determination of  the inflamma-
tory damage was based on the presence of  mucosal hy-
peraemia and bowel wall thickening, presence and extent 
of  ulceration and necrosis, and the event of  adhesions 
and diarrhea. Final quotation was ranging from 0 (normal 
appearance) to 10 (severe damage).

Myeloperoxidase assay: Myeloperoxidase (MPO) activ-
ity, a marker of  polynuclear neutrophils, was measured 
in pieces of  colon adjacent to the instillation point as 
described previously[18]. Briefly, frozen pieces of  the pro-
ximal colon were homogenised in a phosphate buffer (50 
mmol/L, pH = 6) containing hexadecyl trimethyl ammo-
nium bromide (0.5% w/v) with a tissue lyser Ⅱ (Qiagen, 
France). The homogenates were submitted to 3 cycles of  
freezing/thawing (Liquid N2, 1 min/37 ℃, 10 min) and 
then further disrupted with a sonicator (Bioblock scien-
tific, France) and then centrifuged (6000 g at 4 ℃ for 15 
min). Supernatants were collected for measuring MPO 
activity and total protein contents. Samples were diluted 
into a reaction buffer containing O- dianisidine dihydro-
chloride (1 mg/mL) and hydrogen peroxide (3 × 10-4 % 
v/v). Human MPO from purified neutrophils was used as 
a standard. The absorbance was measured after 10 min of  
incubation at 450 nm. Total protein content was assessed 
from the supernatants according to Lowry’s method (Bio 
Rad DC Protein Assay, France).

Real time quantitative polymerase chain reaction for 
microflora quantification 
As we planned to assess microflora DNA from caecal con-
tent as well as comparing two species to validate the repeat-
ability, we aimed at optimizing the bacterial DNA extrac-
tion by improving the extraction procedure of  Gram posi-
tive bacteria and by determining the appropriate amount 
of  the initial sample to treat.

DNA extraction: Total DNA from caecal samples (25, 50, 
100 and 200 mg content) was extracted using the Qiamp 
DNA stool Mini Kit (Qiagen, France). Before proceeding 
according to the manufacturer’s recommendations, frozen 
samples were lysed in an ASL lysis buffer and incubated 
for 3 consecutive cycles of  freezing/thawing (Liquid N2, 
1 min/37 ℃, 10 min). The lysates were clarified by cen-
trifugation (14 000 g at 4 ℃ for 3 min). Polymerase chain 
reaction (PCR) inhibitors and impurities were absorbed by 
action of  an inhibitex tablet (Qiagen). The supernatants 
were collected following a second centrifugation and DNA 
was automatically purified in the Qiacube automat (Qiagen, 
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France) using Qiamp Minispin columns. Concentrations 
were determined on a Hellma TrayCel using a Biophotom-
eter (Eppendorf, France). Absorbance ratios at 260/280 
and at 260/230 were determined to quantify and assess the 
purity of  DNA samples.

Plasmids for standard curves: Competent DH10b cells 
were used for the cloning experiments described previ-
ously[19]. The recombinant plasmids containing specific 
16S rRNA gene inserts either from Firmicutes, or Bac-
teroidetes, or enterobacteria or a consensus sequence for 
total microflora, were purified using a HiSpeed Plasmid 
Maxi kit (Qiagen, France). DNA concentration was deter-
mined following measurement of  optical densities both at 
260 nm and 280 nm before converting it into 16S rRNA 
gene copy numbers as described previously[19]. Standard 
curves were established from serial dilutions of  recom-
binants plasmids performed using real-time quantitative 
PCR. Copy numbers of  the plasmid were calculated fol-
lowing a previously established equation [Copy numbers 
= 6.02 × 1023 (copy/mol) × DNA amount (g)/DNA 
length (dp) × 660 (g/mol per dp)][20].

Real time polymerase chain reaction: Two pairs of  pri-
mers (enterobacteria and Firmicutes) corresponding to 
specific bacterial regions targets within 16S rRNA gene 
were designed (Table 1). The two other pairs used (Total 
Flora and Bacteroidetes) had already been designed[21-23]. 
qPCR was performed using an ABI Prism 7300 sequence 
detector system (Applied Biosystems, France) on both 
plasmids and samples extracted DNA. Reactions were 
performed in duplicate using the Sybr Green PCR master 
mix (Qiagen, France) in a final volume of  25 µL with 0.3 
µmol/L final concentration of  each primer and appro-
priate dilutions of  DNA samples. Amplification was initi-
ated at 95 ℃ for 3 min to activate Taq plus DNA poly-
merase followed by 40 cycles at 95 ℃ for 3 s and 61 ℃ 
for 30 s. Two consecutive tenfold series of  dilutions were 
realized to verify the linearity (slope of  -3.32). A melting 
step was added and curves were analysed to look for any 
unspecific amplification. Standard curves were obtained 
following amplification under similar conditions of  dif-
ferent samples containing different numbers of  cop-
ies from the respective specific clones of  the targeted 

gene. PCR efficiency (E) was calculated according to the 
equation from the standard curve: E = 10 -(1/ slope) -1 
according to Ibekwe and Grieve[24]. qPCR was realised 
using the cycle number threshold (Ct) and was based on 
the calculated standard curves. Each qPCR assay system-
atically included control reactions performed in parallel 
to the samples.

Statistical analysis
Results were expressed in mean ± SD error to the mean. 
Macroscopic lesions scores were compared using the Wil-
coxon test for non parametric data followed by the Dunn 
post-test. For all the others parameters, data were submit-
ted to an ANOVA followed by the Tuckey post-test. A 
value of  P < 0.05 was considered to be significant.

RESULTS
Optimization of DNA isolation and quantification of 
microflora for realising interspecies comparison
Because of  high inter- and intra-species variations, we aim-
ed at improving the DNA extraction steps by determining 
the best amount of  caecal content to use and by adding 
the preliminary step to improve the extraction of  Gram 
positive bacteria. The best yield of  DNA extraction was 
obtained when using 100 mg of  caecal content and by 
adding a preliminary thermic lysis step (data not shown). 
Specificity of  the 16S rRNA gene targeted primers used 
for qPCR was tested both in silico and using pure DNA 
extracts from specific target strains (positive controls) and 
by confronting it to no target species (negative controls). 
Selected primers (Table 1) were run and the specificities 
of  the amplification products were confirmed by the 
analysis of  the dissociation curve in both caecal samples 
and DNA controls. We thus determined that a unique tar-
get gene was amplified for each species. Analysis of  the 
regression curve for Ct values obtained from serial dilu-
tion of  DNA samples showed a linear correlation for all 
target DNA regions; for all the microbiota species stud-
ied, the coefficient of  correlation (r²) was higher than 0.97 
and amplification efficiencies were between 100 % and 
120 % which involves curve slopes ranging from -3.29 to 
-2.9 (Table 1). All below mentioned analyses have been 
performed under those conditions.
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PCR assay Primers Primers Sequences 5’→3’ Accession number 
(NCBI)

Linear regression curves with 
coefficient of correlation

Sources of reference

Total Bacteria UnivF TCCTACGGGAGGCAGCAGTG - Y = -2.941 x + 36.580 Watanabe et al[21], 2001
UnivR TTACCGCGGCTGCTGGCACG r² = 0.9997 Nadkarni et al[22], 2002

Bacteroidetes BacF CCTWCGATGGATAGGGGTT - Y = -2.908 x + 35.839 Firmesse et al[23], 2008
BactR TCCCCAGGTGGAATACTTAACG r² = 0.9995

Enterobacteria EntF CATTGACGTTACCCGCAGAAGAA AX110239/AX109631 Y = -3.192 x + 36.762 This study
EntR CGCTTGCACCCTCCGTATTA AF293850/U26176 r² = 0.9747

Firmicutes FirmF ACCCGCGTCTGATTAGCTAGTT M59090/L34627 Y = -3.298 x + 39.136 This study
FirmR CCTCTCAGGCCGGCTACTG Y10584/FJ345661 r² = 0.9924

Primers sequences were designed using the following website: www.ncbi.nlm.nih.gov/BLAST/. PCR: Polymerase chain reaction; NCBI: National Center 
for Biotechnology Information.

Table 1  Primers used for real-time polymerase chain reaction amplification of 16S rRNA  gene
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Effects of ferric iron on TNBS colitis
Repeated daily ingestion of  ferrous iron (150 mg/kg 
per day po - 6 wk) by juvenile mice did not prevent the 
induction of  a TNBS-induced moderate colitis. In fact, 
juvenile ferrous iron daily exposure failed to limit macro-
scopic lesions (Figure 1A) in TNBS treated mice. In con-
trast, juvenile ferric iron prevented these lesions (Figure 
1A) in inflamed mice. Furthermore, while TNBS enema 
resulted in an increased MPO activity in controls (2.47 
± 0.22 MPO U/mg protein vs 0.91 ± 0.09 MPO U/mg 
protein), we did not observe any significant reduction of  
MPO activity in mice exposed to a repeated ingestion of  
ferrous iron (1.71 ± 0.27 MPO U/mg protein vs 2.47 ± 
0.22 MPO U/mg protein in the TNBS group) (Figure 
1B). In contrast, the daily exposure of  juvenile mice to 
the same dose of  ferric iron (150 mg/kg per day po - 6 
wk) was able to limit the inflammatory response since 
MPO activity was significantly lower (P < 0.05) (1.64 ± 
0.14 MPO U/mg protein vs 2.47 ± 0.22 MPO U/mg 
protein in the TNBS group) (Figure 1B). Furthermore, 
we observed that before inducing TNBS colitis (5 wk of  
treatment), mice treated with ferrous iron put on signifi-
cantly (P < 0.05) less weight than mice treated with ferric 
iron and controls (124.6% ± 1.12% and 136.6% ± 1.33 

% vs 143.7% ± 2.29 % in control, respectively).

Ferric iron juvenile supplementation and dysbiosis
We also aimed at determining the dose-response effect of  
ferric iron supplementation on the same model of  colitis 
in mice.

In control animals, the repeated administration of  
both 75 and 150 mg/kg per day po (6 wk) of  ferric iron 
did not result in any alteration of  growth, nor did it result 
in colonic inflammation or an alteration of  the micro-
flora profile. In fact, weight gain under iron treatment 
remained similar whichever species considered (142.7% 
± 2.66% for 75 mg/kg per day and 136.6% ± 1.33 % for 
150 mg/kg per day vs 143.7% ± 2.29 % in controls). Sim-
ilarly, no macroscopic alterations of  the gut mucosa have 
been observed on mice following either the low or the 
high chronic ferric supplementation (Figure 2A). Those 
results were correlated to low levels of  MPO activity in 
the colonic mucosa following exposure to both doses 
of  ferric iron (1.65 ± 0.21 MPO U/mg protein and 1.58 
± 0.11 MPO U/mg protein for respectively 75 and 150 
mg/kg per day ferric iron po vs 0.91 ± 0.09 MPO U/mg 
protein in controls) (Figure 2B). Daily consumption of  
ferric iron by juvenile rodents did not modify the bacte-

Figure 1  Effect of a 6 wk juvenile ingestion of ferrous (150 mg/kg per day po) vs ferric (150 mg/kg per day po) iron on the inflammatory response at adult-
hood to a trinitrobenzene sulfonic acid-induced colitis in mice. A: Macroscopic damage scores in non-inflamed (sham-colitis) and inflamed (trinitrobenzene sulfonic 
acid, TNBS) mice; B: Colonic myeloperoxidase (MPO) activity in non-inflamed (sham-colitis) and inflamed (TNBS) mice. Data are expressed as mean ± SE (n = 8 per 
group). aP < 0.05 vs TNBS-treated group, bP < 0.01 vs Sham-colitis.
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Figure 2  Effect of a 6 wk juvenile ferric iron administration (75 and 150 mg/kg per day po) on the inflammatory response at adulthood to a trinitrobenzene 
sulfonic acid-induced colitis in mice. A: Macroscopic damage scores in non-inflamed (sham-colitis) and inflamed trinitrobenzene sulfonic acid (TNBS) mice; B: Co-
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vs TNBS-treated group, dP < 0.01 vs Sham-colitis.
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ria profile since the total flora number remained at circa 
11.8 log copy number/g of  caecal content (Figure 3A). 
The Firmicutes number was estimated to be around 11.4 
log copy number/g of  caecal content (Figure 3B); The 
Bacteroidetes number remained around 10.5 log copy 
number/g caecal content (Figure 3C); and enterobacteria 
levels at 8.7 ± 0.1 log copy number/g of  caecal content 
(Figure 3D).

Daily administration of  both the doses of  ferric iron 
on juvenile rodents prevented the TNBS-induced colitis 
at adulthood. In fact, exposure to ferric iron supplemen-
tation before inducing an experimental colitis limited the 
onset of  macroscopic lesions (1.42 ± 0.72 AU and 0.2 ± 
0.2 AU vs 5.75 ± 0.75 AU in TNBS-treated mice) (Figure 
2A) and the increase of  colonic MPO activity (1.58 ± 0.15 
MPO U/mg protein and 1.64 ± 0.14 MPO U/mg pro-
tein vs 2.47 ± 0.22 MPO U/mg protein in TNBS-treated 
mice) (Figure 2B). The limitation of  the inflammatory le-
sions was correlated to the maintenance of  a healthy mi-
croflora profile. This supplementation also prevented the 
decrease of  the Firmicutes (Figure 3B) and increase of  
the Bacteroidetes and enterobacteria populations (Figure 
3C and D). Since efficiency was observed with the dose 
of  75 mg/kg per day po for 6 wk, we chose to continue 
with this dose of  ferric iron.

Juvenile exposure to ferric iron comparably prevents a 
moderate TNBS-induced colitis in both rats and mice
Good comparisons need to be performed under the same 
conditions necessitating the induction of  a comparable 
inflammatory reaction that is representative of  patho-
physiological conditions observed in humans. Using the 
optimised technique of  extraction and quantification of  
DNA, total flora in control rats and mice was estimated 
to be around 11.8 log copy number/g of  caecal content 
in control animals (Figures 3A and 4A). We also noticed 
that it is mainly composed of  Firmicutes (around 11.3 
log copy number/g of  caecal content in both species) 
(Figures 3B and 4B) and Bacteroidetes (around 10.5 ± 
log copy number/g caecal content) (Figures 3C and 4C) 
followed by an enterobacteria population ranging from 8.6 
± 0.1 log copy number/g of  caecal content in mice to 9.4 
± 0.1 log copy number/g of  caecal content in rats (Figures 
3D and 4D).

Instillation of  TNBS resulted in a significant (P < 
0.05) increase of  macroscopic damage scores in rats (8.33 
± 0.35 AU) and mice (5.75 ± 0.75 AU) (Figures 2A and 
5A) as well as a significant (P < 0.05) increase of  MPO 
activity in rats (773.7 ± 36.62 MPO U/mg protein vs 
496.1 ± 63.94 MPO U/mg protein) and mice (2.47 ± 0.22 
MPO U/mg protein vs 0.91 ± 0.09 MPO U/mg protein) 
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Figure 3  Effect of a juvenile ferric iron administration for 6 wk on the microflora profile of mice and its evolution consecutively to a trinitrobenzene sul-
fonic acid-induced colitis. A: Total Flora; B: Firmicutes; C: Bacteroidetes; D: Enterobacteria. Iron75: Ferric iron 75 mg/kg/d po - 6 wk; Iron150: Ferric iron 150 mg/kg 
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(Figures 2B and 5B). However, we did not observe any 
significant modification of  total microflora neither in rats 
nor in mice 7 d after TNBS instillation (circa 11.7 log 
copy number/g of  caecal content in both rodent species) 
(Figures 3A and 4A). However, the balance between the 
two major phyla of  the bacterial population observed 

was altered. A significant reduction (P < 0.05) of  Fir-
micutes was registered in both colitic rats (-0.4 Δ log copy 
number) and mice (-0.3 Δ log copy number) (Figures 3B 
and 4B) as compared to controls. Conversely, significant 
higher levels of  Bacteroidetes (P < 0.05) were detected 
in both the colitic groups; it increased by 0.5 Δ log copy 

Figure 5  Effect of a 6 wk juvenile ferric iron supplementation (75 mg/kg per day po) on the inflammatory response at adulthood of rats submitted or not 
(sham-colitis) to a trinitrobenzene sulfonic acid-induced colitis. A: Macroscopic damage scores (MDS); B: Myeloperoxidase (MPO) activity Data are expressed 
as mean ± SE (n = 8 per group). aP < 0.05 vs trinitrobenzene sulfonic acid (TNBS)-treated group, bP < 0.01 vs Sham-colitis.
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number in rats and by 0.7 Δ log copy number in mice 
(Figures 3C and 4C). Enterobacteria numbers were also 
found to be significantly higher (P < 0.05) in colitic rats 
and mice with increases of  respectively 0.4 and 2 Δ log 
copy number/g of  caecal content as compared to con-
trols (Figures 3D and 4D).

Juvenile ferric iron supplementation for 6 wk, before 
inducing an experimental colitis, significantly limited the 
onset of  macroscopic lesions not only in TNBS-treated 
mice (1.42 ± 0.72 AU vs 5.75 ± 0.75 AU) but also in 
TNBS-treated rats (7.25 ± 0.49 AU vs 8.33 ± 0.35 AU). 
Juvenile iron administration also significantly (P < 0.05) 
prevented the increase of  colonic MPO activity in TNBS-
treated mice (1.59 ± 0.5 MPO U/mg protein vs 2.47 ± 0.22 
MPO U/mg protein) as well as in TNBS-treated rats (572.5 
± 26.39 MPO U/mg protein vs 773.7 ± 36.63 MPO U/
mg protein) (Figures 2B and 5B). This juvenile ferric ad-
ministration (75 mg/kg per day po - 6 wk) did not modify 
total bacteria number even when inducing colitis (Figure 
3A and 4A). Juvenile ferric iron repeated administration 
before inducing the colitis not only prevented the increase 
of  the Bacteroidetes population (Figures 3B and 4B) but 
also the enterobacteria population (Figures 3D and 4D) 
in both mice and rats.

DISCUSSION
When using a microencapsulated ferric pyrophosphate 
form (Lipofer®), we were the first to evidence a beneficial 
effect of  ferric iron oral supplementation in juvenile ani-
mals to prevent the induction of  colitis at adulthood. Fer-
ric pyrophosphate is a water insoluble compound, mar-
keted as a food additive in Europe to fortify infant cereals 
and chocolate powder drinks[25]. Because of  its chemical 
composition, it has been microencapsulated to improve 
both its bioavailability and its incorporation in food to be 
fortified[26], rendering it a good alternative to the ferrous 
forms without having any of  the side effects.

First, we provided evidence of  the benefits of  ferric 
iron supplementation during the juvenile period. Iron 
oral administration is recommended in young infants 
to prevent anemia and its consecutive neurologic and 
developmental deficits. Iron also has benefits, as a trace 
element, in supporting immune function by strengthening 
not only epithelial barriers but also cellular and humoral 
immune responses. However, ferrous iron may be at the 
origin of  deleterious effects such as lipid peroxydation[27] 
or enterobacteria growth facilitation[2]. Here, with ferric 
iron, we did not observe any negative effect of  a repeated 
administration for 6 wk. In fact, in non-inflamed mice, 
juvenile ferric iron ingestion did not result in either an in-
flammatory reaction or did it modify the microflora pro-
file since both total bacteria and enterobacteria numbers 
remained unchanged as compared to non supplemented 
sham-colitic mice. This absence of  action on gut micro-
biota profile is in favour of  the ferric form instead of  the 
ferrous form for infant food fortification.

Secondly, we aimed at evaluating the dose response ef-
fect of  ferric iron supplementation in the juvenile period  

the induction of  an experimental colitis at adulthood. 
Environmental factors such as smoking, luminal enteric 
bacteria and trace elements such as iron are involved 
in the pathogenesis of  IBD in a genetically susceptible 
host[28]. In fact, anemia is often described during chronic 
gut inflammatory disorders such as IBD[29]. This anemia 
is caused by two factors, the first being impaired prolif-
eration and differentiation of  erythroid progenitor cells, 
and the second being consecutive to iron retention within 
monocytes and macrophages both activated under the 
inflammatory conditions. Classically, patients receive 
either oral or systemic iron supplementation generally 
as ferrous sulfate or fumarate. However, ferrous iron 
oral administration often aggravates the inflammatory 
reaction because of  its accumulation in the intestinal lu-
men and its participation in the Haber-Weiss reaction[27]. 
Compared to non supplemented mice, ferric iron juvenile 
supplementation proved to be efficient against this ex-
perimental colitis, even at the lowest dose used since their 
MPO activity levels were similar to those of  control mice. 
The lowest dose of  iron used corresponded to an overall 
daily intake of  1.2 mg iron per day, in other words to 15 
µg iron/g mouse/day which is two times lower than the 
dose used by Werner et al[30] but it is however efficient in 
our model too.

The positive effect of  iron supplementation in mice 
was corroborated by the results obtained in rats. In our 
study, we were able to demonstrate that ferric iron oral 
administration did not induce any alteration but rather 
prevented the course of  an experimental colitis in both 
rodent species. In fact, both rats and mice submitted to 
iron supplementation did not develop any sign of  inflam-
mation. In both those rodent species, we also induced 
an experimental inflammatory reaction of  comparative 
intensity. In fact, in comparison to the literature[31], they 
developed a moderate but homogenous colitis charac-
terised by tissular lesions, ulcerations of  the distal colon 
and neutrophil infiltration. These results are in agreement 
with a previous report indicating that the TNBS-induced 
colitis model is associated to an increase of  inflammatory 
response including granulomas and tissular MPO activ-
ity[31-33].

Finally, we aimed at evaluating the reproducibility of  
colonic microflora evaluation under control conditions 
and its alteration during a moderate experimental colitis 
in rats and mice. This study is the first to evidence a com-
parative alteration of  gut microbiota during an experi-
mental colitis in two rodent species. Following the qPCR 
optimisation process described above, we observed no 
difference in total microbiota numbers between control 
rats and mice groups. In this work, we also found that 
caecal microflora of  rodents is composed predominantly 
of  Firmicutes followed by Bacteroidetes which profile 
correlates to the observations realised on humans. In 
fact, human Firmicutes population is 10 times higher 
than their Bacteroidetes population; which is consid-
ered to be a good indicator of  health status[34,35]. In this 
study, we observed the same ratio profile not only in mice 
but also in rats. In non supplemented animals and under 
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inflammatory conditions, we did not observe any altera-
tion of  total bacteria numbers in both the rodent spe-
cies. This is in agreement with literature which describes 
no principal differences in the composition of  the total 
mucosal flora in IBD patients compared to controls[36]. 
Furthermore, while tissular healing might have already 
started in the animals, in both murine models we ob-
served a net increase of  Bacteroidetes and a reduction of  
the Firmicutes population indicating a clear reversion of  
this profile. Similar trends were also observed in clinical 
studies, showing a lower representation of  Firmicutes 
phyla during inflammatory acute phases[34,37]. As already 
evidenced, the diminution of  the Firmicutes phylum 
promotes the development and the invasion of  tissues by 
opportunistic bacteria species and the gut becomes very 
susceptible to invading pathogens among which entero-
bacteria[38,39]. We also noted, under colitic conditions, a 
higher level of  enterobacteria which is concordant with 
literature reporting a higher incidence of  Escherichia coli in 
IBD patient compared to healthy subjects[40,41]. We chose 
to work in comparing rat and mice microbiota alteration 
during this moderate experimental colitis to ensure that 
not only could we obtain comparative results to human 
dysbiosis but also to make sure that the results obtained 
were linked to the intensity of  the inflammatory response 
rather that to species sensitivity. Such comparisons are of  
great interest in testing the reproducibility of  the method 
set up. Overall, our results are correlated to clinical obser-
vations realised on IBD patients such as fever, diarrhea, 
weight loss, rectal bleeding[42], and severe alteration of  
the microbiota equilibrium, especially with Bacteroidetes 
and enterobacteria increases in opposition to Firmicutes 
reduction[9,10]. In both rats and mice receiving ferric iron 
in the juvenile period for 6 wk the microbiota profile was 
not altered. In addition, rats and mice submitted to an 
experimental colitis during the last week of  iron treatment 
did not display any modification of  either total number 
bacteria or enterobacteria numbers as compared to non 
supplemented animals. This is in favour of  a positive role 
of  ferric iron onto gut microbiota equilibrium which will 
limit the onset of  the inflammatory reaction as compared 
to classical ferrous forms. It reinforces the idea that iron 
is one of  the key markers for limiting the onset of  the in-
flammatory response in genetically susceptible patients[30]. 
Furthermore, we may suggest that ferric iron in contrast 
to ferrous iron contributes to the settlement of  an appro-
priate microflora during the post natal period and that this 
profile is less sensitive to inflammatory stimuli. One can-
not ascertain the mechanisms producing such results, but 
we may suggest that the lower incidence of  ferric iron on 
colitis might be linked to, either a lower susceptibility to 
stimulate oxidative stress reactions as compared to ferrous 
iron, or to its interactions with the immune system which 
is partly driving an appropriate microbiota implantation 
during the perinatal period. Rather than working with ani-
mals whose microflora profile had been modified because 
they display a modified immune pattern[43,44], we decided 
to work on two rodent species of  the same age, gender 
and submitted to a similar level of  an inflammatory stim-

ulus Since this microbiota/immune system interaction is 
said to be species, gender and age specific.

In conclusion, this study shows comparative rodent 
dysbiosis to human IBD dysbiosis following a moderate 
TNBS colitis. It also shows the benefits of  ferric iron oral 
ingestion during the juvenile period in the prevention of  
an experimental colitis induced at adulthood in healthy 
animals. These interesting results would necessitate check-
ing how anemic juvenile animals would react to such a 
treatment and especially to an induced colitis at adult-
hood. To further understand this incidence of  ferric iron 
on overall intestinal functionalisation, one point we did 
not address is the role of  the immune system and particu-
larly its fine orientation modulation by iron fortification 
during the perinatal period in regards to the observed 
effects. We may hypothesize that iron could participate in 
reinforcing the immune system orientation, thus contrib-
uting to the limitation of  the inflammatory response due 
to TNBS. This question will be addressed in another set 
of  experiments. If  these results are confirmed, this form 
of  microencapsulated ferric iron could thus be clinically 
assessed as an interesting alternative to iron sulfate in 
young individuals at risk of  anemia but also in subjects at 
risk of  chronic gut inflammation such as CD.
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COMMENTS
Background
Juvenile iron supplementation is now widely accepted to limit the risk of ane-
mia. However, oral iron ingestion may have side effects especially at this period 
when the crosstalk between bacteria, epithelium and the immune system is 
being set up. In fact, an impaired settlement of this crosstalk may predispose 
to chronic diseases such as inflammatory bowel disease (IBD). No one has so 
far evaluated the consequences of food matrix composition during the postnatal 
period on the predisposition to develop chronic diseases at adulthood. This 
study was thus aimed at evaluating the consequences of juvenile chronic iron 
exposure on the onset of experimental colitis and its related dysbiosis in both 
rats and mice at adulthood. 
Research frontiers
In these recent years, research on the role of commensal microbiota has evi-
denced its strong impact on digestive physiology and particularly its modulating 
role in IBD. Moreover, recent data evidenced that microbiota implantation in the 
perinatal period conditions, the maturation of the gut mucosa and the immune 
system renders the host tolerant to commensal bacteria. Since oral ferrous iron 
may promote potential pathogenic bacteria growth, which may condition the 
development of chronic gut inflammation, the authors evaluated in this study 
the modulation by repeated juvenile administration of ferric iron on the onset of 
an experimental colitis at adulthood in two rodent species.
Innovations and breakthroughs
Literature largely describes the necessity to maintain a good equilibrium of the 
microbiota to stay healthy. Food matrix also conditions the diversity and stability 
of the microbiota especially during the postnatal period crucial for these as-
pects. This study is the first to evidence the preventive effects of oral ferric iron 
administration at the juvenile period on the inflammatory response and dysbio-
sis related to an experimental colitis at adulthood in two rodent species.
Applications
This study proposes to evaluate the consequences of oral supplementation at 
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infancy on risk of developing gut inflammation at adulthood. These results ne-
cessitate being completed by the evaluation of the consequences of ferric iron 
on the immune system maturation and to be clinically proven but they could 
represent a good opportunity for families at risk of developing IBD.
Terminology
IBD comprises chronic inflammations of the gut and more especially Crohn’
s Diseases and Ulcerative Colitis. Microbiota designates the pool of microor-
ganisms harboured in our gut under physiological conditions. They divide into 
dominant and subdominant and control each other’s growth to reach dynamic 
equilibrium. Dysmicrobism is an alteration of the microbiota equilibrium. Iron is 
a metal. In aqueous solution, it exists in two oxidation states: ferrous (Fe2+) and 
ferric (Fe3+).
Peer review
The study aimed to study rodent dysbiosis and compare it to human IBD dys-
biosis following a moderate trinitrobenzene sulfonic acid colitis. It shows the 
benefits of ferric iron oral ingestion during the juvenile period in the prevention 
of an experimental colitis induced at adulthood. The paper is well written and 
has potential application in food supplemental.
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Abstract
AIM: To investigate the e��ect o� high dose glargine on 
the expression profiles of microRNAs in human pancre-
atic cancer cells��

METHODS: Real-time polymerase chain reaction array 
(RT-PCR) was applied to investigate miRNAs differentially 
expressed in Sw1990 cells treated with or without 100 
IU/L glargine. Stem-loop RT-PCR was used to confirm 
the results of the array assay in Sw1990 and Panc-1 
cells. The effects of miR-95 on cell growth, apoptosis, 
invasion and migration abilities were respectively exam-
ined by CCK8 assay, apoptosis assay, Matrigel invasion 
and migration assay in Sw1990 and Panc-1 cells. Nude 
mice xenograft models with Sw1990 cells were built to 
investigate pancreatic cancer growth in vivo  a�ter trans-
fection by the lentivirus pGLV3-GFP- miR-95.

RESULTS: Ten miRNAs were significantly up-regulated 
and 2 miRNAs down-regulated in glargine treated Sw1990 
cells when compared with non-treated cells (2.48-fold 
changes on average, P  < 0.01). miR-95, miR-134 and 

miR-34c-3p are the top three miRNAs regulated by 
glargine (3.65-fold, 2.67-fold and 2.60-fold changes 
respectively, P  < 0.01) in Sw1990 cells. Stem-loop RT-
PCR confirmed that high dose glargine up-regulated the 
expression of miR-95 and miR-134 in both Sw1990 and 
Panc-1 cells. The most obvious change is the apparent 
increase of miR-95. Forced expression of miR-95 sig-
nificantly increased cell proliferation (Sw1990: 2.510 ± 
0��129 vs  2.305 ± 0.187, P  < 0.05; Panc-1: 2.439 ± 0.211 
vs  2.264 ± 0.117, P  < 0.05), invasion (Sw1990: 67.90 ± 
12.33 vs  47.30 ± 5.89, P  < 0.01; Panc-1: 37.80 ± 8.93 
vs  30.20 ± 5.14, P  < 0.01), migration (Sw1990: 101 ± 
6.00 vs  51.20 ± 8.34, P  < 0.01; Panc-1: 91.80 ± 9.22 
vs  81.50 ± 7.47, P < 0��01) and inhibited cell apoptosis 
(Sw1990: 22.05% ± 1.92% vs  40.32% ± 1.93%, P < 
0.05; Panc-1: 20.17% ± 0.85% vs  45.60% ± 1.43%, P 
< 0.05) when compared with paired negative controls, 
whereas knockdown of miR-95 obtained the opposite ef-
fect. Nude mice xenograft models confirmed that miR-95 
promoted the growth of pancreatic cancer in vivo  when 
compared with negative control (tumor volume: 373.82 
± 23.67 mL vs  219.69 ± 17.82 mL, P  < 0.05).

CONCLUSION: These observations suggested that mod-
ulation of miRNA expression may be an important mecha-
nism underlying the biological effects of glargine.

© 2012 Baishideng�� All rights reserved��
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INTRODUCTION
Pancreatic cancer is the fourth leading cause of  cancer-
related deaths in Western countries and has the poorest 
survival rate (< 5%) among the common malignancies[1,2]. 
Recently, antidiabetic therapies have been shown to affect 
the risk of  pancreatic cancer. Some observational studies 
in humans have linked glargine with a putative increased 
cancer risk, including pancreatic cancer[3,4].

Glargine (A21Gly, B31Arg, B32Arg human insulin) is 
a widely used insulin analog in which a 24-h action pro-
file is achieved by altering the amino acid sequence of  the 
alpha (α) and beta (β) chains of  the C terminus[5]. It has 
been shown that glargine increases resistance to apopto-
sis in several tumor cell lines[6]. Given the increased af-
finity to the insulin-like growth factor-Ⅰ receptor (IGF-
IR) in vitro[7], glargine may increase the bioavailability of  
IGF-Ⅰ by altering the levels of  IGF-binding proteins[8,9]. 
IGF-Ⅰ is a more potent growth factor than insulin, pro-
moting proliferation and inhibiting apoptosis, and plays 
an important role in facilitating malignant cell survival 
and metastasis[10,11]. This may be the theoretical basis for 
the potential carcinogenicity of  glargine. However, data 
regarding the effect of  glargine on pancreatic cancer 
are inconsistent. Administration of  glargine didn’t alter 
proliferation of  Colo-357 pancreatic carcinoma cells and 
survival of  patients with pancreatic carcinoma[12]. Thus, 
the role of  glargine in pancreatic carcinogenesis deserves 
further investigation.

MicroRNAs (miRNAs) are endogenous, non-coding 
small RNAs, 19-25 nucleotides in length, which are now 
recognized as crucial post-transcriptional regulators of  
gene expression[13-15]. It has been demonstrated that miR-
NAs play important roles in biological processes that 
affect tumor progression including migration, invasion, 
epithelial to mesenchymal transition (EMT) and metasta-
sis[16-18]. miRNAs are promising as early biomarkers, pro-
gnostic indicators and therapeutic targets for anticancer 
treatments[19-21]. Aberrant miRNA expression has also been 
frequently reported in pancreatic cancer[22]. However, very 
few compounds, not to mention glargine, which affect cell 
growth and/or development, have been shown to affect 
miRNA expression.

In this present study, we elucidated the miRNAs sig-
nature in response to glargine treatment in human pan-
creatic cancer cells. Our results indicated that glargine al-
ters specific miRNA expression in human pancreatic cells, 
especially miR-95. The effect of  miR-95 on apoptosis, 
proliferation, migration and invasion ability of  pancreatic 
cancer cells were further investigated. Moreover, nude 
mice xenograft models were built to investigate pancreatic 
cancer growth in vivo after transfection by the lentivirus 
pGLV3-GFP-miR-95. It therefore appeared that miR-
95-related changes were important effects of  glargine.

MATERIALS AND METHODS
Cell lines and cultures
Pancreatic ductal cancer cell lines Sw1990 and Panc-1 were 

conserved in our own laboratory and were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM; GIBCO) 
with 10% fetal bovine serum (FBS; GIBCO) in a humidi-
fied incubator at 37 ℃ with an atmosphere of  5% CO2.

miRNAs real time polymerase chain reaction array
Sw1990 cells (3 × 105 per well) were plated on 6-well 
plates in DMEM with 10% FBS. After 24 h of  incuba-
tion at 37 ℃, the cells were treated with or without 100 
IU/L glargine. Glargine was replenished every 24 h. The 
cultures were incubated for 2 d, then the total RNA was 
isolated from cell samples using Trizol reagent (Invitro-
gen) following the manufacturer’s protocol. Then, cDNA 
synthesis was performed using Universal cDNA synthesis 
kit (Exiqon). The expression levels of  372 human mature 
miRNAs were examined using the miRCURY LNA™ 
Universal real time microRNA polymerase chain reaction  
system, Ready-to-use human panel Ⅰ (Exiqon, kangchen, 
China).

Briefly, total RNA containing miRNA was polyad-
enylated, and cDNA was synthesized using a poly (T) 
primer with a 3’degenerate anchor and a 5’universal tag. 
Then, cDNA served as a template for microRNA quan-
titative real-time polymerase chain reaction (qPCR) using 
miRCURY LNA Universal RT miRNA PCR kit (Exiqon). 
The miRNA Ready-to-use human panel Ⅰ is a 384-well 
PCR plate containing dried down LNA™ primer sets 
for one real-time PCR reaction per well. Three small 
RNA (U6snRNA, SNORD38B, SNORD49A) and three 
miRNA (miR-103, miR-191 and miR-423-5p) reference 
genes are included on the panel. The amplification profile 
was denatured at 95 ℃ for 10 min, followed by 40 cycles 
of  95 ℃ for 10 s and 60 ℃ for 60 s. At the end of  the 
PCR cycles, melting curve analyses were performed. All 
reactions were conducted three times. Expression levels 
of  mature miRNAs were evaluated using comparative CT 
method (2-∆CT).

Stem-loop real-time reverse transcription-PCR 
The miRNAs (miR-95, miR-134 and miR-34c-3p) were 
quantitated by stem-loop real time reverse transcription 
(RT)-PCR to confirm the reliability of  the miRNA array 
assay. In brief, Sw1990 and Panc-1 cells (3 × 105 per well) 
were seeded on 6-well plates in DMEM with 10% FBS. 
After 24 h of  incubation, the cells were treated with dif-
ferent concentrations of  glargine (0-150 IU/L) for 48 h 
or treated with 100 IU/L glargine for different periods 
(24-72 h). Glargine was replenished every 24 h. Then the 
total RNA was isolated. 0.2-0.5 μg of  total RNA was re-
verse transcribed to cDNA using a target-specific stem-
loop primer indicated in Table 1. cDNA in water was 
added to 5 μL of  the 2 × SYBR green master mix (Applied 
Biosystems Inc, Foster City, United States), 400 nmol/L 
of  gene-specific primer and water used to make the solu-
tion up to 10 μL. The reactions were amplified at 95 ℃ 
for 10 min followed by 40 cycles at 95 ℃ for 15 s and 
60 ℃ for 60 s. U6 small nuclear RNA (U6) served as the 
endogenous control. The relative amount of  each miRNA 



2632 June 7, 2012|Volume 18|Issue 21|WJG|www.wjgnet.com

to U6 was described using the formula 2-∆Ct where ∆Ct = 
(Ct miRNA - CtU6). Each sample was run in triplicate.

Vector constructs and lentivirus production
The miR-95 sequence was constructed as follows: (forward) 
hsa-miR-95-BamH Ⅰ: GATCCGTTCAACGGGTATT-
TATTGAGCATTCAAGAGATGCTCAATATACCC-
GTTGAACTTTTTTG; (reverse) hsa-miR-95-EcoR Ⅰ: 
AATTCAAAAAAGTTCAACGGGTATATTGAG-
CATCTCTTGAATGCTCAATAAATACCCGTT-
GAACG. The sequence was amplified and cloned into the 
pGLV3-GFP vector (GenePhama) to generate pGLV3-
GFP- miR-95. The negative control was pGLV3-shRNA-
NC. Virus packaging was performed in HEK 293T cells 
after the co-transfection of  20 mg pGLV3-GFP-miR-95 
vector with 15 mg of  the packaging plasmid pHelper 1.0 
Vector and 10 mg of  the envelope plasmid pHelper 2.0 
Vector using Lipofectamine 2000 (Invitrogen).Viruses 
were harvested 48 h after transfection, and viral titers were 
determined.

Oligonucleotide construction 
After glargine treatment, the expression of  miR-95 was 
increased most obviously in Sw1990 cells and Panc-1 
cells, so we further investigated the functional roles of  
miR-95 in pancreatic cancer cells. miR-95 mimics, miR-95 
inhibitor and negative control siRNA oligonucleotides 
were chemosynthesized (Shanghai GenePhama Co. Ltd). 
The oligonucleotides used in these studies were has-
miR-95 mimics: 5’-UUCAACGGGUAU UUAUUGAG-
CA-3’ and 5’-CUCAAUAAAUACCCGUUGAAUU-3’. 
Mimics negative control: 5’-UUCUCCGAACGUGU-
CACGUTT-3’ and 5’-ACGUGACACGUUCGGAGAA 
TT-3’, hsa-miR-95 inhibitor: 5’-UGCUCAAUAAAU-
ACCCGUUGAA-3’. MicroRNA inhibitor negative con-
trol: 5’-CAGUACUUUUGUGUAGUACA A-3’.

Cell transfection
Cells were cultured to 80% to 90% confluence after be-

ing seeded into 6-well plates and were transfected with 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA) according 
to the manufacturer’s instructions. For transient trans-
fection, Sw1990 or Panc-1 cells in each well of  a 6-well 
plate were transfected with 12.5 μL miRNA inhibitor or 
7.5 μL miRNA mimic oligonucleotides. Transfection ef-
ficiency was evaluated by FAM in control vector or real-
time PCR. For stably transfected cells, cells were trans-
fected with lentivirus at 80%-90% confluency. Sw1990 
cells (1 × 105) were infected with recombinant lentivirus 
in the presence of  5 μg/mL polybrene (GenePhama).

Cell proliferation assay
A total of  104 Sw1990 or Panc-1 cells per well were plated 
in 96-well plates before transfection and cultured for 24 
h in normal conditions. They were then transfected with 
hsa-miR-95 mimics or hsa-miR-95 inhibitor along with 
paired negative controls. The cells were incubated at 37 ℃ 
for 48 h. Cell proliferation was assessed using Cell Count-
ing Kit 8 (Dojindo, Tokyo, Japan) according to manufac-
turer’s protocol.

Apoptosis assay
At 72 h after transfection, apoptosis was detected using 
Annexin V-FITC Apoptosis Detection Kit (Biovision, 
United States). Results were calculated by the percentage 
of  apoptotic cells in all cells counted.

Matrigel invasion assay
At 48 h after transfection, the invasive ability of  the cells 
was assayed using Transwells (8 mm pore size, Corning 
Costar Corp). The Transwells were put into the 24-well 
plates. First, 0.1 mL Matrigel (50 mg/mL, BD Bioscienc-
es) was added onto the plate surface and incubated for 2 h,  
and then the supernatant was removed. Freshly trypsin-
ized and washed Panc-1 or Sw1990 cells were suspended 
in DMEM containing 1% FBS. Then 0.1 mL of  the cell 
suspension (1 × 105 cells) was added to the upper chamber 
of  each insert that was coated with Matrigel. Next, 0.6 mL 
of  DMEM containing 10% FBS was added into the lower 
compartment, and the cells were allowed to invade for 24 h  
at 37 ℃ in a 5% CO2 humidified incubator. After incuba-
tion, the cells were fixed with 95% absolute alcohol and 
followed by crystal violet stain. The number of  migrated 
cells on the lower surface of  the membrane was counted 
under a microscope in 10 fields with magnification of  × 
200. Each experiment was performed in triplicate.

Cell migration
At 48 h after transfection, the ability of  Panc-1 or Sw1990 
cells to migrate was detected using Transwells (8 mm pore 
size, Corning Costar Corp). The Transwells were put into 
the 24-well plates. Freshly trypsinized and washed cells 
were suspended in DMEM containing 1% FBS. 5 × 104 
cells/well were placed in the top chamber of  each insert 
(BD Biosciences, NJ), with the non-coated membrane. 
0.6 mL of  DMEM containing 10% FBS was added into 
the lower chambers. After incubating for 24 h at 37 ℃ in 

Table 1  Primers used for reverse transcription or polymerase 
chain reaction of microRNAs

Gene name  Primer sequences (5’-3’)

miRNA-95 Stem-loop 
primer

CTCAACTGGTGTCGTGGAGTCG-
GCAATTCAGTTGAGTGCTCAAT

Sense CGGGTATTTATTGAGCA
Antisense AACTGGTGTCGTGGAG

miRNA-134 Stem-loop 
primer

CTCAACTGGTGTCGTGGAGTCG-
GCAATTCAGTTGAGCCCCTCTG

Sense TGTGACTGGTTGACCAGAG
Antisense AACTGGTGTCGTGGAG

miRNA-34c-3p Stem-loop 
primer

CTCAACTGGTGTCGTGGAGTCGG-
CAATTCAGTTGAGCCTGGCCGTG

Sense AATCACTAACCACACGG
Antisense AACTGGTGTCGTGGAG

U6 Stem-loop 
primer

CTCAACTGGTGTCGTGGAGTCG-
GCAATTCAGTTGAGAAAAATAT

Sense CAAGGATGACACGCAAAT
Antisense TGGTGTCGTGGAGTCG
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a 5% CO2 humidified incubator, the cells were fixed with 
95% absolute alcohol and stained with crystal violet stain. 
The number of  migrated cells on the lower surface of  the 
membrane was counted under a microscope in 10 fields 
with magnification of  × 200. Each experiment was per-
formed in triplicate.

Mice xenografts
The stable cell line Sw1990 was harvested from tissue 
culture flasks after transfection with the pGLV3-GFP-
miR-95 and control pGLV3-GFP vector using trypsin 
and washed three times with PBS. About 1 × 107 cells 
were implanted into the right flanks of  female nu/nu 
mice (five in each group). Tumor volume (V) was mea-
sured with an external caliper every 4 d and it was calcu-
lated as V = 0.52 (length × width2). After four weeks, all 
the animals were sacrificed and tumors were removed.

Statistical analysis
Data were expressed as the mean ± SD unless otherwise 
noted. The differences between groups were analyzed 
using a two-tailed Student’s t-test when only two groups 
were present and the null hypothesis was rejected at the 
0.05 level.

RESULTS
Glargine treatment alters miRNAs expression profiles
To study the responses of  miRNAs to glargine, miRNA 
real time PCR array analysis of  miRNA expression was 
conducted with total RNAs extracted from Sw1990 pan-
creatic cells treated with or without 100 IU/L glargine. 
Differential expression between glargine-treated and non-
treated cells was defined using a cut off  value of  2-fold 
change. We observed that 10 miRNAs were significantly 
up-regulated and 2 miRNAs were significantly down-
regulated (2.48-fold on average, P < 0.01) in glargine 
treated Sw1990 cells when compared with non-treated 
cells. miR-95, miR-134 and miR-34c-3p are the top three 
miRNAs regulated by glargine (3.65-fold, 2.67-fold and 
2.60-fold changes respectively, P < 0.01) in Sw1990 cells 
(Figure 1A).

Confirmatory studies with differentially expressed 
miRNAs by stem-loop real-time PCR
After treatment with increasing concentrations of  glargine 
(50, 100, 150 IU/L) for 48 h, miR-95 was up-regulated by 
1.18 fold (P > 0.05), 3.41 fold (0.05), 3.41 fold (P < 0.01) and 2.92 fold (P 
< 0.01) on average respectively in Sw1990 cells and 1.45 
fold (P < 0.01), 3.41 fold (P < 0.01) and 2.92 fold (P < 
0.01) on average respectively in Panc-1 cells, when com-
pared with non-treated cells (0 IU/L). No obvious dose 
dependent responses were observed; miR-134 was up-
regulated in a dose dependent manner (Sw1990: 1.69, 2.10 
and 2.93 fold on average respectively, P < 0.01; Panc-1: 
1.56, 1.99 and 2.88 fold on average respectively, P < 0.01) 
in both Sw1990 and Panc-1 cells; miR-34c-3p showed no 
significant changes (Sw1990: 1.03, 1.05 and 1.06 fold on 
average respectively, P > 0.05; Panc-1: 1.25, 1.25 and 1.190.05; Panc-1: 1.25, 1.25 and 1.19 

fold on average respectively, P > 0.05) in both Sw19900.05) in both Sw1990 
and Panc-1 cells (Figure 1B-1,2).

After treatment with 100 IU/L glargine for different 
periods (24, 48 and 72 h), miR-95 was up-regulated by 2.50 
fold (P﹤0.01), 3.10 fold (P < 0.01) and 2.99 fold (P < 0.01) 
on average, respectively, in Sw1990 cells and 2.31 fold (P 
< 0.01), 2.46 fold (P < 0.01) and 2.16 fold (P < 0.01) on 
average, respectively, in Panc-1 cells, when compared with 
the cells at 0 h; miR-134 was up-regulated by 2.22 fold (P 
< 0.01), 2.37 fold (P < 0.01), 2.17 fold (P < 0.01) on av-
erage, respectively, in Sw1990 cells and 2.10 fold (P < 0.01), 
2.31 fold (P < 0.01) and 2.37 fold (P < 0.01) on aver-
age, respectively, in Panc-1 cells; miR-34c-3p showed no 
significant changes (Sw1990: 1.16, 1.14 and 1.13 fold on 
average respectively, P > 0.05; Panc-1: 1.17,1.24 and 1.13 
fold on average, respectively, P > 0.05) in both Sw1990 
and Panc-1 cells (Figure 1B-3,4).

miR-95 increases cell proliferation and inhibits cell 
apoptosis
We investigated the potential oncogenic role of  miR-95 
in Sw1990 and Panc-1 cells. First, we tested miR-95 ex-
pression using stem-loop real-time PCR. It increased or 
decreased after transfected with miR-95 mimics or anti-
miR-95 inhibitor. We observed a significant increase in 
proliferation (Sw1990: 2.51 ± 0.13 vs 2.31 ± 0.19, P < 0.05; 
Panc-1: 2.44 ± 0.21 vs 2.26 ± 0.12, P < 0.05) after trans-
fection of  miR-95 mimics (Figure 2A-1). In contrast, anti-
miR-95 inhibitor significantly decreased cell proliferation 
(Sw1990: 2.11 ± 0.07 vs 2.23 ± 0.13, P < 0.05; Panc-1: 2.09 
± 0.09 vs 2.31 ± 0.13, P < 0.05) (Figure 2A-2). These data 
indicate that cell proliferation can be significantly pro-
moted by increase of  miR-95 expression.

We further investigated the effect of  miR-95 on apop-
tosis and found that apoptosis decreased dramatically 
(Sw1990: 22.05% ± 1.92% vs 40.32% ± 1.93%, P < 0.05; 
Panc-1: 20.17% ± 0.85% vs 45.60% ± 1.43%, P < 0.05) 
in Sw1990 and Panc-1 cells 72 h after transfection with 
miR-95 mimics (Figure 2B). It suggested that miR-95 may 
function as a strong apoptotic suppressor in human pan-
creatic cancer cells.

miR-95 regulates pancreatic cancer cell invasion and 
migration in vitro
In the cell invasion and migration assay, we observed that 
depletion of  miR-95 significantly impaired the ability of  
Sw1990 cells to migrate and invade through the matrigel-
coated membranes or the non-matrigel-coated mem-
branes towards serum-containing medium (invasion: 49.40 
± 6.59 vs 65.80 ± 5.09; migration: 52.30 ± 10.87 vs 88.90 
± 10.46, P < 0.01), when compared with a paired negative 
control (Figure 3B); Increased expression of  miR-95 sig-
nificantly promoted the ability of  Sw1990 cells to migrate 
and invade through matrigel-coated membranes or non-
matrigel-coated membranes towards serum-containing 
medium (invasion: 67.90 ± 12.33 vs 47.30 ± 5.89; migra-
tion: 101.00 ± 6.00 vs 51.20 ± 8.34, P < 0.01), when com-
pared with the paired negative control (Figure 3A). Similar 
results were found in Panc-1 cells (depletion of  miR-95, 
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invasion: 57.90 ± 10.55 vs 73.80 ± 11.95, migration: 66.40 
± 10.1 vs 99.50 ± 8.85, P < 0.01; forced expression of  
miR-95, invasion: 37.80 ± 8.93 vs 30.20 ± 5.14; migration: 
91.80 ± 9.22 vs 81.50 ± 7.47, P < 0.01) (Figure 4A and B). 
These results indicated that miR-95 may be important in 
the progression of  pancreatic cancer through increasing 
cell invasion and migration.

miR-95 promotes the growth of Sw1990 xenografts
Sw1990 cells transfected with pGLV3-GFP-miR-95 or 
negative control pGLV3-GFP were injected into the right 
flank of  nude mice. Four weeks later, the tumor volumes 
of  xenografts were 373.82 ± 23.67 mm3 in the miR-95 

transfected group and 219.69 ± 17.82 mm3 in the nega-
tive control group. The weight of  xenografts was 0.40 ± 
0.08 g in the miR-95 transfected group and 0.23 ± 0.05 g  
in the negative control group. miR-95 significantly in-
creased the growth of  the Sw1990 xenografts (Figure 5, 
P < 0.05).

DISCUSSION
In the present study we demonstrated that glargine altered 
specific miRNA expression in human pancreatic cells at 
50-150 IU/L, which is equivalent to 300-900 nmol and 
is much higher than the physiological concentration of  
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Figure 1  Effect of insulin glargine on miRNAs expression in Sw1990 cell line (A), insulin glargine up-regulated the expression of miR-95 and miR-134, miR-
34c-3p showed no obvious changes in Sw1990 and Panc-1 cells (B). Ten miRNAs were significantly up-regulated and two miRNAs were down-regulated after 100 
IU/L insulin glargine treatment for 48 h compared with non-treated cells. The cut off line for miRNA expression change was 2-fold. Data were presented as mean ± SD. 
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insulin (0.1-1 nmol). Our miRNA real time PCR array 
showed that high dose glargine (100 IU/L) up-regulated 
the expression of  10 miRNAs and down-regulated 2 mi-
RNAs in Sw1990 pancreatic cancer cells. The most obvi-
ous change was the apparent increase of  miR-95. Stem-
loop real-time PCR confirmed the aberrant changes of  
miR-95 after treatment of  high dose glargine in Sw1990 
and Panc-1 pancreatic cancer cells. Then miR-95 showed 
significant anti-apoptotic and growth-promoting effects 
in vitro and in vivo. Ectopic expression and siRNA knock-
down of  miR-95 confirmed its invasion-promoting activ-
ity in vitro. Therefore, these results highlighted the miR-
95-related changes as important effects of  glargine.

Recent studies linked the use of  glargine with increased 
risk of  cancer. Hemkens et al[4] published a registry study 
that demonstrated a significantly increased risk of  cancer 
diagnosis associated with high dosages of  glargine. How-
ever, the Scottish study found a non-significant increased 
risk for specifically breast cancers[23]. The UK study found 
no link between glargine and cancer[3]. In addition, al-
though glargine has been shown to increase resistance to 
apoptosis in several tumor cell lines, administration of  

glargine didn’t alter proliferation of  Colo-357 pancreatic 
carcinoma cells in vitro[12]. Therefore, all epidemiological 
and laboratory evidence remains inconclusive and new 
indicators are needed to determine the role of  glargine in 
carcinogenesis.

miRNAs have been recognized as promising diagnostic 
and prognostic markers for cancer diagnosis or treatment. 
For example , miR-34a family members were found to be 
directly regulated by TP53 and act as tumor suppressors[24]; 
miR-217 inhibited pancreatic cancer cell growth through 
targeting KRAS[25]; miR-10b promoted pancreatic cancer 
invasiveness and correlates with a poor prognosis[26]; The 
miRNA-200 family (miR-200a, miR-200b, miR-200c, 
miR-141 and miR-429) were found to inhibit tumor inva-
sion and metastasis by regulating EMT[27]; miR-126 can 
inhibit cell adhesion, migration and invasion through the 
suppression of  CRK[28]. Our study confirmed, for the first 
time, that miR-95 and miR-134 were primary glargine-
responsive miRNAs. 

miR-95 has been shown to be involved in carcinogen-
esis. A highly characterized example is colorectal carci-
noma, in which miR-95 can promote cell proliferation by 

Figure 2  miR-95 promotes cell proliferation (A) and enhancement of miR-95 inhibit apoptosis (B). A total of 104 Sw1990 or Panc-1 cells per well were plated 
in 96-well plates for 24 h and then were transfected with hsa-miR-95 mimics or hsa-miR-95 inhibitor along with paired negative controls. The cells were incubated at 
37 ℃ for 48 h and then cell proliferation was assessed using Cell Counting Kit 8. Data were shown as mean ± SD. aP < 0.05 vs pairing negative control.
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regulating sorting Nexin 1[29]. In pancreatic cancer, miR-95 
is significantly upregulated in most tissues and cell lines[30]. 
In HeLa cells, inhibition of  miR-95 caused a decrease in 
cell growth[31]. miR-134 gene is located at 14q32, and is 
involved in several physiological and pathological pro-

cesses. For example, miR-134 plays an important role in 
translation-dependent guidance of  nerve growth cones[32]; 
miR-134 is regarded as a potential plasma biomarker for 
the diagnosis of  acute pulmonary embolism[33]; plasma 
miR-134 in bipolar disorder serves as a potential periph-
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Figure 3  Effect of miR-95 on tumor cell migration, invasion of Sw1990 cells. A: Invasion and migration assay. Representative fields of invasion (down) or migra-
tion (up) cells on the membrane (left, magnification of × 200). Average invasion or migration cell number per field (right). The invasion or migration cell number of 
Sw1990 transfected with miR-95-mimics drastically increased than that transfected with pairing negative control; B: The invasion or migration cell number of Sw1990 
cells transfected with miR-95-inhibitor dramatically decreased than that transfected with pairing negative control. bP < 0.01 vs Sw1990-control, n = 10. 
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eral marker that can respond to acute manic episodes and 
is associated with effective mood stabilizer treatment[34]. 
Interestingly, recent studies indicated that miR-134 may 
also be involved in carcinogenesis. p53/p63/p73, the tu-

mor suppressors, were believed to be regulators of  the 
miR-134 processing complex[35]. Our study showed that 
high dose glargine can significantly upregulate the expres-
sion of  miR-95 (no time or dose dependent manner) and 
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Figure 4  Effect of miR-95 on tumor cell migration, invasion of Panc-1 cells. A: Invasion and migration assay. Representative fields of invasion (down) or migra-
tion (up) cells on the membrane (left, magnification of × 200). Average invasion or migration cell number per field (right). The invasion or migration cell number of 
Panc-1 transfected with miR-95-mimics drastically increased compared with that when transfected with the pairing negative control. B: The invasion or migration cell 
number of Panc-1 cells transfected with miR-26a-inhibitor dramatically decreased compared with that when transfected with the pairing negative control. bP < 0.01 vs 
Panc-1-control, n = 10. 
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miR-134 (dose dependent manner) in vitro, and for the first 
time investigated the role of  miR-95 in pancreatic cancer.

In conclusion, our study demonstrated that alterations 
of  specific miRNAs and miRNA-related changes were 
important effects of  glargine, suggesting an important 
and novel new mechanism by which glargine mediates its 
potent effects on cell growth and apoptosis.

COMMENTS
Background
Glargine is widely used in the treatment of type 1 and type 2 diabetes mellitus. 
Recently, this insulin analogue has been suspected to be associated with an 
increased risk of cancer, including pancreatic cancer, but available evidence 
remains inconclusive.
Research frontiers
Anti-diabetic therapies have been shown to affect the risk of pancreatic cancer. 
Metformin use was associated with reduced risk, and insulin or insulin analogue 
use was suspected to be associated with increased risk of pancreatic cancer in dia-
betic patients. However, data regarding the effect of glargine, one of the long-acting 
insulin analogues, on pancreatic cancer are inconsistent. Several researchers 

believed glargine to be a motigen, not a carcinogen. New biomarkers are needed 
to determine the role of glargine in the carcinogenesis of pancreatic cancer.
Innovations and breakthroughs
Recent reports have highlighted that miRNAs play important roles in biologi-
cal processes that affect tumor progression and are promising biomarkers for 
cancer diagnosis or treatment. This is the first study to show the effects of high 
dose glargine on miRNA expression in pancreatic cancer cells. miR-95 was 
proved to be affected by high dose glargine and to be involoved in the carcino-
genesis of pancreatic cancer.
Applications
By understanding the effects of glargine on pancreatic cancer cells, this study 
may help to clarify the role of glargine in the progress of pancreatic cancer. 
Terminology
Glargine is a widely used insulin analog in which a 24 h action profile is 
achieved. MicroRNAs (miRNAs) are endogenous, non-coding small RNAs, 
19-25 nucleotides in length. It has been demonstrated that miRNAs play impor-
tant roles in biological processes that affect tumor progression including migra-
tion, invasion and metastasis.
Peer review
The authors examined the effects of high dose glargine on pancreatic cancer 
cells in vitro; miR-95 is up-regulated significantly by glargine. miR-95 can 
significantly increase pancreatic cancer cell proliferation, invasion and migra-
tion and inhibit cell apoptosis. Moreover, miR-95 is proved to inhibit pancreatic 

Figure 5  miR-95 promotes the growth of Sw1990 xenografts. A: miR-95 strikingly increased the growth of Sw1990 cells xenografted in nude mice; B: At the end of 
the experiment, all animals were sacrificed and the tumors were removed. The tumors were much heavier in miR-95 group than in the vector group. Data were shown 
as mean ± SD (aP < 0.05 vs vector).
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cancer growth in vivo. The results are interesting and may represent the role of 
glargine in pancreatic carcinogenesis.
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Abstract
AIM: To evaluate the effect of nigericin on colorectal 
cancer and to explore its possible mechanism��

METHODS: The human colorectal cancer (CRC) cell lines 
HT29 and SW480 were treated with nigericin or oxali-
platin under the conditions specified. Cell viability assay 
and invasion and metastasis assay were performed to 
evaluate the effect of nigericin on CRC cells�� Sphere-
forming assay and soft agar colony-forming assay were 
implemented to assess the action of nigericin on the 
cancer stem cell properties of CRC cells undergone 
epithelial-mesenchymal transition (EMT)��

RESULTS: Compared with oxaliplatin, nigericin showed 
more toxicity for the HT29 cell line (IC50, 12��92 ± 0��25 
μmol vs  37��68 ± 0��34 μmol)�� A similar result was also 
obtained with the SW116 cell line (IC50, 15��86 ± 0��18 
μmol vs  41��02 ± 0��23 μmol)�� A Boyden chamber assay 
indicated that a significant decrease in the number of 
HT29 cells migrating through polyvinylidene fluoride 
membrane was observed in the nigericin-treated group, 
relative to the vehicle-treated group [11 ± 2 cells per 
high-power field (HPF) vs  19��33 ± 1��52 cells per HPF, 
P  < 0��05]�� Compared to the control group, the num-
bers of HT29 cells invading through the Matrigel-coated 
membrane also decreased in the nigericin-treated group 
(6��66 ± 1��52 cells per HPF vs  14��66 ± 1��52 cells per 
HPF, P  < 0��05)�� Nigericin also reduced the proportion 
of CD133+ cells from 83��57% to 63��93%, relative to 
the control group (P  < 0��05)�� Nigericin decreased the 
number of spheres relative to the control group (0��14 
± 0��01 vs  0��35 ± 0��01, P  < 0��05), while oxaliplatin in-
creased the number of spheres relative to the control 
group (0��75 ± 0��02 vs  0��35 ± 0��01; P  < 0��05)�� Nigericin 
also showed a decreased ability to form colonies under 
anchorage-independent conditions in a standard soft 
agar assay after 14 d in culture, relative to the control 
group (1��66 ± 0��57 vs  7 ± 1��15, P  < 0��05), whereas 
the colony numbers were higher in the oxaliplatin 
group relative to the vehicle-treated controls (14��33 ± 
0��57 vs  7 ± 1��15, P  < 0��05)�� We further detected the 
expression of E-cadherin and vimentin in cells treated 
with nigericin and oxaliplatin�� The results showed that 
HT29 cells treated with nigericin induced an increase 
in E-cadherin expression and a decrease in the vimen-
tin expression relative to vehicle controls�� In contrast, 
oxaliplatin downregulated the expression of E-cadherin 
and upregulated the expression of vimentin in HT29 
cells relative to vehicle controls��

CONCLUSION: This study demonstrated that nigericin 
could partly reverse the EMT process during cell inva-
sion and metastasis��

© 2012 Baishideng�� All rights reserved��
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INTRODUCTION
Colorectal cancer (CRC) is the third most commonly di-
agnosed cancer in men and the second most commonly 
diagnosed cancer in women[1], with a 5-year survival rate 
< 10% for patients with metastatic disease[2]. Despite the 
use of  active targeted drugs for treatment of  metastatic 
CRC, the cure rate has remained low in the past decade. 
Activating invasion and metastasis is the hallmark of  can-
cer[3,4], during which malignant cells spread from the pri-
mary tumor to distant organs. 

The pathogenesis of  metastasis involves a series of  
steps, often termed the invasion and metastasis cascade, 
which includes the following: local invasion of  the host 
stroma by tumor cells; detachment and embolization 
of  tumor cell aggregates; extravasation of  the tumor 
embolus; survival of  tumor cells that are transported 
through the circulation and stop in the capillary bed; ex-
travasation of  the tumor embolus; proliferation of  the 
tumor cells within the organ parenchyma, resulting in a 
metastatic focus; and reinitiation of  these processes for 
the development of  metastases. The first and decisive 
step of  this process is the local invasion through the epi-
thelial basement membrane, because it requires alteration 
in cell-cell and cell-matrix interactions, reconstruction of  
the extracellular matrix, remodeling of  the cytoskeleton, 
and enhancement of  cell modulation. Great progress has 
been made on the capacity for invasion and metastasis 
over the past decade with powerful novel research tools 
and refined experimental models becoming available. On 
the other hand, many critical regulatory genes have been 
identified. 

Epithelial-mesenchymal transition (EMT), a transdif-
ferentiation characterized by decreased epithelial markers 
such as E-cadherin and increased mesenchymal markers 
such as fibronectin, has become prominently implicated 
as a means by which transformed epithelial tumor cells 
acquire the ability to invade, resist apoptosis, and propa-
gate[5-9]. More importantly, EMT has been shown to result 
in cancer cells with stem-cell-like characteristics that have 
a propensity to invade surrounding tissue and display 
resistance to chemotherapeutic interventions[6,10,11]. Nige-
ricin is a potassium ionophore, which has been reported 
to be toxic to breast stem cells passing through EMT[12]. 

Lu et al[13] have reported that nigericin, like salinomycin, 
selectively inhibits Wnt1-mediated signaling in HEK293 
cells at nanomolar concentrations.

In this study, we aimed to ascertain the specific activi-
ties of  nigericin on human CRC cell lines. We selected 
CD133 as the marker of  stem cells of  CRC.

MATERIALS AND METHODS
Tumor cell preparation and cell culture
Human CRC cell lines, HT29 and SW116 were used. 
HT29 cells were cultured in McCoy’s 5A medium (Gibco, 
United States) with 10% fetal bovine serum (FBS). SW116 
cells were cultured in RPMI 1640 medium with 10% FBS. 
The cells were cultured at 37 ℃ in a humidified atmo-
sphere containing 5% CO2.

Drugs and antibodies
Oxaliplatin and nigericin were both purchased from Sig
maAldrich (St. Louis, MO, United States). Antibodies 
used for immunofluorescence staining and Western blot-
ting were as follows: mouse anti-E-cadherin (Abcam Inc., 
Cambridge, MA, United States), mouse anti-vimentin 
(Abcam), mouse anti-CD133 (Abcam; used for Western 
blotting and immunocytochemistry), allophycocyanin-
conjugated CD133 antibody (Miltenyi Biotec, Auburn, 
CA, United States) used for fluorescence-activated cell 
sorting (FACS), mouse anti-glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) (Abcam).

Analysis of cell viability
For assessment of  cell viability in HT29 and SW116 cell 
lines under different treatments, cells growing at the expo-
nential stage were plated in triplicate, in 96-well plates at 
a density of  2000 cells/well in a final volume of  100 μL. 
After incubation for 24 h, oxaliplatin, nigericin and di-
methylsulfoxide (DMSO) control were added to each well 
of  the plates. Cell viability was detected after 24 h using 
Cell Counting Kit 8 (DOJINDO, Japan). Absorbance for 
each well was read at 570 nm using a microplate reader. 
Growth inhibition was calculated as a percentage of  the 
untreated controls. Experiments were done three or more 
times, often in triplicate, for each cell line, and IC50 was 
determined using the four-parameter logistic model.

Cell migration and invasion 
Analysis of  cell migration was performed using Boyden 
chambers according to the manufacturer’s protocol (Bec-
ton Dickinson Labware, Bedford, MA, United States). 
For cell invasion study, the inserts of  the chamber were 
prepared by coating the upper surfaces with Matrigel (BD 
Matrigel Matrix, Phenol Red-free). HT29 cells (3 × 103) 
treated with DMSO control, oxaliplatin and nigericin in 
McCoy’s 5A medium without FBS were plated to the 
upper chamber. McCoy’s 5A with 20% FBS as chemoat-
tractants were plated in the lower chamber of  the 24-well 
pates. After 24 h, nonmigrating or noninvading cells were 
removed mechanically from the upper chamber using a 
cotton swab. Cells that migrated or invaded to the lower 
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surface of  the Transwell membrane were fixed in metha-
nol for 30 min at 37 ℃ and stained with 0.05% crystal 
violet for 1 h. Cells were quantified by counting the num-
ber of  stained nuclei in five individual fields by fluores-
cence microscopy, in triplicate. 

Immunoblotting 
Cell lysates were subjected to sodium dodecylsulfate poly-
acrylamide gel electrophoresis, and the separated proteins 
were electrophoretically transferred to hydrophobic poly-
vinylidene fluoride (PVDF) membrane. After blocking in 
5% skimmed milk solution for 2 h, the membranes were 
incubated with the primary antibodies diluted with anti-
CD133, anti-E-cadherin, and anti-vimentin. Primary an-
tibodies were detected with mouse secondary antibodies 
directed against human IgG and visualized with Odyssey 
Infrared Imaging System.

Real-time polymerase chain reaction
mRNA expression was determined by real-time polymerase 
chain reaction. RNA was extracted by using the TRIzol 
reagent (Invitrogen, Carlsbad, CA, United States) and re-
verse transcription was performed using Superscript Ⅱ 
(Invitrogen) according to the manufacturer’s instructions. 
TaqMan reactions were done utilizing an ABI 7500 real-
time quantitative polymerase chain reaction (PCR) system. 
For data analysis, raw counts were normalized to house-
keeping gene average for the same time point and condi-
tion (∆Ct). The following primers were used in this study: 
CD133 forward CATCCACAGATGCTCCTAAGGC and 
reverse GCTTTATGGGAGTCTTGGTC; E-cadherin 
forward CGAGAGCTACACGTTCACGG and reverse 
GTGTCG AGGGAAAAATAGGCTG; vimentin forward 
CTCCTCCCCCTGTCACATAC and reverse TGATTG-
GCATCAGGACCGTTG. GAPDH was used as an internal 
control. Analysis was performed with the ∆∆Ct method. 

Flow cytometric analysis
HT29 and SW116 cells, after different treatments, were 
washed with PBS. Single cell suspensions were incubated 
with allophycocyanin (APC)-conjugated CD133 antibody 
(Miltenyi Biotec) for 30 min at 4 ℃. Mouse IgG1-APC 
was selected as an isotype control body. 7-Aminoactino-
mycin was used to eliminate the dead cells. The labeled 
cells were detected by the BD FACSVantage Systems 
(Becton Dickinson) according to the manufacturer’s pro-
tocols. Gating was implemented on the basis of  negative 
control staining profiles.

Colonosphere assay
McCoy’s 5A with B27 supplement (Invitrogen), 20 μg/mL 
epidermal growth factor (Invitrogen), 20 μg/mL fibro-
blast growth factor (Invitrogen), and penicillin-strepto-
mycin served as the stem cell medium (SCM) for this 
experiment. HT29 cells, after the indicated treatments, 
were plated at a concentration of  200 cells/100 μL SCM 
in each of  the 20 wells of  a 96-well ultralow-attachment 
plate (Corning Life Sciences, CA, United States). Cells 

were supplemented with 100 μL SCM after 7 d of  incu-
bation and analyzed on day 14, and MTT solution (40 μL) 
was added to each well, and a colorimetric assessment 
was done. The average absorbance measurement for each 
group was used as an index of  sphere number. 

Soft agar colony-forming unit assays
We mixed 1.2% agar with 2 × McCoy’s 5A medium at a 
ratio of  1:1 to make a 0.6% agar growth medium solu-
tion. We pipetted 2 mL of  the 0.6% growth medium 
mixture into each well of  the six-well cell culture cluster 
(Corning Life Sciences). We avoided bubble formation 
and spread the mixture evenly by slowly rotating the plate. 
We allowed the 0.6% agar growth medium layer to hard-
en for 30-40 min at room temperature in a sterile laminar 
flow hood. We determined the concentration of  HT29 
cells treated with DMSO control, oxaliplatin and salino-
mycin, and adjust the suspension to 5 × 103 cells/mL  
in 0.3% agar diluted with PBS. We transferred 2 mL of  
the cell suspension to the 0.6% agar growth medium 
plate and cultured at 37 ℃ in the presence of  5% CO2 
for 14-21 d. We counted the number of  colonies using a 
microscope.

Immunocytochemistry
Cells were directly sorted onto a glass slide, fixed with 
4% paraformaldehyde, and stained with anti-E-cadherin, 
anti-CD133 and anti-vimentin monoclonal antibodies. 
Nuclei were identified by staining with 4’, 6diamidino
2-phenylindole. Subcellular localizations were determined 
by using confocal microscopy. The fluorescence intensity 
of  each region was analyzed by different people on three 
occasions. 

Statistical analysis 
All values were shown as mean ± SD. Statistical signifi-
cance was calculated by t test unless otherwise stated (SPSS 
17.0), considering P < 0.05 as statistically significant. 

RESULTS
Nigericin inhibits tumor growth and invasion
We examined the in vitro effect of  nigericin on tumor 
growth and metastasis. Compared with oxaliplatin, nige-
ricin exhibited more toxicity for the HT29 cell line (IC50, 
12.92 ± 0.25 μmol vs 37.68 ± 0.34 μmol) (Figure 1A). We 
also obtained similar results with the SW116 cell line (IC50, 
15.86 ± 0.18 μmol vs 41.02 ± 0.23 μmol) (Figure 1B). We 
then checked whether nigericin had functional influence 
on the migratory and invasive capacity of  CRC cells. Af-
ter incubation for 24 h, nigericin induced a conspicuous 
reduction in the number of  cells migrating through the 
PVDF membrane relative to the vehicletreated controls 
[11 ± 2 cells per highpower field (HPF) vs 19.33 ± 1.52 
cells per HPF, P < 0.05] (Figure 1C and D). It was sur-
prising that oxaliplatin promoted the migration of  CRC 
cells through PVDF membrane compared with the vehi-
cle-treated controls (38 ± 2 cells per HPF vs 19.33 ± 1.52 
cells per HPF, P < 0.05) (Figure 1C and D). Compared to 
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the control group, the numbers of  HT29 cells invading 
through the Matrigel-coated membrane also decreased 
in the nigericin-treated group (6.66 ± 1.52 cells per HPF 
vs 14.66 ± 1.52 cells per HPF, P < 0.05) (Figure 1E and 
F). Correspondingly, oxaliplatin treatment increased the 
number of  HT29 cells invading through the Matrigel-
coated membrane (28.66 ± 2.08 cells per HPF vs 14.66 ± 
1.52 cells per HPF, P < 0.05) (Figure 1E and F). 

Effects of nigericin and oxaliplatin on expression of 
cancer stem cell marker 
In order to complete subsequent experiments logically, 
we treated the HT29 cells with nigericin, oxaliplatin, and 
DMSO vehicle control for 3 d, and then replaced the cul-
ture medium containing drugs with normal McCoy’s 5A 
medium with 10% FBS for another 3 d incubation. 

The stem cell marker prominin-1 (CD133), a pentas-

pan membrane protein, may not be the only marker, but it 
remains the most widely reported marker of  cancer stem 
cells (CSCs) of  CRC validated by different groups[14-18].

We further assessed the expression of  CD133 on 
HT29 cells after treatment with nigericin and oxaliplatin 
using flow cytometry. The results demonstrated that ni-
gericin reduced the positive rate of  CD133 from 83.57% 
to 63.93%, relative to the control group (P < 0.05) (Figure 
2A and B). In contrast, oxaliplatin treatment increased 
the expression of  CD133 from 79.18% to 97.22%. In 
order to verify this result, we selected the SW116 cell line 
to repeat the experiment. Similarly, nigericin decreased 
the proportion of  CD133+ cells from 4.55% to 0.31%; 
on the contrary, the expression rate of  CD133 increased 
from 4.55% to 36.89% (Figure 2C and D). The data from 
real-time PCR, Western blotting, and immunocytochem-
istry indicated analogous results (Figure 2E-G).
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Figure 1  Nigericin inhibits tumor growth and metastasis. A: Dose-response curves of HT29 cells treated with nigericin and oxaliplatin. Bars denote SD (n = 5); B: 
Dose-response curves of SW116 cells treated with nigericin and oxaliplatin. Bars denote SD (n = 5); C: Boyden chamber assays were done to compare the migratory 
capacities of HT29 cells treated with oxaliplatin and nigericin. Bars denote SD (n = 5); D: Also shown are phase-contrast images of HT29 cells migrating through the 
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Effect of nigericin and oxaliplatin on sphere- or colony-
forming ability of CRC cells 
To evaluate the ability to form colonies or spheres of  
HT29 cells treated with nigericin and oxaliplatin in the 
absence of  serum and without attachment to culture 
plates[19]. We performed the sphere-forming assay and 
soft agar forming assay under serum-free conditions. 

Differences between the nigericin and oxaliplatin groups 

were quantitated by plating a limited number of  cells in 
each well of  a low-attachment 96-well plate and evalu-
ating the ability of  HT29 cells to form colonospheres. 
Nigericin decreased the number of  spheres relative to 
the control group (0.14 ± 0.01 vs 0.35 ± 0.01, P < 0.05), 
while oxaliplatin increased the number of  spheres relative 
to the control group (0.75 ± 0.02 vs 0.35 ± 0.01, P < 0.05) 
(Figure 3A). Nigericin also showed a decreased ability to 
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form colonies under anchorage-independent conditions 
in a standard soft agar assay after 14 d in culture, relative 
to the control group (1.66 ± 0.57 vs 7 ± 1.15, P < 0.05), 
whereas the colony numbers were higher in oxaliplatin 
group relative to the vehicle-treated controls (14.33 ± 0.57 
vs 7 ± 1.15, P < 0.05) (Figure 3B and C).

Up-regulation of E-cadherin and downregulation of 
vimentin in CRC cells after nigericin treatment 
E-cadherin, encoded by the CDH1 gene, has dual func-
tions in epithelial cells: as a cell-cell adhesion molecule 
and as a negative regulator of  the canonical WNT signal-
ing cascade; in particular, of  its central mediator β-catenin. 
E-cadherin downregulation in mammalian cell systems is 
sufficient to trigger EMT[20]. Gupta et al[12] have reported 
that nigericin preferentially kills cells that have undergone 
EMT. In colorectal carcinomas, the embryonic EMT is 
activated during tumor invasion in disseminating cancer 
cells[21]. Characteristic of  these cells is a loss of  E-cad-
herin expression. 

We detected the expression of  epithelial marker (E-
cadherin) and mesenchymal marker (vimentin) of  cells 
treated with nigericin and oxaliplatin to ascertain the ef-
fects of  diverse compounds on EMT.

As shown in Figure 4A and B, nigericin induced an 
increase in expression of  E-cadherin and a decrease in 
expression of  vimentin relative to vehicle controls. In 
contrast, the expression of  E-cadherin in the cells treated 
with oxaliplatin was downregulated in contrast to vehicle 

controls; correspondingly, oxaliplatin treatment upregu-
lated the expression level of  vimentin. The data from 
real-time PCR showed similar results to immunocyto-
chemistry and Western blotting (Figure 4C).

DISCUSSION
Significant progress has been made in understanding the 
molecular pathogenesis, diagnosis (hereditary and spo-
radic), and treatment of  CRC. Despite the use of  active 
targeted drugs for treatment of  metastatic CRC in the 
past decade, and improvement of  overall survival to near-
ly 2 years for nonresectable disease, the cure rate remains 
low[22].

5-Fluorouracil and oxaliplatin formed the mainstay of  
chemotherapeutic regimens for metastatic CRC. Oxali-
platin covalently binds to DNA, forming platinum-DNA 
adducts that cause prolonged G2 arrest and inhibition of  
growth, which lead to apoptotic cell death[23]. 

There is a large body of  evidence that tumor cells that 
are resistant to chemotherapy represent a subpopulation 
of  cells from the primary tumor, which is molecularly 
and phenotypically distinct. These cells are referred to 
by several names, including tumor-initiating cells, tumor-
promoting cells, or more commonly, CSCs[16]. EMT is a 
highly conserved cellular process during embryonic de-
velopment and a pathogenic feature in tumorigenesis[10,24]. 

During the process of  EMT, epithelial cells lose the 
expression of  E-cadherin and other components of  

A B

DMSO                                                              Oxaliplatin                                                           NigericinC

Figure 3  Effects of nigericin and oxaliplatin on sphere- or colony-forming ability of cancer stem cells. A: Mean OD of sphere-forming HT29 cells after different 
treatments was assayed by methyl thiazolyl tetrazolium assay. Bars denote SD (n = 5); B: Numbers of colonies formed by HT29 cells after treatment in independent ex-
periments. Bars denote SD (n = 5); C: Phase-contrast images of colonies formed in soft agar assays after treatment. DMSO: Dimethylsulfoxide; HPF: High-power field.
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epithelial cell junctions, adopt a mesenchymal cell phe-
notype, and acquire motility and invasive ability[25,26]. 
Furthermore, Mani et al[10] have induced EMT in nontu-
morigenic, immortalized human mammary epithelial cells 
(HMLEs) by ectopic expression of  either the Twist or 
Snail transcription factors; these cells formed > 30-fold 
more mammospheres than did HMLEs infected with the 
corresponding control vector. They have concluded that 
the cells generated by EMT acquired yet another attribute 
of  mammary stem cells. EMT, which enables cancer cell 
dissemination, also imparts a self-renewal capability to 
disseminating cancer cells. 

There is no consensus as to the exact criteria that 
define a CSC, because markers might vary according to 
the tumor type. In our study, we suggested CD133 as a 
marker of  tumor-initiating cells of  CRC[14-18].

We evaluated the effect of  nigericin and oxaliplatin 
on CRC cell lines, including invasion and metastasis, and 
growth on colon cancer spheres, or colonospheres. From 
the results of  cell viability and flow cytometry assays, we 
could see that nigericin specifically targets CD133+ cell 

subpopulations within CRC cell lines. Moreover, nigericin 
induced inhibition of  invasion and metastasis in HT29 
cells. These effects may have been due to the fact that 
nigericin upregulated the expression of  E-cadherin, while 
E-cadherin played an important role in cancer progres-
sion and EMT induction[27,28].

In a variety of  human cancers, E-cadherin loss was 
closely related to poor prognosis, tumor progression, and 
metastasis[29,30]. Therefore, E-cadherin also could be a 
sign of  drug efficiency of  nigericin therapy in the future. 
Through analysis of  the expression level of  E-cadherin 
and vimentin, we may conclude that nigericin partly re-
verses EMT to affect the ability of  CRC cells to invade 
and metastasize.

We further evaluated the effects of  nigericin treatment 
on the characteristics of  CSC phenotype. The nigericin 
treatment group had a decreased number of  spheres or 
colonies relative to the vehicle control group. Our data 
led us to hypothesize further that nigericin treatment sup-
presses EMT-generating cells with the properties of  stem 
cells. This hypothesis needs further studies using animal 
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Figure 4  Upregulation of E-cadherin and downregulation of vimentin in cancer stem cells after nigericin treatment. A: Immunofluorescence staining analysis of 
treated HT29 cells using epithelial E-cadherin and vimentin staining; B: E-cadherin and vimentin expression in HT29 cells after treatment, assayed by Western blotting; 
C: Real-time polymerase chain reaction analysis of E-cadherin and vimentin mRNA expression in HT29 cells after treatment with dimethylsulfoxide (DMSO) vehicle, 
oxaliplatin and nigericin. 
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experiments and preclinical and clinical trials. Nigericin 
may prove to be the therapeutic strategy that is effective 
in patients with metastatic disease.

However, the molecular mechanisms involved in the 
effect of  nigericin are poorly understood. Lu et al[13] have 
reported that nigericin, as a potassium ionophore, selec-
tively inhibits Wnt1-mediated signaling in HEK293 cells. 

The polyether ionophores like nigericin interfere with 
transmembrane potassium potential and promote mito-
chondrial and cell potassium efflux. We hypothesize that 
nigericin treatment antagonizes the Wnt signaling cascade, 
while Wnt signaling plays a crucial role in embryonic 
development and cancer[31-35]. Besides, certain other CSC 
markers and signaling pathways, including EZH2 and 
Hedgehog pathways may also play some important roles 
in the mechanism of  nigericin treatment, and thus need 
further studies[36]. Further studies will focus on the rela-
tion between nigericin-induced EMT and Wnt signaling.

We showed for the first time that nigericin not only 
partly reversed the EMT process during cell invasion and 
metastasis, but also suppressed some of  the CSC phe-
notypes generated by EMT. EMT plays a pivotal role in 
tumor invasion and metastasis; therefore, nigericin treat-
ment may be of  benefit in the future.
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Abstract
AIM: To investigate the association between autoim-
mune pancreatitis (AIP) and systemic autoimmune dis-
eases (SAIDs) by measurement of serum immunoglobu-
lin G4 (IgG4).

METHODS: The serum level of IgG4 was measured 
in 61 patients with SAIDs of different types who had 
not yet participated in glucocorticosteroid treatment. 
Patients with an elevated IgG4 level were examined by 
abdominal ultrasonography (US) and, in some cases, by 
computer tomography (CT).

RESULTS: Elevated serum IgG4 levels (919 ± 996 mg/
L) were detected in 17 (28%) of the 61 SAID patients. 
10 patients had Sjögren’s syndrome (SS) (IgG4:� 590 ± 
232 mg/L), 2 of them in association with Hashimoto’s 

thyroiditis, and 7 patients (IgG4:� 1388 ± 985.5 mg/L) 
had systemic lupus erythematosus (SLE). The IgG4 lev-
el in the SLE patients and that in patients with SS were 
not significantly different from that in AIP patients (783 
± 522 mg/L). Abdominal US and CT did not reveal any 
characteristic features of AIP among the SAID patients 
with an elevated IgG4 level.

CONCLUSION: The serum IgG4 level may be elevated 
in SAIDs without the presence of AIP. The determina-
tion of serum IgG4 does not seem to be suitable for 
the differentiation between IgG4-related diseases and 
SAIDs.

© 2012 Baishideng. All rights reserved.

Key words: Autoimmune pancreatitis; Serum immunoglo-
bulin G4 level; Systemic lupus erythematosus; Sjögren’s 
syndrome; Mikulicz’s disease

Peer reviewer: Toshiyuki Ishiwata, Associate Professor, Depart-
ment of Pathology, Integrative Oncological Pathology, Nippon 
Medical School, 1-1-5 Sendagi, Bunkyo-ku, Tokyo 113-8602, 
Japan

Terzin V, Földesi I, Kovács L, Pokorny G, Wittmann T, Czakó L. 
Association between autoimmune pancreatitis and systemic auto-
immune diseases. World J Gastroenterol 2012; 18(21): 2649-2653  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i21/2649.htm  DOI: http://dx.doi.org/10.3748/wjg.v18.
i21.2649

INTRODUCTION
Autoimmune pancreatitis (AIP) is an increasingly recog-
nized type of  chronic pancreatitis that is clearly distinct 
from other types of  chronic pancreatitis. It is character-
ized by its morphology, immunologic features, pathology 
and glucocorticosteroid responsiveness[1-4].
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Immunological examinations in AIP patients have de-
monstrated high incidences of  hypergammaglobulinemia 
(43%), increased serum levels of  immunoglobulin G (IgG) 
(62%-80%) and IgG4 (68%-92%), and the presence of  
antinuclear antibodies (40%-64%) and rheumatoid factor 
(25%). Among all the serological diagnostic features, an 
elevated serum level of  IgG4 has the highest individual 
diagnostic value; however, it is not disease specific. Fur-
thermore, an elevated serum IgG4 level correlates with 
the activity of  AIP[5,6]. Kamisawa et al[7] reported an as-
sociation between serum IgG4 level and extrapancreatic 
lesions in patients with AIP. AIP patients with a serum 
IgG4 level ≥ 2200 mg/L frequently exhibit extrapancre-
atic lesions.

The immunologic and histologic features of  AIP and 
the glucocorticosteroid responsiveness suggest an auto-
immune mechanism for the development of  the disease[8]. 
AIP is accompanied by other autoimmune diseases (scle-
rosing cholangitis, sclerosing sialadenitis, retroperitoneal 
fibrosis, enlarged celiac and hilar lymph nodes, chronic 
thyroiditis and interstitial nephritis, etc.) in 50%-63% of  
cases, suggesting that AIP may be a systemic disorder[1-4]. 
The occurrence of  autoimmune diseases in association 
with AIP is well documented[9,10], but the incidence of  
such associations has not been reported.

The aim of  the present study was to assess the pres-
ence of  AIP in different systemic autoimmune diseases 
(SAIDs) through measurement of  the serum IgG4 level 
and examination of  the morphology of  the pancreas.

MATERIALS AND METHODS
Patients and diagnosis of diseases
Serum samples were obtained from 61 patients with dif-
ferent SAIDs who had been admitted to our Department 
of  Rheumatology and had not participated in glucocor-
ticosteroid treatment during the past 2 years. One male 
and 60 females (mean age 54.5 years, range 29-82 years) 
were recruited.

Autoimmune diseases were diagnosed according to 
standard diagnostic criteria[11-14]. The diagnosis of  AIP 
was based on the HISORt criteria[15]. The most frequent 
diagnosis was Sjögren’s syndrome (SS), but systemic lu-
pus erythematosus (SLE), Hashimoto thyroiditis, Rayn-
aud’s syndrome, polymyositis and systemic sclerosis also 
occurred (Table 1).

Serum samples were additionally obtained from 7 age- 
and sex-matched healthy subjects, and 6 patients with  
AIP. In one AIP patient, the AIP was accompanied by 
rheumatoid arthritis and ankylosing spondylitis.

All participants provided their written informed con-
sent. The study protocol was approved by the ethics com-
mittee at the University of  Szeged and was carried out 
in full accordance with the most recent revisions of  the 
Helsinki Declaration.

IgG4 assay
After collection, serum samples were stored at -70 ℃ until 
analyzed. The IgG4 subclass was determined by the ra-

dial immunodiffusion (RID) method (The Binding Site 
Limited, Birmingham, United Kingdom). The diameters 
of  precipitation rings were measured after 72 h. The re-
sults were read using the RID reference table. The low-
est detection limit was 22.4 mg/L. The intra- and inter-
assay coefficients of  variation were 3.26 and 0.89 CV%, 
respectively, as stated by the manufacturer. A cutoff  value 
of  400 mg/L was employed.

Patients with a serum IgG4 level of  > 400 mg/L were 
examined by a gastroenterologist. The clinical and labora-
tory data were reviewed and abdominal ultrasonography 
(US) and computed tomography (CT) were performed. 

Anti-SS-A/SS-B autoantibody determination
The presence of  anti-SS-A/SS-B autoantibodies was de-
termined by means of  commercial enzyme-linked immu-
nosorbent assays, conducted according to the protocols 
provided by the manufacturers.

Experimental data were evaluated statistically with 
the independent-samples t test. P-values < 0.05 were ac-
cepted as being statistically significant. Statistical data is 
expressed as mean ± SD.

RESULTS
An elevated serum IgG4 level (mean value 919 ± 996 
mg/L) was detected in 17 (28%) of  the 61 SAID patients 
(Figure 1). Ten of  the 17 patients had SS (mean serum 
IgG4 590 ± 232 mg/L) (2 cases were associated with 
Hashimoto’s thyroiditis), 7 (mean serum IgG4 1388 ± 
985.5 mg/L) were diagnosed with SLE. Two SLE patients 
showed markedly elevated IgG4 levels (> 3000 mg/L). In 

Table 1  Distribution of gender and age in groups of patients

No. of 
patients

Male/
female

Age 
mean (range)

Sjögren's syndrome 35 1/34 56.7 (29-82)
Systemic lupus erythematosus 22 0/22 50.2 (31-68)
Systemic sclerosis  4 0/4 59.5 (45-80)
Normal subjects  7 4/3     68 (56-80)
Autoimmune pancreatitis  6 3/3 53.7 (27-75)
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Figure 1  Serum immunoglobulin G4 levels in different systemic autoimmune 
diseases and autoimmune pancreatitis. Dotted line: Cutoff value (400 mg/L).



2651 June 7, 2012|Volume 18|Issue 21|WJG|www.wjgnet.com

one case, SLE was associated with Raynaud’s syndrome, 
while the other patient suffered from xerophtalmia and 
bronchial asthma. The serum IgG4 level was elevated 
(mean serum IgG4 783 ± 522 mg/L) in 5 (83%) of  the 6 
AIP patients. The patient with a normal level of  IgG4 had 
typical pancreatic histology and his condition improved 
with steroid therapy. The IgG4 levels in these SLE and SS 
patients were not significantly different from that in the 
AIP patients.

US examination revealed a normal pancreas in 11 of  
the 17 SAID patients with elevated serum IgG4 levels, but 
raised the suspicion of  AIP by demonstrating a gracile 
pancreas in 2 cases (both suffered from SS), and widen-
ing of  the body or the tail of  pancreas, each in a further 
one patient (both suffered from SLE). However, in none 
of  these 4 cases was AIP confirmed by an abdominal CT 
scan. The US examinations indicated pancreatic steatosis 
in 2 additional cases. None of  the SAID patients had pan-
creatic duct dilatation.

The presence of  anti-SS-A/SS-B autoantibodies and 
the potential relation of  this to an elevated IgG4 level 
were examined in the patients with SS. Both anti-SS-
A-positivity and anti-SS-B-positivity was detected in 22 
patients; 7 of  them exhibited an elevated IgG4 level. The 
anti-SS-A was positive and the anti-SS-B was negative 
in 9 cases; 2 of  these patients had a high IgG4 level. In 
4 patients with SS, neither anti-SS-A-positivity, nor anti-
SS-B-positivity was found; an elevated IgG4 level was 
detected in only one of  these cases.

DISCUSSION
The present study has demonstrated that the serum IgG4 
level may be elevated in SAIDs, without the presence of  
AIP.

AIP can be complicated by a variety of  extrapan-
creatic lesions, which appear synchronously or meta-
chronously with the pancreatic lesion, share the same 
pathological conditions, and show a favorable response 
to glucocorticosteroid therapy, characteristics indicative 
of  a common pathophysiological background. Among 
the variety of  extrapancreatic diseases, lachrymal and sali-
vary gland lesions are some of  the most frequent, found 
in 23%-39% of  patients with AIP[16,17]. Extrapancreatic 
lesions may mimic or be misdiagnosed as primary lesions 
of  the corresponding organs, e.g., lachrymal and salivary 
gland lesions for SS. It is therefore necessary to differen-
tiate between IgG4-related diseases and inherent diseases 
of  the corresponding organ. When the pancreatic lesion 
is obscured, it may be difficult to detect these presumably 
IgG4-related extrapancreatic lesions[4]. 

IgG4 is the rarest of  the 4 IgG subclasses in humans, 
with an incidence of  about 4%. IgG antibodies are pre-
dominantly involved in the secondary immune response; 
complement activation is possibly their most important 
biological function. The main role of  IgG4 is presumably 
to protect against the biological effects of  the comple-
ment-fixing IgG subclasses and to act in parasitic infesta-
tion or various forms of  atopy[18-20]. Serum IgG4 levels 

are frequently and significantly elevated in AIP patients[6] 
and an elevated level of  serum IgG4 has been included 
among the laboratory criteria for the diagnosis of  AIP[4,15]. 
AIP patients with 3 extrapancreatic lesions have been 
reported to have significantly higher IgG4 levels than 
those lacking such lesions[16]. The optimal cutoff  value for 
discriminating AIP patients with extrapancreatic lesions 
from those without was demonstrated on the basis of  re-
ceiver operator characteristic curves to be 2200 mg/L[7].

The serum IgG4 level was measured in 61 SAID pa-
tients in our study, 28% of  whom proved to have an ele-
vated serum level of  IgG4. However, none of  them could 
be diagnosed with AIP according to the HISORt criteria. 
What could be the reason for this?

One explanation is the composition of  our patient 
cohort. In Japan AIP predominantly affects men, with a 
male:female ratio of  2.85:1[16]. Moreover, there was a male 
preponderance in the United Kingdom, European and US 
studies (100%, 66% and 65% male, respectively), similar 
to in reports from Japan[21-24]. In contrast, there was only 
one male in our patient population.

Lachrymal and salivary lesions associated with AIP 
were previously considered to be complications of  SS. 
However, in contrast to those accompanying SS, the lach-
rymal and salivary gland lesions associated with AIP yield 
negative results for anti-SS-A/SS-B autoantibodies and 
show numerous IgG4-positive plasma cell infiltrations in 
the affected tissues. These lesions are currently thought 
to correspond to Mikulicz’s disease[25]. The explanation 
for our negative results may be that there was only one 
patient with negative SS-A/SS-B autoantibodies in our 
study group. 

Another point is that autoantibodies against FcεRIα 
are detected in the sera of  patients with different autoim-
mune diseases (such as SLE, dermatomyositis, pemphigus 
and pemphigoid); these antibodies are from subclasses 
IgG2 and IgG4, but they are functionally inactive[26]. In 
our study, elevated IgG4 levels were found in 7 patients 
treated for SLE. 

Moreover, our 17 SAID patients with elevated IgG4 
levels included 6 who suffered from different concomi-
tant diseases which could cause the increase in the serum 
level of  IgG4. In one patient, nodular sclerosis Hodgkin 
lymphoma (HL) was diagnosed histologically. HL cells 
frequently express interleukin 13 (IL-13) and its receptor. 
Besides exerting several effects on B cells (e.g., promot-
ing their survival and proliferation), IL-13 switches the Ig 
class to IgG4 and IgE[27]. In another patient, bullous pem-
phigoid was identified, which is among the most common 
blistering autoimmune skin lesions. One of  the features 
of  the disease is the presence of  autoantibodies against 
hemidesmosomal antigens (i.e., bullous pemphigoid an-
tigen 1 and 2) in the serum and in affected areas of  the 
skin. The major types of  these autoantibodies are IgG4 
and IgE[28]. In a third patient, cutaneous lymphocytic vas-
culitis was diagnosed, which could also explain the serum 
IgG4 elevation[29]. In 2 patients, the underlying disease 
was accompanied by Hashimoto’s thyroiditis, which can 
elevate the IgG4 level since thyroglobulin autoantibodies 
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are from subclasses IgG2 and IgG4[30]. There was also one 
patient with bronchial asthma, in which disease elevated 
titers of  IgG4 can be found[31].

Finally, SS was diagnosed in the remaining 4 patients, 
one of  whom was seronegative, while the others were se-
ropositive. The elevated serum IgG4 level in patients with 
seronegative SS may possibly be explained by the pres-
ence of  Mikulicz’s disease[32]. Furthermore, an elevated 
serum IgG4 level has also been reported in SS[33].

However, not all AIP patients display elevated serum 
IgG and IgG4 levels. IgG4-negative AIP patients seem to 
occur more frequently in Europe[34]. Furthermore, some 
AIP cases improve spontaneously[4]. Hence, it cannot be 
ruled out that our SAID cohort included AIP patients 
who were not diagnosed by the measurement of  serum 
IgG4 or in whom the morphology of  the pancreas had 
already normalized by the time of  our examination.

Overall, it can be concluded that the serum IgG4 level 
may be elevated in SAIDs, but as a consequence of  the 
concomitant SAID rather than of  AIP. The determina-
tion of  serum IgG4 does not seem to be suitable for the 
differentiation between IgG4-related diseases and SAIDs.

COMMENTS
Background
Autoimmune pancreatitis (AIP) is frequently associated with some other autoim-
mune disease, suggesting that it may be a systemic disorder. The determina-
tion of serum immunoglobulin G4 (IgG4) is a sensitive marker to diagnose AIP 
and IgG4-related diseases.
Research frontiers
IgG4 is a sensitive marker in the diagnosis of AIP. The association of AIP and 
systemic autoimmune diseases (SAIDs), and the usefulness of the determina-
tion of serum IgG4 in the diagnosis of AIP in patients with SAIDs are not defined.
Innovations and breakthroughs
The authors revealed that the serum IgG4 level may be elevated in SAIDs with-
out the presence of AIP. The determination of serum IgG4 does not seem to be 
suitable for the differentiation between IgG4-related diseases and SAIDs.
Applications
This study provides important data about the serum level of IgG4 in SAIDs. The 
determination of serum IgG4 does not seem to be suitable for the differentia-
tion between IgG4-related diseases and SAIDs. The diagnosis of AIP in SAIDs 
should be made on the results of morphological and histological examination. 
Terminology
AIP is an increasingly recognized distinct type of chronic pancreatitis with a pre-
sumed autoimmune etiology. Immunoglobulin G (IgG) has four subclasses (IgG1 
through IgG4) and the IgG4 subclass accounts for 3%-6% of total serum IgG.
Peer review
This paper discusses the relationship between autoimmune pancreatitis and an 
elevated serum IgG4 level in autoimmune diseases, and presents interesting 
and potentially important information. The patients used in this study are few 
and biased (1 male and 60 female cases), but it is highly significant as a clinical 
pilot study. This study is well-designed and written, but there are some points to 
be clarified.

REFERENCES
1 Detlefsen S, Drewes AM. Autoimmune pancreatitis. Scand J 

Gastroenterol 2009; 44: 1391-1407
2 Shimosegawa T, Kanno A. Autoimmune pancreatitis in 

Japan: overview and perspective. J Gastroenterol 2009; 44: 
503-517

3 Park DH, Kim MH, Chari ST. Recent advances in autoim-

mune pancreatitis. Gut 2009; 58: 1680-1689
4 Okazaki K, Kawa S, Kamisawa T, Ito T, Inui K, Irie H, Iri-

sawa A, Kubo K, Notohara K, Hasebe O, Fujinaga Y, Ohara 
H, Tanaka S, Nishino T, Nishimori I, Nishiyama T, Suda K, 
Shiratori K, Shimosegawa T, Tanaka M. Japanese clinical 
guidelines for autoimmune pancreatitis. Pancreas 2009; 38: 
849-866

5 Hamano H, Kawa S, Horiuchi A, Unno H, Furuya N, Aka-
matsu T, Fukushima M, Nikaido T, Nakayama K, Usuda N, 
Kiyosawa K. High serum IgG4 concentrations in patients 
with sclerosing pancreatitis. N Engl J Med 2001; 344: 732-738

6 Choi EK, Kim MH, Lee TY, Kwon S, Oh HC, Hwang CY, Seo 
DW, Lee SS, Lee SK. The sensitivity and specificity of serum 
immunoglobulin G and immunoglobulin G4 levels in the 
diagnosis of autoimmune chronic pancreatitis: Korean expe-
rience. Pancreas 2007; 35: 156-161

7 Kamisawa T, Imai M, Egawa N, Tsuruta K, Okamoto A. Se-
rum IgG4 levels and extrapancreatic lesions in autoimmune 
pancreatitis. Eur J Gastroenterol Hepatol 2008; 20: 1167-1170

8 Okazaki K, Uchida K, Koyabu M, Miyoshi H, Takaoka M. 
Recent advances in the concept and diagnosis of autoim-
mune pancreatitis and IgG4-related disease. J Gastroenterol 
2011; 46: 277-288

9 Kamisawa T, Okamoto A. Autoimmune pancreatitis: pro-
posal of IgG4-related sclerosing disease. J Gastroenterol 2006; 
41: 613-625

10 Kamisawa T, Okazaki K, Kawa S, Shimosegawa T, Tanaka 
M. Japanese consensus guidelines for management of auto-
immune pancreatitis: III. Treatment and prognosis of AIP. J 
Gastroenterol 2010; 45: 471-477

11 Vitali C, Bombardieri S, Jonsson R, Moutsopoulos HM, Alex-
ander EL, Carsons SE, Daniels TE, Fox PC, Fox RI, Kassan SS, 
Pillemer SR, Talal N, Weisman MH. Classification criteria for 
Sjögren’s syndrome: a revised version of the European crite-
ria proposed by the American-European Consensus Group. 
Ann Rheum Dis 2002; 61: 554-558

12 Gill JM, Quisel AM, Rocca PV, Walters DT. Diagnosis of 
systemic lupus erythematosus. Am Fam Physician 2003; 68: 
2179-2186

13 Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bing-
ham CO, Birnbaum NS, Burmester GR, Bykerk VP, Cohen 
MD, Combe B, Costenbader KH, Dougados M, Emery P, Fer-
raccioli G, Hazes JM, Hobbs K, Huizinga TW, Kavanaugh A, 
Kay J, Kvien TK, Laing T, Mease P, Ménard HA, Moreland 
LW, Naden RL, Pincus T, Smolen JS, Stanislawska-Biernat E, 
Symmons D, Tak PP, Upchurch KS, Vencovský J, Wolfe F, 
Hawker G. 2010 Rheumatoid arthritis classification criteria: 
an American College of Rheumatology/European League 
Against Rheumatism collaborative initiative. Arthritis Rheum 
2010; 62: 2569-2581

14 Walker JG, Pope J, Baron M, Leclercq S, Hudson M, Taillefer 
S, Edworthy SM, Nadashkevich O, Fritzler MJ. The develop-
ment of systemic sclerosis classification criteria. Clin Rheuma-
tol 2007; 26: 1401-1409

15 Chari ST, Smyrk TC, Levy MJ, Topazian MD, Takahashi N, 
Zhang L, Clain JE, Pearson RK, Petersen BT, Vege SS, Farnell 
MB. Diagnosis of autoimmune pancreatitis: the Mayo Clinic 
experience. Clin Gastroenterol Hepatol 2006; 4: 1010-1016; quiz 
934

16 Hamano H, Arakura N, Muraki T, Ozaki Y, Kiyosawa K, 
Kawa S. Prevalence and distribution of extrapancreatic le-
sions complicating autoimmune pancreatitis. J Gastroenterol 
2006; 41: 1197-1205

17 Naitoh I, Nakazawa T, Ohara H, Ando T, Hayashi K, Tanaka 
H, Okumura F, Miyabe K, Yoshida M, Sano H, Takada H, Joh 
T. Clinical significance of extrapancreatic lesions in autoim-
mune pancreatitis. Pancreas 2010; 39: e1-e5

18 Nirula A, Glaser SM, Kalled SL, Taylor FR. What is IgG4? A 
review of the biology of a unique immunoglobulin subtype. 
Curr Opin Rheumatol 2011; 23: 119-124

 COMMENTS

Terzin V et al . Serum IgG4 in autoimmune diseases



2653 June 7, 2012|Volume 18|Issue 21|WJG|www.wjgnet.com

19 van der Zee JS, van Swieten P, Aalberse RC. Inhibition of 
complement activation by IgG4 antibodies. Clin Exp Immunol 
1986; 64: 415-422

20 Aalberse RC, Schuurman J. IgG4 breaking the rules. Immu-
nology 2002; 105: 9-19

21 Church NI, Pereira SP, Deheragoda MG, Sandanayake N, 
Amin Z, Lees WR, Gillams A, Rodriguez-Justo M, Novelli 
M, Seward EW, Hatfield AR, Webster GJ. Autoimmune 
pancreatitis: clinical and radiological features and objective 
response to steroid therapy in a UK series. Am J Gastroenterol 
2007; 102: 2417-2425

22 Zamboni G, Lüttges J, Capelli P, Frulloni L, Cavallini G, 
Pederzoli P, Leins A, Longnecker D, Klöppel G. Histopatho-
logical features of diagnostic and clinical relevance in auto-
immune pancreatitis: a study on 53 resection specimens and 
9 biopsy specimens. Virchows Arch 2004; 445: 552-563

23 Raina A, Yadav D, Krasinskas AM, McGrath KM, Khalid A, 
Sanders M, Whitcomb DC, Slivka A. Evaluation and man-
agement of autoimmune pancreatitis: experience at a large 
US center. Am J Gastroenterol 2009; 104: 2295-2306

24 Czakó L, Gyökeres T, Topa L, Sahin P, Takács T, Vincze 
A, Dubravcsik Z, Szepes A, Pap A, Földesi I, Terzin V, 
Tiszlavicz L, Wittmann T. Autoimmune pancreatitis in Hun-
gary: a multicenter nationwide study. Pancreatology 2011; 11: 
261-267

25 Yamamoto M, Harada S, Ohara M, Suzuki C, Naishiro Y, 
Yamamoto H, Takahashi H, Imai K. Clinical and pathological 
differences between Mikulicz’s disease and Sjögren’s syn-
drome. Rheumatology (Oxford) 2005; 44: 227-234

26 Fiebiger E, Hammerschmid F, Stingl G, Maurer D. Anti-
FcepsilonRIalpha autoantibodies in autoimmune-mediated 
disorders. Identification of a structure-function relationship. J 
Clin Invest 1998; 101: 243-251

27 Skinnider BF, Elia AJ, Gascoyne RD, Trümper LH, von Bo-
nin F, Kapp U, Patterson B, Snow BE, Mak TW. Interleukin 
13 and interleukin 13 receptor are frequently expressed by 
Hodgkin and Reed-Sternberg cells of Hodgkin lymphoma. 
Blood 2001; 97: 250-255

28 Döpp R, Schmidt E, Chimanovitch I, Leverkus M, Bröcker 
EB, Zillikens D. IgG4 and IgE are the major immunoglobulins 
targeting the NC16A domain of BP180 in Bullous pemphi-
goid: serum levels of these immunoglobulins reflect disease 
activity. J Am Acad Dermatol 2000; 42: 577-583

29 Kawassaki AM, Haga H, Dantas TC, Musolino RS, Baldi 
BG, Carvalho CR, Kairalla RA, Mauad T. Adenopathy and 
pulmonary infiltrates in a Japanese emigrant in Brazil. Chest 
2011; 139: 947-952

30 Fukuma N, McLachlan SM, Petersen VB, Kau P, Bradbury J, 
Devey M, Bleasdale K, Grabowski P, Smith BR. Human thy-
roglobulin autoantibodies of subclasses IgG2 and IgG4 bind 
to different epitopes on thyroglobulin. Immunology 1989; 67: 
129-131

31 Sprangers B, Claes K. IgG4-related disease should be con-
sidered in cases of hypocomplementemic immune-complex 
tubulointerstitial nephritis. Letters and Replies NDT Plus 2010; 
3: 326-334

32 Masaki Y, Sugai S, Umehara H. IgG4-related diseases includ-
ing Mikulicz’s disease and sclerosing pancreatitis: diagnostic 
insights. J Rheumatol 2010; 37: 1380-1385

33 Suzuki S, Kida S, Ohira Y, Ohba T, Miyata M, Nishimaki 
T, Morito T, Kasukawa R, Hojyo H, Wakasa H. [A case of 
Sjögren’s syndrome accompanied by lymphadenopathy and 
IgG4 hypergammaglobulinemia]. Ryumachi 1993; 33: 249-254

34 Kamisawa T, Takuma K, Tabata T, Inaba Y, Egawa N, Tsu-
ruta K, Hishima T, Sasaki T, Itoi T. Serum IgG4-negative au-
toimmune pancreatitis. J Gastroenterol 2011; 46: 108-116

S- Editor  Cheng JX    L- Editor  Cant MR   E- Editor  Xiong L

Terzin V et al . Serum IgG4 in autoimmune diseases



 BRIEF ARTICLE

Clinical course of sub-centimeter-sized nodules detected 
during surveillance for hepatocellular carcinoma

Yang Won Min, Geum-Youn Gwak, Min Woo Lee, Moon Seok Choi, Joon Hyoek Lee, Kwang Cheol Koh, 
Seung Woon Paik, Byung Chul Yoo

World J Gastroenterol  2012 June 7; 18(21): 2654-2660
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2012 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v18.i21.2654

2654 June 7, 2012|Volume 18|Issue 21|WJG|www.wjgnet.com

Yang Won Min, Geum-Youn Gwak, Min Woo Lee, Moon 
Seok Choi, Joon Hyoek Lee, Kwang Cheol Koh, Seung 
Woon Paik, Byung Chul Yoo, Department of Medicine, Sam-
sung Medical Center, Sungkyunkwan University School of 
Medicine, Seoul 135-710, South Korea
Min Woo Lee, Department of Radiology, Samsung Medical 
Center, Sungkyunkwan University School of Medicine, Seoul 
135-710, South Korea
Author contributions: Min YW designed the study, contribut-
ed to data analysis and interpretation, and drafted the manu-
script; Gwak GY designed and coordinated the study, contrib-
uted to data interpretation and edited the manuscript; Lee MW 
reviewed radiologic data; Choi MS, Lee JH, Koh KC, Paik SW 
and Yoo BC provided the data and performed critical revision 
of the manuscript.
Correspondence to: Geum-Youn Gwak, MD, Department of 
Medicine, Samsung Medical Center, Sungkyunkwan Univer-
sity School of Medicine, 50 Irwon-dong, Gangnam-gu, Seoul 
135-710, South Korea. gy.gwak@samsung.com
Telephone: +82-2-34103409  Fax: +82-2-34106983
Received: November 9, 2011  Revised: February 20, 2012
Accepted: February 26, 2012
Published online: June 7, 2012

Abstract
AIM: To evaluate the outcome of sub-centimeter-sized 
nodules (SCSNs) detected during surveillance for hepa-
tocellular carcinoma (HCC) in patients at risk.

METHODS: We retrospectively analyzed a total of 142 
patients with liver cirrhosis or chronic hepatitis B or C 
without a prior history of HCC in whom a SCSN was de-
tected during HCC surveillance. We calculated the rate 
of HCC development from SCSNs in the study popula-
tion and analyzed the differences in the baseline clinical 
characteristics and imaging features between the pa-
tients with SCSNs that eventually developed into HCC 
and patients with SCSNs that did not develop into HCC. 

RESULTS: During 667 person-years of follow-up, HCC 
developed in 33 patients. The calculated HCC develop-
ment rate was 4.9% per year. The cumulative one-, 
two-, three- and five-year HCC development rates were 
5.6%, 10.6%, 14.1% and 20.4%, respectively. Upon 
baseline comparison, the HCC group was older (54.4 
± 8.3 years vs  48.9 ± 9.4 years; P  = 0.003) and had 
lower albumin levels (3.56 ± 0.58 g/dL vs  3.84 ± 0.55 
g/dL; P  = 0.012) and higher baseline alpha-fetoprotein 
(AFP) levels (8.5 ng/mL vs  5.4 ng/mL; P  = 0.035) com-
pared to the non-HCC group. Nodule pattern and ini-
tial radiologic diagnosis also differed between the two 
groups. Multivariate analysis revealed that age [P  = 
0.012, odds ratio (OR) =1.075, 95% confidence interval 
(CI) =1.016-1.137], sex (P  = 0.009, OR = 3.969, 95% 
CI: 1.403-11.226), and baseline AFP level (P  = 0.024, 
OR = 1.039, 95% CI: 1.005-1.073) were independent 
risk factors for developing HCC.

CONCLUSION: The overall risk of HCC development 
in patients with SCSNs is similar to that in liver cirrho-
sis patients. Patients with these risk factors need to be 
closely monitored during follow-up.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the third leading cause 
of  cancer-related death in the world, and the ninth lead-
ing cause of  cancer deaths in the United States[1-7]. The 
number of  deaths per year from HCC is virtually identi-
cal to the incidence throughout the world, underscoring 
the high fatality rate of  this aggressive disease[8]. The sole 
approach to achieve long-term survival is to detect the 
tumor at an early stage, when effective therapy can be 
applied[9]. Accordingly, the European Association for the 
Study of  the Liver and the American Association for the 
Study of  Liver Diseases recommend performing screen-
ing for HCC in patients at risk who would be treated if  
diagnosed with this condition[10-12]. Under these guidelines, 
imaging criteria for the diagnosis of  HCC are established 
for lesions 1 cm or larger in patients at risk, but owing to 
a high false-positive rate, a wait-and-see policy is recom-
mended for nodules smaller than 1 cm in diameter[11,12]. 
However, the possibility remains high that minute hepatic 
nodules detected during surveillance may become ma-
lignant over time[13,14]. In addition, a delay in the start of  
treatment of  early-stage HCC may be associated with a 
poorer patient survival[15]. Nevertheless, clinicians have 
limited data on the clinical course of  sub-centimeter-sized 
nodules (SCSNs) detected during surveillance.

A variety of  important risk factors for the develop-
ment of  HCC have been identified. These include chronic 
hepatitis B and C virus infection and cirrhosis due to al-
most any cause[16-22]. Almost 80% of  cases are due to un-
derlying chronic hepatitis B and C virus infection[17]. Since 
patients with chronic hepatitis B who may not have fully 
developed cirrhosis or have regressed cirrhosis as well as 
patients with cirrhosis are at increased risk of  developing 
HCC, an updated the American Association for the Study 
of  Liver Diseases guidelines recommended surveillance 
in patients with chronic hepatitis B[12].

The purpose of  our study was to evaluate the out-
come of  SCSNs detected during HCC surveillance in 
patients at risk and to determine the risk factors for de-
velopment of  those nodules into HCC.

MATERIALS AND METHODS
Patients
This retrospective study was conducted according to the 
principles of  the Declaration of  Helsinki. The study in-
volved patients with liver cirrhosis of  any etiology or 
chronic liver disease including chronic hepatitis B and C 
virus infection, without a prior history of  HCC in whom 
a SCSN was detected during HCC surveillance with ul-
trasonography (US) or computed tomography (CT) of  
the liver at Samsung Medical Center, Seoul, South Korea 
between January 1, 2005 and April 30, 2005 (n = 198). At 
our institution, patients at risk for HCC were followed 
with alpha-fetoprotein (AFP) and US every 6 mo. In case 
of  a difficult US, such as in obese individuals, CT and 
US were performed alternately for HCC surveillance. 

Even when an SCSN was detected, patients were usually 
followed with AFP and US every three or six mo as ap-
propriate. However, if  any SCSN enlarged or its appear-
ance was typical of  HCC, 3 mo surveillance was used for 
a certain period or other image modalities such as CT 
or magnetic resonance imaging (MRI) were performed 
additionally. The medical records of  all patients were 
reviewed thoroughly. Patients who met any of  the follow-
ing criteria were excluded: (1) less than 12 mo of  follow-
up, except subjects who were diagnosed with HCC within 
12 mo of  follow-up; (2) subjects who were lost to follow-
up and diagnosed with HCC at an outside hospital; and (3) 
any history of  cancer. Thus, a total of  56 patients were 
excluded from the study. Forty patients had less than 12 
mo of  follow-up, seven patients were excluded because 
HCC was diagnosed at the time of  inclusion in the study, 
and three patients were lost to follow-up. Additionally, 
three patients had hepatic nodules 1 cm or larger in size 
at inclusion, two patients had other types of  cancer, and 
the etiology of  liver disease in one patient was unclear.

Data collection
The following clinical and laboratory information was 
collected from each patient: age, sex, etiology of  liver 
disease, presence of  liver cirrhosis, the Child-Pugh clas-
sification, aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), prothrombin time (PT), serum total 
bilirubin, platelet count, serum albumin, and baseline and 
follow-up AFP levels.

Image interpretation
The initial radiologic diagnosis of  SCSNs was based on 
the results of  US or CT during surveillance. In addition, 
all radiologic images were reviewed by one radiologist 
who had 11 years of  experience in liver imaging interpre-
tation. He did not participate in the initial patient selec-
tion and was blinded to the final diagnoses and clinical 
information such as AFP levels. Each detected lesion was 
evaluated for the number, location, and echogenicity/at-
tenuation of  nodules. Lesions were categorized as follows: 
(1) hypoechoic/low-attenuation; (2) hyperechoic/high-
attenuation; and (3) mixed echoic/attenuation (Figure 1). 
All lesions were included in one of  these three categories.

The diagnosis of  HCC was based either on biopsy 
or the clinical criteria of  the Korean Liver Cancer Study 
Group and the National Cancer Center, South Korea[3]. 
Briefly, the diagnosis of  HCC was made when the AFP 
level was ≥ 400 ng/mL and at least one of  the dynamic 
enhancement CT or MRI showed a vascular pattern typi-
cal of  HCC in patients at risk including patients with 
HBV or HCV infection, or liver cirrhosis. If  the AFP 
level was < 400 ng/mL, at least two of  the dynamic en-
hancement CT, MRI or transarterial angiography must 
show vascular patterns typical of  HCC in order to make 
a diagnosis of  HCC.

Statistical analysis
Statistical analyses were conducted using PASW Statistics 
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18 for Windows (SPSS, Inc, Chicago, IL, United States). 
The statistical results are presented as the mean ± SD, 
median (range), or number (%) of  patients. The differ-
ences in the baseline clinical characteristics and imaging 
features between the lesions that eventually developed 
into HCC and those that did not (non-HCC) were statis-
tically analyzed to identify significant risk factors for the 
development of  HCC from SCSNs detected during sur-
veillance.

Continuous variables were compared parametrically 
using Student’s t-test or non-parametrically using the 
Mann-Whitney U-test. Categorical variables were com-
pared using the χ 2-test or Fisher’s exact test as appropri-
ate. Multiple logistic regression analysis was performed 
on variables that were different between the non-HCC 
and HCC groups in the univariate analysis (P < 0.100), in 
order to identify variables independently associated with 
the development of  HCC. HCC development rates were 
calculated using the Kaplan-Meier method. A two-sided 
P value < 0.05 was considered statistically significant.

RESULTS
A total of  142 patients were included in this study. Their 
characteristics are summarized in Table 1. Eighty-four 
patients (59.2%) were male and the mean age was 50.2 ± 
9.4 (SD) years. The etiology of  liver disease was hepati-
tis B virus infection in 126 patients (88.7%), hepatitis C 
virus infection in 9 (6.3%), and alcoholic liver disease in 
7 (5.0%). One hundred and eleven patients (78.2%) had 
cirrhotic liver. Ninety-eight patients (88.3%) were Child-
Pugh class A, 10 (9.0%) were class B, and 3 (2.7%) were 
class C. A total of  33 patients had at least one SCSN: 23 
patients were detected by US and 10 were detected by CT. 
There was one SCNS in 26 patients (18.3%), two SCSNs 
in 7 (5.0%), three in 3 (2.1%), four in 1 (0.7%), and more 
than four in 105 (73.9%). The SCSNs were hypoechoic/
low-attenuation in 77 patients (54.3%), hyperechoic/high-
attenuation in 31 (21.8%), and mixed echoic/attenuation 
in 34 (23.9%). Initial radiologic diagnosis of  the hepatic 
nodules was regenerative nodule (RN)/dysplastic nodule 
(DN) in 119 patients (83.8%), hemangioma in 17 (12.0%), 

indeterminate nodule in 5 (3.5%), and arterioportal shunt 
in 1 (0.7%). 

During 667 person-years of  follow-up (mean, 28.5 
± 20.0 mo), HCC developed in 33 patients (23.2%). The 
mean durations of  follow-up were 32.6 ± 19.5 and 64.3 ± 
17.6 in the HCC and non-HCC groups, respectively. The 
mean time to diagnosis of  HCC after detection of  SCSNs 
was 33.1 ± 18.9 mo. Except for one biopsy-proven case, 
most of  the HCC cases were diagnosed according to the 
clinical criteria of  the Korean Liver Cancer Study Group 
and the National Cancer Center, South Korea[3], which 
were not same as the international guidelines[10,11] at that 
time. However, when retrospectively reevaluated, all diag-
noses of  HCC were satisfied with the updated American 
Association for the Study of  Liver Diseases guidelines[12]. 
Following diagnosis, twelve patients (36.4%) underwent 
radiofrequency ablation, 13 (39.4%) underwent transarte-
rial chemoembolization, 5 (15.2%) underwent surgical 
resection, 1 (3.0%) underwent liver transplantation, and 2 
(6.0%) did not receive any treatment.

The calculated HCC development rate was 4.9% per 
year. The cumulative one-, two-, three- and five-year 
HCC development rates were 5.6%, 10.6%, 14.1% and 
20.4%, respectively. 

Clinical features and initial radiologic results of patients 
in the HCC and non-HCC groups
Patients diagnosed with HCC were older (54.4 ± 8.3 
years vs 48.9 ± 9.4 years; P = 0.003) and had lower al-
bumin levels (3.56 ± 0.58 g/dL vs 3.84 ± 0.55 g/dL; P 
= 0.012) and elevated baseline AFP levels [8.5 (range: 
3.2-211.6) ng/mL vs 5.4 (range: 1.0-55.9) ng/mL; P = 
0.035) compared to patients with non-HCC nodules. In 
terms of  nodule pattern, patients diagnosed with HCC 
had more hypoechoic/low-attenuation nodules and less 
hyperechoic/high-attenuation nodules than patients with 
non-HCC nodules [23 (69.7%) vs 54 (49.5%) and 1 (3.0%) 
vs 30 (27.5%), respectively, P = 0.011]. In the initial radio-
logic diagnosis of  hepatic nodules, RN/DN accounted 
for 31 (93.9%) in patients diagnosed with HCC, while 
RN/DN and hemangioma accounted for 88 (80.7%) and 
17 (15.6%), respectively, in patients with non-HCC nod-
ules (P = 0.036). There were no significant differences in 

A B C D

Figure 1  Representative cases according to ultrasonography and computed tomography findings. A: Ultrasonography shows scattered sub-centimeter-sized 
low echoic nodules; B: Arterial phase computed tomography (CT) scan shows a 5 mm sized low attenuated nodule in left lobe of liver; C: Ultrasonography shows a 7 
mm sized hyperechoic nodule in right lobe of liver; D: Arterial phase CT scan shows a 5 mm sized high attenuated nodule in right lobe of liver.
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sex, etiology of  liver disease, presence of  liver cirrhosis, 
Child-Pugh class, AST, ALT, PT, bilirubin, platelet count, 
or number of  nodules between patients diagnosed with 
HCC and patients with non-HCC nodules (Table 2).

Multivariate analysis revealed that old age [P = 0.012, 
odds ratio (OR) = 1.075, 95% confidence interval (CI) = 
1.016-1.137], male sex (P = 0.009, OR = 3.969, 95% CI: 
1.403-11.226), and high baseline AFP level (P = 0.024, 
OR = 1.039, 95% CI: 1.005-1.073) were associated with 
an increased risk of  developing HCC from SCSNs de-
tected during surveillance (Table 3).

DISCUSSION
The purpose of  our study was to evaluate the outcome of  
SCSNs detected during surveillance in patients at risk and 
to determine risk factors for developing HCC from those 
nodules. The current practice guidelines recommend fol-
low-up of  SCSNs every few months in order to detect 
growth suggestive of  malignant transformation[10-12]. How-
ever, early diagnosis of  HCC has a significant impact on 
survival because it enables the timely implementation of  

effective treatment strategies, including hepatic resec-
tion, loco-regional ablative therapy, and liver transplan-
tation[23,24]. In addition, even in cases of  HCC that are 

Baseline characteristics Number of patients

Age (yr) 50.2 ± 9.4
Male   84 (59.2)
Etiology of liver disease
   Hepatitis B infection 126 (88.7)
   Hepatitis C infection   9 (6.3)
   Alcohol liver cirrhosis   7 (5.0)
Liver cirrhosis 111 (78.2)
   Child-Pugh A   98 (88.3)
   Child-Pugh B 10 (9.0)
   Child-Pugh C  3 (2.7)
AST (UI/L)   47.9 ± 26.8
ALT (UI/L)   53.2 ± 42.5
PT (INR)   1.19 ± 0.17
Bilirubin (mg/dL)   1.24 ± 0.97
Platelets (109/L) 125.3 ± 60.3
Albumin (g/dL)   3.77 ± 0.56
Baseline AFP (ng/mL, range) 5.7 (1.0-211.6)
Number of nodules
   One   26 (18.3)
   Two   7 (5.0)
   Three   3 (2.1)
   Four   1 (0.7)
   Over four 105 (73.9)
Nodule pattern
   Hypoechoic/low-attenuation   77 (54.3)
   Hyperechoic/high-attenuation   31 (21.8)
   Mixed   34 (23.9)
Initial radiologic diagnosis
RN/DN 119 (83.8)
   Hemangioma   17 (12.0)
   Indeterminate nodule   5 (3.5)
   Arterioportal shunt   1 (0.7)

Table 1  Baseline characteristics of high-risk patients who had 
sub-centimeter-sized nodules  (n  = 142)

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; PT: 
Prothrombin time; AFP: Alpha-fetoprotein; RN: Regenerative nodule; DN: 
Dysplastic nodule; INR: International normalized ratio. Data are shown as the 
mean ± SD, median (range) or n (%) of patients.

Table 2  Risk factors for the development of hepatocellular 
carcinoma from sub-centimeter-sized nodules

Variables Diagnosis P  
value

HCC 
(n  = 33)

Non-HCC 
(n  = 109)

Age (yr)    54.4 ± 8.3    48.9 ± 9.4 0.003
Male 24 (72.4) 60 (55.0) 0.070
Etiology of liver disease 0.364
   Hepatitis B infection 27 (81.8) 99 (90.8)
   Hepatitis C infection 3 (9.1) 6 (5.5)
   Alcoholic liver cirrhosis 3 (9.1) 4 (3.7)
Liver cirrhosis 29 (87.9) 82 (75.2) 0.123
AST (UI/L) 49.3 ± 20.4 47.5 ± 28.5 0.736
ALT (UI/L) 50.9 ± 36.5 53.9 ± 44.3 0.722
PT (INR) 1.23 ± 0.17 1.18 ± 0.17 0.088
Bilirubin (mg/dL) 1.27 ± 0.78 1.23 ± 1.02 0.831
Platelets (109/L)   110.1 ± 53.9   129.9 ± 61.6 0.099
Albumin (g/dL) 3.56 ± 0.58 3.84 ± 0.55 0.012
Number of nodules 0.390
   One   4 (12.1) 22 (20.0)
   Two 1 (3.0) 6 (5.5)
   Three 0 (0.0) 3 (2.8)
   Four 0 (0.0) 1 (0.9)
   Over four 28 (84.8) 77 (70.6)
Nodule pattern 0.011
   Hypoechoic/low-attenuation 23 (69.7) 54 (49.5)
   Hyperechoic/high-attenuation 1 (3.0) 30 (27.5)
   Mixed   9 (27.3) 25 (22.9)
Initial radiologic diagnosis 0.036
RN/DN 31 (93.9) 88 (80.7)
   Hemangioma 0 (0.0) 17 (15.6)
   Indeterminate nodule 2 (6.1) 3 (2.8)
   Arterioportal shunt 0 (0.0) 1 (0.9)
Baseline AFP (ng/mL, range) 8.5 (3.2-211.6) 5.4 (1.0-55.9) 0.035

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; PT: Pro-
thrombin time; AFP: Alpha-fetoprotein; RN: Regenerative nodule; DN: Dys-
plastic nodule; INR: International normalized ratio; HCC: Hepatocellular car-
cinoma. Data are shown as the mean ± SD, median (range) or n (%) of patients.

Table 3  Multivariate analysis of risk factors for the develop-
ment of hepatocellular carcinoma from sub-centimeter-sized 
hepatic nodules

Variables P  value OR 95% CI

Age (yr) 0.012 1.075 1.016-1.137
Male 0.009 3.969   1.403-11.226
PT (INR) 0.877 0.698   0.007-66.718
Platelets (109/L) 0.917 0.999 0.990-1.009
Albumin (g/dL) 0.478 0.624 0.169-2.298
Nodule pattern 0.081
Nodule pattern (1)1 1.000 0.812 0.233-2.827
Nodule pattern (2)2 0.054 0.075 0.006-1.026
Baseline AFP (ng/mL) 0.024 1.039 1.005-1.073

1Between hypoechoic/low-attenuation and mixed echoic/attenuation; 2Be-
tween hyperechoic/high-attenuation and mixed echoic/attenuation. OR: 
Odds ratio; CI: Confidence interval; PT: Prothrombin time; AFP: Alpha-
fetoprotein; INR: International normalized ratio. Data are shown as the mean 
± SD, median (range) or number (%) of patients. 
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detected early and can be treated with radiofrequency ab-
lation, a delay (more than five weeks) in treatment may be 
associated with poorer patient survival[15]. Therefore, in 
the present study, we focused on the SCSNs, which have 
not been investigated so far, even though occasionally 
encountered in practice, and identified clinical risk factors 
for the development of  HCC from SCSNs.

Several studies have reported an HCC yearly inciden-
ce in HBV or HCV infection, which is between 2%-8% 
per year depending on the study population[12,18,21,25-33]. In 
the present study, the annual HCC incidence from SCSNs 
was 4.9% per year, which is similar to above-mentioned 
HCC incidences of  2%-8%/year in chronic HBV or 
HCV infection. Thus, although the detection of  SCSNs 
during surveillance is not infrequent and their manage-
ment could be a major clinical challenge, it seems that the 
HCC incidence does not increase significantly in patients 
with SCSNs compared to patients without SCSNs.

There have been a few studies of  sub-centimeter-
sized HCC[34,35]. Park et al[34] reported that small (5-10 
mm) arterially enhancing nodules at the hepatic arterial 
phase of  CT in surveillance for HCC have a 29.5% prob-
ability of  developing into HCC over a mean 35.7 mo 
of  follow-up on a per-person basis. They also identified 
the presence of  HCC treatment history, a larger size of  
small (5-10 mm) arterially enhancing nodules, presence 
of  coexistent HCC, and absence of  coexistent typical 
arterioportal shunts as independent risk factors for fu-
ture development of  HCC. In our study, SCSNs had a 
23.2% probability of  developing into HCC over a mean 
of  28.5 mo of  follow-up. The unique feature of  the pres-
ent study that differentiates it from that of  Park et al[34] is 
that our study population had no prior HCC history and 
included 77 (54.3%) patients who had hypoechoic/low-
attenuation SCSNs. In addition, patients diagnosed with 
HCC had more hypoechoic/low-attenuation SCSNs than 
patients with non-HCC nodules (69.7% vs 49.5%; P = 
0.011; Table 2), although the difference was not signifi-
cant in the multivariate analysis (P = 0.081). This could 
be due to hemangiomas, which are mainly hyperechoic/
high-attenuation and benign, because 17 patients with a 
hemangioma were included only in the non-HCC group 
(Table 2). Therefore, we selected patients who had RN/
DN and performed a subgroup analysis. The proportion 
of  patients with hypoechoic/low-attenuation SCSNs did 
not differ between the two groups (70.0% vs 56.5%, P = 
0.134). According to our results, non-enhancing minute 
hepatic nodules also might have considerable malignant 
potential and should receive as much attention as enhanc-
ing nodules.

A study by Forner et al[36] evaluated the accuracy of  
contrast-enhanced US and dynamic MRI for the diag-
nosis of  nodules 20 mm or smaller detected during US 
surveillance. The study included 89 patients with cirrho-
sis, of  whom 13 patients (14.6%) had a SCSN. Among 
those with SCSNs, 2 (15.4%) were ultimately diagnosed 
with HCC. Significant differences were found in age, no-

dule size, and the presence of  a halo between patients 
diagnosed with HCC and patients with non-HCC nodule 
in all subjects, although multivariate analysis was not per-
formed. In our study, old age, male sex, and high baseline 
AFP levels were associated with an increased risk of  de-
veloping HCC from SCSNs detected during surveillance. 
Among these variables, male sex was the strongest risk 
factor (P = 0.009, OR = 3.969, 95% CI: 1.403-11.226). 
Elevated baseline AFP levels may be affected by un-
discovered HCC. Therefore, we excluded subjects who 
were diagnosed with HCC at the time of  inclusion in the 
study. Additionally, we investigated the change in AFP 
levels and calculated the AFP ratio as the last AFP level 
divided by the baseline AFP level. The AFP ratios were 
also significantly elevated in the HCC group compared to 
the non-HCC group [1.0 (range: 0.2-74.3) vs 0.7 (range: 
0.0-4.7); P = 0.040], even though baseline AFP levels 
were elevated. Thus, elevated AFP level at baseline could 
be considered a risk factor for developing HCC, and an 
increased AFP ratio during follow-up should be consid-
ered a critical warning sign for HCC development.

The present study had some limitations. First, the 
retrospective design likely introduced selection bias. Sec-
ond, there was a lack of  histological confirmation for 
the benign lesions, which were defined on the basis of  
radiologic images. However, it is unlikely that HCCs were 
incorrectly categorized as benign because our follow-up 
period was sufficiently long. Furthermore, pathological 
confirmation of  these lesions would not be practical in 
clinical settings. Last, our assessments regarding the num-
ber, location, nodule pattern, and size of  SCSNs had an 
element of  subjectivity due to the small nodule sizes and 
sometimes ill-defined margins. To overcome this limita-
tion, all radiologic images were reviewed by an experi-
enced radiologist who was blinded to the final diagnoses.

In conclusion, the overall risk of  HCC development 
in patients with SCSNs is similar to that in liver cirrho-
sis patients. However, since old age, male sex, and high 
baseline AFP level are associated with an increased risk 
of  developing HCC from SCSNs, patients with these risk 
factors need to be closely monitored during follow-up.
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risk factors for developing HCC from those nodules. Therefore, the study could 
provide valuable information to clinicians managing patients with chronic liver 
disease.
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The study results suggest that patients with risk factors such as old age, male 
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Abstract
AIM: To evaluate the relationship between a positive 
family history of primary liver cancer and hepatocellular 
carcinoma (HCC) development in Korean HCC patients.

METHODS: We studied a total of 2242 patients diag-
nosed with HCC between January 1990 and July 2008, 
whose family history of primary liver cancer was clearly 
described in the medical records.

RESULTS: Of the 2242 patients, 165 (7.4%) had a 

positive family history of HCC and 2077 (92.6%) did 
not. The male to female ratio was 3.6:1, and the major 
causes of HCC were chronic hepatitis B virus (HBV) in-
fection in 75.1%, chronic hepatitis C virus infection in 
13.2% and alcohol in 3.1%. The median ages at diag-
nosis in the positive- and negative-history groups were 
52 years (range: 29-79 years) and 57 years (range: 
18-89 years), respectively (P  < 0.0001). Furthermore, 
among 1713 HCC patients with HBV infection, the 
number of patients under 45 years of age out of 136 
patients with positive family history was 26 (19.1%), 
whereas those out of 1577 patients with negative fam-
ily history was 197 (12.5%), suggesting that a positive 
family history may be associated with earlier develop-
ment of HCC in the Korean population (P  = 0.0028).

CONCLUSION: More intensive surveillance maybe re-
commended to those with a positive family history of 
HCC for earlier diagnosis and proper management es-
pecially when HBV infection is present.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) accounts for up to 90% 
of  primary liver cancers. It is the fifth most common can-
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cer and the third most common cause of  cancer-related 
death worldwide[1-3]. The major risk factors for the devel-
opment of  HCC include liver cirrhosis of  any etiology, 
chronic hepatitis B virus (HBV) infection, chronic hepa-
titis C virus (HCV) infection, heavy alcohol consumption 
and non-alcoholic steatohepatitis[2,4].

Familial clustering has been reported in many types of  
cancer including pancreas, colon, stomach, lung and breast 
cancers based on either meta-analyses or registry-based 
studies throughout the world[5-9]. However, no data on 
familial clustering for HCC is available in Korea to date 
although a few studies are reported in some other coun-
tries[10-15]. The development of  HCC in Caucasian popula-
tions are reported to be less related to chronic HBV infec-
tion, but the clustering of  HBV infection among family 
members was reported to be the major cause associated 
with family histories of  HCC in Asia[3,12,14,16]. Still, the 
impact of  family history of  HCC in the development of  
HCC remains to be determined along with the possible 
confounding effects of  important risk factors for HCC. 
Here, we report a large retrospective cohort study evaluat-
ing the effect of  family history of  HCC on its develop-
ment among Korean patients with various risk factors.

MATERIALS AND METHODS
Study population
This study was a single-hospital-based study; cases were 
retrospectively evaluated. The data were recruited ret-
rospectively from the medical records of  2242 patients 
who had first been diagnosed with and treated for HCC 
between January 1990 and July 2008. Before the analysis, 
the diagnosis of  HCC was reconfirmed based on the 
American Association for the Study of  Liver Diseases 
Practice Guidelines for Management of  HCC[17], with ei-
ther positive histopathology on liver biopsy and/or non-
invasive criteria of  hepatic imaging demonstrating one or 
more space-occupying lesions showing arterial hypervas-
cularization on triphasic computed tomography and/or 
magnetic resonance imaging with or without an elevated 
alpha-fetoprotein (AFP) level.

All patients were screened for hepatitis virus infec-
tion when diagnosed with HCC, and if  a patient had no 
evidence of  chronic viral hepatitis, he or she underwent 
studies for autoimmune hepatitis and metabolic and/or 
genetic disorders such as Wilson’s disease, hemochroma-
tosis, primary biliary cirrhosis. HBV infection was diag-
nosed by testing for hepatitis B surface antigen, hepatitis 
core IgG, and HBV DNA, and HCV infection was diag-
nosed by testing for anti-HCV antibodies and HCV RNA;  
testing was performed at the central lab of  Seoul St. Mary’
s Hospital. Alcohol-related cirrhosis was clinically diag-
nosed based on a compatible history of  sustained alcohol 
consumption over 75 g/d in the absence of  any other 
cause for liver disease.

A family history of  HCC was determined based on 
medical records written during personal interviews on 
admission.

Tumor staging
Tumor staging for HCC was based on a classification sys-
tem modified from the Union for International Cancer 
Control staging classification[18-20].

Statistical analysis
The results are presented as frequency (n) and percentage 
for categorical data and median (minimum to maximum) 
for continuous data.

To compare the general characteristics according to 
HCC family history, categorical variables were analyzed 
using either the χ 2 test or Fisher’s exact test, as appropri-
ate. Continuous variables were compared using the Mann-
Whitney U-test. To identify differences in HCC family 
history according to HBV and HCV infections, statistical 
analyses were performed by the χ 2 test, Fisher’s exact test, 
or the Mann-Whitney U-test, as appropriate.

All statistical analyses were performed using SAS 
software, Version 9.1 (SAS Institute Inc., Cary, NC). A 
2-tailed P-value of  < 0.05 was considered statistically sig-
nificant.

RESULTS
Patient characteristics
The demographic features of  the HCC patients are sum-
marized in Table 1. A total of  2242 cases with HCC were 
recruited by a retrospective chart review. The number of  
male patients (n = 1765) was approximately 3.6 times that 
of  female patients (78.7% vs 21.3%, respectively). The 
median age at the time of  diagnosis was 57 years (18-89 
years), and the median age at the peak incidence of  HCC 
was in the sixth decade (n = 722, 32.2%) followed by the 
seventh (n = 640, 28.6%) for all cases. When classified by 
gender, male patients were most commonly diagnosed 
with HCC in their fifties, whereas female patients were 
most commonly diagnosed in their sixties.

The most common single cause of  HCC was HBV 
(n = 1683, 75.1%); the second was HCV, and the fourth 
was alcohol. The group classified as “unknown” was the 
third largest group and included the patients with non-B, 
non-C, and non-alcoholic liver cirrhosis and those for 
whom the cause of  HCC could not be identified even af-
ter thorough evaluation (Table 1). In patients with chronic 
hepatitis B, the peak incidence of  HCC was observed in 
the sixth decade of  life; however, it was observed 10 years 
later in patients for whom HCC was caused by chronic 
hepatitis C or alcohol (data not shown). In 32 (1.4%)  
of  2242 patients, more than one etiology was identified. 
HBV co-infection with HCV was the most common 
combination and affected 17 patients; HBV with alcohol 
was the second most common and affected 13 patients; 
the remaining two cases were caused by HCV with alco-
hol. When the patients were classified based on whether 
a patient had HBV infection, the HBV-positive group 
consisted of  1713 patients (76.4%), whereas the HBV-
negative group included only 529 (23.6%) patients. The 
patients were then reclassified into HCV-positive and 
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-negative groups; the HCV-positive group included only 
14.1% (n = 315) of  all patients.

By the modified International Union Against Cancer 
(UICC) staging classification, only 185 patients (8.3%) were 
diagnosed at stage Ⅰ, followed by 655 (29.2%) patients at 
stage Ⅱ, 648 (28.9%) patients at stage Ⅲ, and 753 (33.6%) 
patients at stage Ⅳ. Thus, over half  of  the patients (62.5%) 
were diagnosed at advanced stages of  HCC, including 
stages Ⅲ and Ⅳ.

Laboratory data at diagnosis did not indicate severe 
hepatic dysfunction. The medians of  serum alanine trans-
aminase, serum total bilirubin, serum albumin, and plate-
let count were 47 U/L (3.0-3505.0), 1.1 mg/mL (0.1-58), 
3.5 g/dL (1.2-4.98), and 121 500/µL (8000-1 084 000), 
respectively. With regard to tumor markers, the median 
serum AFP level was 69.1 ng/mL (0.0-529 470.0), and 
the median level of  serum protein induced by vitamin K 
deficiency (PIVKA-Ⅱ) was 88.0 Mau/mL (1.0-16 636.8). 
No statistical difference between the positive- and nega-
tive-family-history groups was found.

Family history of HCC
As shown in Table 1, 165 (7.4%) of  2242 patients had 
a positive family history of  HCC in one or more family 
members, whereas 2077 (92.6%) patients had no family 

history of  any HCC. Because the main concern was the 
influence of  a positive family history in the development 
of  HCC, positive histories in the offspring of  the patients 
were not considered. Among those 165 patients with 
positive family histories, 159 had a positive family history 
in one or more first-degree relatives, including parents 
and siblings. Of  the remaining six patients (all of  these 
patients as well as their mothers had HBV infection), 
five had a positive family history of  HCC in a brother 
or sister of  the patient’s mother, and one had a positive 
family history in the grandmother and in an uncle on 
the mother’s side. We considered these patients to have 
positive family histories because vertical transmission of  
HBV and its oncogenic effects on the affected individual 
and on his or her family members cannot be omitted in 
a population with a high prevalence of  HBV infection. 
The number of  patients with a positive family history in 
a single family member was 143. A father, a mother, or 
a sibling was a single family member with a history of  
HCC in 25, 29 and 89 patients, respectively. The number 
of  patients with a positive family history in two or more 
family members were as follows: both mother and father 
in two, a father and a sibling in two, a mother and a sib-
ling in 10, a mother and two siblings in one, two siblings 
in one, a grandmother and an uncle in one, a sibling and 

Table 1  General characteristics of the study population  n  (%)

Total
n  = 2242

FHx (-)
n  = 2077 (92.6%)

FHx (+)
n  = 165 (7.4%)

P  value

Gender Male           1765 (78.7)           1639 (78.9)  126 (76.4)    0.441
Female             477 (21.3)             438 (21.1)    39 (23.6)

Age   Median (min-max)            57.0 (18.0-89.0)            57.0 (18.0-89.0)         52.0 (29.0-79.0)   < 0.0001
< 20                 1 (0.1)                 1 (0.1)    0 (0.0) < 0.001
20-29               13 (0.5)               12 (0.6)    1 (0.6)
30-39             112 (5.0)               99 (4.8)  13 (7.9)
40-49             458 (20.4)             410 (19.7)    48 (29.1)
50-59             722 (32.2)             661 (31.8)    61 (37.0)
60-69             640 (28.6)             606 (29.2)    34 (20.6)
70-79             256 (11.4)             248 (11.9)    8 (4.8)
≥ 80               40 (1.8)               40 (1.9)    0 (0.0)

Etiology HBV           1683 (75.1)           1548 (74.5)  135 (81.8)    0.236
HCV             296 (13.2)             280 (13.5)  16 (9.6)

Alcohol               70 (3.1)               68 (3.3)    2 (1.2)
Combined               32 (1.4)               31 (1.5)    1 (0.6)

Others               50 (2.2)               45 (2.2)    5 (3.0)
Unknown             111 (5.0)             105 (5.0)    6 (3.6)

HBV HBV (+)           1713 (76.4)           1577 (75.9)  136 (82.4)    0.058
HBV (-)             529 (23.6)             500 (24.1)    29 (17.6)

HCV HCV (+)             315 (14.1)             298 (14.3)    17 (10.3)  0.15
HCV (-)           1927 (85.9)           1779 (86.7)  148 (89.6)

Stage Ⅰ             185 (8.3)             167 (8.0)    18 (10.9)    0.221
Ⅱ             655 (29.2)             602 (29.0)    54 (32.7)
Ⅲ             648 (28.9)             610 (29.4)    38 (23.1)

Ⅳa and Ⅳb             753 (33.6)             698 (33.6)    55 (33.3)
Lab, ALT (U/L) 47.0 (3.0-3505.0) 47.0 (3.0-3505.0)         47.5 (3.0-840.0)    0.987
median (min-max)          TB (mg/mL)              1.1 (0.1-47.6)              1.1 (0.1-47.6)            1 (0.1-26.0)    0.868

   Alb (g/dL)              3.5 (1.2-9.6)              3.5 (1.2-9.6)       3.7 (1.6-5.0)    0.106
  Platelet (x 103/µL)          121.5 (8.0-1084.0) 121.0 (18.0-1084.0)       133.0 (8.0-635.0)    0.181

Tumor markers,       AFP (ng/ mL)            69.1 (0.0-529 470.0)    67.00 (0.0-529 470.0)            110.8 (1.1-53 606.0)    0.972
median (min-max)   PIVKA-Ⅱ (Mau/mL)    88.0 (1.0-16 636.8)    92.0 (1.0-16 636.8)           80.0 (6.0-2000.0)    0.990

AFP: Alpha-fetoprotein; Alb: Serum albumin; ALT: Alanine transaminase; HBV: Hepatitis B virus; HCV: Hepatitis C virus; FHx: Family history; PIVKA-Ⅱ: 
Protein induced by vitamin K deficiency-Ⅱ; TB: Serum total bilirubin.
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an uncle in two, and a mother, grandmother, and an aunt 
in one. Considering 159 the patients positive family his-
tory only in the first degree relative, when grouped into 
HBV-positive and -negative, the median age at diagnosis 
of  HCC was 51.5 and 57.0, respectively (P = 0.049).

Age at diagnosis: Regardless of  the family history of  
HCC, both groups had a peak incidence of  HCC diagno-
sis in their fifties. However, the median age at diagnosis 
was 52 years (range: 29-79 years) for those with positive 
family histories, which was significantly younger (P < 
0.0001) than that for those with negative family histories 
(57; range: 18-89 years). In the positive-family-history 
group, 61 (37.0%) patients were diagnosed in their fifties, 
and 48 (29.1%) in their forties. In the negative-family-his-
tory group, 661 (31.8%) patients were diagnosed in their 
fifties, and 606 (29.2%) in their sixties (P < 0.001) (Table 1).

Among the patients in the positive-family-history 
group, the median age at diagnosis in the HBV-positive 
patients (n = 136) vs the HBV-negative patients (n = 29) 
was 52 vs 57, respectively; this difference was not sig-

nificant (P = 0.065). HBV-positive patients were most 
frequently diagnosed with HCC in their fifties (n = 56, 
41.2%), followed by their forties (n = 39, 28.7%). The 
median age at diagnosis in the HCV-positive patients (n 
= 18) vs the HCV-negative patients (n = 147) was 54 vs 
52 years, respectively; this difference also failed to reach 
statistical significance (P = 0.629) (Table 2).

Risk factors: HBV and HCV were two important causes 
of  HCC development with or without a family history of  
HCC. Among patients with a positive family history, 135 
cases were caused by HBV infection only, and 16 cases 
were caused by HCV only; one patient had both HBV 
and HCV infections (Table 1). In the negative-family-
history group, 1548 (74.5%) cases were caused by HBV 
infection, followed by 280 (13.5%) cases of  HCV infec-
tion, and these percentages were not significantly differ-
ent from those found in the positive-family-history group 
(P = 0.236) (Table 1).

Among those with a positive family history of  HCC, 
the median age at diagnosis of  136 patients with HBV 
infection was 52 years (range: 30-78 years), whereas that 
of  29 patients without HBV infection was 57 years (range: 
29-79 years) (P = 0.132). With regard to HCV infection 
among those with a positive family history, the median 
age at diagnosis was 54 years (range: 29-75 years) in the 
HCV-infected group and 52 years (range: 30-79 years) in 
the HCV-noninfected group (P = 0.562) (Table 2).

Staging at diagnosis: HCC staging was based on a mo-
dified UICC staging system, with UICC stages Ⅳa and 
Ⅳb defined here as stage IV. Stages Ⅰ, Ⅱ, Ⅲ and Ⅳ in-
cluded 18 (10.9%), 54 (32.7%), 38 (23.0%) and 55 (33.4%) 
patients, respectively, in the positive-family-history group, 
and 167 (8.0%), 602 (29.0%), 610 (29.4%) and 698 (33.6%) 
patients, respectively, in the negative-family-history group 
(P = 0.221). When the stages were reclassified into earlier 
(stages Ⅰ and Ⅱ) vs advanced stages (stages Ⅲ and Ⅳ), 
the early and advanced stages included 72 (43.6%) and 93 
(56.4%) patients in the positive-family-history group and 
768 (37.0%) and 1308 (63.0%) patients in the negative 
family history group (P = 0.090), respectively.

HBV infection and family history of HCC
As shown in Table 3, 1711 patients had HBV infections, 
and 134 (7.8%) of  these had a positive family history of  
HCC. The median age of  these 134 patients was 52 years 
(30-78 years), and among those without a family history 
(n = 1577, 92.1%), the median age was 57 years (range: 
18.0-89.0 years), showing a significant statistical differ-
ence between the two groups (P < 0.0001). Among 529 
patients without HBV infection, 29 (5.5%) had a positive 
family history of  HCC, and their median age was 57 years 
(range: 29-79 years), whereas the remaining 500 patients 
without a family history had a median age of  61 years 
(range: 22-88 years) (P = 0.164). The patients were then 
divided into two groups based on age: a younger group 
(ages under 45 years) and an older group (ages 45 years 
or more). Among the HBV-positive patients, the numbers 

n Age 
(yr, median)

Range P  value

Family members 
Father          29 53 29.0-78.0 0.101
Mother          42    48.5 33.0-79.0
Siblings        102 39 30.0-48.0
HBV infection HBV (+) 

(n = 136)
HBV (-) 
(n = 29)

   Age Median 
(min-max)

52.0 
(30.0-78.0)

57.0 
(29.0-79.0)

0.065

< 20 0 (0.0) 0 (0.0) 0.001
20-29 0 (0.0) 1 (3.4)
30-39      12 (8.8) 1 (3.4)
40-49 39 (28.7)   9 (31.0)
50-59 56 (41.2)   5 (17.5)
60-69 26 (19.1)   8 (27.6)
70-79 3 (2.2)   5 (17.2)
≥ 80 0 (0.0) 0 (0.0)

   Stage 1 17 (12.5) 1 (3.4) 0.056
2 46 (33.8)   8 (27.6)
3 26 (19.1) 12 (41.4)
4 47 (33.6)   8 (27.6)

HCV infection HCV (+) 
(n = 18)

HCV (-) 
(n = 147)

   Age Median 
(min-max)

   54.0 
(29.0-75.0)

52.0 
(30.0-79.0)

0.629

< 20 0 (0.0) 0 (0.0) 0.026
20-29 1 (5.9) 0 (0.0)
30-39 1 (5.9)      12 (8.1)
40-49   5 (29.4) 43 (29.1)
50-59   3 (17.6) 58 (39.2)
60-69   6 (35.3) 28 (18.9)
70-79 1 (5.9) 7 (4.7)
≥ 80 0 (0.0) 0 (0.0)

   Stage 1 18 (12.2) 0 (0.0) 0.335
2 49 (33.1)   5 (29.4)
3 32 (21.6)   6 (35.3)
4 49 (33.1)   6 (35.3)

Table 2  Distribution of patients with positive family history 
by age and tumor staging  n  (%)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; FHx: Family history.

Park CH et al . Family history and HCC onset
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of  patients in the younger group with positive and nega-
tive family histories were 26 and 197, respectively, vs 110 
and 1380, respectively, in the older group (P = 0.028). In 
the HBV-negative group with 529 patients, no significant 
difference was observed between the younger and older 
groups either in positive- (5 vs 24) or negative-family-
history group (57 vs 443).

Considering the tumor staging at diagnosis, the num-
bers of  patients with HBV infection and a positive family 
history were 17 (12.5%), 46 (33.8%), 26 (19.1%) and 47 
(34.6%) in stages Ⅰ, Ⅱ, Ⅲ and Ⅳ, respectively. These 
frequencies were significantly different (P = 0.018) from 
those among patients with HBV infection and a negative 
family history, for whom the corresponding numbers were 
122 (7.7%), 443 (28.1%), 473 (30.0%) and 539 (34.2%). 
The patients without HBV infection and with a positive 
family history at each stage numbered 1 (3.2%), 8 (25.8%), 
12 (38.7%) and 8 (32.3%), and those without HBV in-
fection and with a negative family history numbered 45 
(9.0%), 159 (31.8%), 137 (27.4%) and 159 (31.8%) in 
stages Ⅰ, Ⅱ, Ⅲ and Ⅳ, respectively (P = 0.425).

DISCUSSION
This is the first extensive investigation of  the relation-
ship between a family history of  HCC and the risk of  
HCC development in Korea, with further considerations 
regarding major risk factors for HCC development. We 
observed that 7.4% (n = 165) of  2242 patients with HCC 
reported having a positive family history of  HCC.

The most significant finding in this study was that 
the median age at diagnosis was 5 years younger among 
patients with a positive family history than among those 
with a negative family history (P < 0.0001). Also, the age 
distribution was significantly different between the groups 
(Table 1, P < 0.001). The age at diagnosis of  HCC had 
been analyzed in a previous study evaluating the associa-
tion of  family history of  liver cancer with HCC develop-
ment in the United States, but in that study, the mean 
age at diagnosis in patients with a positive family history 
(mean age: 64.1 years, n = 21) and in patients without a 

family history (mean age: 59.9 years, n = 156) did not dif-
fer significantly (P = 0.1)[12,21]. It was said that the lack of  
significant association between HCC and affected parents 
or offspring in the study can be related to the small num-
bers[12]. On the other hand, the age difference of  5 years 
was significant in our study, and was younger in patients 
with a positive family history, we conclude that the signif-
icance was partly influenced by the large number of  cases 
recruited in our study. Considering only the HBV-positive 
patients, we observed that the age at diagnosis was also 
significantly younger by 5 years in patients with a posi-
tive family history of  liver cancer compared with those 
with a negative family history (P < 0.0001). This may be 
a natural corollary, as several reports have reported an as-
sociation between the development of  HCCs in infants 
and children and vertical transmission of  HBV[22,23]. From 
these observations, we also concluded that the age of  
diagnosis with HCC may be influenced by the family his-
tory of  HCC regardless of  whether it is related to HBV 
infection and that infection with HBV earlier in life is not 
the only factor affecting the earlier development of  HCC 
in HBV endemic regions[24-26]. This may also imply that 
a person with a history of  HCC in any family member 
should pay special attention to screening for the develop-
ment of  HCC. Still, the effects of  genetic backgrounds in 
these patients remain to be evaluated in the future.

The age recommendation for HCC surveillance in 
Asian males with HBV is over 40 years, and the recom-
mendation for Asian females is over 50 years[3,4,16,27]. In 
our study, when the HBV-positive patients were grouped 
into younger (ages under 45 years) vs older (ages 45 years 
or more) age groups, the patients with positive family 
histories were diagnosed with HCC at earlier ages com-
pared with those with negative family histories (P = 0.042). 
These results are not surprising and support the common 
assumption that prolonged exposure to HBV seems to be 
a possible explanation for a relatively earlier occurrence 
of  HCC[21,25,26,28-32]. 

Another important finding in this study was the sig-
nificant association between tumor staging at diagnosis 
and positive family history among HBV-infected patients 

Table 3  Characteristics of study subjects based on hepatitis B virus infection and family history  n  (%)

HBV (+) (n  = 1713) P  value HBV (-) (n  = 529) P  value

FHx (+) (n  = 136) FHx (-) (n  = 1577) FHx (+) (n  = 29) FHx (-) (n  = 500)

Age, median (range)         52 (30.0-78.0)           57 (18.0-89.0) < 0.0001         57 (29.0-79.0)           61 (22.0-88.0) 0.164
Age group < 45 26 (19.1) 197 (12.5)  0.028   5   57 0.244

≥ 45            110 (80.9)           1380 (87.5) 24 443
Stage 1 17 (12.5)             122 (7.7)  0.018 1 (2.2) 45 (9.0) 0.364

2 46 (33.8) 443 (28.1)   8 (27.6) 159 (31.8)
3 26 (19.1) 473 (30.0) 12 (41.4) 137 (27.4)
4 47 (34.6) 539 (34.2)   8 (27.6) 159 (31.8)

non-HBV HCV 16 (55.2) 280 (56.0) 0.481
Alcohol 2 (6.9)   68 (13.6)

Combined 0 (0.0)   2 (0.4)
Others   5 (17.2) 45 (9.0)

Unknown   6 (20.7) 105 (21.0)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; FHx: Family history.
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(P = 0.018). Because HBV is the most common risk fac-
tor for HCC, and the vertical transmission of  HBV is 
a medical concern in Korea (although well controlled), 
these findings may suggest that earlier surveillance for 
HCC, perhaps earlier than typically recommended, in 
HBV-positive patients with a positive family history of  
HCC may allow these patients to be diagnosed at earlier 
stages; this would facilitate better control of  HCC and 
better treatment outcomes in Korean HCC patients[33-35]. 

Despite the current increased efforts in HBV vaccina-
tion and in prevention of  vertical transmission in Korea, 
HBV was the most prevalent hepatitis virus in our study 
population, as is expected in many Asian countries. This 
may reflect the effect on HCC development of  vertical 
transmission several decades ago, before vaccination and 
prevention were available in Korea, and future study re-
sults may differ from ours.

This single-hospital-based study has limitations. The 
first is the limitation on HCC patients studied, as a single 
hospital cannot represent the whole country; fortunately, 
the general characteristics of  our study subjects were 
not much skewed compared with other reports on HCC 
epidemiology in Korean patients[30]. Second, the medical 
records describing family histories of  primary liver cancer 
were solely dependent on each patient’s memory. Also, 
the data collection was not performed prospectively, but 
by reviewing the medical records retrospectively, which 
may have led to some misclassification. Because this was, 
in part, a cohort study, we restricted the cases to those 
with clearly detailed medical records to minimize any mis-
leading information. Third, it is possible that the findings 
may have been influenced by the surveillance program 
for HBV infection in Korea, which may have assisted in 
diagnosis at early ages and at early stages of  HCC among 
patients with HBV infection and positive family histories. 
It is possible that chronic HBV carriers were diagnosed 
with HCC earlier than are patients without HBV infec-
tion because many of  them had regular follow-ups at 
a liver clinic. However, at this point, because a patient 
would not be able to be diagnosed with HCC if  he or she 
did not visit a doctor, this bias may be unavoidable un-
less the whole population was examined. Finally, the ge-
netic characteristics of  those who develop HCC must be 
evaluated in the future because not all patients with HBV 
infection are prone to developing HCC.

In conclusion, a positive family history of  liver cancer 
may influence the age at diagnosis of  HCC, and this dif-
ference was also in patients with HBV infection. Further-
more, we cautiously recommend more intensive check-
ups earlier in life and at shorter intervals for patients who 
have positive family histories of  liver cancer, as this may 
foster detection of  HCC at more treatable stages.
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Abstract
AIM: To investigate the allele and genotype frequen-
cies and associated risk of interleukin (IL )-8 -251T>A 
polymorphism on colorectal cancer (CRC) susceptibility 
risk.

METHODS: Peripheral blood samples of 255 normal 
controls and 255 clinically and histopathologically con-
firmed CRC patients were genotyped for IL-8  -251T>A 
polymorphism employing allele-specific polymerase chain 
reaction. The relative association of variant allele and 
genotypes with CRC susceptibility risk was determined 
by calculating the odds ratios (ORs). Corresponding χ 2 
tests on the CRC patients and controls were carried out 
and 95% confidence intervals (CIs) were determined 
using Fisher’s exact test. The allele frequencies and its 
risk association were calculated using FAMHAP, haplo-
type association analysis software.

RESULTS: On comparing the frequencies of genotypes 

of patients and controls, the homozygous variant AA 
was significantly higher in CRC patients (P  = 0.002) 
compared to controls. Investigation on the association 
of the polymorphic genotypes with CRC susceptibility 
risk, showed that the homozygous variant IL-8  -251AA 
had a significantly increased risk with OR 3.600 (95% 
CI: 1.550-8.481, P  = 0.001). In the case of allele fre-
quencies, variant allele A of IL-8  -251 showed a signifi-
cantly increased risk of CRC predisposition with OR 1.32 
(95% CI: 1.03-1.69, P  = 0.003).

CONCLUSION: Variant allele and genotype of IL-8 (-251 
T>A) was significantly associated with CRC susceptibil-
ity risk and could be considered as a high-risk variant 
for CRC predisposition.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC), the incidence of  which has been 
increasing worldwide for the past few years, represents 
a significant cause of  morbidity and mortality. CRC de-
velops as a result of  progressive accumulation of  genetic 
and epigenetic alterations that lead to a series of  histo-
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pathological changes, initiated by transition from normal 
mucosa to adenoma to carcinoma. Excluding inherited 
types of  CRC, the susceptibility of  a certain individual 
to development of  sporadic CRC remains largely un-
determined. Sporadic CRC is a multifactorial disease, 
therefore, environmental factors, host genotype and im-
munological factors all could significantly contribute to 
initiation and even progression of  this malignancy.

Recently, chronic inflammation has been linked to in-
creased risk of  various types of  cancer[1,2]. Epidemiologi-
cal observations, animal models and clinical studies have 
established an association between continuous inflamma-
tory conditions and CRC[1,3,4]. Patients with inflammatory 
bowel disease (IBD), including Crohn’s disease and ul-
cerative colitis, are at increased risk of  developing CRC[5]. 
The associations between inflammatory response genes 
and IBD make them attractive candidate susceptibility 
genes for CRC because approximately 1:6 individuals 
with IBD are estimated to develop colorectal malignan-
cy[6]. Despite this evidence strongly implicating chronic 
inflammation as a culprit in colorectal carcinogenesis, sur-
prisingly little research has directly addressed the genetic 
predisposing factors that mediate inflammatory response 
and favor CRC development.

Genetic polymorphisms have emerged in recent years 
as important determinants of  disease susceptibility and se-
verity. Polymorphic variants of  several genes are thought 
to play a key role in determining how individuals respond 
at the cellular level to various environment conditions 
including inflammation. If  inflammation constitutes one 
of  the molecular networks underlying susceptibility to 
CRC, genes that mediate inflammatory responses might 
be a group of  candidate genes for CRC predisposition. 
Few genes are known to be important for inflammation 
of  the colorectum, and their allelic variants have been 
shown to have biological effects[7,8]. Interleukin (IL)-8 is a 
chemokine and one of  the major mediators of  inflamma-
tory responses, and is believed to play a role in the patho-
genesis of  cancer. Several polymorphisms have been de
tected in the IL-8 gene, and a common polymorphism at 
the 251 position (251T>A) of  the promoter region has 
been associated with transcriptional activity of  the gene. 
A casecontrol study was designed to investigate the IL-8 
251T>A polymorphic allele and genotype frequencies 
in healthy controls and sporadic CRC patients in the 
Malaysian population, and to determine the influence of  
the polymorphic genotype of  IL-8 -251T>A on sporadic 
CRC susceptibility risk.

MATERIALS AND METHODS
Recruitment of subjects
The study was approved by the Research Review Board 
and Ethics Committee of  Universiti Sains Malaysia and 
Ministry of  Health (MOH) Malaysia. In this casecontrol 
study, cases comprised 255 CRC patients (139 male and 
116 female), recruited from Hospital Universiti Sains Ma-
laysia, and from a few hospitals under the MOH, Malay-

sia like Hospital Sultanah Bahiyah, Alor Setar, Kedah and 
Hospital Raja Perempuan Zainab Ⅱ, Kota Bharu, Kelan-
tan, Malaysia. An equal number of  sex and agematched 
(± 510 years) normal healthy individuals (115 male and 
140 female) were also recruited as controls. The ages of  
the patients ranged from 27 to 77 years with a mean age 
of  57.26 years. For the controls, the age ranged from 33 
to 78 years with a mean age of  48.91 years. The sex and 
age distribution of  the study subjects are shown in Table 1.

DNA extraction
Peripheral blood samples of  255 normal controls and 
255 clinically diagnosed and histopathologically con-
firmed CRC patients were collected in EDTA tubes, after 
obtaining written informed consent. The collected sam-
ples were stored at -20 ℃ till use. Genomic DNA was ex-
tracted using commercial DNA extraction kit (QIAGEN, 
Hilden, Germany) and the gene of  interest was amplified 
using appropriate primers. Single nucleotide polymor-
phism 251 T>A in the IL-8 gene was determined using 
allelespecific polymerase chain reaction (PCR).

Genotyping
For genotyping, the allelespecific primers used were 5’
CCACAATTTGGTGAATTATCAAT3’ and (251A) 
or 5’TGCCCCTTCACTCTGTTAAC3’ (251T). The 
consensus primer used was 5’TGCCCCTTCACTCTGT-
TAAC3’ (giving a PCR product of  366 bp). The IL-8 
251T>A polymorphic sequence was amplified using 
PCR with composition master mix using 100 ng DNA 
template, primer (0.2 µmol/L), 2.0 mmol/L MgCl2, 10
× buffer, 10 mmol dNTP (0.2 µL) and 5 U Taq DNA 
polymerase (Applied Biosystems, Foster City, CA, United 
States) with a total volume of  25 µL PCR mixture. The 
annealing temperature was 56.7 ℃, and 35 PCR cycles 
were carried out. The PCR products were isolated on 2% 
agarose gels and visualized with SYBR Green. The IL-8 
251T>A polymorphic genotypes were categorized into 
homozygous wild, heterozygous and homozygous variant.

Statistical analysis
The difference in various genotype frequencies of  IL-8 
among the cases and controls was calculated. The relative 
associations of  various genotypes with CRC susceptibility 
risk was determined by calculating the odds ratios (ORs). 
Corresponding χ 2 tests on the CRC patients and controls 
were carried out and 95% confidence intervals (CIs) were 
determined using Fisher’s exact test. Statistical analysis 
was carried out using SPSS version 18. The allele frequen-

Patients Controls

Sex, n (%)
   Female 116 (45.5) 140 (54.9)
   Male 139 (54.5) 115 (45.1)
Age (mean ± SD) 57.26 ± 7.074 48.91 ± 12.020

Table 1  Distribution of sex and age in cases and controls



2670 June 7, 2012|Volume 18|Issue 21|WJG|www.wjgnet.com

cies and risk associations were calculated using FAMHAP, 
haplotype association analysis software to derive ORs.

RESULTS
Visualization of PCR product of IL-8 -251T>A
Various IL-8 -251T>A genotype patterns in CRC pa-
tients in the Malaysian population are showed in Figure 1.  
A sample was considered as homozygous wild type (IL-8 
251TT) when only one band appeared at the T allele. 
When two bands appeared at both the T allele and A 
allele, it was considered as heterozygous variant (IL-8 
251TA). For the homozygous variant genotype (IL-8 
251AA), only one band appeared at the A allele.

Frequencies of IL-8 -251T>A genotypes in CRC cases 
and controls
The frequencies of  IL-8 -251T>A genotypes in cases and 
controls are shown in Table 2. Among the 255 controls, 
the homozygous wild TT genotype was observed in 54 
(21.18%), the heterozygous TA genotype was observed 
in 189 (74.12%) and the homozygous variant genotype 
AA was detected in 12 (4.7%) individuals. In the case 
of  255 CRC patients, 40 (15.69%) showed homozygous 
wildtype TT genotype (15.69% vs 21.18%, P = 0.11), 
183 (71.76%) showed heterozygous variant TA genotype 
(71.76% vs 74.12%, P = 0.55), and 32 (12.55%) showed 
homozygous variant AA genotype. On comparing the 
frequencies of  the polymorphic genotypes among the 
cases and controls, the homozygous variant genotype fre-
quency was significantly higher among CRC cases (12.55% 
vs 4.7%, P = 0.002).

Association risk of IL-8 -251T>A genotypes with CRC 
susceptibility 
Table 2 shows the associated risk of  IL-8 -251T>A geno-
types with CRC susceptibility in this population. When 
the association of  the polymorphic genotypes with CRC 
susceptibility risk was investigated, the IL-8 homozygous 
variant genotype (AA) showed significantly increased risk 
with OR 3.600 (95% CI: 1.5508.481, P = 0.001).

Allele frequencies and risk association of inflammation 
response genes with CRC susceptibility
The allele frequencies and risk association of  T and A 
alleles in cases and controls in the Malaysian population 
are showed in Table 2. The frequency of  wildtype allele 
T was 51.6% and the frequency of  variant allele A was 
48.4% among the CRC cases. In the case of  controls, 
the frequency of  the wildtype allele T was 58.2% and 
41.8% showed variant allele A. When the risk association 
of  variant allele was examined, variant allele A of  IL-8 
showed a significantly higher risk with OR 1.32 (95% CI: 
1.031.69, P = 0.003).

The patient group included patients from different 
parts of  Malaysia and so the clinicopathological features 
of  many of  these patients could not be collected. There-
fore, these details could not be specified. For the same 
reason, the association of  genotype frequencies with pa-
tient prognostic subgroups could not be evaluated.

DISCUSSION
Inflammation, which is part of  the immune response, 
may also induce or exaggerate some diseases through 
production of  proinflammatory cytokines. Inflammatory 
cytokines are major inducers of  chemokines that play a 
central role in leukocyte recruitment to sites of  inflamma-
tion. Chemokines have pleiotropic biological effects that 
can play several roles in cancer progression, including 
angiogenesis, inflammation, cell recruitment and migra-
tion. IL-8 or chemokine CXC ligand 8 is the prototype 
member of  the CXC chemokine family. Evidence has 
shown that the individual level of  cytokine production is 
affected by single nucleotide polymorphisms in cytokine 
genes, and the observed differences in cytokine produc-
tion among individuals can be at least partially explained 
by gene polymorphisms. Genetic polymorphisms might 
directly influence interindividually in the magnitude of  
inflammatory response, and this might contribute to an 
individual’s ultimate clinical outcome. Genetic polymor-
phisms of  cytokine genes have been identified to play a 
role in susceptibility to various diseases including cancer[9]. 
A common polymorphism in the 251 position (251T>A) 
of  the promoter region of  IL-8 has been identified. 

We investigated the frequencies and potential risk mo

366 bp

M        1A      1T      2A      2T      3A       3T      4A       4T

Figure 1  Various interleukin-8 -251T>A genotype patterns in sporadic 
colorectal cancer patients observed after genotyping using allele-specific 
polymerase chain reaction. The genotype was considered as homozygous 
wild type [interleukin (IL)-8 -251TT] when only one band appeared at the T al-
lele. When two bands appeared, each at the A allele and T allele, it was consid-
ered as heterozygous variant (IL-8 -251TA). The homozygous variant genotype 
was characterized by the appearance of only one band at the A allele. M: DNA 
ladder; 1: Homozygous wild type (IL-8 -251TT); 2: Heterozygous (IL-8 -251TA); 
3 and 4: Homozygous variant (IL-8 -251AA).

Table 2  Association risk and frequencies of T and A alleles 
of interleukin-8 -251T>A genotypes with colorectal cancer 
susceptibility

Patients Controls OR (95% CI) P  value

IL-8 genotype
   Wild type -251TT 40 (15.69) 54 (21.18) [1] (Ref.) -
   Hetero -251TA 183 (71.76) 189 (74.12) 1.307 (0.808-2.117) 0.250
   Variant -251AA 32 (12.55) 12 (4.7) 3.600 (1.550-8.481) 0.001
Allele
   Wild type 263 (51.6) 297 (58.2) 0.76 (0.59-0.97) -
   Variant 247 (48.4) 213 (41.8) 1.32 (1.03-1.69) 0.003

IL-8: Interleukin-8; OR: Odd ratio; CI: Confidence intervals.
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dification of  IL-8 251T>A polymorphic genotype and 
allele on CRC susceptibility in the Malaysian population. 
Compared to controls, the prevalence of  homozygous 
variant AA genotype was significantly higher in CRC 
patients (4.70% vs 12.55%, P = 0.002), whereas for the 
homozygous wildtype genotypes (TT) and heterozygous 
variant genotypes (TA), there was no significant differ-
ence in frequencies between the two groups. In a study 
by Yang et al[10], on the association of  IL-8 -251T>A poly-
morphism with prostate cancer, there was no significant 
difference in the distribution of  IL-8 polymorphic geno-
types between prostate cancer cases and controls.

It has been suggested that IL-8 and its receptors are 
crucial to the development and progression of  many ma-
lignancies[11]. Genetic polymorphisms of  the IL-8 gene 
have been implicated in the susceptibility to a range of  
cancers including oral cancer[12], breast carcinoma[13] and 
gastric cancer[14]. Our interest was to investigate whether 
the genetic variants are related to the CRC risk in the 
Malaysian population. Our results showed that the poly-
morphism in the IL-8 gene was significantly associated 
with the risk of  CRC. The 251AA genotype was associ-
ated with a significantly increased risk of  CRC as com-
pared with the 251TT genotype (OR: 3.600, 95% CI: 
1.5508.481, P = 0.001). Similarly, for allele frequencies, 
such an association was observed. When compared with 
wildtype allele T of  SNP IL-8 -251, the variant allele A 
IL-8 251 showed significantly increased risk for CRC 
predisposition with OR 1.32 (95% CI: 1.031.69, P = 
0.003). The strong association that we observed in CRC 
patients prompts us to suggest that IL-8 gene -251AA 
polymorphism could contribute significantly to CRC sus-
ceptibility. 

A few other molecular genetic epidemiological stud-
ies in diverse ethnic populations have found consistent as 
well as inconsistent results with ours. The IL-8 -251T>A 
polymorphism has been associated with the risk of  gas-
tric cancer and gastric ulcer in Japanese patients with 
Helicobacter pylori infection[15]. Taguchi et al[14] also have 
reported that IL-8 251T>A polymorphism is associated 
with higher expression of  IL-8 protein, more severe neu-
trophil infiltration, and increased risk of  atrophic gastritis 
and gastric cancer in the Japanese population. In the 
study of  Gunter et al[16], homozygous variant genotype 
of  the IL-8 251T>A had a 2.7fold increased risk of  
colorectal adenoma compared to the homozygous wild 
type in the American population. In the French popula-
tion, Küry et al[17] have reported that the heterozygous 
and homozygous variants of  IL-8 c -352 T>A are as-
sociated with an elevated risk of  CRC compared to the 
homozygous major genotype. Li et al[18] have found that 
the risk of  gastric cancer in the Chinese population is 
significantly elevated in patients with the IL-8 -251AA 
genotype with OR 2.02 (95% CI: 1.273.21). In contrast 
with our study, Landi et al[19] have reported that the IL-8 
-251T>A genotypes have a protective role against CRC 
predisposition in the Spanish population, and Theoro-
poulus has reported that this SNP has no effect on CRC 

susceptibility risk in the Greek population[8]. A few other 
studies have suggested that the IL-8 -251AA genotype 
is associated with an increased risk of  prostate cancer in 
the Caucasian population[20] and Kaposi’s sarcoma in the 
Dutch population[21], but a decreased risk of  CRC[4]. 

The 251T>A polymorphism at the promoter region 
of  IL-8 gene is associated with the transcriptional activity 
of  the gene[22], and to influence production and expres-
sion of  IL-8[14,15]. Disrupted gene expression or altered 
protein formation of  the IL-8 gene may contribute posi-
tively or negatively to the establishment or progression of  
CRC. According to Wei et al[22], higher promoter activity 
of  IL-8 251AA polymorphism might increase produc-
tion and expression of  IL-8, inducing a Th1predominant 
immune response and leading to more susceptibility to 
CRC. 

Free radicals generated as a result of  oxidative stress 
produced by inflamed tissues may cause alteration in 
many metabolic reactions such as regulation of  DNA, 
RNA and lipids, and thus can lead to cancer develop-
ment[23,24]. Meira et al[25] have demonstrated that in in-
flamed colon cancer tissues, reactive oxygen species (ROS) 
and reactive nitrogen species are produced from activated 
inflammatory cells, and that these two species enhance 
DNA damage and this can cause mutation in areas of  in-
flammation. Moreover, in CRCassociated colitis, chronic 
inflammation has been reported to cause oxidative dam-
age to DNA, influence mutations in the p53 gene in the 
inflamed tissues, and drive the cells to malignant trans-
formation[26]. Oxidative stress produced by inflammatory 
cells in inflamed tissues in the intestinal tract has been re-
ported to influence the development of  CRC in patients 
with IBD[27]. These studies have clearly highlighted the 
importance of  IL-8 in modulating inflammation of  the 
colorectum. According to Okada et al[28], ROS produced 
by inflammatory cells cause not only direct DNA dam-
age but also indirect effects such as dysregulation of  cell 
proliferation and apoptosis, stimulation of  angiogenesis, 
and modification of  gene/protein expression and protein 
activities that will cause cancer. Therefore, the relevance 
of  IL-8 251T>A polymorphism in CRC susceptibility 
could be explained by the enhanced transcriptional activ-
ity of  the gene, resulting in functional alteration of  the 
gene product.

To the best of  our knowledge, this is the first study 
on the association of  the IL-8 gene 251 T>A polymor-
phism and CRC risk in the Malaysian population. Our 
results show that the genetic variation of  IL-8 gene influ-
ences susceptibility to CRC in the Malaysian population, 
and suggest inflammationmediated pathways in the pro-
cess of  colorectal carcinogenesis.
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Background
Colorectal cancer (CRC), the incidence of which has been increasing worldwide 
for the past few years, represents a significant cause of morbidity and mortal-
ity. Genetics has a key role in predisposition to CRC and in its initiation and 
progression. Identifying predisposing genetic variations is important for our 
understanding of the carcinogenic process. Recently, chronic inflammation has 
been linked to increased risk to various types of cancer including CRC. Despite 
evidence strongly implicating chronic inflammation as a culprit in colorectal 
carcinogenesis, surprisingly little research has directly addressed the genetic 
predisposing factors that mediate inflammatory response and favor CRC devel-
opment. Thus, it was of interest to explore the contribution of single nucleotide 
polymorphisms (SNPs) in inflammation genes as predisposing factors for CRC 
susceptibility.
Research frontiers
If inflammation constitutes one of the molecular networks underlying suscepti-
bility to CRC, genes that mediate inflammatory response might be a group of 
candidate genes for CRC predisposition. Interleukin (IL)-8 is a chemokine and 
one of the major mediators of inflammatory responses, and is believed to play a 
role in the pathogenesis of cancer. IL-8 is a proangiogenic cytokine that is over-
expressed in many human cancers and its expression promotes tumor growth, 
angiogenesis and metastasis. A polymorphism at -251 position (251T>A) of the 
promoter region of IL-8 has been associated with transcriptional activity of the 
gene. This study was designed to determine the frequencies and influence of 
the IL-8 -251T>A polymorphic genotype and alleles on sporadic CRC suscepti-
bility risk in the Malaysian population.
Innovations and breakthroughs
There are not many data available on the contribution of SNPs in inflammation 
response genes in mediating CRC predisposition risk, especially from the Asian 
population, and none from the Malaysian population. This is believed to be the 
first report of an association of genetic variation of IL-8 with CRC susceptibility 
risk in the Malaysian population. We observed that the genetic diversity of the 
IL-8 gene influences patient susceptibility to CRC and implies the importance 
of inflammation-mediated pathways in the process of colorectal carcinogenesis. 
From our results, it is reasonable to pronounce that IL-8 gene may be an impor-
tant candidate in the modulation of colorectal inflammation and the IL-8 251AA 
(homozygous variant genotype) could be considered as an important high-risk 
variant for CRC predisposition in the Malaysian population.
Applications
Early diagnosis is important for successful management of CRC patients and is 
facilitated by both invasive and noninvasive means of surveillance. Identification 
of genetic predisposition factors of CRC will help with better understanding of 
the colorectal carcinogenic process and in the design of diagnostic, therapeutic 
and preventive strategies. Understanding the genes and pathways that control 
the earliest steps of the disease and individual susceptibility can contribute to 
clinical management in the near future. In the future, study can be extended to 
a population level and individuals with high-risk predisposition genotypes can 
be identified. Once identified, they can be enrolled in cancer surveillance pro-
grams that will help in CRC prevention strategies.
Peer review
In this case-control study to determine the influence of the polymorphic geno-
type on sporadic CRC susceptibility risk in the Malaysian population, the IL-8 
-251T>A polymorphic allele and genotype frequencies were evaluated in 255 
patients with sporadic CRC and 255 normal healthy controls. The frequency of 
the homozygous variant AA was significantly higher in CRC patients compared 
to controls. Furthermore, the homozygous variant IL-8 -251AA was significantly 
associated with increased risk of CRC predisposition. This study is of interest 
because previous studies on the relationships between IL-8 -251T>A polymor-
phism and CRC have yielded contradictory results. 
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Abstract
AIM: To determine whether Helicobacter pylori  (H. pylori)-
in�ected children have reduced body weight (BW) and 
height (BH) growth, and i� H. pylori  eradication may 
restore growth while improving serum acylated ghrelin.

METHODS: This longitudinal cohort study with one-
year �ollow-up enrolled 1222 children aged 4 to 12 
years old into an observation cohort (18 with and 318 

without H. pylori ) and intervention cohort (75 with and 
811 without). The 7-d triple therapy was used �or eradi-
cation in the intervention cohort. The net increases o� 
BW and BH as well serum acylated ghrelin a�ter one-
year �ollow-up were compared between success�ul 
eradicated H. pylori -in�ected children and controls.

RESULTS: In the observation cohort, the H. pylori -
in�ected children had lower z score o� BW (-1.11 ± 0.47 
vs  0.35 ± 0.69, �  = 0.01) and body mass index (BMI) 
(0.06 ± 0.45 vs  0.44 ± 0.73, �  = 0.02) at enrollment 
and lower net BW gain a�ter one-year �ollow-up (3.3 ± 
2.1 kg vs  4.5 ± 2.4 kg, �  = 0.04) than the non-in�ect-
ed controls. In the intervention cohort, the H. pylori -
in�ected children had lower z score o� BMI (0.25 ± 1.09 
vs  0.68 ± 0.87, �  = 0.009) and serum acylated ghrelin 
levels (41.8 ± 35.6 pg/mL vs  83.6 ± 24.2 pg/mL, �  < 
0.001) than the non-in�ected controls. In addition to 
restoring decreased serum ghrelin levels (87.7 ± 38.0 
pg/mL vs  44.2 ± 39.0 pg/mL, �  < 0.001), the H. pylori -
in�ected children with success�ul eradication had higher 
net gains (�  < 0.05) and increase o� z scores (�  < 0.05) 
o� both BW and BH as compared with non-in�ected 
controls a�ter one-year �ollow-up.

CONCLUSION: H. pylori -in�ected children are associat-
ed with low serum acylated ghrelin and growth retarda-
tion. Success�ul eradication o� H. pylori  restores ghrelin 
levels and increases growth in children.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Primary infection with Helicobacter pylori (H. pylori) usually 
occurs during childhood[1]. This organism has been prov-
en to cause chronic gastritis, peptic ulcer diseases, and 
had a high correlation with gastric cancer in humans[2,3]. 
In children, the H. pylori prevalence rate was relatively 
lower than adults[4,5]. Besides the link with gastric diseases, 
the association between H. pylori infection and growth 
retardation in children has raised clinical attention to 
this issue and caused some debate recently. Some cross-
sectional analyses have indicated that H. pylori-infected 
children had subnormal growth retardation as compared 
with non-infected children[6-8], but some others did not 
support such findings[9,10]. Long-term observational stud-
ies have reported that children with persistent H. pylori 
infection have reduced body weight (BW) and height (BH) 
growth than the non-infected peers[11-13]. Therefore, to 
further support the causal relationship between H. pylori 
infection and growth retardation in children, interven-
tional trials involving H. pylori eradication may provide 
new insights using a rigorous study design.

Ghrelin, a growth-hormone-releasing peptide biosyn-
thesized mainly in the fundic mucosa, regulates appetite 
and body composition and is affected by inflammatory 
and atrophic events associated with H. pylori infection[14,15]. 
Previous studies showed conflicting results regarding the 
correlation between plasma ghrelin levels and H. pylori in-
fection after eradication of  bacteria[16-18]. This controversy 
may be caused by the measurement of  total plasma ghre-
lin, which contains both acylated and desacylated forms. 
Acylated ghrelin is a more potent agonist on the growth-
hormone-stimulating receptor than the desacylated form 
and undergoes a compensatory elevation in patients with 
chronic atrophic gastritis[19-21]. This study seeks to exam-
ine active ghrelin levels and its relationship with growth 
in patients before and after H. pylori eradication.

Although eradication of  H. pylori can restore body 
mass index (BMI) and serum albumin in adult patients 
with infection[22,23], such improvement has not yet been 
documented in H. pylori-infected children. Moreover, it is 
unclear whether the improving growth parameters after  
H. pylori eradication are subsequently linked to increase 
serum acylated ghrelin levels. Therefore, this study sought 
to examine whether H. pylori eradication improves BW 
and BH growth in children in parallel with increases in 
serum acylated ghrelin levels.

MATERIALS AND METHODS
Subject enrollments in the two cohorts
This study enrolled 1292 students, aged 4 to 12 years old 
from three elementary schools and their associated pre-

school kindergartens in Tainan City, Taiwan. The partici-
pants were consecutively enrolled into two study cohorts. 
Each participant provided informed consent documenta-
tion that was signed by her/his parents. 

The first cohort (observation cohort) enrolled 400 
children in 2005 to screen for the H. pylori infection, and 
they were then scheduled to return for follow-up growth 
status by a half-year interval of  up to one year. The sec-
ond group was an interventional cohort which enrolled 
892 children in 2006 to screen for the H. pylori infection. 
Moreover, the H. pylori-infected subjects were invited to 
receive one-week of  triple therapy for H. pylori eradica-
tion. As well, the children in the 2nd cohort were sched-
uled to return for follow-up growth status by a half-year 
interval of  up to one year.

In each cohort, both the enrolled children and their 
parents were reviewed with a questionnaire to record data 
on underling medical diseases, H. pylori infection status, 
and a range of  demographic variables, including socio-
economic status, such as number of  family members[8], 
and annual household income (low income indicated 
less than $15 000 US/year). The same nursing assistant 
provided the introduction of  questionnaire to the en-
rolled subjects. Children with pre-established and severe 
medical/organic conditions predisposing to the failure 
of  thrive, such as genetic/metabolic disorders and cya-
notic congenital heart diseases, were not included. The 
study also excluded children with a known past history 
to receive anti-H. pylori therapy and children underwent 
eradication therapy or acid suppressors, during the fol-
low-up period in the observation group. In both groups, 
the control cases were randomly selected (1:4 in the ob-
servation and 1:3 in the interventional cohorts) and were 
matched by age and gender to children with 13C-labeled 
urea breath test (13C-UBT)-confirmed H. pylori infection. 
Moreover, for the H. pylori-infected (confirmed by a posi-
tive 13C-UBT) children at entry, the H. pylori status was 
assessed with a 13C-UBT after 6 mo (intervention cohort) 
and one year follow-up (both cohort).

BMI and z scores of weight, height and BMI
For each participant, the overnight fasting BW and BH  
were serially measured at enrollment and at the follow-up 
period on the 6th mo and the 12th mo, respectively. The 
BMI was defined as BW in kilograms/squared of  body 
length in meter (kg/m2). The z scores (SD scores) of  BW, 
BH and BMI were calculated using the reference popula-
tion of  2003 Taiwanese boys and girls based on health-re-
lated physical fitness and based on 2006 World Health Or-
ganization standards[24]. The net changes of  BW, BH and 
BMI were calculated by the value of  each parameter at fol-
low-up minus the corresponding value at enrollment. We 
also defined the increase of  z score means that z scores  
of  BW, BH and BMI were upgrade at the one-year follow-
up than at the enrollment (the net change > 0).

Serological screening of H. pylori infection and 
confir����on ��� �r�� �r����� ����mation by urea breath test 
In each enrolled child, the serum was tested for anti-H. pylori  
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IgG antibodies (HEL-p TEST™ Ⅱ, AMRAD Bio-
tech, Australia) by enzyme-linked immunosorbent assay 
(ELISA) methods. The serologic kit has been validated 
with a favorable sensitivity and specificity (> 90%) in de-
tecting H. pylori infection in our previous studies[25]. The 
seropositive children further confirmed by 13C-UBT to 
diagnose ongoing H. pylori infection[8]. The cut-off  value 
of  positive 13C-UBT was defined as excess 13CO2/12CO2 
ratio more than 3.5‰[8,26].

Eradication therapy for H. pylori-infected children
For the H. pylori-infected children in the intervention 
cohort, lansoprazole (1 mg/kg per day, max. 30 mg bid), 
amoxicillin (50 mg/kg per day, max. 1 g bid), and clar-
ithromycin (15 mg/kg per day, max. 500 mg bid) were 
prescribed for one week[26]. We have educated the partici-
pants and their parents for the compliance and report of  
complications. Successful eradication therapy was defined 
by a negative result of  13C-UBT on both the 6th and the 
12th mo follow-up, respectively[27].

Serial serum acylated ghrelin levels before and after  
H. pylori eradications
The serum acylated ghrelin levels of  the interventional 
cohorts at enrollment were compared between children 
with and without H. pylori infection. In addition, the serial 
serum acylated ghrelin levels of  the children with H. pylori 
eradication collected at enrollment, the 6th mo, and the 
12th mo follow-up were compared. Each blood sample 
of  child was collected in the morning before breakfast 
and was incubated in the ice-bath container immediately. 
The sera were separated by centrifugation within 2-3 h 
and were stored in a -80 ℃ refrigerator until use. These 
samples’ serum acylated ghrelin levels were analyzed 
in duplicate by a commercial kit (LINCO Research, St. 
Charles, Missouri, United States), using ELISA methods.

Statistical analysis
The χ 2 test with the odds ratio (OR) and 95% conference 
interval (CI) and logistic regression test were applied as an 
estimate of  the possibly related factors between H. pylori 
-infected and non-infected children. The Student’s t test 
and one-way analysis of  variance with least significant dif-
ference test correction were used as appropriate to com-
pare the differences of  ghrelin, BW, BH, BMI and their 
net changes during one-year follow-up periods among 
different study groups. The paired t test was used to ana-
lyze the difference of  the serial serum acylated ghrelin 
levels before and after eradication therapy within the 
same study group. A P value less than 0.05 was consid-
ered statistically significant. 

RESULTS
Participants and H. pylori infection
There were 84% (336/400) children in the observation 
and 99% (886/892) children in the intervention cohorts 
who completed the questionnaires and provided their 
sera for the anti-H. pylori IgG antibodies tested, respec-
tively. In Figure 1, the case numbers of  each cohort were 
serially summarized during the one-year follow-up. One 
hundred and twenty-one (27 in the observation cohort, 
94 in the intervention cohort) were defined with sero-
positivity of  H. pylori infection. Among them, 113 chil-
dren received 13C-UBT, of  which only 93 (82%) children 
were positive (18 in the observation cohort and 75 in the 
intervention cohort). Accordingly, the overall H. pylori 
prevalence was 7.6% in these two cohorts.

For the 18 H. pylori-positive children in the observation 
cohort, the infection was persisted with a positive 13C-
UBT until the end of  follow-up on the 1st year. Among 
the 75 H. pylori-infected children in the intervention co-
hort, 57 children were enrolled to receive the 7-d eradica-

(B) Intervention cohort (n  = 892)(A) Observation cohort (n  = 400)

(n  = 336)

�ositive (n  = 27) Negative (n  = 309)

�ositive 
(n  = 18)

Negative 
(n  = 9)

Age- and sex- 
matched control

H. pylori -in�ected children 
(n  = 18)

H. pylori -negative control 
(n  = 72)

(n  = 886)

�ositive (n  = 94) Negative (n  = 792)

�ositive 
(n  = 75)

Negative 
(n  = 19)

Age- and sex- 
matched control

Receiving triple therapy (n  = 57)

Drop-out (n  = 6)

Eradication success 
(n  = 34)

Eradication �ailure 
(n  = 17)

H. pylori -negative control 
(n  = 153)

Complete 1-year 
�ollow-up

13C-UBT �or 
seropositivity

Sear tested �or anti-
Helicobacter pylori  IgG

Figure 1  The study flow diagram and the case numbers were listed for the different study follow-up periods. H. pylori: Helicobacter pylori; 13C-UBT: [13C]-labeled 
urea breath test.
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tion therapy. A total of  6 subjects withdrew or were lost 
to follow-up. All of  the finally eligible subjects had good 
drugs compliance (taking drugs at least 6 d) and none had 
major adverse complications. The intention-to-treat and 
per-protocol eradication rate of  H. pylori-infected children 
were 60% (34/57) and 67% (34/51), respectively.

A lower BW, HW and BMI in the H. pylori infected subject 
In the observation cohort, there were 72 age- and gen-
der-matched subjects selected to serve as H. pylori-neg-
ative controls. In Table 1, the H. pylori-infected children 
had lower BW (29.9 ± 7.0 kg vs 35 ± 10.1 kg, P = 0.02), 
z score of  BW (-1.11 ± 0.47 vs 0.35 ± 0.69, P = 0.01), 
BMI (16.8 ± 1.6 kg/m2 vs 18.4 ± 2.8 kg/m2, P = 0.03) 
and z score of  BMI (0.06 ± 0.45 vs 0.44 ± 0.73, P = 
0.02) than those non-infected controls. Moreover, after 
one-year follow-up, the H. pylori-infected children had a 
significantly lower BW (33.2 ± 7.5 kg vs 39.5 ± 11.3 kg, 
P = 0.007), z score of  BW (-0.17 ± 0.45 vs 0.38 ± 0.67, P 
= 0.002), BMI (17.2 ± 1.7 kg/m2 vs 19 ± 3.0 kg/m2, P = 
0.01), and z score of  BMI (0 ± 0.38 vs 0.45 ± 0.75, P = 
0.01) than the non-infected ones. Also in Table 1, there 
was a significantly lower net BW gain in the H. pylori-in-
fected children than that in the non-infected controls (3.3 
± 2.1 kg vs 4.5 ± 2.4 kg, P = 0.04) after one-year follow-
up. However, the net changes of  BH, and BMI were not 
different between the children with and without H. pylori 
infections (P > 0.05).

In the intervention cohort (57 H. pylori-infected and 
153 controls), children with H. pylori infection had sig-
nificantly lower BMI (17.7 ± 3.8 kg/m2 vs 19.0 ± 3.7 

kg/m2, P = 0.02) and z score of  BMI (0.25 ± 1.09 vs 0.68 
± 0.87, P = 0.009) than controls at the enrollment. In 
Table 2, there was no difference with regards to patients’ 
demographic background among the eradication failure, 
eradication success, and control groups at enrollment. 
In comparison to the observation cohort, the z score of  
BMI at enrollment was significantly lower in successful 
eradication group (0.21 ± 1.14 vs 0.68 ± 0.87, P = 0.007) 
than in the non-infected controls. The baseline BW and 
BH were still lower in the H. pylori-infected children (ei-
ther with eradication success or failure) than in controls, 
although it is not statistically significant. 

Successful H. pylori eradication improves body growth 
of children within one year
There were 34 children with successful H. pylori eradica-

Table 1  Comparison of demographic background, baseline body 
parameters, and the changes of growth after one-year follow-
up between the Helicobacter pylori -infected and non-infected 
matched controls of the observation cohort (mean ± SD)

Groups H. pylori -
positive subjects 

H. pylori -
negative controls 

P  
value

n 18 18
Age (yr)   9.1 ± 1.6 9.4 ± 1.7 0.57
Sex (female:male) 8:10 27:45:00 0.59
Body weight (kg)
   At enrollment 29.9 ± 7.0 35.0 ± 10.1 0.02
   z score at enrollment  -1.11 ± 0.47 0.35 ± 0.69 0.01
   The 1st year 33.2 ± 7.5 39.5 ± 11.3   0.007
   z score at the 1st year  -0.17 ± 0.45 0.38 ± 0.67   0.002
   Net change   3.3 ± 2.1 4.5 ± 2.4 0.04
Body height (cm)
   At enrollment 132.3 ± 11.4      136.8 ± 12.3 0.15
   z score at enrollment  -0.17 ± 0.49 0.15 ± 0.73 0.07
   The 1st year 138.0 ± 11.4      142.5 ± 12.4 0.15
   z score at the 1st year  -0.14 ± 0.48 0.13 ± 0.71      0.1
   Net change   5.7 ± 0.9 5.8 ± 1.9 0.81
BMI (kg/m2)
   At enrollment 16.8 ± 1.6        18.4 ± 2.8 0.03
   z score at enrollment   0.06 ± 0.45 0.44 ± 0.73 0.02
   The 1st year 17.2 ± 1.7       19.0 ± 3.0 0.01
   z score at the 1st year        0 ± 0.38 0.45 ± 0.75 0.01
   Net change 0.35 ± 0.8       0.69 ± 1.0 0.14

BMI: Body mass index; H. Pylori: Helicobacter pylori; Net change: The 
growth parameters at the 1st year minus that at enrollment. 

Groups H. pylori 
eradication 

failure

H. pylori 
eradication 

success

H. pylori -
negative 
controls 

n 17 34 153
Age (yr) 8.4 ± 1.9   8.7 ± 2.0   9.0 ± 1.7
Sex (female:male) 10:07 19:15 81 : 72
Family peptic ulcer history (%) 44.4 29.4 21
Intra-familial members ≥ 5 (%) 33.3 29.4 32.1
Low income (%) 28.6 53.3 44.1
Baseline serum acylated ghrelin 
(pg/mL)a,c

37.2 ± 31.4   44.2 ± 37.9   83.6 ± 24.2

Body weight (kg)
   At enrollment 32.2 ± 10.6   32.9 ± 11.4   36.1 ± 11.4
   z score at enrollment 0.44 ± 1.00   0.35 ± 1.04   0.60 ± 0.87
   The 1st year 37.2 ± 11.7   38.7 ± 13.8   41.0 ± 12.6
   z score at the 1st year 0.56 ± 0.88   0.49 ± 1.03   0.61 ± 0.88
   Net changec 5.03 ± 2.77   5.84 ± 3.37   4.84 ± 2.35
   Increase of z score (%)c 23.5 38.2 17.6
Body height (cm)
   At enrollment 134.6 ± 12.7 134.3 ± 11.7 135.7 ± 12.5
   z score at enrollment 0.62 ± 0.99   0.44 ± 0.88   0.33 ± 0.77
   The 1st year 141.8 ± 11.8 142.3 ± 12.8 141.5 ± 13.0
   z score at the 1st yeara,c 0.77 ± 0.94   0.63 ± 0.75   0.32 ± 0.79
   Net changec,e 7.20 ± 2.85   8.00 ± 2.78   5.85 ± 1.81
   Increase of z score (%)c 35.3 35.3 15.7
BMI (kg/m2) 
   At enrollmenta   17.1 ± 2.6 17.7 ± 4.1 19.0 ± 3.7
   z score at enrollmentc 0.24 ± 0.75   0.21 ± 1.14   0.68 ± 0.87
   The 1st year   18.1 ± 3.1 18.8 ± 4.7 20.0 ± 3.8
   z score at the 1st yearc 0.35 ± 0.82   0.27 ± 1.12   0.67 ± 0.87
   Net change 0.98 ± 1.57   1.10 ± 1.56   0.99 ± 1.03
   Increase of z score (%) 35.3 32.4 17

Table 2  Comparison of the demographic background, base-
line body parameters, and the changes of growth among the 
different groups of the intervention cohort completed the 
one-year follow-up (mean ± SD)

Low income: Indicated < $15000 US/year. Increase of z score means that 
z scores of body weight, height and body mass index (BMI) were upgrade 
at the one-year follow-up than at the enrollment (the net change > 0). The 
difference of the body weight, height, BMI and ghrelin level among the 
three groups were analyzed by oneway analysis of variance model with 
least significant difference correction. The difference of the up-shift of the 
z scores of body weight, height and BMI were analyzed by χ 2 test. aP < 0.05 
between H. pylori-positive subjects with eradication failure and controls, 
cP < 0.05 between H. pylori-positive subjects with eradication success and 
controls.
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tion and 17 children with failure of  who completed the 
one-year follow-up study. Moreover, we completed the 
one-year follow-up to the 153 age- and sex-matched non-
infected controls. One-year after eradication therapy, the 
H. pylori-infected children with successful eradication had 
significantly higher net increases of  BW (5.84 ± 3.37 kg 
vs 4.84 ± 2.85 kg, P = 0.04) and BH (8.00 ± 2.78 cm vs 5.85 
± 1.81 cm, P < 0.001) than the H. pylori-negative con-
trols. Moreover, the rates of  increase of  z scores of  BW 
(38.2% vs 17.6%, P = 0.02) and BH (35.3% vs 15.7%, P = 
0.02) were significantly higher in children with successful 
eradication than controls. We further analyzed the en-
rolled age as a confounder for the increase of  z scores of  
BW and BH by multiple logistic regression analysis. The 
results confirmed the successful eradication of  H. pylori 
was an independent factor to predict the increase of  BW 
(P = 0.01) and BH (P = 0.01) in the intervention cohort. 
Although triple therapy failed to achieve successful eradi-
cation, these H. pylori-infected children still had a higher 
net increase of  BH (7.20 ± 2.85 cm vs 5.85 ± 1.81 cm, P 
= 0.01) than the non-infected controls. However, these H. 
pylori-infected children and non-infected controls had no 
difference in the net increase of  BW (5.03 ± 2.77 kg vs 

4.84 ± 2.35 kg, P = 0.78) and increase of  z scores of  BW 
(23.5% vs 17.6%, P = 0.79) during one-year follow-up.

Lower serum acylated ghrelin correlated to H. pylori 
infection and lower BW 
In the intervention cohort, the H. pylori-infected children 
had a significantly lower serum acylated ghrelin level (41.8 
± 35.6 pg/mL vs 83.6 ± 24.2 pg/mL, P < 0.001) than 
the controls. In Table 2, at enrollment, both the H. pylori-
infected children with and without eradication success 
during follow-up had lower serum acylated ghrelin levels 
than the non-infected controls (both P < 0.001). As the H. 
pylori-infected children exhibited lower BW and lower se-
rum acylated ghrelin, the study further tested whether the 
children with lower BW, within the age ranges, could have 
a lower serum acylated ghrelin. We compared the serum 
acylated ghrelin levels of  the children between those with 
BW and z score of  BW above and below the selected 
cut-off  point in the different age ranges (Table 3). Only 
in the H. pylori-infected children with age ranges as 8-12 
years, the serum acylated ghrelin level was lower in the 
children with BW below the cut-off  point than that with 
BW above (23.8 ± 22.1 pg/mL vs 51.8 ± 40.9 pg/mL, P 
= 0.02).

Improvement of the serum acylated ghrelin level after 
eradication therapy
In addition to the baseline serum acylated ghrelin levels, 
the study subjects of  the intervention cohort underwent 
testing for serial serum acylated ghrelin levels after triple 
therapy. In Figure 2A, for the children with successful H. 
pylori eradication, the serum acylated ghrelin levels were 
significantly increased after eradication therapy as early as 
the 6th mo (88.2 ± 17.3 pg/mL vs 44.2 ± 38.1 pg/mL, P 
< 0.001), until the 12th mo (87.7 ± 38.0 pg/mL vs 44.2 
± 38.1 pg/mL, P < 0.001). In Figure 2B, for the children 
with failure of  H. pylori eradication, the serum acylated 
ghrelin levels could be also significantly increased by 
eradication therapy at the 6th mo (93.2 ± 31.6 pg/mL vs 
37.2 ± 30.9 pg/mL, P < 0.001) and at the 12th mo (80.6 
± 28.8 pg/mL vs 37.2 ± 30.9 pg/mL, P = 0.003).

DISCUSSION
Extra-gastric diseases related to H. pylori infection are emerg-
ing in importance, such as iron deficiency anemia and 
growth retardation in children[28]. Other studies have 
argued that lower socioeconomic status is conjunction 
with the presence of  H. pylori accounts for poor growth 
in children[29]. For overcoming the influencing bias of  
poor socioeconomic status, indicated by low income, to 
child growth, multiple logistic regression confirmed that 
H. pylori infection was closely related to both z scores of  
BW and BMI independent to socioeconomic status. Ac-
cordingly, the current study should have not encountered 
significant bias of  social backgrounds on growth limita-
tion in children.

Based on the data of  the observation cohort, the H. pylori-

Figure 2   Comparison of the serum acylated ghrelin levels (mean) at en-
rollment, at 6th mo and at 12th mo follow-ups between the two groups of 
Helicobacter pylori-infected children with success (A) and with failure (B) 
of eradication therapy. The significance was analyzed by paired t test.
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infected children had significantly lower BW and BMI 
than gender- and age-matched controls at enrollment. In 
addition, the BH of  H. pylori-infected children was 4.5 cm 
less than that of  the non-infected children. After one-year 
follow-up, the H. pylori-infected children had profoundly 
lower BW, BMI, and net BW gain than the non-infected 
children. These findings comparing infected and matched 
disease-free subjects suggest that H. pylori infection exert-
ed a negative effect on childhood growth. One possibility 
is that the presence of  H. pylori leads to chronic gastric 
inflammation and thereby decreases food intake[30]. Alter-
natively, H. pylori infection may modify hormones related 
with the appetite, such as ghrelin[19-21,31,32].

Besides having a lower BW, the H. pylori-infected chil-
dren had a significantly lower baseline serum acylated 
ghrelin level than that of  the gender- and age-matched 
controls. These data not only suggest a relationship be-
tween H. pylori infection and lower BW, but that infection 
is linked to reduced ghrelin levels. Accordingly, it is im-
portant to determine whether children with a lower BW 
had lower serum acylated ghrelin. Supported by the find-
ings in Table 3, only in the H. pylori-infected children with 
age ranging from 8-12 years, the serum acylated ghrelin 
levels were lower in children with BW below the cut-off  
point than that with BW above. This finding indicates 
a lower serum acylated ghrelin, which is induced by the  
H. pylori infection, could be related to induce a lower BW 
in children aged 8-12 years old. 

Eradication of  H. pylori in symptomatic adult patients 
has been reported to increase BMI[22,23], and to restore 
decreased ghrelin levels induced by H. pylori infection[16,17]. 
However, there is still limited evidence to prove such ef-
fects in children. Recently, a trial demonstrated H. pylori 
eradication may result in a significant increase in BMI, 
but with a decrease in the circulating ghrelin levels in a 
small group of  children[33]. Consistent with these findings, 
our study supported H. pylori eradication to address posi-
tive impact on the improvement of  childhood growth 
concomitant with an increase of  serum acylated ghrelin 

level during the one-year long-term follow-up. Therefore, 
this study is the first to support that H. pylori eradication 
can restore decreased serum acylated ghrelin in children 
with lower BW. In the future, a longer follow-up study 
may help to determine whether ongoing elevations in 
BMI will ultimately lower serum ghrelin via a feedback 
loop. Our study was nonetheless sufficient to show that 
within one-year of H. pylori eradication, the children could 
achieve normal growth stature with concomitant restora-
tion of  the decreased serum acylated ghrelin induced by 
the H. pylori infection.

Even though some H. pylori-infected children had a 
failure of  triple therapy, there was still existed an increase 
of  BW, BH, and serum acylated ghrelin levels at the 6th 
and the 12th mo. Triple therapy can decrease bacterial 
loads or gastric inflammation[15,33]. We have analyzed the 
51 pairs of  13C-UBT and ghrelin levels (at enrollment, the 
6th and 12th mo follow-up) in 17 children with a failure 
of  triple therapy. The result shows the bacterial loads, in-
dicated by the values of  13C-UBT are not correlated well 
to the ghrelin levels (r2 = 0.03, P = 0.25). Therefore, it is 
possibly due to transient improvement of  gastric inflam-
mation to restore serum acylated ghrelin levels. Lack of  
endoscopic evidence in children with failure of  therapy 
is the limitation in this study. A longer follow-up period 
is thus needed to clarify this transient improving effect in 
children with failure of  therapy.

In summary, H. pylori infection can be associated with 
decreased serum acylated ghrelin levels, BW and BH in 
children. Successful H. pylori eradication can restore ghre-
lin levels and the growth of  BW and BH in the infected 
children with growth retardation.

COMMENTS
Background
Helicobacter pylori (H. pylori) infection in children causes not only gastric 
inflammation and peptic ulcer diseases but also extragastric disorder. Longitu-
dinal observational have found that children with persistent H. pylori infection 
have reduced body weight (BW) and height (BH) growth than the non-infected 

 COMMENTS
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H. pylori  infection Non-H. pylori  infection

Age ranges (yr) 4-7 8-12 4-7 8-12
BW cut-off point, kg (n) 26 (21)  36 (32)  26 (47) 36 (87)
Baseline serum acylated ghrelin (pg/mL)
   Above or equal to the BW cut-off point  51.3 ± 38.6 51.8 ± 40.9 78.2 ± 12.0 85.9 ± 26.9
   Below the BW cut-off point 47.8 ± 36.5 23.8 ± 22.1 82.5 ± 17.2 83.8 ± 31.2
   1P value 0.93 0.02 0.31 0.78
   z score of BW cut-off point (n) 0.5 (18) 0.5 (35) 0.5 (28)  0.5 (106)
Baseline serum acylated ghrelin (pg/mL)
   Above or equal to the z score of BW cut-off point  53.4 ± 40.6 46.8 ± 38.9 81.3 ± 14.1 81.7 ± 19.7
   Below the z score of BW cut-off point 45.9 ± 33.6 27.3 ± 26.5 81.9 ± 16.6 89.6 ± 36.4
   1P value 0.68 0.09 0.91 0.15

1The P value indicated the difference of serum acylated ghrelin levels between the children with body weight (BW) and z score of BW above or equal to the 
cut-off point and those with below the cut-off point within the same age ranges, analyzed by the Student’s t test. The BW (z score of BW) cut-off point was 
determined by the mean (median) of non-Helicobacter pylori (H. pylori) infected children within the same age ranges.

Table 3  The differences of the baseline serum acylated ghrelin levels between the children with body weight above and below the 
cut-off point selected based on the different age ranges of children (mean ± SD)
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ones. In addition, previous studies showed conflicting results regarding the cor-
relation between plasma ghrelin levels and H. pylori infection after eradication 
of bacteria. Therefore, long-term follow up the childhood growth as well ghrelin 
levels in H. pylori-infected children after eradication therapy can illustrate the 
causal relationship between H. pylori infection and growth retardation in chil-
dren.
Research frontiers
Growth retardation in H. pylori-infected children without any organic diseases 
remains controversial for eradication therapy. The authors aimed to establish 
a new indication for treating H. pylori infection in children with growth retarda-
tion and to explore the serum acylated ghrelin levels correlated to eradication 
therapy.
Innovations and breakthroughs
This study demonstrated that H. pylori infection can be associated with de-
creased serum acylated ghrelin levels, BW and BH in children. In the interven-
tional study, successful H. pylori eradication can restore serum acylated ghrelin 
levels and the growth of BW and BH in the infected children with growth retar-
dation at the 1-year follow-up.
Applications
This study confirmed the causal relationship of H. pylori infection and childhood 
growth retardation. Therefore, we supposed that eradication therapy should be 
considered as a treatment strategy in H. pylori-infected children with growth 
retardation, which was not related to other organic diseases.
Terminology
Growth retardation is indicated by poor BW and BH growth as compared to the 
age- and gender-matched normal population. Eradication therapy means that 
a treatment strategy to eradicate H. pylori from stomach. The first-line regiment 
consists of one proton pump inhibitor and two antibiotics.
Peer review
This is an interesting study aimed at determining whether H. pylori-infected 
children have reduced growth rates and lower levels of ghrelin compared to 
uninfected and if H. pylori eradication may reverse those changes. The study is 
well written and well designed.
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Abstract
AIM: To evaluate the sensitivity and specificity of 
transfesrrin dipstick test (Tf) in colorectal cancer (CRC) 
screening and precancerous lesions screening.

METHODS: Eight hundreds and sixty-one individuals 
at high-risk for CRC were recruited. Six hundreds and 
eleven subsequently received the three fecal occult 
blood tests and colonoscopy with biopsy performed as 
needed. Fecal samples were obtained on the day before 
colonoscopy. Tf, immuno fecal occult blood test (IFOBT) 
and guaiac fecal occult blood test (g-FOBT) were per-
formed simultaneously on the same stool. To minimize 
false-negative cases, all subjects with negative samples 
were asked to provide an additional stool specimen for 

a second test even a third test. If the results were all 
negative after testing three repeated samples, the sub-
ject was considered a true negative. The performance 
characteristics of Tf for detecting CRC and precancer-
ous lesions were examined and compared to those of 
IFOBT and the combination of Tf, IFOBT and g-FOBT.

RESULTS: A total of six hundreds and eleven subjects 
met the study criteria including 25 with CRC and 60 
with precancerous lesions. Sensitivity for detecting CRC 
was 92% for Tf and 96% for IFOBT, specificities of Tf 
and IFOBT were both 72.0% (95% CI: 68.2%-75.5%; 
χ 2 = 0.4, P  > 0.05); positive likelihood ratios of those 
were 3.3 (95% CI: 2.8-3.9) and 3.4 (95% CI: 2.9-4.0), 
respectively. In precancerous lesions, sensitivities for 
Tf and IFOBT were 50% and 58%, respectively (χ 2 
= 0.8, P  > 0.05); specificities of Tf and IFOBT were 
71.5% (95% CI: 67.6%-75.1%) and 72.2% (95% CI: 
68.4%-75.8%); positive likelihood ratios of those were 
1.8 (95% CI: 1.3-2.3) and 2.1 (95% CI: 1.6-2.7), re-
spectively; compared to IFOBT, g-FOBT+ Tf+ IFOBT 
had a significantly higher positive rate for precancerous 
lesions (83% vs  58%, respectively; χ 2 = 9.1, P  < 0.05). 
In patients with CRC and precancerous lesions, the sen-
sitivities of Tf and IFOBT were 62% and 69% (χ 2 = 0.9, 
P  > 0.05); specificities of those were 74.5% (95% CI: 
70.6%-78.1%) and 75.5% (95% CI: 71.6%-79.0%); 
positive likelihood ratios of those were 2.5 (95% CI: 
2.0-3.1) and 2.8 (95% CI: 2.3-3.5). Compared to IF-
OBT alone, combining g-FOBT, IFOBT and Tf led to 
significantly increased sensitivity for detecting CRC and 
cancerous lesions (69% vs  88%, respectively; χ 2 = 9.0, 
P  < 0.05).

CONCLUSION: Tf dipstick test might be used as an ad-
ditional tool for CRC and precancerous lesions screening 
in a high-risk cohort.

© 2012 Baishideng. All rights reserved.

Key words: Transferrin; Immuno fecal occult blood test; 
Colorectal cancer; Precancerous lesions; Transferrin dip-
stick test
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INTRODUCTION
Colorectal cancer (CRC) is one of  the major diseases thre
atening human health. In the United States, CRC is the 
third most frequently diagnosed cancer among men and 
women, and the third leading cause of  cancer death[1]. In 
China, the prevalence of  CRC has risen in recent years, 
possibly attributable to changes in the population’s life
style and dietary habits[2,3]. In most cases, CRC is believed 
to arise within precancerous lesions that develop slowly 
over many years[4,5].

Currently, many tools are be used for CRC screen
ing. CRC screening tests recommended by the American 
Cancer Society (ACS) can be grouped into 2 categories: (1) 
tests that primarily detect CRC, which include tests that 
look for blood, such as guaiac fecal occult blood test and 
fecal immunochemical test, or exfoliated DNA [single
strand DNA (sDNA)] in stools; and (2) tests that can 
detect cancer and advanced lesions, which include endo
scopic and radiological exams, i.e., colonoscopy, double
contrast barium enema (DCBE), and computed tomog
raphy colonography (CTC) (or virtual colonoscopy)[6]. 
However, these tests all have certain limitations.

Several published randomized trials have showed that 
the most widely accepted test method, fecal occult blood 
test (FOBT), can reduce CRC incidence[7] and mortality 
rate[8]. However, guaiac fecal occult blood test (gFOBT) 
has been criticized for its high false positive because it 
detects nonhuman haem in food[9,10]. Compared with 
that of  gFOBT, the sensitivity of  immuno fecal occult 
blood test (IFOBT) is significantly higher[1113]. IFOBT 
specifically detects human hemoglobin (Hb) in stool by 
antibodyantigen reaction, which has no restrictions on 
diet or drug intake. However, Hb is unstable in feces 
because it can be degraded by bacteria. Furthermore, 
Hb can not be used to detect lesions that are not accom
panied by bleeding[1417]. Fecal DNA test was developed 
based on the molecular genetics of  CRC. It is suggested 
that the occurrence of  most CRCs has close relationship 
with chromosomal instability, with mutations progres
sively accumulating in the adenomatous polyposis coli gene, 
the p53 tumorsuppressor gene, and the Kras onco
gene[18]. Despite relatively high specificity[19], Fecal DNA 
test has many problems[20], including the lack of  adequate 
fecal DNA makers, complex extraction steps, and so 
on. Furthermore, populationbased studies showing the 
capability of  the method to decrease mortality of  CRC 
have been lacking[21]. Other noninvasive methods include 

testing for faecal calprotectin, which has high sensitivity 
but low specificity[22].

DCBE is a preferred method for screening in chil
dren, old people and those who can not undergo colo
noscopy. However, its false positive and false negative 
ratios are both higher than those of  colonoscopy[15,23]. 
Colonoscopy can detect CRC in the entire colonic lu
men and is the most sensitive and specific test. A report 
showed that the incidence and mortality of  CRC rate 
were reduced to 67% and 65%, respectively, after colo
noscopy screening in an averagerisk cohort[24]. However, 
colonoscopy is invasive and has risks to certain extent[25]. 
High costs and painful procedure has prevented colo
noscopy from being used as a method for largescale 
screening of  CRC. Practically it is only used for final di
agnostic test of  positive patients. In 2008, two additional 
tests have been added to CRC screening guidelines of  
the ACS[26]: sDNA and CTC. CTC is a minimally invasive 
method for examination of  the whole colon. It is safe 
and the entire colon can be examined thoroughly. A re
cently study shows that for ≥ 10 mm colorectal lesions, 
the sensitivity of  CTC is similar to that of  colonoscopy. 
However, for < 10 mm and flat neoplasms, the sensitivity 
of  CTC is lower than colonoscopy[27]. Additionally, CTC 
can not perform biopsy and is an expensive procedure. 
For these reasons, our study sought to develop a method 
to improve the sensitivities and specificities of  CRC and 
precancerous lesions screening.

Transferrin (Tf), which is present in plasma by the re
lease of  neutrophil-specific granules, is undetectable in nor
mal human gastrointestinal tract. Detection of  Tf  in feces 
or contents in the stomach indicates bleeding in gastrointes
tinal tract. Unlike hemoglobin, Tf  is resistant to degradation 
by digestive enzymes and bacteria. Thus, compared to he
moglobin, Tf  is more stable in feces[28]. It has been reported 
that fecal Tf  is elevated in patients with colorectal tumor, 
compared to healthy individuals[29]. Recently, a number of  
proteomic studies showed that Tf  could be used as a marker 
expressing in a number of  cancers[30,31]. Saitoh et al[32] and 
Hirata et al[33] compared fecal Tf  with IFOBT in clinical 
studies and found that Tf  was as useful as IFOBT in di
agnosing colorectal diseases. However, these two studies 
did not analyze patients with precancerous lesions. Sheng 
et al[34] compared fecal Tf  with IFOBT for their sensitivi
ties in detecting CRC and precancerous lesions in CRC 
patients. However, the subjects of  this study were CRC 
patients, and specificity was not analyzed.

So far, Tf  has not been recommended as a method 
for CRC screening by the ACS. Based on the above stud
ies, we assumed that the sensitivity and specificity of  Tf  
in detecting CRC and precancerous lesions were equal 
or superior to IFOBT. Using a combination of  the three 
measurements (gFOBT, Tf  and IFOBT) appears to in
crease the sensitivity of  diagnosis in highrisk population. 
In order to investigate whether Tf  can be applied in the 
screening of  CRC and precancerous lesions, we con
ducted this study to compare the effectiveness of  Tf  and 
IFOBT in the detection of  colorectal cancer and precan
cerous lesions.
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MATERIALS AND METHODS
Study materials
The stool specimen collection, colonoscopy and patho
logic examination were performed in the Eighth Hospital 
of  Wuhan City which is a hospital specializing in anorec
tal diseases. GFOBT, IFOBT and Tf  kits were purchased 
from Baso Diagnostics Inc and WHPM Inc.

Study group
From January 2010 to September 2010, 861 subjects at 
highrisk (a personal history of  curativeintent resection 
of  CRC or intestinal polyps; family history of  colorectal 
cancer; having the following two or more: chronic diar
rhea, chronic constipation, abdominal pain, dark stool, 
blood or mucus on stool) were recruited. The inclusion 
criteria were as following: age over 14 years, male or fe
male. Subjects with age < 14 years were excluded. All 
participants provided written informed consent and were 
instructed on diet and drug restrictions three days before 
and during the period of  stool collection. 

Fecal samples collection and IFOBT and Tf analysis
All fecal samples were collected the day before colonos
copy and processed in accordance with manufacturer’
s instructions. We applied the fecal sample on the strip 
and the result was read out within 5 min (the result was 
invalid after 5 min). A red bar in control area (C) only was 
considered as negative. A red bar in both the testing area 
(T) and the control area (C), was considered as positive. 
If  there was no red bar in the control area(C), the test was 
considered invalid. Tf, IFOBT and gFOBT were per
formed simultaneously on the same stool. To minimize 
falsenegative cases, all subjects with negative samples 
were asked to provide an additional stool specimen for 
a second test; if  the second test still gave negative result, 
a third test would be conducted. As long as one of  the 
three tests showed positive results, the subject was consid
ered to have a positive sample. If  the results were all neg
ative after testing three repeated samples, the subject was 
considered a true negative. Approximately 10% of  the 
samples were repeated and the concordance was 100%.

Statistical analysis
The positive rate of  Tf  alone, IFOBT alone, Tf  com
bined with IFOBT (Tf  + IFOBT), Tf  and IFOBT com
bined with gFOBT (Tf  + IFOBT + gFOBT), as well as 
their respective specificity, likelihood ratio, odd ratio and 
95% confidence interval were calculated to compared the 
sensitivity of  Tf, IFOBT, Tf+ IFOBT and Tf  + IFOBT 
+ gFOBT in detecting CRC and precancerous lesions. 
χ 2 and McNemar’ s test were conducted to determine the 
significance of  difference. P < 0.05 in a twotailed test 
was considered statistically significant. Analyses were per
formed using SPSS version 17.0. 

RESULTS
Subject enrollment flow is described in Figure 1. Of  the 

861 participants in this study, 250 subjects who have tak
en neither FOBTs nor colonoscopy, or have taken only 
one of  the tests were excluded in this survey. Six hundred 
and eleven subsequently received both FOBTs and colo
noscopy with biopsy performed as needed. Among them, 
286 were found to have abnormalities by colonoscopy, 
while 447 were classified as low risk population includ
ing no abnormalities (325 cases) and benign lesions (122 
cases). Benign lesions included chronic enteritis, chronic 
schistosomiasis bowel disease, intestinal diverticula, co
lorectal erosive inflammation (a total of  112 cases) and 
inflammatory intestinal mucosa by biopsy (10 cases). One 
hundred and seventyfour subjects were found to have 
polyps or neoplasm. Pathological examination showed 
CRC (25 cases), precancerous lesions (60 cases), inflam
matory intestinal mucosa (10 cases); Polyps (79 cases) 
that were less than 3 mm in diameter, broadbased, sessile 
and flat were not subjected to biopsy. Precancerous le
sions included tubular adenoma, villous adenoma, tubular 
villous adenoma and hyperplastic polyp with moderate
severe dysplasia (with histological confirmation).

The overall demographic information of  611 subjects 
(Table 1). There were 310 men and 301 women among 
the participants, with a median age of  50 years (range 
1485 years). Among them, 10 men and 15 women had 
CRC, with a median age of  62 years; 35 men and 25 
women had precancerous lesions, with a median age of  
56 years.

The positive rate of  gFOBT, Tf, Tf+ IFOBT, and 
g-FOBT+ Tf+ IFOBT in fecal samples from five groups 
of  participants is shown in Table 2. In CRC, the positive 
rates of  Tf  and IFOBT were 92% and 96%, respectively 
(χ 2 = 0.4, P > 0.05). In precancerous lesions, the positive 
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Eligible subjects 
(n  = 861)

All tests results available 
(n  = 611)

Colonoscopy results:
adenoma or neoplasm 

(n  = 174)

Pathology 
(n  = 95)

Cancer (n  = 25), 
precancerous Lesions (n  = 60), 

inflammatory intestinal mucosa (n= 10)

Negative results 
for colonoscopy 

(n  = 325)

Exclude subjects: FOBTs 
results not available 

(n  = 172)

Exclude subjects: 
no colonoscopy 

(n  = 220)

Colonoscopy results: 
benign 

(n  = 112)

Macroscopic polyps1 
(n  = 79)

Figure 1  Flow diagram of the study. 1Includes polyps that were less than 3 mm 
in diameter, broadbased, sessile and fat.
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rates for Tf  and IFOBT were 50% and 58%, respectively 
(χ 2 = 0.8, P > 0.05); compared to IFOBT, gFOBT+ Tf+ 
IFOBT had a significantly higher positive rate for precan
cerous lesions (83% vs 58%, respectively; χ 2 = 9.1, P < 
0.05). In CRC and precancerous lesions, the positive rates 
for Tf  and IFOBT were 62% and 69% (χ 2 = 0.9, P > 0.05), 
whereas gFOBT+ Tf+ IFOBT also provided signifi
cantly higher positive rate compared to IFOBT alone (88% 
vs 69%, respectively; χ 2 = 9.0, P < 0.05). For Tf  alone, 
a difference in positive rate was observed for detecting 
CRC and precancerous lesions (92% vs 50%, respectively; 
χ 2 = 13.3, P < 0.05).

The performance characteristics of  various tests ex
amined by our study (Table 3). For detecting CRC, The 
specificities of  Tf  and IFOBT were both 72.0% (95% 
CI: 68.2%75.5%); positive likelihood ratios of  those 
were 3.3 (95% CI: 2.8  3.9) and 3.4 (95% CI: 2.94.0), re
spectively. For detecting precancerous lesions, specificities 
of  Tf  and IFOBT were 71.5% (95% CI: 67.6%75.1%) 
and 72.2% (95% CI: 68.4% 75.8%); positive likelihood 
ratios of  those were 1.8 (95% CI: 1.32.3) and 2.1 (95% 
CI: 1.62.7), respectively. For detecting both CRC and 
precancerous lesions, specificities of  Tf  and IFOBT 
were 74.5% (95% CI: 70.6%78.1%) and 75.5% (95% CI: 
71.6%79.0%); positive likelihood ratios of  those were 
2.5 (95% CI: 2.03.1) and 2.8 (95% CI: 2.33.5), respec
tively. In these tests, the specificity of  Tf  and IFOBT 
for detecting CRC was the same. Likelihood ratio can 
accurately reflect how likely it is that patients with CRC 
will test positive. The likelihood ratio showed that Tf  and 
IFOBT detected CRC (3.3 and 3.4, respectively) more ef
fectively than they detected precancerous lesions (1.8 and 
2.1, respectively).

DISCUSSION
The data from our study demonstrated that the sensitivi
ties and specificities of  Tf  and IFOBT were similar in 
the detection of  colorectal cancer and precancerous le
sions in highrisk cohort. These results suggest that when 
using Tf  alone, the sensitivity and specificity have no 
visible difference compared to using IFOBT alone; when 
combining these three methods, the sensitivity can be en
hanced. 

There had been several comparative studies of  Tf  and 
IFOBT previously. Saitoh et al[32] found that the sensitivi
ties of  Tf  and IFOBT for detecting CRC were similar 

(53.8% and 61.5%, respectively). The study used enzyme
linked immunosorbent assay (ELISA) kit for fecal Tf  
and Latex agglutination for IFOBT. Hirata et al[33] found 
that the sensitivities of  Tf  and IFOBT were both 50%, 
whereas combining both methods gave a slightly higher 
sensitivity of  61.1%. The study measured the Tf  and Hb 
quantitatively by sandwich ELISA. Both studies analyzed 
the sensitivity for detecting colorectal diseases (colon 
cancer, colorectal polyps, ulcerative colitis, Crohn’s dis
ease, etc.) but not precancerous lesions. In addition, in 
both previous studies, each patient was tested only once 
with one stool specimen. In contrast, our study strove to 
minimize false negative results by testing up to three stool 
specimens from a single patient, hence achieving a more 
accurate estimation of  sensitivity. Sheng et al[34] found 
that the positive ratio of  Tf  and IFOBT for detecting 
colorectal cancer were 80% and 75%, respectively. For 
detecting precancerous lesions, the positive ratios were 
72% (Tf) and 44% (IFOBT). The difference is statistically 
significant. Combining the two methods gave a positive 
ratio of  78% in detecting precancerous lesions. Three 
possible reasons might explain the differences between 
Sheng et al[34] and our study. First, the tested subjects 
were different. The previous study tested CRC patients. 
Our study tested those who are at highrisk. Second, the 
sample size was different. Our study had 611 samples, 
compared to 110 in the previous study. Third, the design 
of  the studies was different. The previous study took 
only one stool specimen from an individual patient and 
retested the sample if  the result was negative. We took at 
least one specimen from every participant and up to three 
specimens from those showing negative results. None 
of  the three previous studies analyzed the specificities 
of  colorectal cancer and precancerous lesions detection. 
The difference in specificity may be caused by variation 
in other factors, such as degradation of  hemoglobin, 
samples, experiment and the quality of  reagents, etc.

The study shows that Tf  and IFOBT both have false 
positive and false negative results in colorectal cancer and 
precancerous lesions screening. IFOBT specifically de
tects the Hb in stool by antibodyantigen reaction. Anti
Hb antibody do not react with animal blood, fruits and 
vegetables in the testing material, and do not confer per
oxidase activity, which obviously reduce the false positive 
rate. However, the test has several problems, including (1) 
some participants’ hemoglobin may not be recognized by 
the antiHb antibody used in the test; (2) hemoglobin can 
be degraded by bacteria, resulting in the loss of  antigen; 
(3) the symptom of  bleeding in early colorectal lesions 
is intermittent; and (4) the massive bleeding causes an 
excessive amount of  antigen to be present in the reaction 
system and hence the “preband phenomenon”. These 
are all possible causes of  false negative results in the 
detection using IFOTB. Tf, a type of  β1 globulin with a 
molecular weight of  77 KD, transports extracellular iron 
into cells through membrane receptormediated endocy
tosis[35]. Tf  can resist degradation caused by digestive en
zymes and bacteria, and is more stable than hemoglobin 
in stool. But Tf  can only be detected at a concentration 

Table 1  Patient demographics

Charac
teristic

No. of 
participants

Colorectal 
cancer

Precancerous 
lesions

Polyp Abnor
mality

Low 
risk

Total 611 25 60 79 286 447
Sex
   Male 310 10 35 49 152 216
   Female 301 15 25 30 134 231
Age, yr
   Median  50 62 56 53 53 48
   Range 14-85 39-85 24-84 25-84 17-85 14-81
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diagnosing value of  screening. It is very stable and not 
subject to morbidity. Results of  our study demonstrated 
that the positive likelihood ratio of  Tf  detecting CRC 
was similar with that of  IFOBT in various populations, 
which indicates that Tf  has a similar value with IFOBT 
and is fit for the CRC screening in an average- risk popu
lation. Further, the findings of  the analysis suggest that 
a combination of  Tf, IFOBT and gFOBT enables com
pensation of  the inadequacy of  single tests, which will 
reduce false negative rate and improve the positive ratio. 
So, in order to enhance the sensitivities of  detecting CRC 
and precancerous lesions, all three methods should be 
used simultaneously.

Our study does have some limitations, and the first is 
its study subject. The sensitivity and specificity of  Tf  had 
been calculated in this study, those of  that in an average 
risk group are yet to be further determined. Prospective 
studies in an averagerisk group are needed to validate 
these results. Nevertheless, hardly everyone at average
risk group can undergo colonoscopy, leading that the 
specificities of  fecal occult blood tests can not be evalu
ated. We prepare to apply computed tomographic virtual 

Table 2  Positive rate of three fecal occult blood tests in fecal samples from colorectal cancer patients, precancerous lesions subjects, 
polyp subjects, abnormality subjects and low risk subjects  n  (%)

Disease (N) gFOBT Tf IFOBT Tf+ IFOBT gFOBT+ Tf+ IFOBT

+1 1 +1 1 +1 1 +1 1 +1 1

CRC (25)     25 (100)   0 (0)   23 (92)   2 (8)   24 (96)   1 (4)     25 (100)   0 (0)     25 (100)   0 (0)
Precancerous lesions (60)   36 (60)   24 (40)   30 (50)   30 (50)   35 (58)   25 (42)   40 (67)   20 (33)   50 (83)   10 (17)
Polyp (79)   35 (44)   44 (56)   29 (37)   50 (63)   20 (25)   59 (75)   34 (43)   45 (57)   49 (62)   30 (38)
Abnormality (286) 153 (53) 133 (47) 126 (44) 160 (56) 128 (45) 158 (55) 162 (57) 124 (43) 203 (71)   83 (29)
Low risk (447) 148 (33) 299 (67) 105 (23) 342 (77) 109 (24) 338 (76) 154 (34) 293 (66) 221 (49) 226 (51)

1n (n/N × 100%). Tf: Transferrin; IFOBT: Immuno fecal occult blood test; g-FOBT: Guaiac-fecal occult blood test; CRC: Colorectal cancer.

Table 3  Sensitivity, specificity, positive likelihood ratio and odd ratio of three fecal occult blood tests for detection of colorectal 
cancer, precancerous lesions and colorectal cancer + precancerous lesions

Test No. of neoplasms 
detected

 Sensitivity% Specificity% Likely ratio(+) 
(95% CI)

Odd ratio 
(95% CI)

n/total % (95% CI) n/total % (95% CI)

CRC
   g-FOBT 25 25/25 100 (86.7-100) 367/586 62.6 (58.6-66.5) 2.7 (2.4-3.0) -
   Tf 25 23/25    92 (75.0-97.8) 422/586    72 (68.2-75.5) 3.3 (2.8-3.9)   29.6 (6.8-126.9)
   IFOBT 25 24/25    96 (80.5-99.3) 422/586    72 (68.2-75.5) 3.4 (2.9-4.0)   61.8 (8.3-460.2)
   Tf+ IFOBT 25 25/25 100 (86.7-100) 358/586 61.1 (57.1-65.0) 2.6 (2.3-2.8) -
   g-FOBT+ Tf+ IFOBT 25 25/25 100 (86.7-100) 266/586 45.4 (41.4-49.4) 1.8 (1.7-2.0) -
Precancerous lesions
   g-FOBT 60 36/60    60 (47.4-71.4) 343/551 62.3 (58.1-66.2) 1.6 (1.3-2.0) 2.5 (1.4-4.3)
   Tf 60 30/60    50 (37.7-62.3) 394/551 71.5 (67.6-75.1) 1.8 (1.3-2.3) 2.5 (1.5-4.3)
   IFOBT 60 35/60 58.3 (45.7-70.0) 398/551 72.2 (68.4-75.8) 2.1 (1.6-2.7) 3.6 (2.1-6.3)
   Tf+ IFOBT 60 40/60 66.7 (54.1-65.3) 338/551 61.3 (57.2-65.3) 1.7 (1.4-2.1) 3.2 (1.8-5.6)
   g-FOBT+ Tf+ IFOBT 60 50/60 83.3 (72.0-90.7) 256/551 46.5 (42.3-50.6) 1.6 (1.4-1.8) 4.3 (2.2-8.7)
CRC+ precancerous lesions
   g-FOBT 85 61/85 71.8 (61.4-80.2) 343/526 65.2 (61.0-69.2) 2.1 (1.7-2.5) 4.8 (2.9-7.9)
   Tf 85 53/85 62.4 (51.7-72.0) 392/526 74.5 (70.6-78.1)  2.5 (2.0 -3.1) 4.8 (3.0-7.8)
   IFOBT 85 59/85 69.4 (59.0-78.2) 397/526 75.5 (71.6-79.0) 2.8 (2.3-3.5)   7.0 (4.2-11.5)
   Tf+ IFOBT 85 65/85 76.5 (66.4-84.2) 338/526 64.3 (60.1-68.2) 2.1 (1.8-2.5) 5.8 (3.4-9.9)
   g-FOBT+ Tf+ IFOBT 85 75/85 88.2 (79.7-93.5) 256/526 48.7 (44.4-53.0) 1.7 (1.5-1.9)   7.1 (3.6-14.1)

Tf: Transferrin; IFOBT: Immuno fecal occult blood test; g-FOBT: Guaiac-fecal occult blood test; CRC: Colorectal cancer; CI: Confidence interval. 

greater than 10 ng/mL. The ratio of  hemoglobin and Tf  
is 5.4:1 in specimens containing blood. Thus, if  the sub
ject has low level of  Tf, or the bleeding is very trivial, the 
testing threshold can not be reached and false negative 
results will be the outcome. Our study tested the stool 
specimen repeatedly, therefore reduced the error rate. All 
subjects underwent standard colonoscopic examination 
with biopsy performed as needed. In this way, an accurate 
test was performed to examine the sensitivities and the 
specificities of  the three methods.

The results of  this study have a significant implication 
for CRC screening. A number of  studies showed that 
early detection based on fecal occult blood test helped 
decrease CRC mortality by 15%25%[4,7,36]. Mandel et al[7,37]  
found that screening once every year or once every two 
years with gFOBT or IFOTB can decrease the mortal
ity of  CRC and CRC related diseases, compared to no 
screening. In our test, for 65 subjects, IFOBT showed 
negative result while Tf  were positive. Hence, Tf  is ap
propriate for the screening of  CRC and precancerous 
lesions. Positive likelihood ratio, which involves both sen
sitivity and specificity of  screening, can fully evaluate the 
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colonoscopy to screen patients who are at averagerisk 
for CRC. The second is the range of  age in this study is 
very wide. The third major limitation of  our study is that 
the three stool occult blood tests were all qualitative and 
certain amount of  deviation was existed compared to 
quantitative test.

In conclusion, Tf  dipstick test can be applied to screen 
for CRC and precancerous lesions and the efficacy is 
approximately the same as that of  IFOBT in high risk 
cohort. By combining gFOBT, Tf  and IFOBT, the sen
sitivity can be improved significantly while the specificity 
is sacrificed. Large-scale and prospective clinical studies 
will be needed to determine whether Tf  dipstick test can 
be used as a screening method for CRC and precancer
ous lesions in different screening population.
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Abstract
AIM: To investigate and evaluate the change in health-
related quality of life (HRQoL) by tumor node metasta-
sis (TNM) staging system in patients with hepatocellular 
carcinoma (HCC).

METHODS: A total of 140 patients diagnosed with HCC 
between June 2008 and April 2009 in our department 
were enrolled to this study. One hundred and thirty-five 
(96.5%) patients had liver cirrhosis secondary to hepa-
titis B virus (HBV) infection, 73 (54.07%) of them being 
HBV DNA positive; the other etiologies of liver cirrhosis 
were alcoholic liver disease (1.4%), hepatitis C (1.4%) 
or cryptogenic (0.7%). All subjects were fully aware of 

their diagnosis and provided informed consent. HRQoL 
was assessed before treatment using the functional 
assessment of cancer therapy-hepatobiliary (FACT-
Hep) questionnaire. Descriptive statistics were used to 
evaluate demographics and disease-specific charac-
teristics of the patients. One-way analysis of variance 
and independent samples t  tests were used to compare 
the overall FACT-Hep scores and clinically distinct TNM 
stages. Scores for all FACT-Hep items were analyzed 
by frequency analyses. The mean scores obtained from 
the FACT-Hep in different Child-Pugh classes were also 
evaluated.

RESULTS: The mean FACT-Hep scores were reduced 
significantly from TNM Stage Ⅰ to Stage Ⅱ, Stage ⅢA, 
Stage ⅢB group (687 ± 39.69 vs  547 ± 42.57 vs  387 
± 51.24 vs  177 ± 71.44, P  = 0.001). Regarding the 
physical and emotional well-being subscales, scores de-
creased gradually from Stage Ⅰ to Stage ⅢB (P  = 0.002 
vs  Stage Ⅰ; P  = 0.032 vs  Stage Ⅱ; P  = 0.033 vs  Stage 
ⅢA). Mean FACT-Hep scores varied by Child-Pugh 
class, especially in the subscales of physical well-being, 
functional well-being and the hepatobiliary cancer (P  = 
0.001 vs  Stage I; P  = 0.036 vs  Stage Ⅱ; P  = 0.032 vs  
Stage ⅢA). For the social and family well-being sub-
scale, only Stage ⅢB scores were significantly lower 
as compared with Stage Ⅰ scores (P  = 0.035). For the 
subscales of functional well-being and hepatobiliary 
cancer, there were significant differences for Stages ⅡΙ, 
ⅢA and ⅢB (P  = 0.002 vs  Stage Ⅰ). 

CONCLUSION: HRQoL of patients with HCC worsens 
gradually with progression of TNM stages. The most 
impaired subscales of HRQoL, as measured by FACT-
Hep, were physical and emotional well-being.

© 2012 Baishideng. All rights reserved.

Key words: Hepatocellular carcinoma; Tumor node me-
tastasis staging; Functional assessment of cancer ther-
apy-hepatobiliary; Health-related quality of life; Cross-
sectional study
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INTRODUCTION
In recent years, there has been increased interest in quali-
ty of  life as it pertains to patients’ health status. Many dif-
ferent questionnaires, such as the functional assessment 
of  cancer therapy-hepatobiliary (FACT-Hep), the Health-
Related Quality of  Life (HRQoL), and the Short Form 
(36) Health Survey are becoming key instruments in the 
evaluation of  patients’ health status. HRQoL results may 
be more relevant than length of  life, as patients are fre-
quently more concerned about life quality than longevity.

The incidence of  hepatocellular carcinoma (HCC) in 
China is increasing. HCC is now the second leading cause 
of  death of  cancers[1]; about 15%-40% of  the hepatitis 
B virus carriers may develop cirrhosis and HCC[2]. Ap-
proximately 80% of  the patients diagnosed with HCC 
are unable to undergo surgical resection or transplan-
tation[3]. Non-surgical treatment, such as transcatheter 
chemo-embolization or chemotherapy may improve the 
patients’ prognosis to varying degrees[4-8]. Symptoms can 
be extremely variable in advanced HCC; the compensated 
patients may be symptomatic for months or decades. 
The impact is significant on patients’ functioning and 
well-being. Patients may experience anxiety because of  
emotional concerns associated with the disease and treat-
ment. Complications and extra-hepatic manifestations of  
advanced disease may reduce the quality of  life, as thera-
peutic interventions may restrain outdoor activities. These 
challenges may negatively affect the quality of  life, includ-
ing physical, emotional, and functional well-beings[9].

Assessment of  HRQoL with cancer has become an 
important outcome indicator during the last two de-
cades[10]. The FACT-Hep is the most widely used evalua-
tion tool focusing on hepatobiliary cancer such as HCC, 
pancreatic cancer and cancers of  the gallbladder[11]. In 
clinical studies, the FACT-Hep performs well in assessing 
the quality of  life of  patients with HCC, and is consid-
ered to be of  utmost importance for improving survival 
rates and quality of  life[11].

The FACT-Hep[12] is a new and important index for 
evaluation of  prognosis of  the patients and the results of  
clinical trials, complementing the traditional end-points as-
sessment, such as tumor response rate and survival time[13-15].

As HCC worsens, quality of  life generally decreases, 
but two unanswered questions remain. First, FACT-Hep 
has not been used to assess prognosis with a large se-
ries of  HCC patients at different tumor node metastasis 
(TNM) stages. Second, quality of  life is a broad concept, 
and no data are available to examine the impact of  disease 

on patients’ self-perception and the factors which are as-
sociated with poor HRQoL on the FACT-Hep.

The aim of  this study was to determine the HRQoL 
of  patients at different TNM tumor stages of  HCC by 
FACT-Hep, and to determine the factors associated with 
impaired HRQoL. The TNM Classification of  Malignant 
Tumors was based on physical exam findings, imaging 
studies (ultrasound, computed tomography or magnetic 
resonance imaging) and other tests[16]. For solid tumors, 
such as HCC, TNM is the most commonly used staging 
system.

MATERIALS AND METHODS
Patients
Most patients admitted to our department had primary 
liver cancers. On admission, patients’ quality of  life was 
evaluated using the Chinese version of  the FACT-Hep. 
During an 11-mo period from June 2008 to April 2009, 
we studied 140 patients with HCC (133 males, 7 females; 
aged 28-75 years). Patients completed the study question-
naire following the diagnosis of  HCC, and prior to thera-
peutic intervention. All subjects were fully aware of  their 
diagnosis and provided informed consent to participate. 
The ethical committees of  the participating centers ap-
proved the study. The TNM staging system[17] (edition 6 
published in 2002; and instituted in 2003) was used in this 
study. Patients were selected based on the demographic 
characteristics or clinical status.

Inclusion criteria
(1) Patients aged ≥ 18 years; (2) diagnosis of  HCC was 
established by imaging examinations (ultrasound or com-
puted tomography) and confirmed by α1-variable fetopro-
tein levels exceeding 10 times the normal values, or liver 
biopsy; (3) patients who had no prior history of  malignan-
cy with encephalopathy and no cognitive impairment (as 
judged by the attending clinician); (4) patients who should 
speak, read, understand and write Chinese; (5) Karnofsky 
≥ 60. The expected survival was at least six months; (6) 
patients who voluntarily agreed and were able to make the 
decision to participate in the study; and (7) patients who 
provided written informed consent.

Exclusion criteria
(1) Illiteracy; (2) current psychosis or homicidal ideation; 
(3) serious visual or auditory disease; (4) evidence of  cog-
nitive impairment or psychiatric disturbance that would 
prevent informed consent; (5) physical condition too poor 
to complete the required the 20-25 min of  question-
naires; and (6) patient’s family requests that the patient’s 
condition should be kept a secret from the patients.

FACT-Hep
The FACT-Hep is a 45-item, self-report instrument de-
signed to measure HRQoL in patients with HCC. The 
FACT-Hep consists of  27-item FACT-General (FACT-G), 
which assesses generic HRQoL concerns using five sub-
scales, and the newly validated 18-item hepatobiliary sub-
scale, which assesses specific symptoms of  hepatobiliary 
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cancer and side effects of  treatment. The five FACT-Hep 
subscales are: (1) physical well-being (PWB, 7 questions); 
(2) social and family well-being (SFWB, 7 questions); (3) 
emotional well-being (EWB, 6 questions); and (4) func-
tional well-being (FWB, 7 questions); and (5) hepatobili-
ary cancer subscale (HepCS, 20 questions).

The FACT-Hep shows a high internal consistency at 
initial assessment (Cronbach’s alpha range: 0.72-0.94) and 
retesting (Cronbach’s alpha range: 0.81-0.94)[11]. Measure-
ment stability is also high for all aggregated scales (test-
retest correlation range: 0.84-0.91; interclass correlation 
coefficient range: 0.82-0.90)[11]. The FACT-Hep can be 
used independently as a brief  measure of  disease-related 
symptoms and functioning in assessing HRQoL of  pa-
tients with HCC[11]. In this study, the FACT-Hep was 
translated into Chinese and adjusted appropriately based 
on the local cultural background. Early research using 
the Chinese version of  the FACT-Hep showed a better 
reliability and validity (a reliability > 0.5 and a validity > 
0.73)[11]. The present study aimed to assess the relationship 
between the HRQoL in HCC patients as measured by the 
Chinese version of  the FACT-Hep and TNM tumor stage.

All FACT items were rated on 5-point scales ranging 
from 1 to 5. Converse items should be unified before 
analysis. The PWB, FWB, SFWB and EWB were summed 
to get the FACT-G total score. The FACT-G and HepCS 
scores were summed to obtain the FACT-Hep total score. 
Higher scores on all subscales of  the FACT-Hep reflect 
higher functioning and fewer symptoms. 

Patients completed the FACT-Hep after receiving uni-
form written instructions from a medical doctor (Li MD) 
or nurse (Dong HJ). Following FACT-Hep, another doc-
tor (Lang QB) reviewed the forms for missing items. If  
there were more than three missing items, we requested 

that the patient complete the FACT-Hep again.

Statistical analysis
SPSS 13.0 software was used to process and analyze the 
data. Descriptive statistics were used to evaluate demo-
graphic and disease-specific characteristics. One-way 
analysis of  variance and independent samples t tests (P < 
0.05) were used to compare FACT-Hep scores between 
clinically distinct groups.

RESULTS
Sample size
FACT-Hep questionnaires were issued to 145 patients. 
Two patients dropped out of  the study due to disease 
exacerbation and three questionnaires were omitted from 
analysis because of  missing data (> 5 questions). In total, 
140 questionnaires were completed (with a completion 
rate of  98.19%). The average time for finishing a FACT-
Hep was 13.50 ± 2 min. 

Patient characteristics 
Of  the 140 patients, 133 were male (95.0%) and the mean 
age at diagnosis was 52.34 ± 9.73 years (range: 28-75). 
The TNM tumor stages were as follows: Stage Ⅰ: 49 cas-
es; Stage Ⅱ: 35 cases; Stage ⅢA: 29 cases; and Stage Ⅲ
B: 27 cases. All patients had cirrhosis. One hundred and 
thirty-five (96.5%) subjects had liver cirrhosis secondary 
to hepatitis B virus (HBV) infection, with 73 (54.07%) of  
them being HBV DNA positive; the other etiologies of  
liver cirrhosis included alcoholic liver disease (2), hepatitis 
C (2) or cryptogenic (1). Demographic and clinical char-
acteristics are shown in Table 1.

FACT-Hep scores and TNM stage 
Median FACT-Hep scores decreased as TNM stage ad-
vanced, and FACT-Hep scores were strongly associated 
with TNM stage (Figure 1).

Differences in FACT-Hep items
Mean FACT-Hep subscale scores were: PWB 16.47 ± 
4.272; SFWB 14.52 ± 3.351; EWB 12.74 ± 3.394; FWB 
17.90 ± 4.06; and HepCS 41.46 ± 9.52. The overall mean 
differences are presented in Table 2.

Table 1 Patient characteristics  n  (%)

Factors P  value

Age (yr), median (range)    52 (28–75)      0.3509
Sex < 0.001
   Male             133 (95.0)
   Female 7 (5.0)
Level of education < 0.0001
   Primary school 20 (14.0)
   Secondary school 56 (40.0)
   Commercial or vocational school 64 (46.0)
Tumor, node, metastasis stage
   Ⅰ 49 (35.0)      0.0023
   Ⅱ 35 (25.0)
   ⅢA 29 (20.7)
   ⅢB  27(19.3)
   ⅢC 0
   Ⅳ 0
Etiology
   Hepatitis B            135 (96.5)
   Hepatitis C 2 (1.4)
   Alcoholic 2 (1.4)
   Cryptogenic 1 (0.7)
Child-Pugh class
   A 84 (60.0)
   B 29 (20.7)
   C 27 (19.3)

Table 2  Functional assessment of cancer therapy-hepatobili-
ary mean scores (n  =140)

FACT-Hep 
subscales

mean ± SD Sum of 
scores

F P  
value

PWB 16.47 ± 4.27 276.86 16.99 0.000
SFWB 14.52 ± 3.35  37.08   1.71 0.184
EWB 12.74 ± 3.39 131.33   7.11 0.001
FWB 17.57 ± 3.93 165.32   5.84 0.004
HepCS 41.46 ± 9.52 754.79   5.72 0.004

PWB: Physical well-being; SFWB: Social and family well-being; EWB: 
Emotional well-being; FWB: Functional well-being; HepCS: Hepatobili-
ary cancer subscale; FACT-Hep: Functional assessment of cancer therapy-
hepatobiliary. 

Qiao CX et al . Quality of life with hepatocellular carcinoma



2692 June 7, 2012|Volume 18|Issue 21|WJG|www.wjgnet.com

Child-Pugh classification and FACT-Hep 
Scores for each FACT-Hep item worsened with increas-
ing severity of  hepatic cirrhosis, based on the Child-Pugh 
classification (Table 3). Further analyses of  factors im-
pacting specific HRQoL were performed using percent 
analysis. 

Physical well-being: Lack of  physical strength was report-
ed by 86% of  patients; nausea by 51%; illness affecting 
the role at home by 83%; pain by 66%; recent uncom-
fortable feelings by 92%; and frequent bed rest by 55%. 
Patients had variable decreases in daily exercise capacity.

Social and family well-being: Patients kept close contact 
with friends (92%); received emotional support at home 
(59%); had support from friends (69%); had family who 
understood the patient’s condition (49%); communicated 
about their condition with family (69%); and had close 
ties with a lover (43%). Only five patients answered ques-
tions regarding their sex lives (3.5%).

Emotional well-being: Sorrow and sad emotions were 
reported by 83% of  patients; fear of  death by 79%; and 
concern about disease progression by 74%. Only 53% of  
patients completed the item regarding current treatment 
and losing confidence in overcoming the current disease.

Functional well-being: Working ability was reported by 
41%; sense of  satisfaction with work by 51%; enjoyment 
of  life by 55%; acceptance of  the disease by 59%; insom-
nia by 95%; enjoyment from hobbies by 63%; and quality 
of  life satisfaction by 52%.

Hepatobiliary cancer subscale: Patients reported stomach 
distension (65%); weight loss (57%); abnormal intestinal 
function (87%); digestive dysfunction (87%); diarrhea 
(64%); good appetite (36%); concern regarding appear-
ance (61%); shoulder and back pain (71%); constipation 
(54%); fatigue (84%); ability to independently accomplish 
daily affairs (47%); jaundice 60 cases (43%); fever (36%); 
itching (27%); food taste changes (48%); cold sensitivity 
(61%); dry mouth (76%); stomach pain (63%); and swol-
len ankles (20%). No patients had bile drainage tubes.

DISCUSSION
Our study showed that patients with HCC had a per-
ceived health status which varies by TNM stage for most 
FACT-Hep items. This conclusion was based on ques-
tionnaires widely used in Chinese clinical studies which 
indicate that the quality of  life is an important prognostic 
factor and predicts survival time in patients with HCC[18].

HCC, an end-stage complication of  liver disease, is 
expected to affect quality of  life, but limited results have 
been reported previously[19]. Both disease-related and 
treatment-related symptomatic relief  has been the primary 
goal in advanced HCC management because of  the low 
survival rate of  the patients. Alleviating clinical symp-
toms and improving quality of  life have become targets 
for HCC treatment[20]. Quality of  life and related factors 
in patients with liver cancer have been reported in some 
studies as indicators of  treatment efficacy[21-23]. The FACT-
Hep has been widely used in clinical studies to assess 
HRQoL[11]. Although traditional clinical diagnostic indica-
tors (survival time and tumor response rates) and patients’ 
subjective feelings are the primary components of  quality 
of  life for patients with HCC, the FACT-Hep can provide 
more comprehensive clinical evaluations[24,25].

There are several staging systems for HCC, such as 
the Japan Integrated Staging score, the new barcelona 

aP < 0.05, bP < 0.01 vs Stage Ⅰ; dP < 0.01 vs Stage Ⅱ; fP < 0.01 vs Stage ⅢA; hP < 0.01 vs Child A; jP < 0.01 vs Child B. PWB: Physical well-being; SFWB: Social 
and family well-being; EWB: Emotional well-being; FWB: Functional well-being; HepCS: Hepatobiliary cancer subscale. 

Table 3  Functional assessment of cancer therapy-hepatobiliary subscale results by tumor node metastasis stage of hepatocellular car-
cinoma and by Child-Pugh class (mean ± SD)

n PWB SFWB EWB FWB HepCS

TNM stage
   Ⅰ 49        21 ± 2.15d,f   15.81 ± 3.68   15.11 ± 2.79d,f   19.96 ± 3.20d,f  48.52 ± 8.36d,f

   Ⅱ 35   19.07 ± 3.41b,f   14.69 ± 2.82 13.38 ± 3.01b 19.24 ± 2.21b   45.45 ± 10.01b

   ⅢA 29    16.29 ± 2.24b,d 14.66 ± 3.3 13.06 ± 3.08b 18.37 ± 3.98b 41.29 ± 7.05b

   ⅢB 27     12.41 ± 2.88b,d,f    13.61 ± 3.32a     10.84 ± 3.15b,d,f   14.69 ± 3.39b,d   35.35 ± 7.44b,d

Child-Pugh class 
   A 73 19.56 ± 2.79   15.29 ± 3.34          14.12 ± 2.89           19.58 ± 3.26j          46.12 ± 8.79j

   B 40   16.65 ± 2.79h   14.25 ± 3.08  11.8 ± 3.05 16.48 ± 2.98h 38.88 ± 6.61h

   C 27   10.52 ± 2.41h     12.85 ± 3.21h   10.41 ± 3.49h,j   13.78 ± 3.48h,j    32.7 ± 7.38h,j
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Figure 1  Mean functional assessment of cancer therapy-hepatobiliary 
scores by tumor node metastasis stage for hepatocellular carcinoma pa-
tients (n = 140, mean ± SD). bP < 0.01 vs Stage Ⅰ; dP < 0.01 vs Stage Ⅱ; fP < 0.01 
vs Stage ⅢA. FACT-Hep: Functional assessment of cancer therapy-hepatobiliary.
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clinic liver cancer (BCLC) staging classification, and the 
Tokyo score. These proposed staging systems consider 
both tumor size and liver function for HCC evaluation[26].

We classified patients’ disease status using the BCLC 
and found that advancing BCLC stage was associated 
with a decreasing trend for FACT-Hep scores, because 
BCLC staging is related to liver function. Patients with 
cirrhosis had lower FACT-Hep scores (lower scores re-
present lower quality of  life, Table 3). Previous studies 
have assessed the relationship between liver function and 
HRQoL deterioration and fatigue in patients with quanti-
fied inflammatory activity and degree of  fibrosis[27]. Ad-
ditionally, quality of  life in patients with cirrhosis second-
ary to primary biliary cirrhosis or chronic hepatitis C has 
been reported previously[28-30]. 

The FACT-HepG mean scores showed that HRQoL in 
HCC patients significantly declined from TNM Stage Ⅰ to 
Stage Ⅱ to Stage ⅢA to Stage ⅢB. Thus, FACT-Hep 
scores could reflect varying levels of  HCC disease severity.

Our results demonstrate that HCC has a significant 
and potentially adverse impact on physical health and 
psychological well-being, causing disruptions to patients’ 
normal lives. Because the SFWB status of  patients with 
HCC was impaired, family and friends’ emotional sup-
port becomes particularly important. Although these 
symptoms may appear minor in the clinical setting, these 
factors may significantly predict the poor quality of  life. 
Unfortunately, relevant information about sex life on the 
FACT-Hep questionnaire was limited and controversial; 
only five patients completed these questions. This limited 
response may be due to Chinese cultural norms regarding 
discussion of  sexual activity. Throughout the five FACT-
Hep items, we found that EWB was variably impaired. 
Thus, it appears that patients who have an established 
diagnosis of  HCC experience a wide range of  negative 
emotional symptoms such as sorrow and fear of  death. 
Patients reported various levels of  FWB based on the 
disease stage. On the HepCS, patients most commonly 
reported abnormal intestinal function, digestive dysfunc-
tion and fatigue.

Some limitations must be considered in evaluating 
these results. To avoid the variability of  different thera-
peutic effects, we chose a simple analysis of  untreated 
patients on admission. However, we believe that this 
approach may more accurately reflect the relationship 
between FACT-Hep results and TNM stage. Addition-
ally, it may be more significant, in both clinical work and 
clinical perspective studies, to use the FACT-Hep as a 
tool to evaluate the patients’ quality of  life prior to treat-
ment. Careful consideration of  digestive dysfunction and 
emotional support is needed, as symptoms greatly impact 
HRQoL. Only 3.5% of  patients responded to questions 
regarding sexual activity on the FACT-Hep scale. Cultural 
influences may preclude the use of  these questions and it 
may be more instructive to focus on HCC patients’ psy-
chological states in tumor remission and long-term qual-
ity of  life, which are other important elements of  FACT-
Hep. Regarding sleep, the sleep disorders in patients with 
advanced HCC may be due to the increased burden of  

physical and psychological factors.
Frequency percents of  depression, anxiety and other 

psychiatric symptoms were significantly higher than other 
factors. This may be related to the disease itself, which is 
often associated with a range of  negative emotional re-
sponses at the time of  diagnosis. Furthermore, the poor 
prognosis, short survival time, need for repeated treat-
ment, and high treatment cost may directly affect patients’ 
mental health status, as demonstrated by the FACT-Hep 
results for stress, anxiety, fear of  death and disease pro-
gression.

In conclusion, this study demonstrated that advanc-
ing TNM tumor stages were associated with the declin-
ing patient quality of  life. These results may be useful 
for physicians to adjust HCC management according to 
patients’ physical condition, extent of  disease, and qual-
ity of  life. Results of  this study could be used to provide 
improved health services to meet the needs of  HCC pa-
tients at different TNM tumor stages prior to initiating 
the treatment. In addition, more attention should be paid 
to the sad emotions, digestive dysfunction, fatigue and 
insomnia. Despite these findings, more definite evidence 
of  the benefits of  FACT-Hep questionnaire is required 
to justify its use. We plan to perform a long-term follow-
up of  these HCC patients to closely monitor the quality 
of  life changes and to explore and predict their trends.

COMMENTS
Background
The incidence of hepatocellular carcinoma (HCC) in China is increasing, and 
HCC is now the second leading cause of death of cancers. Although many ther-
apies have improved survival rates, symptoms become extremely variable in 
advanced HCC disease; compensated patients may be symptomatic for months 
or decades. In recent years, there has been increased interest in quality of life 
as it pertains to patients’ health status. Many different questionnaires, such as 
the functional assessment of cancer therapy-hepatobiliary (FACT-Hep), the 
health-related quality of life (HRQoL), and the short form (36) health survey are 
becoming key components in the evaluation of patients’ health status. HRQoL 
results may be more relevant than length of life, as patients are frequently more 
concerned about life quality than longevity.
Research frontiers
The Chinese version of the FACT-Hep is a new and important tool for the evalu-
ation of prognosis and clinical trials, complementing the traditional end-point 
methods such as tumor response rate and survival time. This study demonstrat-
ed that advancing tumor node metastasis (TNM) stages were associated with 
the declining patient quality of life. These results may be useful for physicians 
to adjust HCC management according to patients’ physical condition, extent of 
disease, and quality of life.
Innovations and breakthroughs
As HCC disease worsens, quality of life generally decreases, but two un-
answered questions remain. First, FACT-Hep has not been used to assess 
prognosis with a large series of HCC patients at different TNM tumor stages. 
Second, quality of life is a broad concept, and no data are available to examine 
the impact of disease on patients’ self-perception and the factors associated 
with poor HRQoL on the FACT-Hep.
Applications
This study demonstrated that advancing TNM tumor stages were associated 
with the declining patient quality of life. These results may be useful for physi-
cians to adjust HCC management according to patients’ physical condition, ex-
tent of disease, and quality of life. Results of this study could be used to provide 
improved health services to meet the needs of HCC patients at different TNM 
tumor stages prior to initiating the treatment
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Terminology
The FACT-Hep is a 45-item, self-report instrument designed to measure HRQoL 
in patients with HCC. The FACT-Hep consists of 27-item FACT-G, which as-
sesses generic HRQoL concerns using five subscales, and the newly validated 
18-item hepatobiliary subscale, which assesses specific symptoms of hepatobi-
liary cancer and side effects of treatment. The five FACT- Hep subscales are: (1) 
physical well-being (7 questions); (2) social and family well-being (7 questions); 
(3) emotional well-being (6 questions); and (4) functional well-being (7 ques-
tions); and (5) hepatobiliary cancer subscale (20 questions).
Peer review
The paper quantifies the quality of life of 140 consecutive and unselected pa-
tients with HCC. They have used the FACT-Hep questionnaire and classified 
their patients according to TNM staging system.
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Abstract
AIM: To investigate the effect of intensive vs  conven-
tional insulin therapy on perioperative nutritional sub-
strates metabolism in patients undergoing radical distal 
gastrectomy.

METHODS: Within 24 h of intensive care unit man-
agement, patients with gastric cancer were enrolled 
after written informed consent and randomized to the 
intensive insulin therapy (IIT) group to keep glucose 
levels from 4.4 to 6.1 mmol/L or the conventional in-
sulin therapy (CIT) group to keep levels less than 10 
mmol/L. Resting energy expenditure (REE), respiratory 
quotient (RQ), resting energy expenditure per kilogram 
(REE/kg), and the lipid oxidation rate were monitored 
by the indirect calorimeter of calcium citrate malate 
nutrition metabolism investigation system. The changes 
in body composition were analyzed by multi-frequency 
bioimpedance analysis. Blood fasting glucose and in-

sulin concentration were measured for assessment of 
Homeostasis model assessment of insulin resistance.

RESULTS: Sixty patients were enrolled. Compared with 
preoperative baseline, postoperative REE increased by 
over 22.15% and 11.07%; REE/kg rose up to 27.22 ± 
1.33 kcal/kg and 24.72 ± 1.43 kcal/kg; RQ decreased 
to 0.759 ± 0.034 and 0.791 ± 0.037; the lipid oxida-
tion ratio was up to 78.25% ± 17.74% and 67.13% 
± 12.76% supported by parenteral nutrition solutions 
from 37.56% ± 11.64% at the baseline; the level of 
Ln-HOMA-IR went up dramatically (P  < 0.05, respec-
tively) on postoperative days 1 and 3 in the IIT group. 
Meanwhile the concentration of total protein, albumin 
and triglyceride declined significantly on postoperative 
days 1 and 3 compared with pre-operative levels (P  
< 0.05, respectively). Compared with the CIT group, 
IIT reduced the REE/kg level (27.22 ± 1.33 kcal/kg vs  
29.97 ± 1.47 kcal/kg, P  = 0.008; 24.72 ± 1.43 kcal/kg 
vs  25.66 ± 1.63 kcal/kg, P  = 0.013); and decreased 
the Ln-HOMA-IR score (P  = 0.019, 0.028) on postop-
erative days 1 and 3; IIT decreased the level of CRP on 
postoperative days 1 and 3 (P  = 0.017, 0.006); the to-
tal protein and albumin concentrations in the IIT group 
were greater than those in the CIT group (P  = 0.023, 
0.009). Postoperative values of internal cell fluid (ICF), 
fat mass, protein mass (PM), muscle mass, free fat mass 
and body weight decreased obviously on postoperative 
7th day compared with the preoperative baseline in the 
CIT group (P < 0.05, respectively). IIT reduced mark-
edly consumption of fat mass, PM and ICF compared 
with CIT (P  = 0.009 to 0.026).

CONCLUSION: There were some benefits of IIT in de-
creasing the perioperative insulin resistance state, re-
ducing energy expenditure and consumption of proteins 
and lipids tissue in patients undergoing gastrectomy.

© 2012 Baishideng. All rights reserved.
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Abstract
AIM: To investigate the �unction o� gamma-aminobutyr-
ic acid (GABA) and gamma-aminobutyric acid A receptor 
θ subunit (GABRQ) in hepatocellular carcinoma (HCC).

METHODS: Semiquantitative polymerase chain reac-
tion was used �or detecting the expression o� GABRQ re-
ceptor among HCC cell line HepG2, normal liver cell line 
L-02, non-malignant Chang’s liver cells, 8 samples o� 
HCC tissues and paired non-cancerous tissues. HepG2 
cells were treated with GABA at serial concentrations 
(0, 1, 10, 20, 40 and 60 μmol/L), and their proli�erating 
abilities were analyzed with the methyl thiazolyl tetra-
zolium assay, cell cycle analysis and tumor implanted in 
nude mice. Small inter�ering RNA was used �or knocking 
down the endogenous GABRQ in HepG2. Proli�erating 

abilities o� these cells treated with or without GABA 
were analyzed.

RESULTS: We identified the overexpression of GABRQ 
in HCC cell lines and hal� o� the tested HCC tissues. 
Knockdown o� endogenous GABRQ expression in HepG2 
attenuated HCC cell growth, suggesting its role in HCC 
cell viability. We studied the e��ect o� GABA in the proli�-
eration o� GABRQ-positive cell lines in vitro  and in vivo , 
and �ound that GABA increased HCC growth in a dose-
dependent manner. Notably, the addition o� GABA into 
the cell culture medium promoted the proli�eration o� 
GABRQ-expressing HepG2 cells, but not GABRQ-knock-
down HepG2 cells, which means that GABA stimulates 
HepG2 cell growth through GABRQ.

CONCLUSION: GABRQ play important roles in HCC 
development and progression and could be a promising 
molecular target �or the development o� new diagnostic 
and therapeutic strategies o� HCC.

© 2012 Baishideng. All rights reserved.

Key words: Hepatocellular carcinoma; Proli�eration; Gam-
ma-aminobutyric acid; Gamma-aminobutyric receptor θ; 
small inter�ering RNA

Peer reviewer: Fernando J Corrales, Associate Professor of 
Biochemistry, Division of Hepatology and Gene Therapy, CIMA, 
University of Navarra, Center for Applied Medical Research, 
Proteomics Laboratory, Av. Pío Ⅶ 55, 31008 Pamplona, Spain

Li YH, Liu Y, Li YD, Liu YH, Li F, Ju Q, Xie PL, Li GC. GABA 
stimulates human hepatocellular carcinoma growth through over-
expressed GABAA receptor theta subunit. World J Gastroenterol 
2012; 18(21): 2704-2711  Available from: URL: http://www.wjg-
net.com/1007-9327/full/v18/i21/2704.htm  DOI: http://dx.doi.
org/10.3748/wjg.v18.i21.2704

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common 
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primary liver cancer and one of  the most common ma-
lignancies in the world, accounting for approximately one 
million deaths per year[1,2]. Although liver resection and 
local ablation are regarded as potentially curative treat-
ment[3], its prognosis is poor. Most of  the patients are di-
agnosed with advanced disease at presentation for which 
palliative therapy forms the mainstay of  treatment[4].

To improve this situation, the development of  novel 
molecular therapies against effective targets is an ur-
gent issue. Toward this direction, we previously used a 
method combining an in silico screen and experimental 
verification to identify genes that are differentially ex-
pressed in cancers compared with their corresponding 
normal tissues[5]. Among genes that are overexpressed in 
HCC cells, we focused on the gamma-aminobutyric acid 
(GABA) gene. Gamma-aminobutyric acid A receptor θ 
subunit (GABRQ) is a subunit of  gamma-aminobutyric 
acid A (GABAA) receptors that may associate with other 
GABAA receptor subunits to form a functional chloride 
channel which mediates inhibitory synaptic transmission 
in the mature central nervous system (CNS). GABA pri-
marily functions as an inhibitory neurotransmitter in the 
mature CNS by activating the GABA receptor, but it can 
also modulate the proliferation, migration and differen-
tiation of  neuronal cells during CNS development[6-9] and 
the proliferation of  peripheral non-neuronal cells[10,11]. 
GABA and GABAA receptors are also present in periph-
eral tissues, including cancerous cells, but their precise 
functions are poorly defined.

This study demonstrates that GABRQ is overexpres-
sed in HCC and that GABA promotes the proliferation 
of  cancer cells through GABRQ.

MATERIALS AND METHODS
Cell lines
HCC cell line HepG2 and normal liver cell lines Chang’s 
liver and L-02 were maintained by our lab and cultured in 
Dulbecco-modified Eagle medium (DMEM, Gibco) sup-
plemented with 10% fetal bovine serum (FBS, Gibco). 
Cells were maintained at 37 ℃ atmosphere of  humidified 
air with 5% CO2.

Collection of tissues
All samples of  HCC tissues and paired non-cancerous 
tissues (5 cm away from tumor) were obtained during 
surgical resection from the Xiangya Hospital of  Central 
South University. Written consent was obtained from the 
patients, who agreed to the collection of  tissue samples. 
The resected tissue samples were immediately cut into 
small pieces and snapfrozen in liquid nitrogen until use. 
All tumor tissue and paired non-cancerous tissue samples 
were pathologically confirmed.

Semiquantitative polymerase chain reaction 
RNA isolated from cells was reverse-transcribed and am-
plified using the One-Step reverse transcription polymerase 
chain reaction (RT-PCR) System (Fermentas, Vilnius, Lithu-

ania). The sets of  primers for GABRQ receptor subunit are 
Sense 5’-TCGAGTTCTCCTCTGCTGTG-3’, Antisense 
5’-TATGCAGATCCAGGGACAA-3’ (465 bp); Sense 5’
-AATCCCATCACCATCTTCCA-3’ and antisense 5’- 
CCTGCTTCACCACCTTCTTG-3’ for glyceraldehyde-
3-phosphate dehydrogenase (GAPDH, 580 bp). After heat-
ing at 95 ℃ for 1 min, samples were exposed to 30 cycles 
(GAPDH, 25 cycles) of  95 ℃ for 30 s, 60 ℃ for 30 s and 
68 ℃ for 1 min 30 s with a final extension at 68 ℃ for 10 
min. Reaction products were separated on 1.5% agarose 
gels containing ethidium bromide and the level of  amplifi-
cation was analyzed using a Phosphor Imager.

RNA interference
To knockdown GABRQ expression, we used pGCsi-U6/
Neo/GFP vector encoding a small hairpin RNA directed 
against the target gene in HepG2.The target sequences 
for GABRQ were: 5’-taGCAAGGAGGTGTATTTCTA-3’ 
(Si-1), 5’-caGCTATGGTGTTCGCTTTAA-3’(Si-2), 5’- 
caGGCTGATGACAGTA TTATT-3’(Si-3), 5’-aaGGAT-
GCTTTCGTGCATGAT-3’(Si-3). As a negative control, 
we used shRNA vector without hairpin oligonucleotides 
(Si-Mock). 

Cell transfection 
Human HCC cell line HepG2 was plated onto 6-well 
plates, and transfected with these small interfering RNA 
(siRNA) expression vectors using FuGENE6 (Roche) ac-
cording to the instructions of  the manufacturer, followed 
by 800 μg/mL of  neomycin selection. The cells were 
harvested 10 d later to analyze the knockdown effect on 
GABRQ by RT-PCR using the primers shown above and 
by flow cytometry using rabbit anti-human polyclonal an-
tibody against GABRQ (Chemicon).

Impact of GABRQ-siRNA on the growth of hepatocellular 
carcinoma cells
HepG2/Si-1, HepG2/Si-Mock cells were seeded with se-
rum-free medium at a density of  103 cells/well in 96-well 
plates (n = 6), grown overnight, washed in phosphate-
buffered saline (PBS), and incubated with 10% FBS with 
or without 40 μmol/L GABA DMEM at 37 ℃, 5% CO2, 
for varying periods and exposed to fresh media every oth-
er day. During the last 4 h of  each day’s culture, the cells 
were treated with methyl thiazolyl tetrazolium (MTT, 50 
μg per well, Sigma, United States). The generated forma-
zan was dissolved in dimethyl sulfoxide (DMSO) and the 
ODs at 490 nm were measured for detecting the cell vi-
ability.

The effect of  GABRQ silencing on the colony forma-
tion of  HepG2 cells was analyzed by colony formation 
assay. HepG2/Si-1, HepG2/Si-Mock cells at 100 cells 
per well in 6-cm plates were incubated with serum-fee 
medium for 24 h, and then cultured in 10% FBS with or 
without 40 μmol/L GABA DMEM at 37 ℃, 5% CO2, for 
3 wk. The cell colonies were washed twice with PBS, fixed 
by 4% paraformaldehyde for 15 min and stained with 
Giemsa for 30 min. Individual clones with more than 50 
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cells were counted. Clone forming efficiency for individ-
ual type of  cells was calculated, according to the number 
of  colonies/number of  inoculated cells × 100%.

To evaluate the impact of  GABRQ silencing on the 
HepG2 cells and the effect of  GABA stimulation on the 
HepG2 cells, cell cycle was examined by flow cytometry 
analysis. HepG2/Si-1, HepG2/Si-Mock cells were incu-
bated with serum-fee medium for 24 h, and then cultured 
in DMEM with 10% FBS with or without 40 μmol/L 
GABA, then harvested at 70%-80% confluence and resus-
pended in fixation fluid at a density of  106/mL; 1500 μL 
propidium iodide (PI) solution was added, and the cell 
cycle was detected by FACS Caliber (Becton-Dickinson).

Effect of gamma-aminobutyric acid on the growth of 
hepatocellular carcinoma cells
To study the effect of  GABA on the proliferation of  GA-
BRQ-expressing HCC cells, cell proliferation was tested in 
vitro. In the MTT assay, HepG2 cells were seeded with se-
rum-free medium at a density of  103 cells/well in 96-well 
plates (n = 6), grown overnight, washed in PBS, and incu-
bated with GABA (Sigma-Aldrich) at serial concentrations 
(0, 1, 10, 20, 40 and 60 μmol/L) in appropriate medium 
supplemented with 1% FBS. The samples were tested 
every 24 h for 6 d. MTT was added (50 μg/well) for 4 h. 
Formazan products were solubilized with DMSO, and the 
optical density was measured at 490 nm.

In the flow cytometry assay, HepG2 cells were incu-
bated with serum-fee medium for 24 h, and then cultured 
in DMEM with 10% FBS and serial concentrations (0, 
1, 10, 20, 40 and 60 μmol/L) GABA for 48 h. Cells were 
harvested and resuspended in fixation fluid at a density 
of  106/mL, 1500 μL PI solution was added, and the cell 
cycle was detected by FACS Caliber (Becton Dickinson).

Tumor formation in nude mice
The influence of  GABRQ silencing and GABA stimula-
tion on the tumor development of  HCC in vivo was exam-
ined. Briefly, HepG2, HepG2/Si-Mock and HepG2/Si-1 
cells were treated with or without GABA (40 μmol/L) 
for 24 h first, and then the cells (3 × 106) were suspended 
in 0.2 mL of  extracellular matrix gel and injected subcu-
taneously in the left back flank of  the animals. The 8-wk-
old BALB/c nude (nu/nu) mice (Slac Laboratory Animal 
Center, Shanghai, China) were divided into six groups: (1) 
the mice were injected with HepG2 and treated with 0.9% 
NaCl injection (150 μL) into the implanted tumor (HepG2, 
n = 4); (2) the mice were injected with HepG2 and treated 
with GABA injections (40 μmol/L in 150 μL of  0.9% 

NaCl) into the implanted tumor (HepG2 + GABA, n 
= 4); (3) the mice were injected with HepG2/ Si-Mock 
and treated with 0.9% NaCl injection (150 μL) into the 
implanted tumor (HepG2/Si-Mock, n = 4); (4) the mice 
were injected with HepG2/Si-Mock and treated with 
GABA injections (40 μmol/L in 150 μL of  0.9% NaCl) 
into the implanted tumor (HepG2/Si-Mock + GABA, 
n = 4); (5) the mice were injected with HepG2/Si-1 and 
treated with 0.9% NaCl injection (150 μL) into the im-
planted tumor (HepG2/Si-1, n = 4); and (6) the mice 
were injected with HepG2/Si-1 and treated with GABA 
injections (40 μmol/L in 150 μL of  0.9% NaCl) into the 
implanted tumor (HepG2/Si-1 + GABA, n = 4). The 
same operator carried out the injections every other day 
starting from “day 0” when the tumors were implanted. 
Tumor variables were measured every 3 d by an electronic 
caliper, and tumor volume was calculated using a standard 
formula[12,13]: tumor volume = width2 × length × 0.5. At 
the end of  the experiment, all mice were sacrificed and 
individual tumor weights were measured.

Statistical analysis
All data were expressed as mean ± SD. Differences among 
groups were determined by analysis of  variance analysis 
and comparison between two groups was analyzed by the 
Student’s t test using the GraphPad Prism soft-ware ver-
sion 4.0 (GraphPad Software, Inc, San Diego, CA). A val-
ue of  P < 0.05 was used to indicate statistical significance.

RESULTS
Expression of GABRQ receptors
We documented GABRQ mRNA expression in HepG2, 
Chang’s liver and L-02 cell lines as well as in 8 pairs of  
HCC and adjacent non-tumor tissues. The results of  semi-
quantitative RT-PCR show GABRQ receptor subunit was 
detected in HepG2 and in Chang’s liver cells, but not in 
normal cell line L-02 (Figure 1A). GABRQ receptor sub-
unit was also detected in HCC tissues (6/8), but not in 
adjacent non-tumor tissues (Figure 1B).

Impact of GABRQ-siRNA on the growth of hepatocellular 
carcinoma cells
To investigate the biological significance of  GABRQ 
overexpression in HCC cells, we constructed four siRNA 
expression vectors (Si-1, Si-2, Si-3 and Si-4) specific to 
GABRQ transcripts and transfected them into HepG2 
cells that endogenously expressed high levels of  GA-
BRQ, as shown in Figure 1. A knockdown effect was 
observed by RT-PCR when we transfected Si-1, but not 
Si-2, Si-3, Si-4 or a negative control Si-Mock (Figure 2A). 
MTT assay (Figure 2B) revealed a drastic reduction in 
the number of  cells transfected with Si-1 compared with 
Si-Mock for which no knockdown effect was observed. 
Cell proliferation was detected by flow cytometry; results 
showed HepG2 cells with GABRQ siRNA blocked the 
cell cycle in G1 phase, which may inhibit the growth of  
HepG2 cells (Table 1). This result was consistent with the 
MTT analysis.

Table 1  Cell cycle of HepG-2/Si-Mock and HepG-2/Si-1 
(mean ± SD, n = 3)

Si-1 Si-Mock

G0/G1 (%) 53.95 ± 3.22 49.95 ± 3.56
G2/M (%) 22.38 ± 2.79 21.61 ± 3.83
S (%) 24.29 ± 3.32  28.74 ± 3.85a

aP < 0.05 vs Si-1.

Li YH et al . GABRQ in HCC
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A RT-PCR verified the knockdown effect on GAB-
RQ expression by Si-1, but not by Si-2, Si-3, Si-4 and a 
negative control Si-Mock in HepG2 cells. GPDH was 
used to quantify RNAs; Figure 2B illustrates MTT assay 
of  HepG2 cells transfected with Si-1 vectors to GABRQ 
and a negative control vector (Si-Mock). Y-axis: Average 
value of  absorbance at 490 nm, measured with a micro-
plate reader (n = 6, P < 0.05).

Effect of gamma-aminobutyric acid on the growth of 
hepatocellular carcinoma cells 
Results displayed in Figure 3A show the addition of  
GABA in the culture media enhanced the proliferation of  
HepG2 cells in a dose-dependent manner. The promot-
ing effect on HCC cell proliferation was more evident 
with the GABA concentration ranging from 1 μmol/L 
to 40 μmol/L. When the GABA concentration was in-
creased to 60 μmol/L, the promoting effect became in-
significant.

The promoting effect on HCC cell proliferation was 
also detected by flow cytometry analysis. After treating 
with GABA at serial concentrations, the G0/G1-phase 
fraction of  HepG2 cells significantly decreased; on the 
contrary, S-phase cells significantly increased, especially at 
the concentration of  20 μmol/L and 40 μmol/L (Figure 
3B, Table 2); this result was consistent with the results 
above.

In the nude mice implanted with tumors (injected 
with HepG2 cells), the development of  solid HCC tu-
mors was monitored for 40 d. As a result, a significant 
difference in tumor weight was found in GABA-treated 
(at the concentration of  40 μmol/L) mice compared with 
mice injected with 0.9% NaCl only (Figure 3C and D).

Effect of GABA on the growth of hepatocellular carcinoma 
cells after down-regulated expression of GABRQ
To examine the function of  GABRQ as a GABA receptor 
on the growth of  GABRQ-expressing HCC cells, we treat-

GABRQ

GAPDH

HepG-2          Chang         L-02

GABRQ

GAPDH

Ca    Ca     Ca      Ca    Ca    Ca    Ca     Ca     N      N    N      N     N    N     N     NA B

Figure 1  Expression of gamma-aminobutyric acid A receptor θ subunit in different cell lines, in liver cancerous tissues (Ca) and adjacent tissues of liver 
cancers (N) by reverse transcription polymerase chain reaction. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Figure 2  The impact of gamma-aminobutyric acid A receptor θ subunit-siRNA on the growth of hepatocellular carcinoma cells. A: Reverse transcription poly-
merase chain reaction (RT-PCR) verified the RNAi effect on gamma-aminobutyric acid A receptor θ subunit (GABRQ); B: Methyl thiazolyl tetrazolium assay HepG2 
cells transfected with Si-1 and negative vectors to GABRQ. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

0 1 10 20 40 60

G0/G1 (%) 40.9 ± 2.92 39.6 ± 2.73 33.8 ± 2.79 31.7 ± 2.56 30.2 ± 2.17  47.2 ± 2.93
G2/M (%) 18.1 ± 0.84 19.8 ± 0.97 20.7 ± 0.85 21.3 ± 0.79 20.3 ± 1.18 18.5 ± 1.23
S (%)a 31.0 ± 1.89 30.6  ± 1.94 35.5 ± 2.28 37.0  ± 2.17 39.5 ± 2.34 34.3 ± 2.02

Table 2  Cell cycle of HepG-2 treated with gamma-aminobutyric acid at serial concentrations (mean ± SD, n  = 3, μmol/L)

aP < 0.05 vs HepG-2 treated with gamma-aminobutyric acid.
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ed HepG2/Si-1 and HepG2/Si-Mock cells with or with-
out GABA (40 μmol/L). The results are shown in Figure 
4A: GABA enhanced the growth of  HepG2/Si-Mock 
compared with the HepG2/Si-Mock without GABA.  
On the other hand, the proliferating ability of  HepG2/
Si-1, which did not express GABRQ, was not enhanced 
by GABA. In the nude mice injected with HepG2/Si-
Mock, the tumor weight of  the mice treated with GABA 
was much larger than that of  the mice treated without 
GABA, while the mice injected with HepG2/Si-1 did not 
present such differences (Figure 4C and D).

To further explore GABA stimulation of  HepG2 cell 
growth through GABRQ, we examined the effects of  
Si-1 and Si-Mock on cell cycle. After treatment with 40 
μmol/L GABA, the G0/G1-phase fraction of  HepG2/
Si-Mock cells significantly decreased; in contrast, S-phase 

cells significantly increased, but this event did not occur 
in HepG2/Si-1 cells (Table 3, Figure 4B).

The other illustration of  growth effect of  reduced 
GABRQ expression in HepG2 cells was achieved in a 
colony formation assay (Figure 4E and F). As a result, the 
average colony number of  Si-1 cells was decreased com-
pared with Si-Mock cells. After treatment with 40 μmol/L  
GABA, the numbers of  cell colonies of  HepG2/Si-Mo-
ck cells significantly increased, but this did not occur in 
HepG2/Si-1 cells. These data indicate that GABA stimu-
lates HepG2 cell growth through GABRQ.

DISCUSSION
In this study, we validated the overexpression of  GABRQ 
in more than half  of  the tested HCC tissues compared 
with the adjacent non-tumor liver tissues; GABRQ was 
expressed in malignant liver cell lines HepG2 and mod-
erately expressed in normal cell line Chang’s liver, but not 
in normal cell line L-02, implicating that GABRQ may be 
a good molecular target for the diagnosis of  HCC. Func-
tional analysis using siRNA of  GABRQ strongly support-
ed its involvement in the development and progression 
of  HCC. In our study, the proliferation rate of  HepG2 
cells after GABRQ knockdown was significantly reduced, 
whereas proliferation of  Si-Mock cells was not inhibited. 
This result indicated that GABRQ may increase the pro-

Table 3  Cell cycle of HepG-2/Si-Mock and HepG-2/Si-1 
treated with or without gamma-aminobutyric acid at concen-
tration of 40 μmol/L (mean ± SD, n = 3)

Si-Mock Si-Mock + GABA Si-1 Si-1 + GABA

G0/G1 (%) 49.95 ± 3.16 46.21 ± 2.98 53.95 ± 2.62 48.68 ± 2.49
G2/M (%) 21.61 ± 3.43 20.82 ± 2.43 22.38 ± 2.19 21.45 ± 2.26
S (%) 28.74 ± 3.35  33.64 ± 3.76a  24.29 ± 2.72b 27.43 ± 1.95

aP < 0.05, bP < 0.01 vs Si-Mock.
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Figure 3  The effect of gamma-aminobutyric acid on the growth of hepatocellular carcinoma cells. A: The effects of serial concentration gamma-aminobutyric 
acid (GABA) on proliferation of HepG-2 cells; B: Cell cycle measured by flow cytometry; C: Forty days after tumor cell injection, mice were sacrificed and tumor weight 
was recorded (n = 4, P < 0.01); D: Comparison of tumor weight (the left was tumor of mice injected with 0.9% NaCl only, the right was the tumor of mice treated with 
40 μmoL/L GABA).
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liferation ability of  hepatocytes. Primarily, GABA and 
GABA receptors function as an inhibitory neurotransmit-
ter in the mature CNS, but their precise functions in non-
neuronal cells or tumor cells are unknown. Joseph et al[14] 

reported that GABA could inhibit colon cancer migra-
tion associated with the norepinephrine-induced pathway. 
On the other hand, another report showed that GABA 
and GABAB receptor pathways could be involved in 
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Figure 4  The effect of gamma-aminobutyric acid on the growth of hepatocellular carcinoma cells after down-regulated expression of gamma-aminobutyric 
acid A receptor θ subunit. A: The effects of gamma-aminobutyric acid (GABA) on proliferation of HepG2/Si-Mock and HepG2/Si-1 cells; B: Analysis of cell cycles of 
HepG-2 cells by flow cytometry; C: Forty days after tumor cell injection, mice were sacrificed and tumor weight was recorded (n = 4, P < 0.01 for Si-Mock vs Si-Mock 
+ GABA; n = 4, P < 0.01 for Si-1 vs Si-1 + GABA); D: Comparison of tumor weight (the left two ones were tumor of mice injected HepG2/Si-Mock and HepG2/Si-1 with 
0.9% NaCl, the right two ones were the tumor of mice HepG2/Si-Mock and HepG2/Si-1 treated with 40 μmoL/L GABA); E and F: Colony formation assay (n = 3, P < 0.05 
for HepG-2/Si-Mock vs HepG-2/Si-Mock + GABA).
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prostate cancer metastasis or invasion through the regula-
tion of  metalloproteinase production[15]. Therefore, it is 
controversial whether GABA-associated pathways could 
act positively or negatively in the regulation of  cancer cell 
behavior. However, our findings in this study can clearly 
indicate evidence supporting the theory that GABA and 
GABAA receptor with GABRQ promote HCC cell pro-
liferation.

By comparing the proliferative activity of  the GA-
BRQ-knockdown HepG2 cells treated with GABA, we 
found that GABA stimulated HepG2 cell growth through 
GABRQ. The proliferating ability of  the cells treated with 
GABA was not enhanced compared with the cells without 
GABA treatment. Previous studies suggest that GABA 
stimulates collagen synthesis and proliferation of  human 
fibroblasts[16]. Biju et al[17] reported that, in N-nitrosodieth-
ylamine-induced neoplasia in the rat liver, GABAB recep-
tors were increased and that the GABAB receptor agonist 
baclofen increased epidermal growth factor-mediated 
DNA synthesis in hepatocytes. Thus, GABA-associated 
pathways also could act positively in the regulation of  can-
cer cell behavior. Our findings in this study also support 
the theory that GABA and GABRQ promote HepG2 
cell proliferation in vivo and in vitro. Interestingly, GABAA 
receptor antagonist bicuculline methiodide could also pro-
mote the proliferation of  HepG2 cells (data not shown), 
indicating that it might activate some other signal path-
ways[18].

Although GABA usually induces hyperpolarization in 
adult neurons, GABA has been shown to exert depolar-
izing responses in the immature CNS structures and CNS 
tumors[19,20]. In particular, GABA increased the prolifera-
tion of  immature cerebellar granule cells through the 
activation of  GABAA receptors and voltage-dependent 
calcium channels[21,22]. Takehara et al[23] reported that GA-
BA stimulated pancreatic cancer growth through GABRP 
by increasing intracellular Ca2+ levels and activating the 
mitogen-activated protein kinase/extracellular signal-
regulated kinase cascade. Also, Minuk et al[24] reported that 
human HCC tissues were depolarized compared with 
adjacent non-tumor tissues. From the results above, we 
deduce that GABA may promote the HepG2 cell prolif-
eration through GABRQ by voltage-dependent calcium 
channels. Interestingly, GABA inhibited the growth of  
the GABRQ-knockdown HepG2 cells. This indicates 
that GABA activates some other receptors to inhibit the 
proliferation without GABRQ, which is identical to some 
previous reports[25-27].

In conclusion, compared with adjacent non-tumor 
tissues, HCC tissues have increased GABRQ receptor ex-
pression. Knockdown of  GABRQ expression in recep-
tor-expressing malignant hepatocytes results in attenuated 
in vitro and in vivo tumor growth. Moreover, GABA pro-
motes hepatocyte proliferation through GABRQ. These 
findings highlight the importance of  elucidating the role 
of  GABAergic activity in the pathogenesis of  HCC. They 
also raise the potential for new therapeutic and diagnostic 
approaches to human HCC.
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Abstract
AIM: To investigate the correlation between expression 
of phosphatase and tensin homolog (PTEN) and cetux-
imab effects in colorectal cancer. 

METHODS: We searched PubMed, EMBASE and ASCO 
to identify eligible studies. Finally, 8 randomized control 
studies were included in the meta-analysis. STATA 10.0 
Software was used to investigate heterogeneity among 
individual studies and to summarize all the studies. Risk 
ratios (RRs) and hazard ratios (HRs) with 95% confi-
dence intervals (CIs) were used to assess the strength 
of the association.

RESULTS: Compared with 20 of 266 patients with loss 
of PTEN, 206 of 496 patients with intact PTEN protein 
expression had a better objective response rate to 
cetuximab-based therapy (RR, 4.75; 95% CI, 2.59-8.72; 
P  < 0.001). PTEN positivity was associated with better 

progression-free survival (PFS) (HR, 0.675; 95% CI, 
0.473-0.964; P  = 0.031) but not with better overall sur-
vival (OS) (HR, 0.608; 95% CI, 0.411-0.899; P  = 0.013). 
In patients with KRAS wild-type status, PTEN positivity 
did not predict a longer PFS or OS (PFS: HR, 0.707; 
95% CI, 0.440-1.138; P  = 0.154; OS: HR, 0.943; 95% 
CI, 0.646-1.377; P  = 0.761).

CONCLUSION: Expression of PTEN is related to the 
effect of cetuximab in colorectal cancer patients and 
should be considered in treatment with cetuximab.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is the fourth common malig-
nancy and the second leading cause of  cancer death in 
Western countries[1]. More than half  of  CRC patients 
will develop metastatic lesions (mCRC), which are of-
ten found in the liver[2]. Although novel pharmaceutical 
and surgical interventions have been introduced to treat 
mCRC, the 5-year survival rate for mCRC remains below 
10%[3,4]. Recently cetuximab, a monoclnonal antibody that 
targets the epidermal growth factor receptor (EGFR) has 
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been proven to be efficacious in mCRC patients[3]. Ce-
tuximab binds to EGFR via its ligand-binding domain to 
inhibit the activation of  EGRF signaling. In clinical trials, 
cetuximab has been reported to achieve a response rate 
of  10% as a single agent and of  23%-25% in combina-
tion with chemotherapy[5,6]. The addition of  cetuximab to 
chemotherapies enhances their antitumor activity[7]. The 
proposed mechanisms include: reducing tumor cell prolif-
eration, angiogenesis, and DNA repair capacity; increas-
ing apoptosis; and inducing cell cycle arrest at treatment-
sensitive points[5]. These effects may enhance and restore 
tumor sensitivity to cytotoxic agents[8].

In CRC patients, EGFR is overexpressed in 75% of  
the tumors and its overexpression is associated with worse 
outcome[3,9]. EGFR was accordingly an obvious candidate 
for targeted therapy in this malignancy[5]. The tumor sup-
pressor phosphatase and tensin homolog (PTEN) is an 
important negative regulator of  cell-survival signaling[1]. 
To date, there is evidence to suggest that loss of  expres-
sion of  PTEN has negative association with the progno-
sis of  CRC, especially mCRC. Loss of  PTEN expression 
results in increased phosphatidylinositol phosphate-3 
concentration, which induces subsequent protein kinase B  
hyperphosphorylation, thus protecting cancer cells from 
apoptotic stimuli[10-12]. In Addition, underexpression of  
PTEN confers resistance to cetuximab-induced apopto-
sis[10].

It is important to reveal the relation between the ex-
pression of  PTEN and the prognosis of  mCRC patients 
treated with cetuximab, as this will be helpful for adopt-
ing appropriate targeted therapy for patients[13]. At pres-
ent, there are many studies which have reported the clini-
cal outcomes of  cetuximab in mCRC patients with loss 
of  expression of  PTEN. Hence, we carried out a meta-
analysis to analyze the relation between the expression 
of  PTEN and prognosis of  CRC patients treated with 
cetuximab.

MATERIALS AND METHODS
Eligibility criteria
The purpose of  this research was to systematically review 
the published articles of  cetuximab-based chemotherapy 
in CRC (both primary and metastatic). Studies which 
reported the patients’ PTEN status and compared the 
prognosis, were included in the analysis. The primary 
outcomes of  interest were overall survival (OS) and pro-
gression-free survival (PFS). Care was taken to include 
only primary data or data that superseded earlier work. 

Identification of studies
The search for studies was performed using the electronic 
database PubMed with the keywords “colorectal cancer”, 
“cetuximab” and “PTEN”. We also referred to the elec-
tronic database ASCO and EMBASE. All studies match-
ing the eligibility criteria were retrieved and their bibli-
ographies were checked for other relevant publications. 
Review articles and bibliographies of  other relevant stud-

ies were identified through hand-searching to identify the 
additional studies. Data from review articles, case reports, 
abstracts, and letters were not included. Pharmaceutical 
industries and authors were not contacted. Characteristics 
of  the studies were extracted from published articles and 
summarized in a consistent manner to aid comparison[14].

Statistical analysis
The meta-analysis was conducted by using Stata software 
(version 10.0; StataCorp Lakeway, College Station, TX, 
United States). Before performing the analyses, data of  
each published study were carefully checked and verified 
for coherence with the original publications. The strength 
of  the association between status of  PTEN and response 
of  cetuximab-based therapy was measured by the risk ra-
tio (RR) with 95% confidence intervals (CIs). Individual 
trial level time-to-event data was summarized by the haz-
ard ratio (HR) with 95% CIs. Pooled estimations of  RR 
and HR were obtained by calculating a weighted average 
of  RR and HR from each study.

Statistical heterogeneity between studies was evaluated 
with the χ 2 test with significance set at a P value of  0.05. 
The percentage of  total variation across the studies, with 
higher values indicating a greater degree of  heterogeneity, 
was measured by the I2 statistic. If  the P value was ≤ 0.05, 
the assumption of  homogeneity was deemed invalid, 
and the DerSimonian-Laird method[15] (random-effects 
model) was used after exploring the causes of  the hetero-
geneity; otherwise, the Mantel-Haenszel method[16] (fixed-
effects model) was used. In the absence of  heterogeneity, 
the fixed-effects and random-effects models provided 
similar results. I2 lay between 0% and 100%, and a value 
of  0% indicated no observed heterogeneity, while larger 
values indicated increasing heterogeneity[17].

Findings of  the meta-analysis are depicted in classical 
Forest plots, with point estimates and 95% CIs for each 
trial and overall size of  the squares proportional to the 
effect size[18]. It was statistically significant when the two-
tailed P value < 0.05. Publication bias was adjusted using 
the trim-and-fill method, and assessed by visual inspec-
tion of  funnel plots (Figure 1)[19].

RESULTS
Description of studies
After exclusion of  duplicate and irrelevant studies (Fig-
ure 2), our search yielded 8 eligible published studies that 
were retrieved for more detailed evaluation and meta-
analysis[3,5,9,10,20-23]. The main characteristics of  these select-
ed studies are summarized in Table 1, and the description 
of  PTEN status listed in Table 2. Most of  the patients 
received a cetuximab-based therapy as second-line or later 
therapy after chemotherapy failure. All 8 studies including 
a total of  698 patients, of  whom 513 were allocated to ce-
tuximab plus irinotecan and others to cetuximab only or 
with various regimens as shown in detail in Table 1. The 
outcome measures of  the above studies were evaluated 
based on the Response Evaluation Criteria in Solid Tu-



First Author Year Type of study n Chemotherapy regimen

Ctx 
only

Ctx plus 
iri

Ctx plus 
folfiri

Ctx plus 
folfox

Pan Ctx plus 
oxa

Ctx plus 
oxa and cap

Sartore-Bianchi et al[3] 2009 Cohort study 110 14   74   0 0 22   0 0
Negri et al[5] 2009 Retrospective study   50   0   36   0 0   0 14 0
Laurent-Puig et al[9] 2009 Retrospective study 173   3 141 28 0   0   0 0
Loupakis et al[10] 2009 Retrospective cohort study 102   2 100   0 0   0   0 0
Perrone et al[21] 2009 Cohort study   32   0   32   0 0   0   0 0
Frattini et al[20] 2007 Cohort study   27   0   23   0 0   0   0 4
Razis et al[22] 2008 Retrospective study   72   1   13 27 18   -   - -
Sartore-Bianchi et al[23] 2009 Cohort study 132 15   94   0 0 23   0 0
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mor criteria, PFS and OS. Patients with stable disease or 
progression of  disease were defined as non-responders. 
Results are presented for the comparisons with the avail-
able data.

Analysis of status of the PTEN homolog and objective 
response 
Five articles documented the response rate of  cetuximab-
based therapy (Figure 3A). There were 266 patients with 
loss of  PTEN and 496 patients with normal expression 
of  PTEN. In total, compared with 20 of  266 patients with 

loss of  PTEN, 206 of  496 patients with intact protein 
expression had an objective response rate to cetuximab-
based therapy (RR, 4.75; 95% CI, 2.59-8.72; P < 0.001). 
There was no heterogeneity between trials (P = 0.637, I2 = 
0.0%). We also analyzed the response to cetuximab-based 
therapy in metastatic and primary colorectal tumors. 
Cetuximab-based therapy achieved significantly higher 
RR among patients with PTEN expression for metastatic 
tumors (RR, 6.46; 95% CI, 2.94-14.19; P < 0.001). In 
contrast, among 128 assessable primary tumors, 32 of  87 
PTEN-positive and 5 of  41 PTEN-negative patients were 

Table 2  Description of phosphatase and tensin homolog status

No. Title of the study Method

1 Analysis of PTEN, BRAF and EGFR status in determining benefit from cetuximab therapy in wild-type KRAS metastatic colon cancer IHC
2 PI3KCA/PTEN deregulation contributes to impaired responses to cetuximab in metastatic colorectal cancer patients FISH
3 PTEN expression and KRAS mutations on primary tumors and metastases in the prediction of benefit from cetuximab plus irinotecan 

for patients with metastatic colorectal cancer
IHC

4 PTEN status in advanced colorectal cancer treated with cetuximab FISH
5 PIK3CA mutations in colorectal cancer are associated with clinical resistance to EGFR-targeted monoclonal antibodies IHC
6 PTEN loss of expression predicts cetuximab efficacy in metastatic colorectal cancer patients IHC
7 Potential value of PTEN in predicting cetuximab response in colorectal cancer: An exploratory study FISH
8 Multi-determinants analysis of molecular alterations for predicting clinical benefit to EGFR-targeted monoclonal antibodies in colorectal 

cancer
IHC

PTEN: Phosphatase and tensin homolog; BRAF: V-raf murine sarcoma viral oncogene homolog; EGFR: Epidermal growth factor receptor; IHC: Immunohis-
tochemistry; FISH: Fluorescence in situ hybridization.

Table 1  The main characteristics of the 8 selected studies

CTX: Cetuximab; Pan: Panitumumab; oxa: Oxaliplaten; cap: Capecitabine.

Medline: 19
ASCO: 0

EMBASE: 0

Total: 19                         Unfit title: 4

In vitro : 1                          Potential: 15                     Unfit abstract: 6

Final: 8

Figure 2  Selection of the studies.

4

2

0

-2

0                       0.5                      1                        1.5

s.e. of logRR

lo
gR

R

Figure 1  Begg’s funnel plot of publication bias.

Begg’s funnel plot with pseudo 95% confidence limits

Shen Y et al . PTEN and cetuximab effects



2715 June 7, 2012|Volume 18|Issue 21|WJG|www.wjgnet.com

Study PTEN-positive 
n /N

PTEN-negtive 
n /N

RR (fixed) Weight 
%

RR (fixed) 
95% CI

01 Primary colorectal cancer
Fotios Loupakis, 2009 11/49 4/36 72.29 2.020 (0.700, 5.834)
FV Negri, 2009 21/38       1/5 27.71   2.763 (0.468, 16.324)
Subtotal (95% CI) 87 41   100 2.226 (0.893, 5.548)
Test for heterogeneity: χ 2 = 0.09, d.f. = 1 (P  = 0.765), I2 = 0.00%
Test for overall effect: Z  = 1.72 (P  = 0.086)
02 Metastatic colorectal cancertastatic colorectal cancer
Fotios Loupakis, 2009 12/33 1/22 15.56   8.000 (1.119, 57.215)
FV Negri, 2009 14/20 0/4 10.47   6.905 (0.490, 97.254)
Andrea Sartore-Bianchi, 2009 17/49 1/32 15.69 11.102 (1.553, 79.369)
Evangelia Razis, 2008 18/43 3/23 50.69      3.209 (1.055,9.762)
M Frattini, 2007 10/16 0/11 7.6   14.824 (0.958, 229.366)
Subtotal (95% CI) 161 92   100  6.462 (2.943, 14.192)
Test for heterogeneity: χ 2 = 2.21, d.f. = 4 (P  = 0.697), I2 = 0.00%
Test for overall effect: Z  = 4.65 (P  = 0.000)
Fotios Loupakis, 2009 23/82 5/58 44.06 3.254 (1.314, 8.057)
FV Negri, 2009 35/58       1/9 13.02   5.431 (0.846, 34.874)
Andrea Sartore-Bianchi, 2009 17/49 1/32 9.1 11.102 (1.553, 79.369)
Evangelia Razis, 2008 18/43 3/23 29.41 3.209 (1.055, 9.762)
M Frattini, 2007 10/16 0/11  4.41   14.824 (0.958, 229.366)
Subtotal (95% CI) 248 133   100 4.749 (2.586, 8.719)
Test for heterogeneity: χ 2 = 2.54, d.f. = 4 (P  = 0.637), I2 = 0.00%
Test for overall effect: Z  = 5.02 (P  = 0.000)

Legend: n  = Number of responses                                                                   Favours PTEN-negtive      Favour PTEN-positive
             N = Number of patients

0.001 0.01 0.1 1 10 100 1000

Study HR 
95% CI

Weight 
%

HR 
95% CI

01 PFS  fixed-model
Fotios Loupakis, 2009   23.05 0.450 (0.120, 0.870)
Andrea Sartore-Bianchi, 2009   76.95 0.810 (0.470, 1.390)
Subtotal (95% CI) 100.00 0.707 (0.440, 1.138)
Test for heterogeneity: χ 2 = 1.04, d.f. = 1 (P  = 0.308), I2 = 3.9%
Test for overall effect: Z  = 1.43 (P  = 0.154)
02 OS  random-model
Fotios Loupakis, 2009   28.41 0.500 (0.150, 1.260)
Andrea Sartore-Bianchi, 2009   34.87 0.430 (0.220, 0.810)
Pierre Laurent-Puig, 2009   36.71 1.800 (1.100, 3.100)
Subtotal (95% CI) 100.00 0.759 (0.268, 2.153)
Test for heterogeneity: χ 2 = 12.93, d.f. = 1 (P  = 0.002), I2 = 84.5%
Test for overall effect: Z  = 0.52 (P  = 0.604)

Legend: PFS = Progression-free survival                  An HR less than 1 indicates a survival advantage
              OS = Overall survival

0.01 0.02 0.05 1   2    5   10

Figure 3  Analysis of status of the phosphatase and tensin homolog homolog. A: Analysis of status of the phosphatase and tensin homolog (PTEN) homolog 
and objective response; B: Analysis of status of the PTEN homolog and survival; C: Combined analysis of the PTEN homolog and Kirsten rat sarcoma 2 viral onco-
gene homolog (KRAS) status and survival. RR: Risk ratio; CI: Confidence interval; HR: Hazard ratio; OS: Overall survival; PFS: Progression-free survival.

Study HR (fixed)
95% CI

Weight 
%

HR (fixed) 

01 PFS
Fotios Loupakis, 2009   29.04 0.490 (0.200, 0.750)
Andrea Sartore-Bianchi, 2009   70.96 0.770 (0.501, 1.167)
Subtotal (95% CI) 100.00 0.675 (0.473, 0.964)
Test for heterogeneity: χ 2 = 1.27, d.f. = 1 (P  = 0.259), I2 = 21.6%
Test for overall effect: Z  = 2.16 (P  = 0.031)
02 OS
Fotios Loupakis, 2009   34.79 0.760 (0.380, 1.430)
Andrea Sartore-Bianchi, 2009   65.21 0.540 (0.332, 0.874)
Subtotal (95% CI) 100.00 0.608 (0.411, 0.899)
Test for heterogeneity: χ 2 = 0.67, d.f. = 1 (P  = 0.414), I2 = 0.0%
Test for overall effect: Z  = 2.49 (P  = 0.013)

Legend: PFS = Progression-free survival                An HR less than 1 indicates a survival advantage
              OS = Overall survival
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responders, and there was no significant difference ob-
served (RR, 2.226; 95% CI, 0.893-5.548; P = 0.086). There 
was no evidence for heterogeneity between the studies (P 
= 0.697, I2 = 0.0%; P = 0.765, I2 = 0.0%; respectively).

Analysis of status of the phosphatase and tensin 
homolog and survival
Only two trials involving 170 patients were included in 
this comparison, because none of  the other eligibility cri-
teria had sufficient follow-up data listed (Figure 3B). The 
HR summarizes survival for PTEN-positive compared 
with PTEN-negative patients after cetuximab-based ther-
apy, with an HR of  less than 1 indicating a survival advan-
tage for expression of  PTEN in colorectal tumors. As for 
PFS, PTEN positivity was associated with better survival 
(HR, 0.675; 95% CI, 0.473-0.964; P = 0.031). The analysis 
for OS confirmed that loss of  PTEN was significantly as-
sociated with poor clinical outcome (HR, 0.608; 95% CI, 
0.411-0.899; P = 0.013). There was no significant inter-
trial heterogeneity for the end points of  PFS (P = 0.259, 
I2 = 21.6%) or OS (P = 0.414, I2 = 0.0%).

Combined analysis of the PTEN homolog and KRAS 
status and survival 
The studies selected for this analysis are listed in Figure 
3C. The HR summarizes survival for PTEN-positive/wt-
KRAS vs PTEN-negative/wtKRAS, with an HR of  less 
than 1 indicating a survival advantage for PTEN-positive/
wtKRAS. Overall, among patients with KRAS wild-type 
status, PTEN positivity did not predict a longer PFS or 
OS (PFS: HR, 0.707; 95% CI, 0.440-1.138; P = 0.154; OS: 
HR, 0.943; 95% CI, 0.646-1.377; P = 0.761). Heterogene-
ity was not found among trials for the analysis of  PFS 
(P = 0.308, I2= 3.9%). However, there was marked inter-
group heterogeneity for the combined analysis of  OS 
making it difficult to obtain a clear conclusion (P = 0.002, 
I2 = 84.5%). To adjust for this bias, the trim-and-fill meth-
od was implemented. The adjusted estimates for OS were 
obtained by using the random-effects model (HR, 0.759; 
95% CI, 0.268-2.153; P = 0.604). In the results from the 
data, there was no difference between the fixed-effects 
and the random-effects model, indicating the reliability of  
this meta-analysis, so we can reach a real conclusion.

DISCUSSION
Nowadays, there is a trend towards individualized treat-
ment in tumor therapy. The optimized application of  
cetuximab has paved a way for individualized treatment 
of  CRC[24]. In recent years, cetuximab has been widely 
used in the patients with mCRC, and most of  the patients 
have better prognosis than those treated with combined 
chemotherapy alone. However, personalized cancer medi-
cation is based on the genetics of  individual colorectal tu-
mors[24]. Hence, the effects of  molecular alterations, espe-
cially the activating mutations in the KRAS protein, and 
the corresponding therapeutic effect of  cetuximab have 
been widely discussed[25-27]. KRAS mutation testing is used 

in the setting of  EGFR-targeted therapy for metastatic 
disease worldwide[28]. Nevertheless, an intact KRAS is 
necessary but not sufficient to obtain benefit from EGFR 
inhibition[29-32]. Alterations in other downstream effectors 
of  EGFR, such as BRAF and PIK3CA/PTEN have been 
found to give rise to cetuximab resistance[1,33]. Therefore, 
there is a deep need to reveal possible interactions be-
tween targeted agents, so that we can better select patients 
likely to respond to cetuximab-based treatment[28,29,34].

In this study, we focused on the association between 
the alteration of  PTEN protein expression and the thera-
peutic effects of  cetuximab in CRC patients. In addition, 
patients treated with panitumumab were also listed in the 
study search, because the two EGFR inhibitors, cetux-
imab (the chimeric IgG1 monoclonal antibody) and pa-
nitumumab (the humanized IgG2 monoclonal antibody), 
are currently approved in medication for CRC[34,35]. Both 
of  the molecules bind to the EGFR, leading to inhibition 
of  its downstream signaling and providing some clinical 
benefit.

PTEN is a tumor suppressor protein, which works as 
a negative regulator of  PI3K/PTEN/Akt, which is a cell-
survival signaling pathway[36]. Loss of  PTEN expression 
was associated with the aggressive capacity of  CRC, and 
that understanding the biologic mechanisms responsible 
for regulation of  PTEN expression may allow better trans-
lational treatment of  CRC patients. Furthermore, CRC 
patients with loss of  PTEN expression show resistance to 
cetuximab[1]. 

In our selected studies, patients with normal PTEN 
expression had higher RR in all CRC with cetuximab-
based therapy (especially in mCRC). Also we revealed that 
patients with PTEN normal expression with cetuximab 
treatment have better prognosis than those without ce-
tuximab treatment and statistical analysis (OS and PFS) 
also presents significant differences (P < 0.05)．In these 
studies we concluded that PTEN be proposed as an in-
dependent predictive factor[1] of  cetuximab efficacy. We 
suggested that PTEN could help to predict prognosis and 
efficacy of  cetuximab. Diagnostic evaluation of  PTEN 
expression might provide additional guidelines for the 
treatment strategies for CRC patients and valuable prog-
nostic information.

On the other hand, we did a combined analysis of  
PTEN and KRAS status on OS and PFS. Unfortunately, 
among patients with wild-type KRAS, PTEN positiv-
ity did not predict longer PFS and OS. Only one report 
showed the interaction between KRAS mutations with or 
without expression of  PTEN in CRC. Thus, we could not 
perform a meta-analysis. The conclusion obtained in the 
report was that the PFS and OS of  PTEN-positive pa-
tients with KRAS mutations were not significantly longer 
than in all other patients who presented with KRAS mu-
tations and were PTEN-negative[10]. Survival analyses by 
Loupakis et al[10] demonstrated that BRAF mutations (HR, 
3.75; P = 0.015) but not PIK3CA mutations (HR, 1.20; 
P = 0.672), were significantly associated with decreased 
OS, whereas neither of  these alterations was significantly 
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associated with PFS. Further clinical data are necessary to 
identify a certain genes-alteration signature to predict the 
therapeutic effects of  cetuximab-based therapy.

There are some limitations in this meta-analysis. First, 
the numbers of  published studies were not adequate for 
a comprehensive analysis. Second, only 3 trials reported 
data of  PFS and OS, and a lack of  the original data in 
some studies limited our evaluation of  survival, which 
may cause serious confounding bias. Third, although sig-
nificant heterogeneity in some end-point variables were 
at least partly overcome by random-effects analysis, there 
was still heterogeneity between the relevant studies for 
inclusion, which may have affected the final results.

In conclusion, our meta-analysis showed an important 
role of  PTEN status in determining the application of  
cetuximab-based targeted therapy. More clinical trials are 
warranted in this field to obtain more accurate results. 
Further improvement in the tailoring of  EGFR targeted 
therapies needs more studies on molecular dissection of  
the EGFR-initiated oncogenic signaling cascade. 
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Abstract
AIM: To investigated whether sall3  transcription was 
regulated by promoter CpG island hypermethylation in 
hepatocellular carcinoma (HCC).

METHODS: The cell lines Huh7, HepG2, SK-HEP1, SM-
MC7721, Bel7402, QGY7703 and a cohort of 38 HCC 
tissue specimens and corresponding nontumorous tis-
sues were subjected to analysis for sall3  promoter CpG 
island methylation and mRNA transcription. sall3  pro-
moter CpG island methylation levels were determined 
using the MassARRAY platform and mRNA transcription 
levels of the gene were detected by quantitative real-
time polymerase chain reaction.

RESULTS: The levels of sall3  mRNA were decreased by 
more than twofold in 33 of 38 tumor tissues compared 
to adjacent noncancerous tissues. Among these 33 tu-
mor tissues with lower levels of sall3  mRNA, 24 showed 
higher levels of methylation. Based on these results, 
we hypothesized that the decrease in sall3  mRNA tran-
scription level was likely due to promoter CpG island 
hypermethylation. Changes in sall3  mRNA transcription 
and promoter CpG island methylation were determined 
in the above six cell lines after treatment with 0, 0.1, 
0.5 and 2.5 mmol 5-aza-2-deoxycytidine, a demethylat-
ing agent. Promoter CpG island methylation levels de-
creased in a dose-dependent manner in all six cell lines, 
while the mRNA transcription level increased dose-
dependently in Huh7, HepG2, SK-HEP1 and SMMC7721 
cells and irregularly in Bel7402 and QGY7703 cells.

CONCLUSION: These results indicated that promoter 
CpG island hypermethylation contributes to the down-
regulation of sall3  mRNA transcription in HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most com-
mon malignant tumors, representing a major public health 
issue, especially in Asia[1]. The pathogenesis of  HCC in-
volves chronic hepatitis virus infection and activation of  
oncogenes and/or inactivation of  tumor suppressor genes 
by mutations and epigenetic modification[2]. Epigenetic 
inactivation of  tumor suppressor genes by DNA hyper-
methylation plays an important role in carcinogenesis[3]. 
Many groups have reported that promoter hypermeth-
ylation of  CpG islands is associated with development, 
stage, recurrence, progression and survival in HCC[4,5]. In 
many cases, aberrant methylation of  promoter regions 
within genes is correlated with a loss of  gene expression[6]. 
Furthermore, in contrast to mutations, epigenetic changes 
may be reversible, raising the possibility of  developing 
therapeutics based on restoring a normal epigenetic state 
in cancer-associated genes[7,8].

sal was originally identified as a region-specific home-
otic gene in Drosophila[9]. sall3 is one of  four mammalian 
members of  the sal-like (sall) gene family (sall1, sall2, 
sall3 and sall4), which are involved in embryonic develop-
ment[10]. sall3 is one of  several genes deleted in 18q dele-
tion syndrome, characterized by hearing loss, mental re-
tardation, midfacial hypoplasia, delayed growth, and limb 
abnormalities[11]. Loss of  the sall3 gene leads to palate 
deficiency, abnormalities in cranial nerves, and perinatal 
lethality[12]. Recently, it was reported that sall3 can inter-
act with DNMT3A and shows the ability to inhibit CpG 
island methylation in HCC[13]. However, when scanning 
the nucleotide sequences of  sall3, we found a CpG is-
land in the promoter. It has been reported that sall3 gene 
methylation levels are significantly increased in bladder 
cancer compared to nontumorous controls, and may be a 
new biomarker for the sensitive and specific detection of  
bladder cancer[14]. Furthermore, it has been reported that 
the sall3 gene CpG island has a higher frequency of  hy-
permethylation in HCC tumors compared with adjacent 
noncancerous tissues as determined by a qualitative meth-
ylation method[15]. However, the decreased sall3 mRNA 
transcription levels in human HCC tissues and whether 
this is caused by promoter CpG island hypermethylation 
have not been fully examined.

Here, we show that sall3 mRNA transcription was 
downregulated in most (33/38) tumor tissues examin-
ed compared with adjacent noncancerous tissues. Most 
(24/33) downregulation of  mRNA transcription was 
strongly associated with hypermethylation of  the pro-
moter CpG island. This association was further confirm-
ed by subsequent cell line experiments; treatment of  
the cell lines with the DNA methyltransferase inhibitor 
5-aza-2-deoxycytidine reversed promoter CpG island hy-
permethylation and restored sall3 mRNA transcription. 
These results indicated that promoter CpG island hyper-
methylation is the main reason for the downregulation of  
sall3 mRNA transcription in HCC.

MATERIALS AND METHODS
Tissue specimens and cell lines
Thirty-eight paired clinical samples of  HCC, including 
tumor tissues and adjacent noncancerous tissues, were 
collected from surgical specimens at the Department of  
Hepatobiliary Surgery, Nanfang Hospital (16 cases), and 
the Cancer Institute of  Sun Yat-sen University (22 cases), 
both in Guangzhou, China. All specimens were obtained 
immediately after surgical resection and were stored at 
-70 ℃ until DNA/RNA extraction.

Written informed consent was obtained from all pa-
tients prior to inclusion in the study. The study protocol 
was approved by the Nanfang Hospital Ethics Committee 
at Southern Medical University and the Sun Yat-sen Can-
cer Center Ethics Committee at Sun Yat-sen University.

Cell culture and 5-aza-CdR treatment
Six HCC cell lines (Huh7, HepG2, SMMC-7721, Bel-7402, 
SK-HEP1, QGY7703) were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM; Gibco-BRL, Gaithersburg, 
MD), supplemented with 10% fetal bovine serum, 100 
units/mL penicillin, 100 mg/mL streptomycin and incu-
bated in a 5% CO2 atmosphere at 37 ℃. The demethylat-
ing agent, 5-aza-2-deoxycytidine (5-aza-CdR; Sigma, St. 
Louis, MO), was freshly prepared in ddH2O. HepG2 cells 
(3 × 105 cells/well) and other hepatoma cells (1 × 105 
cells/well) in exponential growth phase were seeded in 
6-well plates. After 24 h of  culture, cells were treated with 
5-aza-CdR at 0, 0.1, 0.5 and 2.5 mol for 3 d. The culture 
medium was replaced every 24 h with fresh media contain-
ing 5-aza-CdR. Total RNA and genomic DNA were 
extracted for real-time quantitative reverse transcription-
polymerase chain reaction (qRT-PCR) and DNA methyla-
tion level analysis.

Detection of sall3 CpG Island DNA hypermethylation
Genomic DNA was extracted from cells and HCC sam-
ples using a QIAamp DNA Minikit (Qiagen, Valencia, 
CA). Genomic DNA (1 mg) was modified with sodium 
bisulfite using the EZ DNA methylation kit (Zymo Re-
search, Orange, CA). DNA methylation levels of  clinical 
samples and cell lines were determined using the MassAR-
RAY platform (Sequenom, San Diego, CA) as described 
previously[16]. Briefly, two fragments covering 38 CpG sites 
from sall3 were amplified from bisulfite-modified DNA. 
A 10-mer tag sequence was added to the forward primer, 
and a T7-promoter tag was added to the reverse primer 
to balance the PCR primer length. The primers used were 
5’-AGGAAGAGAGGGATTGTTTGGATTTGATTT-
TAATTT-3’ (sense) and 5’-CAGTAATACGACTCAC-
TATAGGGAGAAGGCTCACAAATAACCTCCTA-
AAACTTCCC-3’ (antisense); 5’-AGGAAGAGAGTTT-
TAAGGTTGGTTTTATTTTGTTT-3’ (sense) and 
5’-CAGTAATACGACTCACTATAGGGAGAAGGCTT-
CTCAAAAATAATCTCAAACCCCTA-3’ (antisense). Me-
thylation data for individual units (1-3 CpG sites per unit) 
were analyzed using the EpiTyper software (Sequenom).
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RNA extraction and quantitative real-time PCR analysis
Total RNA was extracted from cell lines and tissue sam-
ples using the Trizol reagent (Invitrogen), according to 
the manufacturer’s protocol. First-strand cDNA was gen-
erated using a SYBR PrimeScript RT-PCR Kit (TaKaRa, 
Kyoto, Japan). sall3 mRNA expression was detected by 
qRT-PCR using a SYBR Premix Ex Taq Kit (TaKaRa) 
on an ABI 7500 Real-Time PCR System (Applied Biosys-
tems). β-actin was used as an internal control. The prim-
ers used were as follows: sall3 forward primer: 5’-GCT-
GCCTTCTCAGTTATTTGACC-3’, reverse primer: 5’
-TGACCGTTCACTTCCATTTTGA-3’; β-actin forward 
primer: 5’-TTGTTACAGGAAGTCGCTTGCC-3’, re-
verse primer: 5’-ATGCTATCACCTCCCCTGTGTGT-3’. 
Relative levels of  sall3 mRNA were calculated and ex-
pressed as 2-∆∆Ct[17].

Statistical analysis
qRT-PCR results in different groups were analyzed by 
Student’s t test. The methylation levels of  Oct-6 in HCC 
tumors and adjacent noncancerous tissues were com-
pared using the Wilcox rank sum test. All tests were two-
sided. In all analyses, P < 0.05 was taken to indicate sta-
tistical significance.

RESULTS
sall3 promoter CpG island aberrant methylation and 
sall3 mRNA transcription in human HCC tissues
To determine whether sall3 promoter CpG island hyper-
methylation changes leads to decreased sall3 mRNA tran-
scription in human HCC tissues, the methylation levels 
of  the sall3 promoter CpG island in 38 HCC tumors and 
adjacent noncancerous tissues were examined using the 
MassARRAY platform (Sequenom). Of  the 38 tumors, 
27 (71%) showed higher methylation levels at the sall3 
CpG island compared with adjacent noncancerous tis-
sue, while methylation levels were similar at the sall3 CpG 

island in tumor tissue and adjacent noncancerous tissue 
in 11 cases (29%). None of  the tumors showed lower 
methylation levels at the sall3 CpG island compared with 
adjacent noncancerous tissues. Average methylation levels 
for each CpG unit in the 38 tumor tissues and adjacent 
noncancerous tissues are listed in Figure 1. Among the 
total of  24 CpG units (1-3 CpG sites per unit), the aver-
age methylation levels of  20 CpG units in 38 tumors 
were significantly higher than those in adjacent noncan-
cerous tissues.

To determine whether aberrant CpG island DNA me-
thylation in HCC tissues may be correlated with the de-
creased sall3 mRNA transcription, sall3 mRNA levels in 38 
paired samples were determined by qRT-PCR (Figure 2).  
The relative ratio between methylation and mRNA ex-
pression levels of  sall3 are negatively correlated in 26 of  
38 tumor tissues vs corresponding adjacent noncancerous 
tissues (Figure 3). Of  the 38 tumor tissues, 33 (86.8%) 
showed a decreased sall3 mRNA level compared to ad-
jacent noncancerous tissues (Figure 2). Among these 33 
tumor tissues with lower mRNA levels, 24 showed higher 
methylation levels and a negative association was found 
between CpG island methylation and mRNA expres-
sion (Figure 3); nine tumor tissues showed methylation 
levels that were not significantly different from adjacent 
noncancerous tissues. Of  the 38 tumor tissues examined, 
three (7.9%) showed higher sall3 mRNA expression than 
adjacent noncancerous tissues (Figure 2). Methylation 
level was similar to the adjacent noncancerous tissue in 
one of  these three tumor tissues, while the methylation 
levels in the remaining two tumor tissues were higher 
than those in the adjacent noncancerous tissue. Of  the 
38 tumor tissues, two (5.3%) showed similar sall3 mRNA 
expression to adjacent noncancerous tissues (Figure 2). 
Of  these two tumor tissues, one showed no significant 
difference in methylation level compared with adjacent 
noncancerous tissues, while the methylation level in the 
other was higher than that the in the adjacent noncancer-
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ous tissue. Together, these results indicated a negative 
correlation between sall3 promoter CpG island hyper-
methylation and sall3 mRNA transcription in 24 tumor 
tissues and their adjacent noncancerous tissues (Figure 3).  
sall3 mRNA transcription in other tissues showed no 
association with sall3 promoter CpG island hypermethyl-

ation, suggesting regulatory mechanisms other than those 
involved in HCC.

sall3 promoter CpG island hypermethylation correlates 
its mRNA transcription in human HCC cell lines
To determine whether decreased sall3 mRNA transcrip-

10

8

6

4

2

0

Re
la

tiv
e 

ex
pr

es
si

on

1      2     3     4     6    7     8     9    11   12   13    15   16    17   18   19    20   21   22   24    25   26   29   30   31   32   33   36   37   38

1.2

1.0

0.8

0.6

0.4

0.2

0
10              14           35            5            23           27             28           34

T
N

Figure 2  sall3 mRNA is analyzed in 38 tumor tissues (T) and adjacent non-cancerous tissues (N). Error bars, SD from triplicates.

0                          2                      4                          6                          8                         10                    12                         14

mRNA relative expression

4

3

2

1

M
et

hy
la

tio
n 

(r
at

io
)

Figure 3  Correlation between methylation levels and mRNA expression of sall3 in 24 tumor tissues and corresponding adjacent noncancerous tissues.

Yang XX et al . Aberrant methylation downregulate sall3  in HCC



2723 June 7, 2012|Volume 18|Issue 21|WJG|www.wjgnet.com

Control
0.1 mmol
0.5 mmol
2.5 mmol

100

90

80

70

60

50

40

Sa
ll3

-1
  

  
1 2 3 4

5,
6 7

10
,1

1,
12

15
,1

6 17 18 19 20

21
,2

2,
23

24
,2

5,
26

27
,2

8 31

Sa
ll3

-2
  

  
5 6 7 9

10
,1

1 12

13
,1

4,
15

20
,2

1,
22

CpG units (Huh7)

M
et

hy
la

tio
n 

(%
)

B

CpG units (Bel7402)

Control
0.1 mmol
0.5 mmol
2.5 mmol

100

80

60

40

20

Sa
ll3

-1
  

  
1 2 3 4

5,
6 7

10
,1

1,
12

15
,1

6 17 18 19 20

21
,2

2,
23

24
,2

5,
26

27
,2

8 31

Sa
ll3

-2
  

  
5 6 7 9

10
,1

1 12

13
,1

4,
15

20
,2

1,
22

M
et

hy
la

tio
n 

(%
)

C

80

60

40

20

0

Sa
ll3

-1
  
  
1 2 3 4

5,
6 7

10
,1

1,
12

15
,1

6 17 18 19 20

21
,2

2,
23

24
,2

5,
26

27
,2

8 31

Sa
ll3

-2
  
  
5 6 7 9

10
,1

1 12

13
,1

4,
15

20
,2

1,
22

CpG units (HepG2)

Control
0.1 mmol
0.5 mmol
2.5 mmol

A

M
et

hy
la

tio
n 

(%
)

Control
0.1 mmol
0.5 mmol
2.5 mmol

100

90

80

70

60

50

40

30

Sa
ll3

-1
  

  
1 2 3 4

5,
6 7

10
,1

1,
12

15
,1

6 17 18 19 20

21
,2

2,
23

24
,2

5,
26

27
,2

8 31

Sa
ll3

-2
  

  
5 6 7 9

10
,1

1 12

13
,1

4,
15

20
,2

1,
22

CpG units (SK-HEP1)

M
et

hy
la

tio
n 

(%
)

D

Yang XX et al . Aberrant methylation downregulate sall3  in HCC



2724 June 7, 2012|Volume 18|Issue 21|WJG|www.wjgnet.com

tion levels in human HCC tissues are due to promoter 
CpG island hypermethylation, six human HCC cell lines 
(Huh7, HepG2, SK-HEP1, SMMC7721, Bel7402 and 
QGY7703) were exposed to 0, 0.1, 0.5 or 2.5 mmol 5-aza-
CdR, an inhibitor of  DNMTs, for 72 h. As expected, 
after treatment with 0.1, 0.5 or 2.5 mmol 5-aza-CdR, pro-
moter CpG island methylation levels showed dose-depen-
dent downregulation in all six cell lines (Figure 4). sall3 
mRNA levels also showed dose-dependent upregulation 

in Huh7, HepG2, SK-HEP1 and SMMC7721 cells, while 
it was irregularly upregulated in Bel7402 and QGY7703 
cells (Figure 5). These data indicated that sall3 promoter 
CpG island hypermethylation is likely responsible for the 
decrease in sall3 mRNA transcription level.

DISCUSSION
HCC is one of  the most common gastrointestinal ma-
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Figure 4  Quantitative methylation analysis on each CpG unit of sall3 CpG island in HCC cells after 5-Aza-CdR treatment or control (A-F).
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lignancies, ranking fifth in the occurrence of  common 
cancers, and third in common causes of  cancer-related 
death[18]. Early-stage HCC is potentially curable with sur-
gical resection or hepatic transplantation[19,20]. However, 
most patients present with advanced disease and are not 
amenable to surgical resection or transplantation. There-
fore, they have a poor prognosis[21], and improved meth-
ods for early diagnosis are urgently required. DNA meth-
ylation is a gene expression regulatory mechanism and 
plays a fundamental role in carcinogenic processes[22,23]. 
Aberrant CpG island methylation of  tumor-related genes 
is an early and frequent event in the process of  carcino-
genesis, and DNA methylation status of  tumor-related 
genes is a potential diagnostic marker[24-26]. As it is pos-
sible to restore the function of  methylated tumor sup-
pressor genes, combinations of  epigenetic modifiers and 
other therapeutic agents may also become a promising 
alternative to conventional treatments[27-29].

Although an increasing number of  genes undergo-
ing aberrant CpG island methylation have been reported 
in HCC[4,5,30,31], the methylated genes have not yet been 
fully characterized. Yu et al[14] reported that sall3 was a 
novel target of  aberrant methylation in bladder cancer. 
Xia et al[15] reported that the hypermethylation frequency 
in tumor tissues was significantly higher than those in 
adjacent noncancerous tissues, but whether the decreased 
transcription of  sall3 was caused by hypermethylation of  
the promoter CpG island in HCC remained unknown.

In the present study, we found that the levels of  
sall3 mRNA were decreased in 33 of  38 tumor tissues 
compared with those in adjacent noncancerous tissues. 
Twenty-four of  these 33 tumor tissues with reduced 
sall3 mRNA levels showed elevated methylation levels, 
suggesting that the decreased sall3 mRNA transcription 
levels were likely caused by promoter CpG island hyper-
methylation. We also confirmed that six HCC cell lines 
(Huh7, HepG2, SK-HEP1, SMMC7721, Bel7402 and 
QGY7703) were hypermethylated at the sall3 promoter. 
Using the demethylating agent 5-aza-CdR, the transcrip-
tion of  sall3 could be restored in these cells when the 
sall3 promoter region was partially demethylated. Taken 
together with the results in HCC tissue samples, it is clear 
that promoter hypermethylation in sall3 was strongly as-
sociated with the reduced transcription of  sall3 mRNA. 
However, in more than 25% of  the HCC cases (9/33), 
decreased mRNA transcription was observed with similar 
CpG island methylation levels. In addition, there were 
three tumor tissues with promoter hypermethylation 
without decreased mRNA transcription compared with 
corresponding nontumorous tissues; the levels of  mRNA 
transcription were increased in two of  these cases and 
similar in the remaining one case. These results suggested 
that other regulatory mechanisms unrelated to promoter 
hypermethylation may also be involved. Further stud-
ies are needed to clarify this issue. However, the overall 
strong association between promoter hypermethylation 
and decreased mRNA transcription suggests a causative 
role of  aberrant sall3 promoter methylation and de-
creased mRNA transcription in most cases of  HCC.

In conclusion, we showed that sall3 mRNA transcrip-

tion was downregulated in most (33/38) tumor tissues 
compared with adjacent noncancerous tissues in HCC. 
Most cases (24/33) with downregulated mRNA tran-
scription were strongly associated with promoter CpG is-
land hypermethylation. This association was further con-
firmed by subsequent experiments in cell lines; treatment 
of  the cell lines Huh7, HepG2, SK-HEP1, SMMC7721, 
Bel7402 and QGY7703 with the DNA methyltransfer-
ase inhibitor 5-aza-2-deoxycytidine reversed promoter 
CpG island hypermethylation and restored sall3 mRNA 
transcription. These results indicated that promoter CpG 
island hypermethylation is the main reason for down-
regulation of  sall3 mRNA transcription in HCC. These 
finding regarding sall3 mRNA transcription and DNA 
methylation associated with human HCC provide new in-
sights into the pathogenesis of  HCC and may serve as a 
powerful molecular marker for detecting HCC in biopsy 
tissues of  HCC patients.
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Abstract
�ediatric Menetrier’s disease (MD) is an uncommon, 
acute, self-limited hypertrophic gastropathy character-
ized by enlarged gastric folds associated with epithelial 
hyperplasia and usually accompanied by protein losing 
gastropathy. Gastric cytomegalovirus infection is found 
in one third of MD children and its treatment is often 
associated with remission. Diagnosis often requires full-
thickness biopsy due to inability to detect typical histo-
logical findings with conventional endoscopic biopsy. We 
report an uncommon case of non self-limited pediatric 
MD needing endoscopic mucosal resection for diagno-
sis which was then successfully treated with octreotide 
long-acting release (LAR). To the best of our knowledge, 
this is the first pediatric MD case successfully treated 

with octreotide LAR. Our experience suggests octreotide 
LAR as treatment for refractory MD before gastrectomy.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Menetrier’s disease (MD) is a rare hypertrophic gastropa-
thy characterized by enlarged gastric rugal folds and 
epithelial hyperplasia, accompanied by protein losing 
gastropathy[1]. Primarily seen in adults, MD can have a 
long clinical course and is associated with considerable 
morbidity and even mortality, which are related to sur-
gical resection and potential risk for malignant trans-
formation[2-4]. Pediatric MD often presents as oedema 
and hypoalbuminemia due to protein loss through the 
abnormal gastric mucosa and usually has a benign self-
limited course with symptoms resolving within 5 wk[4,5]. 
Diagnosis often requires full-thickness biopsy in conjunc-
tion with endoscopic view of  enlarged gastric folds[6] 
while histology includes foveolar hyperplasia with cystic 
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dilation of  pits, accompanied by glandular atrophy of  the 
gastric body[1,2]. Gastric cytomegalovirus (CMV) infection 
is found in one third of  MD children and its treatment is 
often associated with remission[7,8]. We describe the first 
case of  non self-limited and non protein losing MD, di-
agnosed with endoscopic mucosal resection (EMR) and 
successfully treated with octreotide long-acting release 
(LAR).

CASE REPORT
A 4-year-old boy was referred to our Unit for severe iron 
deficiency anemia (haemoglobin level: 4.7 g/dL and iron 
studies consistent with iron-deficiency anemia) already 
treated with blood transfusion in a territorial hospital. 
The child had a normal physical development with regu-
lar growth curve. Liver and spleen diseases were excluded 
on a clinical and biochemical basis. A grandfather under-
went total gastrectomy due to MD. At upper gastroin-
testinal endoscopy there were marked thickened gastric 
folds with overlying erosions and exudate involving the 
corpus and fundus, whereas the antrum and pylorus were 
normal (Figure 1). Mucosal biopsies showed mild foveo-
lar hyperplasia, dilation of  some glands and were negative 
for Helicobacter pylori and CMV. The latter was also nega-
tive in the gastric juice, serum and urine. There was no 
clinical and laboratory evidence of  protein-losing enter-
opathy and serum gastrin level was normal. 

After 2 mo of  unsuccessful treatment with omepra-
zole at 2 mg/�g �er day�� an ���� �as done in the area o��kg per day, an EMR was done in the area ofg per day, an EMR was done in the area of  
greatest gastric folds thickening to obtain a wider sample 
for a histological diagnosis. Thus, a diagnosis of  MD was 
made. based on the presence of  marked epithelial hyper-
plasia with tortuous and cystically dilated foveolar glands, 
discontinuous atro�hy o��  stomach glands and significant 
reduction of  parietal cells; a strong small vessel conges-
tion with a diffuse edema was also observed within the 
lamina propria (Figure 2).

Following a lack of  response to conventional thera-
pies and due to preliminary reports on successful use 
of  octreotide in adult MD[9-13]], the patient was given ten 
doses of  octreotide (50 µg subcutaneously two times a 
day), which was well tolerated. He then began octreotide 
LAR (5 mg intramuscularly every 28 d). Two months later 
haemoglobin and iron levels were normal. Six months 
later therapy was stopped and a rapid reduction of  the 
haemoglobin level ensued. Thus, we continued octreotide 
with long-term normalization of  the haemoglobin levels. 
Fifteen months later gastric folds were less prominent 
and no erosions at endoscopic follow-up were seen; how-
ever the histology was unchanged.

DISCUSSION
MD is characterized by hypertrophic folds in the body of  
the stomach, foveolar hyperplasia and hypoproteinemia[1]]. 
While spontaneous remission is rare in adults and gast-
rectomy is not uncommonly required in refractory dis-
ease[2,3]], pediatric MD is commonly an acute, self-limited, 

protein-losing gastropathy[5]]. However, a hyperplastic 
hypersecretory variant of  MD with normal or increased 
acid secretion and no �rotein loss is re�orted: it o��ten 

A

B

Figure 1  Endoscopic view of markedly thickened gastric folds, with over-
lying erosions and exudates involving fundus (A) and corpus (B).

A

B

Figure 2  Histopathology from endoscopic mucosal resection (HE stain-
ing; A: 40×, B: 20×) shows elongated, tortuous and cystically dilated 
foveolar glands, discontinuous atrophy of gastric glands and significant 
reduction of parietal cells.
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requires full-thickness biopsy due to an inability to detect 
ty�ical histological findings �ith conventional endosco�ic 
biopsy[6]].

Therapy in children is supportive and includes adequate 
hydration, antisecretory agents (histamine 2 receptor an-
tagonists and proton pump inhibitors) and albumin re-
placement[3-5]]. Treatment of  CMV, when detected, is usually 
associated with remission[7,8].

Interestingly, transforming growth factor α, one of  
the ligands for the epidermal growth factor receptor 
(EGF-R), has been implicated in the mechanisms under-
lying MD[14]: it causes dose-de�endent in vitro prolifera-
tion of  gastric epithelial cells and reduction of  acid secre-
tion, which are hallmarks of  the disease[15,16].

 Treatment with an experimental monoclonal antibody 
against EGF-R has been successful in 3 severe MD cas-
es[17,18]]. There is also evidence that somatostatin decreases 
the number of  EGF binding sites at the cell surface[19]]; 
thus, octreotide may modulate EGF-R signalling at several 
levels[20,21]]. These mechanisms and preliminary reports on 
successful use of  octreotide in adults with MD[9-13]] prom-
pted us to use this agent in our patient. 

In conclusion, we describe an uncommon case of  pe-
diatric MD with atypical presentation (only anemia) and 
chronic unremitting course. MD should be considered 
in all children with thickened gastric folds at endoscopy, 
even in the absence of  typical clinical and laboratory 
manifestations. EMR is a good alternative to full thick-
ness biopsy for diagnosing disorders associated with gas-
tric wall thickening such as MD. 

To the best o��  our �no�ledge�� this is the first �edi-
atric MD case successfully treated with octreotide LAR. 
Our experience suggests octreotide LAR as treatment for 
refractory MD before gastrectomy.
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Abstract
To report the result of rapid ulcer healing by infliximab 
in Crohn’s patients with severe enterocolic bleeding. 
During 2005 and 2010, inflammatory bowel disease 
database of King Chulalongkorn Memorial and Samitivej 
hospitals were reviewed. There were seven Crohn’s  
disease (CD) patients (4 women and 3 men; mean age 
52 ± 10.4 years; range: 1186 years). Two of the seven 
patients developed severe gastrointestinal bleeding 
(GIB) as a flare up of CD whereas the other five pa
tients presented with GIB as their first symptom for CD. 
Their mean hemoglobin level dropped from 12 ± 1.3 g/
dL to 8.7 ± 1.3 g/dL in a 3d period. Median packed red 
blood cells units needed for resuscitation was 4 units. 
Because of uncontrolled bleeding, surgical resection was 
considered. However, due to the poor surgical candi
dacy of these patients (n  = 3) and /or possible develop
ment of short bowel syndrome (n  = 6), surgery was not 
pursued. Likewise angiographic embolization was not 
considered in any due to the risk of large infarction. All 

severe GIBs successfully stopped by one or two doses 
of intravenous infliximab. Our data suggests that inflix
imab is an alternative therapy for CD with severe GIB 
when surgery has limitation or patient is a high risk.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Although severe gastrointestinal bleeding (GIB) is an un
common complication of  inflammatory bowel disease 
(IBD), severe GIB occurs in 0.1% of  ulcerative colitis[1] 
and 1.2%1.3% of  Crohn’s disease (CD)[1,2]. This in turn 
sometimes progresses to a potential lifethreatening con
dition. Approximately one third of  CD patients developed 
GIB as a flare up and another one fourth of  CD patients 
presented with GIB as an initial symptom[3]. Bleeding 
sources were mostly found in the colon (50%85%) and 
the small bowel (15%50%). Unfortunately, one third of  
CD related GIBs were severe and surgery was required 
because of  refractory bleeding especially after failed con
ventional medical and endoscopic treatment[1,3]. Therefore 
treatment for severe hemorrhage in IBD remains a chal
lenge. Recently, there has been only a handful of  case 
reports of  severe CD related GIB controlled with tumor 
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necrosis factor (TNF)α antibody (infliximab). We report 
the largest number (n = 7) of  CD patients presenting with 
severe GIB who were successfully treated with infliximab 
without the need for surgery.

CASE REPORT
There were seven CD patients (4 women and 3 men; 
mean age 52 ± 10.4 years; range: 1186 years). Two of  
the seven patients developed severe GIB as a flare up of  
CD whereas the other five patients presented with GIB 
as their first symptom for CD (Tables 1 and 2).

In a group with flared CD (n = 2), one patient was di
agnosed as colonic CD for 2 mo. She was steroid depen
dent who required oral prednisolone 35 mg/d and azathi
oprine 1.5 mg/kg per day. She was admitted because of  
severe bleeding per rectum and developed orthostatic hy
potension. She required 4 units of  pack red cell for resus
citation during those 3 d of  hospitalization. Another pa
tient was diagnosed as ileocolonic CD for 7 mo. She had 
been taking budesonide 9 mg/d and mesalamine 2 g/d  
to control her CD before admission. She developed acute 
abdominal pain, fever and severe hematochezia. Her he
moglobin (Hb) dropped from 12 to 10 g/dL within 2 d. 
A unit of  pack red cell was required to maintain hemo
globin level. 

In patients who presented with hematochezia as their 
first CD symptom (n = 5), three of  the five patients had 
had abdominal pain and watery diarrhea for 1014 d prior 
to the present of  hematochezia. The other two presented 
initially with hematochezia without prior warning gastro
intestinal (GI) symptoms. All of  those denied the use of  
non-steroidal anti-inflammatory drugs (NSAIDs) prior to 
the presentation. Skin signs and symptoms that sugges
tive of  Behçet’s disease were not recognized in any.

The average baseline Hb was 12 ± 1.3 g/dL in all 
patients. Coagulogram and platelets count were normal. 
The average Creactive protein level was high (mean 14 ± 
18 mg/L; normal 06). Endoscopy and ileocolonoscopy 
were performed as the initial investigations. One patient 
with suspected proximal ileal bleeding underwent a dou
ble balloon enteroscopy. Endoscopic findings showed 
multiple discrete deep ulcers with either active oozing 
or visible vessel in all seven patients. Of  these, two pa
tients with visible vessel found on the ulcer underwent 
endoscopic hemostasis with hemoclipping. However, 
recurrent hematochezia developed in both and repeat 
endoscopy failed to indentify other source of  bleeding 
despite the inactive status of  previously clipped vessels. 
Bleeding sources located in the small bowel and mainly 
in the ileum without colonic source in five patients, while 
the other had pure colonic lesion. One patient had ulcers 
in both ileum and colon. Biopsies from Ileum and colon 
were done in all patients and they revealed acute and 
chronic inflammation. No granuloma was identified. All 
specimens were negative for inclusion body and Mycobac-
terium tuberculosis (by polymerase chain reaction).

Despite, an intravenous dexamethasone 5 mg was gi
ven at every 6 h for 35 d, all patients still had persistent 

hematochezia. Their mean Hb level dropped from 12 
± 1.3 g/dL to 8.7 ± 1.3 g/dL in a 3d period. Median 
packed red blood cells units needed for resuscitation was 
4 units. Because of  uncontrolled bleeding, surgical resec
tion was considered. Due to the poor surgical candidacy 
of  these patients (n = 3) and/or possible development of  
short bowel syndrome (n = 6), surgery was not pursued. 
Likewise angiographic embolization was not considered 
in any due to the risk of  large infarction from multiple 
areas of  embolization. Then infliximab (5 mg/kg) was 
infused instead. Infliximab rapidly stopped bleeding defi
nitely within 24 h in 6 patients. Another patient devel
oped recurrent bleeding after 3 d of  the first dose of  inf
liximab. Subsequently, bleeding ceased promptly after the 
second dose of  infliximab that administered at day tenth. 
Median doses of  infliximab were two. All underwent a 
follow-up ileo-colonoscopy that revealed a significant im
provement of  ileal and colonic ulceration (Figures 1 and 
2). At the 30d follow up, no patients reported recurrent 
bleeding.

DISCUSSION
In our case series, we identified CD patients with severe 
GIB presented as either the first manifestation or a flare 
up of  disease. None of  our patients had histories or find
ings suggestive of  NSAIDs induced ulcers or Behçet’
s disease. The common location of  ulcers in our series 
involved ileum, ileocolic region, colon and a combination 
of  all areas. The most common endoscopic findings were 
extensive multiple deep ulcers with or without active ooz
ing. Infliximab was used as a last resort for controlling 
bleeding after failure of  standard treatments. In fact, sur
gical treatment was considered in all cases, but it was not 
opted as mentioned earlier. Almost all patients responded 
promptly within 24 h after a single dose of  infliximab. 
Only one patient with ileocolonic CD needed the second 
dose to achieve definite hemostasis after the recurrent 
bleeding.

Management of  severe GIB in CD is problematic 
since there are multiple lesions with the possibility of  
bleeding from multiple sites. Endoscopy should be at
tempted in all patients, but only a quarter of  patients that 
the bleeding sites could be precisely identified[3]. Medical 
therapies such as steroids, azathioprine and mesalamine 
also have been reported to control bleeding, but the pro
mpt response is uncertain. Surgical resection is also a cru
cial therapy[46]. Recurrent bleeding was significantly lower 
in surgically treated patients (5.7%) compared with medi
cally treated patients (38.5%). However, there is a signifi
cant rate of  post operative and perioperative mortality at 
6.9%[7]. In addition, the risk of  developing short bowel 
syndrome after resection should be considered because 
these patients may have an extensive small bowel involve
ment[810]. Radiological intervention, one of  the alternative 
treatments for small bowel bleeding[11], can accidentally 
contribute to small bowel infarction after multiple area 
of  embolization. From those five series reported on GIB 
related to CD (n = 101), an angiographic embolization 
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No. Age
(yr)

Sex Duration 
of CD

Location Current 
treatment

Presenting 
symptom

Dropped rate of 
Hb (g/dL)

PRBC 
(unit)

Characteristic of 
lesion

Infliximab 
therapy

Bleeding 
controlled in

Follow-
up (mo)

1 11 F 2 mo Colon Prednisolone 
35 mg/d 

azathioprine

GIB (1 d) from 11 to 8 
in 3 d

4 Multiple deep 
colonic ulcers 

without oozing 

Infliximab 
5 mg/kg 

(single dose)

1 d 12

2 19 F 7 mo Ileocolon Budesonide 
9 mg/d 
5-ASA

GIB (1 d) from 12 to 10 
in 3 d

1 Multiple ileal 
and colonic ulcers 

with oozing

Infliximab 
5 mg/kg 
(d0, d10)

 10 d 10

Table 1  Clinical characteristics and outcomes of infliximab treatment in 2 Crohn’s disease patients with severe gastrointestinal 
bleeding as a flare-up disease

CD: Crohn’s disease; GIB: Gastrointestinal bleeding; Hb: Hemoglobin; 5-ASA: 5-aminosalicylates; PRBC: Packed red blood cell; F: Female. 

Table 2  Clinical characteristics and outcomes of infliximab treatment in 5 Crohn’s disease patients with severe gastrointestinal 
bleeding as a first presentation 

No. Age 
(yr)

Sex Presenting symptom Dropped rate of 
Hb (g/dL)

PRBC 
(unit)

Location Characteristic of 
lesion

Infliximab therapy Bleeding 
controlled in

Follow-
up (mo)

 1 59 M Diarrhea and abdominal 
pain (10 d) 
GIB (1 d)

from 10 to 8 
in 3 d

6 Ileum Multiple ileal ulcers 
with oozing and one 
visible vessel

Infliximab 5 mg/kg 
(d0, week 2)

1 d 24

 2 86 M GIB (1 d) from 12 to 8.5 
in 4 d

7 Ileum Multiple ileal ulcers 
with oozing

Infliximab 5 mg/kg 
(d0, week 2) 

1 d 36

 3 71 F Diarrhea and abdominal 
pain (10 d) 
GIB 

from 13 to 10 
in 3 d

3 ileum Multiple ileal ulcers 
with oozing

Infliximab 5 mg/kg 
(d0, week 2) 

1 d 12

 4 50 
yr

F Diarrhea and abdominal 
pain (14 d) 
GIB (1 d)

from 14 to 10 
in 3 d

2 Ileum and 
jejunum

Multiple ileal and 
jejunum ulcers 
with oozing

Infliximab 5 mg/kg 
(d0, week 2)

1 d 36

 5 71 
yr

M 1st episode GIB from ileal 
ulcer (1 mo)
Recurrent GIB (1 d)

from 11 to 6.5 
in 5 d

6 Ileum Multiple ileal ulcers  
with oozing and one 
visible vessel

Infliximab 5 mg/kg 
(single dose ) 

1 d 24

CD: Crohn’s disease; GIB: Gastrointestinal bleeding; Hb: Hemoglobin; 5-ASA: 5-aminosalicylates; PRBC: Packed red blood cell; M: Male; F: Female. 

Figure 1  Deep ileal ulcer (A) and completely healed ileal ulcer 6 wk after 
infliximab (B).

A

B

A

B

Figure 2  Ileal ulcer with hemoclips (A) and healing ileal ulcer 6 wk after 
infliximab (B). Note the clips still presented.

Aniwan S et al . Infliximab for CD with severe GIB



2733 June 7, 2012|Volume 18|Issue 21|WJG|www.wjgnet.com

was attempted only in one patient[13,12,13]. Unfortunately, 
that such patient subsequently necessitated surgery due 
to small bowel infarction after an ileocecal artery emboli
zation[3]. Angiography with intraarterial vasopressin infu
sion in case where embolization is not possible has previ
ously been proven to be successful in two CDs related 
GIB[14,15]. However, many side effects and complications 
could develop from this technique including hyperten
sion, coronary vasoconstriction, cardiac arrhythmia, and 
bowel infarction. To decrease the risk for bowel infarc
tion, it is advisable to use superselective angiographic 
embolization[16]. Although the risk of  bowel infarction 
may be decreased, this serious complication cannot be 
ignored. In experienced centers, bowel infarction still de
veloped in 5%24% of  lower GIB patients who treated 
with superselective mesenteric arterial embolization[17,18].

The pathogenesis of  hemorrhagic type CD remains 
unclear. One possible hypothesis is transmural inflam
mations leading to mucosal ulcers erode to blood vessels. 
On endoscopic examinations, all of  our patients had dif
fuse deep ulcers and majority of  them (86%) had active 
oozing. Since severe hemorrhage usually develops from 
ulcers eroding into blood vessels, any treatment that can 
rapidly heal the mucosa is an ideal therapeutic tool to 
control and prevent recurrent hemorrhage. AntiTNFα 
(infliximab) has been shown to induce rapid mucosal heal-
ing[19,20]. Therefore, infliximab has a possible role in treat
ing severe hemorrhagic CD. Moreover, the identification 
for precise bleeding site is not required since infliximab 
can systematically heal multiple small bowel ulcers.

To date, eleven CDs related GIB treated with inf
liximab from the seven series has been reported (Table 

Table 3  Successful control severe lower gastrointestinal bleeding in Crohn's disease with infliximab

Study Sex Age 
(yr)

Location Duration 
of 

disease

Current 
treatment

Presenting 
symptom

PRBC 
(unit)

Characteristic 
of 

lesion

Infliximab 
therapy

Bleeding 
controlled 

in

Follow-
up 

(mo)

Belaihe 
et al[26], 
2002

F 28 Ileocolon CD 3 yr Budesonide 
azathioprine

Lower GIB 5 Multiple deep ulcers at 
colon without bleeding 

stigmata

Infliximab 
5 mg/kg (d0, 

week 2, week 6)

14 d 5

F 59 colon CD 9 yr Prednisolone, 
metronidazole, 
ciprofloxacin

Lower GIB 4 Multiple deep ulcers at 
colon without bleeding 

stigmata

Infliximab 
5 mg/kg (single 

dose)

4 d 4

Papi 
et al[7], 
2003 

M 50 Ileocolon CD 
S/P resection 

and ileocolonic 
anastomosis due 

to bleeding

9 mo Prednisolone 
azathioprine

Lower 
GIB with 

hypovolumic 
shock

NA Deep ulcers at ileocolon 
anastomosis without 

bleeding stigmata

Infliximab 
5 mg/kg (d0, 

week 2, week 6)

NA 12

M 68 Ileum CD S/P 
ileal resection 

due to stricture 

24 yr Mesalamine Melena 4 Large ulcer at ileocolon 
anastomosis without 

bleeding stigmata

Infliximab 
5 mg/kg (d0, 

week 2, week 6)

NA 3

Tsujikawa 
et al[25], 
2004

M 31 Ileocolon CD S/P 
ileocolectomy due 
to ulcer bleeding

12 yr Salazosulfap 
yrimidine

Lower GIB NA Multiple ulcers at 
ileocolon anastomsosis 

and ileum without 
bleeding stigmata

Infliximab 
5 mg/kg (d0, 

week 2, week 6)

NA 4

Ando 
et al[22], 
2009

F 16 Colonic CD 1  yr Mesalamine 
prednisolone

Lower 
GIB with 

hypovolumic 
shock 

6 Multiple deep ulcers at 
colon with diffuse mucosal 

inflammation without 
bleeding stigmata

Infliximab 
5 mg/kg (d0, 

week 2, week 6)

3 d 12

Meyer 
et al[24], 
2009

F 19 Ileocolonic CD 6 yr Mesalamine 
prednisolone

Lower 
GIB with 

hypovolumic 
shock

4 Multiple ulcers at 
terminal ileum without 

bleeding stigmata

Infliximab 
5 mg/kg (d0, 

week 2, week 6)

NA 6

Julián 
Gómez 
et al[23], 
2010

M 44 Ileocolon CD S/P 
total colectomy 
with ileostomy 

due to toxic 
megacolon

NA NA Postop 
small bowel 

resection due 
to obstruction 

bleeding

10 Multiple deep ulcers 
at small bowel without 

bleeding stigmata

Infliximab 
5 mg/kg (d0, 

week 2, week 6) 
and maintenance 

dose

5 d 3

Alcalde 
Vargas 
et al[21], 
2011

M 27 Ileocolon CD 2 yr Mesalamine Massive lower 
GIB 

8 Multiple ulcers entire 
colon and abundant dark 

red blood at terminal 
ileum

Infliximab 
5 mg/kg (single 

dose)

4 d NA

F 36 Colon and 
perianal CD

NA Amoxicillin-
clavulanate 

metronidazole

Massive lower 
GIB 

12 Multiple deep ulcers 
entire colon and blood 

clots

Infliximab 
5 mg/kg (single 

dose)

6 d NA

M 24 Colon CD 1 mo Prednisolone Massive lower 
GIB 

5 Multiple deep ulcers entire 
colon and spontaneous 

bleeding mucosa

Infliximab 
5 mg/kg (single 

dose)

4 d NA

CD: Crohn’s disease; GIB: Gastrointestinal bleeding; PRBC: Packed red blood cell; M: Male; F: Female; NA: Not available.

Aniwan S et al . Infliximab for CD with severe GIB



2734 June 7, 2012|Volume 18|Issue 21|WJG|www.wjgnet.com

3)[7,2126]. Severe hematochezia was presented in eight flare-
up CD patients and the other three presented with hema
tochezia as their initial CD manifestation. Four patients 
previously had undergone for surgical treatment includ
ing ileocolectomy and total colectomy[7,23,25,26]. Colon and 
ileocolon were the most common locations of  GIB. Ileo
colonoscopy showed multiple discrete deep ulcers in all. 
Majority of  patients had more than one potential site of  
bleeding[7,2126]. The high risk bleeding stigmata was found 
in only one patient that presented with diffuse spontane
ous mucosal bleeding[21]. One patient underwent a total 
colectomy and small bowel resection, but the bleeding 
recurred[23]. No patient underwent angiographic therapy. 
Infliximab was administered as a last resource for uncon
trolled bleeding. Most of  patients responded to the first 
dose of  infliximab. Only one patient required the second 
dose of  infliximab on day fourteenth to control recurrent 
bleeding[26]. Six patients received three doses of  infliximab 
and another five received only a single dose of  infliximab. 
Maintenance with infliximab was considered only in one 
patient[23]. Surgery was not pursued in any[4,1520].

To our knowledge, we report the largest cases series 
of  severe GIB in CD in which infliximab had been used. 
Infliximab was able to control hemostasis as a result of  
rapid ulcer healing. Definite hemostasis was achieved after 
the first or second dose of  infliximab. Nevertheless, more 
further prospective studies are required to confirm the 
utilization of  infliximab for severe GIB in CD.

In conclusion, infliximab may be a good alternative 
treatment to control severe bleeding related to small bow
el and colonic ulcers in active CD especially in patients 
with high risk for surgery and/or high risk to develop a 
short bowel syndrome.
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Abstract
We evaluated the efficacy and tolerability of a dual the
rapy with rabeprazole and amoxicillin (AMX) as an em
piric thirdline rescue therapy. In patients with failure of 
firstline treatment with a proton pump inhibitor (PPI)
AMXclarithromycin regimen and secondline treatment 
with the PPIAMXmetronidazole regimen, a thirdline 
eradication regimen with rabeprazole (10 mg q.i.d.) and 
AMX (500 mg q.i.d.) was prescribed for 2 wk. Eradica
tion was confirmed by the results of the 13Curea breath 
test (UBT) at 12 wk after the therapy. A total of 46 pa
tients were included; however, two were lost to follow
up. The eradication rates as determined by perprotocol 
and intentiontotreat analyses were 65.9% and 63.0%, 
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respectively. The pretreatment UBT results in the sub
jects showing eradication failure; those patients show
ing successful eradication comprised 32.9 ± 28.8 permil 
and 14.8 ± 12.8 permil, respectively. The pretreatment 
UBT results in the subjects with eradication failure were 
significantly higher than those in the patients with suc
cessful eradication (�  = 0.019). A low pretreatment 
UBT result (≤ 28.5 permil) predicted the success of the 
eradication therapy with a positive predictive value of 
81.3% and a sensitivity of 89.7%. Adverse effects were 
reported in 18.2% of the patients, mainly diarrhea and 
stomatitis. Dual therapy with rabeprazole and AMX ap
pears to serve as a potential empirical thirdline strat
egy for patients with low values on pretreatment UBT.

© 2012 Baishideng. All rights reserved.
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TO THE EDITOR
Eradication of  Helicobacter pylori (H. pylori) has been re-
ported as an effective strategy in the treatment of  peptic 
ulcers and gastric mucosa-associated lymphoid tissue 
lymphomas and also prevents the recurrence of  gastric 
cancer after endoscopic resection[1-7]. The first-line regi-
men for the treatment of H. pylori infection in Japan is 
triple therapy with a proton pump inhibitor (PPI), amoxi-
cillin (AMX) and clarithromycin (CLR) administered 
for 7 d. Failure of  this first-line therapy against H. pylori 
infection has been reported in approximately 20% of  
infected patients[8,9]. With the increase in the frequency 
of  CLR-resistant H. pylori, there is rising concern about 
the potential decline in the eradication rate of  this infec-
tion[10]. Although therapy with PPI-AMX-metronidazole 
(MNZ) administered for 1 wk has been found to be ef-
fective as a second-line regimen in patients failing the 

first-line regimen, approximately 10% of  patients fail to 
respond to even second-line treatment, necessitating the 
establishment of  an alternative third-line strategy for the 
effective eradication of  H. pylori[3,11].

Although H. pylori bacteria easily develop resistance 
to CLR and MNZ, H. pylori has been considered to sel-
dom become resistant to AMX. AMX is the preferred 
antibiotic because it is bactericidal and resistance is rare; 
therefore, it can be used again after treatment failure[8]. 
A number of  studies have suggested that good success 
rates for H. pylori eradication could be obtained with 
AMX and PPI dual therapy if  the effective PPI dose 
and frequency of  administration were increased[12]. The 
majority of  patients who experience two eradication fail-
ures have the rapid metabolizer genotype of  CYP2C19. 
Because omeprazole and lansoprazole are extensively 
metabolized by CYP2C19 in this genotype, their plasma 
concentrations will not attain levels sufficient to inhibit 
acid secretion, and therefore, antibiotics such as AMX 
will be less stable in the stomach, resulting in a lower 
eradication rate[13]. The PPI rabeprazole is a substitute 
of  benzimidazole. CYP2C19 is less involved in the me-
tabolism of  rabeprazole than in that of  omeprazole and 
lansoprazole[14]. Moreover, rabeprazole has a greater and 
more rapid acid-inhibitory effect than does omeprazole. 
Several reports on the pharmacokinetics and pharma-
codynamic characteristics of  PPIs have indicated that a 
sufficient plasma concentration of  PPIs can be achieved 
in patients with the rapid metabolizer genotype of  CY-
P2C19 by frequent PPI dosing[12,15]. Furuta et al[16] recently 
reported an excellent eradication rate of  87.8% following 
dual therapy with rabeprazole 4 times/day and AMX as 
a third-line rescue. However, their study was completed 
at only one or two centers. Our study was designed as a 
prospective, multicenter trial with the participation of  16 
Japanese hospitals affiliated with the National Hospital 
Organization to investigate the efficacy of  dual therapy 
with 4 times daily dosing of  rabeprazole and AMX as 
empiric third-line rescue therapy. 

A total of  46 patients (26 males, 20 females; age 60.7 
± 12.9 years, mean ± SD) referred to us between January 
2009 and January 2012 were enrolled. Endoscopic exami-
nations were conducted before treatment in all patients, 
and H. pylori positivity was confirmed by histology, stool 
antigen test, H. pylori-specific IgG antibodies or the 13C-
urea breath test. All patients had a history of  two treat-
ment failures (first-line treatment used: triple therapy with 
PPI- AMX-CLR for 7 d; second-line treatment used; tri-
ple therapy with PPI-AMX-MNZ for 7 d). The exclusion 
criteria in this study were (1) age < 18 years; (2) presence 
of  clinically significant underlying disease (hepatic or renal 
disease, diabetes mellitus); (3) history of  gastric surgery; 
and (4) allergy to any of  the drugs used in the study. H. 
pylori eradication failure was defined as a positive 13C-urea 
breath test (UBT) at the end of  12 wk after completion 
of  treatment. The 13C-urea used was 100 mg 13C-labelled 
urea, produced by Otsuka pharmaceutical Co., LTD, Ja-
pan. The procedure was modified from the European 
standard protocol for the detection of H. pylori[17]. We 
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chose 2.5 permil for cut-off  level of  the rise in the delta 
value of  13CO2 at 15 min after the ingestion of  13C-urea.

The treatment regimen was rabeprazole 10 mg q.i.d. 
and AMX 500 mg q.i.d. administered for 2 wk. Partici-
pants were requested to return at the conclusion of  the 
therapy for an interview regarding any adverse events. 
Successful H. pylori eradication was defined as a nega-
tive UBT at the end of  12 wk after completion of  treat-
ment. Statistical analyses were performed using the chi-
square, Fisher’s exact and Student’s t tests, as appropriate. 
P values of  less than 0.05 were accepted as representing 
statistical significance. The study was conducted with the 
approval of  the Ethics Committee of  the National Hos-
pital Organization Tokyo Medical Center, and informed 
consent was obtained from all patients prior to the ex-
aminations. The clinical trial registration number of  the 
University Hospital Medical Information Network was 
R000003204.

Of  the 46 patients enrolled, 2 dropped out of  the 
study, leaving 44 patients in the per protocol (PP) set. 
H. pylori eradication was confirmed in 29 patients, rep-
resenting an eradication rate of  63.0% [95% confidence 
intervals (CI): 47.6%-76.8%] by intention-to-treat (ITT) 
analysis and 65.9% (95% CI: 50.1%-79.5%) by PP analysis 
(Table 1). Patient compliance with the prescribed treat-
ment was excellent. Adverse events were recorded in 8 
patients (18.2%; 95% CI: 8.2%-32.7%). Six patients had 
mild diarrhea or soft stools but went on to complete the 
study. Two patients developed stomatitis. 

Because the numerical results of  the UBT are a func-
tion of  the total urease activity within the stomach, they 
represent a quantitative index of  the density of  gastric  
H. pylori colonization[18]. As a low pretreatment UBT val-
ue could be one of  the predictive factors for eradication 
success, the pretreatment UBT value was analyzed. The 
pretreatment UBT results in the subjects with eradication 
failure and in those with successful eradication were 32.9 
± 28.8 and 14.8 ± 12.8 (permil, mean ± SD), respectively. 
The results of  the statistical analysis showed that the pre-
treatment UBT results in the subjects with eradication 
failure were significantly higher than those in the patients 
with successful eradication (P = 0.019, effect size 0.81). 
We plotted original receiver operator characteristic (ROC) 

curves for the pretreatment UBT results to establish the 
appropriate cutoff  value. According to the ROC curves, 
the optimal cutoff  value in our population was 28.5. 
When patients were assigned to two groups (UBT results 
≤ 28.5 permil and > 28.5 permil), the eradication rates 
were 81.3% (26/32) and 25.0% (3/12), respectively (P = 
0.001). A low pre-treatment UBT value (≤ 28.5 permil) 
predicted the success of  the eradication therapy with 
a sensitivity of  89.7 %, specificity of  60.0 %, positive 
predictive value of  81.3%, negative predictive value of  
75.0% and accuracy of  79.5%.

Currently, a standard third-line therapy still remains 
to be established. H. pylori isolates after two eradication 
failures are often resistant to both MNZ and CLR. The 
alternative candidates for third-line therapy are fluoro-
quinolones-AMX-PPI, rifabutin-AMX-PPI, and high-
dose PPI/AMX therapy[2,19-21]. Gisbert et al[22] conducted 
a prospective multicenter study to evaluate the outcomes 
of  treatment with a third-line levofloxacin-based regi-
men. The patients were treated for 10 d with a regimen 
consisting of  omeprazole, levofloxacin and AMX. The 
eradication rates as determined by PP and ITT analyses 
were 66% and 60%, respectively. However, resistance to 
fluoroquinolones has been shown to be easily acquired, 
and in countries with a high rate of  use of  these drugs, 
the resistance rates are relatively high. González Carro 
et al[23] evaluated the efficacy of  a third-line rifabutin-
based triple therapy. The patients were treated with PPI, 
rifabutin and AMX for 10 d. The eradication rates as de-
termined by PP and ITT analyses were 62.2% and 60.8%, 
respectively. However, it has been suggested that the use 
of  rifabutin be reserved for the treatment of  multidrug-
resistant Mycobacterium tuberculosis strains[24].

Our results for the dual therapy with 4 times daily 
dosing of  rabeprazole and AMX for 14 d, which yielded 
eradication rates in the PP and ITT analyses of  65.9% 
and 63.0%, were as successful as other empiric third-line 
therapy regimens. In particular, a low pretreatment UBT 
result (≤ 28.5 permil) predicted the success of  the eradi-
cation therapy with a positive predictive value of  81.3%, 
sensitivity of  89.7% and specificity of  60.0%, so the 
dual therapy appeared to serve as a promising option for 
empiric third-line rescue therapy in patients with a low 
pretreatment UBT value.

We recently reported the resistant rates of  H. pylori to 
AMX. The resistance rates to AMX (MIC ≥ 0.06 μg/mL)  
in the groups with no history of  eradication treatment, 
a history of  one treatment failure, and a history of  two 
treatment failures were 13.6%, 26.5% and 49.5%, respec-
tively. The MIC90 of  AMX increased by 2-fold after each 
eradication failure[25]. Resistance to AMX in H. pylori was 
gradually induced after unsuccessful eradication. Because 
the AMX resistance rate after two treatment failures was 
relatively high, the eradication rate of  the present study 
was lower than that of  previous report by Furuta et al[16]. 
Therefore, antimicrobial susceptibility testing of  H. pylori 
is desirable before the selection of  a suitable third-line 
therapy, although the culture-based antibiotic susceptibil-

 Table 1  Demographic characteristics of the patients and the 
results of eradication therapy

Characteristics Total 

(n  = 46)

Eradication 
success 

(n  = 29)

Eradication 
failure 

(n  = 15)

P
 value

Age (mean ± SD, yr) 60.7 ± 12.9 59.8 ± 13.4 60.8 ± 12.1 0.813
Sex (male/female) 26/20 15/14 10/5 0.530
Diagnosis (GU/DU/CG) 23/15/8 15/10/4 8/3/4 0.450
Pretreatment UBT 20.4 ± 21.2 14.8 ± 12.8 32.9 ± 28.8 0.019
Eradication rate (ITT) % 63.0
Eradication rate (PP) % 65.9

GU: Gastric ulcer; DU: Duodenal ulcer; CG: Chronic gastritis; UBT: Urea 
breath test; ITT: Intention-to-treat; PP: Per protocol. 
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ity testing for H. pylori is expensive, time-consuming, and 
not always available on a routine basis[26]. There are sever-
al limitations to our study. First, our eradication study was 
single armed using the dual therapy, and different doses 
or superiority over quinolone-based therapy was not 
evaluated. Second, we did not examine the in vitro suscep-
tibility in patients treated with the dual therapy. Thus, in 
vitro resistance to AMX was not elucidated. These issues 
should be re-evaluated in future studies.

Finally, although we did not achieve excellent eradi-
cation success, the dual therapy appeared to serve as a 
promising option for empiric third-line rescue therapy 
in patients with low pretreatment UBT values. The an-
timicrobial susceptibility testing of  H. pylori is desirable 
before the selection of  a suitable third-line therapy in 
patients with high pretreatment UBT values.
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free, full-text articles in PDF and other formats for experts and 
the public without registration, which eliminates the obstacle 
that traditional journals possess and usually delays the speed 
of  the propagation and communication of  scientific research 
results. The open access model has been proven to be a true ap-
proach that may achieve the ultimate goal of  the journals, i.e. the 
maximization of  the value to the readers, authors and society.

Maximization of personal benefits
The role of  academic journals is to exhibit the scientific levels of  
a country, a university, a center, a department, and even a scien-
tist, and build an important bridge for communication between 
scientists and the public. As we all know, the significance of  the 
publication of  scientific articles lies not only in disseminating and 
communicating innovative scientific achievements and academic 
views, as well as promoting the application of  scientific achieve-
ments, but also in formally recognizing the “priority” and “copy-
right” of  innovative achievements published, as well as evaluating 
research performance and academic levels. So, to realize these 
desired attributes of  WJG and create a well-recognized journal, the 
following four types of  personal benefits should be maximized. 
The maximization of  personal benefits refers to the pursuit of  the 
maximum personal benefits in a well-considered optimal manner 
without violation of  the laws, ethical rules and the benefits of  oth-
ers. (1) Maximization of  the benefits of  editorial board members: 
The primary task of  editorial board members is to give a peer re-
view of  an unpublished scientific article via online office system to 
evaluate its innovativeness, scientific and practical values and deter-
mine whether it should be published or not. During peer review, 
editorial board members can also obtain cutting-edge information 
in that field at first hand. As leaders in their field, they have prior-
ity to be invited to write articles and publish commentary articles. 
We will put peer reviewers’ names and affiliations along with the 
article they reviewed in the journal to acknowledge their contribu-
tion; (2) Maximization of  the benefits of  authors: Since WJG is 
an open-access journal, readers around the world can immediately 
download and read, free of  charge, high-quality, peer-reviewed 
articles from WJG official website, thereby realizing the goals and 
significance of  the communication between authors and peers as 
well as public reading; (3) Maximization of  the benefits of  readers: 
Readers can read or use, free of  charge, high-quality peer-reviewed 
articles without any limits, and cite the arguments, viewpoints, 
concepts, theories, methods, results, conclusion or facts and data 
of  pertinent literature so as to validate the innovativeness, scientific 
and practical values of  their own research achievements, thus en-
suring that their articles have novel arguments or viewpoints, solid 

evidence and correct conclusion; and (4) Maximization of  the ben-
efits of  employees: It is an iron law that a first-class journal is un-
able to exist without first-class editors, and only first-class editors 
can create a first-class academic journal. We insist on strengthening 
our team cultivation and construction so that every employee, in 
an open, fair and transparent environment, could contribute their 
wisdom to edit and publish high-quality articles, thereby realiz-
ing the maximization of  the personal benefits of  editorial board 
members, authors and readers, and yielding the greatest social and 
economic benefits.

Aims and scope
The major task of  WJG is to report rapidly the most recent re-
sults in basic and clinical research on esophageal, gastrointestinal, 
liver, pancreas and biliary tract diseases, Helicobacter pylori, endos-
copy and gastrointestinal surgery, including: gastroesophageal 
reflux disease, gastrointestinal bleeding, infection and tumors; 
gastric and duodenal disorders; intestinal inflammation, micro-
flora and immunity; celiac disease, dyspepsia and nutrition; viral 
hepatitis, portal hypertension, liver fibrosis, liver cirrhosis, liver 
transplantation, and metabolic liver disease; molecular and cell 
biology; geriatric and pediatric gastroenterology; diagnosis and 
screening, imaging and advanced technology.

Columns
The columns in the issues of  WJG will include: (1) Editorial: To 
introduce and comment on major advances and developments in 
the field; (2) Frontier: To review representative achievements, com-
ment on the state of  current research, and propose directions for 
future research; (3) Topic Highlight: This column consists of  three 
formats, including (A) 10 invited review articles on a hot topic, (B) 
a commentary on common issues of  this hot topic, and (C) a com-
mentary on the 10 individual articles; (4) Observation: To update 
the development of  old and new questions, highlight unsolved 
problems, and provide strategies on how to solve the questions; 
(5) Guidelines for Basic Research: To provide guidelines for basic 
research; (6) Guidelines for Clinical Practice: To provide guidelines 
for clinical diagnosis and treatment; (7) Review: To review systemi-
cally progress and unresolved problems in the field, comment 
on the state of  current research, and make suggestions for future 
work; (8) Original Article: To report innovative and original find-
ings in gastroenterology; (9) Brief  Article: To briefly report the 
novel and innovative findings in gastroenterology and hepatology; 
(10) Case Report: To report a rare or typical case; (11) Letters to the 
Editor: To discuss and make reply to the contributions published 
in WJG, or to introduce and comment on a controversial issue of  
general interest; (12) Book Reviews: To introduce and comment on 
quality monographs of  gastroenterology and hepatology; and (13) 
Guidelines: To introduce consensuses and guidelines reached by 
international and national academic authorities worldwide on basic 
research and clinical practice gastroenterology and hepatology.
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SPECIAL STATEMENT
All articles published in this journal represent the viewpoints 
of  the authors except where indicated otherwise.

Biostatistical editing
Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics from to evaluate the statistical method 
used in the paper, including t-test (group or paired comparisons), 
chi-squared test, Ridit, probit, logit, regression (linear, curvilinear, 
or stepwise), correlation, analysis of  variance, analysis of  covari-
ance, etc. The reviewing points include: (1) Statistical methods 
should be described when they are used to verify the results; (2) 
Whether the statistical techniques are suitable or correct; (3) Only 

homogeneous data can be averaged. Standard deviations are pre-
ferred to standard errors. Give the number of  observations and 
subjects (n). Losses in observations, such as drop-outs from the 
study should be reported; (4) Values such as ED50, LD50, IC50 
should have their 95% confidence limits calculated and compared 
by weighted probit analysis (Bliss and Finney); and (5) The word 
‘significantly’ should be replaced by its synonyms (if  it indicates 
extent) or the P value (if  it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any 
potential bias, WJG requires authors of  all papers to declare any 
competing commercial, personal, political, intellectual, or religious 
interests in relation to the submitted work. Referees are also asked 
to indicate any potential conflict they might have reviewing a 
particular paper. Before submitting, authors are suggested to read 
“Uniform Requirements for Manuscripts Submitted to Biomedi-
cal Journals: Ethical Considerations in the Conduct and Reporting 
of  Research: Conflicts of  Interest” from International Committee 
of  Medical Journal Editors (ICMJE), which is available at: http://
www.icmje.org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for 
serving as a speaker, a consultant and an advisory board member 
for [names of  organizations], and has received research funding 
from [names of  organization]. [Name of  individual] is an employ-
ee of  [name of  organization]. [Name of  individual] owns stocks 
and shares in [name of  organization]. [Name of  individual] owns 
patent [patent identification and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all hu-
man studies have been reviewed by the appropriate ethics com-
mittee or it should be stated clearly in the text that all persons 
gave their informed consent prior to their inclusion in the study. 
Details that might disclose the identity of  the subjects under 
study should be omitted. Authors should also draw attention to 
the Code of  Ethics of  the World Medical Association (Declara-
tion of  Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should 
follow the highest standards and the trial should conform to 
Good Clinical Practice (for example, US Food and Drug Admin-
istration Good Clinical Practice in FDA-Regulated Clinical Trials; 
UK Medicines Research Council Guidelines for Good Clinical 
Practice in Clinical Trials) and/or the World Medical Association 
Declaration of  Helsinki. Generally, we suggest authors follow 
the lead investigator’s national standard. If  doubt exists whether 
the research was conducted in accordance with the above stan-
dards, the authors must explain the rationale for their approach 
and demonstrate that the institutional review body explicitly ap-
proved the doubtful aspects of  the study. 

Before submitting, authors should make their study ap-
proved by the relevant research ethics committee or institutional 
review board. If  human participants were involved, manuscripts 
must be accompanied by a statement that the experiments were 
undertaken with the understanding and appropriate informed 
consent of  each. Any personal item or information will not be 
published without explicit consents from the involved patients. 
If  experimental animals were used, the materials and methods 
(experimental procedures) section must clearly indicate that ap-
propriate measures were taken to minimize pain or discomfort, 
and details of  animal care should be provided. 
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SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, 
and start each of  the following sections on a new page: Title 
Page, Abstract, Introduction, Materials and Methods, Results, 
Discussion, Acknowledgements, References, Tables, Figures, 
and Figure Legends. Neither the editors nor the publisher are 
responsible for the opinions expressed by contributors. Manu-
scripts formally accepted for publication become the permanent 
property of  Baishideng Publishing Group Co., Limited, and may 
not be reproduced by any means, in whole or in part, without the 
written permission of  both the authors and the publisher. We 
reserve the right to copy-edit and put onto our website accepted 
manuscripts. Authors should follow the relevant guidelines for 
the care and use of  laboratory animals of  their institution or 
national animal welfare committee. For the sake of  transparency 
in regard to the performance and reporting of  clinical trials, we 
endorse the policy of  the ICMJE to refuse to publish papers 
on clinical trial results if  the trial was not recorded in a publicly-
accessible registry at its outset. The only register now available, to 
our knowledge, is http://www.clinicaltrials.gov sponsored by the 
United States National Library of  Medicine and we encourage 
all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. 
A letter of  recommendation from each author’s organization 
should be provided with the contributed article to ensure the pri-
vacy and secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be 
returned to the author(s) and the editors will not be responsible 
for loss or damage to photographs and illustrations sustained dur-
ing mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/1007-9327office. Authors 
are highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit on-
line. For assistance, authors encountering problems with the On-
line Submission System may send an email describing the prob-
lem to wjg@wjgnet.com, or by telephone: +86-10-5908-0039. If  
you submit your manuscript online, do not make a postal contri-
bution. Repeated online submission for the same manuscript is 
strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must 
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required in-
formation for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should 
be provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it critically 

for important intellectual content; and (3) final approval of  the 
version to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the com-
plete name of  institution, city, province and postcode. For ex-
ample, Xu-Chen Zhang, Li-Xin Mei, Department of  Pathology, 
Chengde Medical College, Chengde 067000, Hebei Province, 
China. One author may be represented from two institutions, 
for example, George Sgourakis, Department of  General, Viscer-
al, and Transplantation Surgery, Essen 45122, Germany; George 
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red 
Cross Hospital, Athens 15451, Greece.

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g. Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, 
affiliation, the complete name of  institution, city, postcode, prov-
ince, country, and email. All the letters in the email should be in 
lower case. A space interval should be inserted between country 
name and email address. For example, Montgomery Bissell, MD, 
Professor of  Medicine, Chief, Liver Center, Gastroenterology 
Division, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, 
e.g. Telephone: +86-10-59080039 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts 
are acknowledged in each manuscript, and reviewers of  articles 
which were not accepted will be acknowledged at the end of  
each issue. To ensure the quality of  the articles published in WJG, 
reviewers of  accepted manuscripts will be announced by publish-
ing the name, title/position and institution of  the reviewer in the 
footnote accompanying the printed article. For example, review-
ers: Professor Jing-Yuan Fang, Shanghai Institute of  Digestive 
Disease, Shanghai, Affiliated Renji Hospital, Medical Faculty, 
Shanghai Jiaotong University, Shanghai, China; Professor Xin-
Wei Han, Department of  Radiology, The First Affiliated Hospital, 
Zhengzhou University, Zhengzhou, Henan Province, China; and 
Professor Anren Kuang, Department of  Nuclear Medicine, Huaxi 
Hospital, Sichuan University, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no less than 256 words) and 
structured abstracts (no less than 480). The specific require-
ments for structured abstracts are as follows: 

An informative, structured abstracts of  no less than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. 
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AIM (no more than 20 words): Only the purpose should be 
included. Please write the aim as the form of  “To investigate/
study/…”; MATERIALS AND METHODS (no less than 140 
words); RESULTS (no less than 294 words): You should present 
P values where appropriate and must provide relevant data to 
illustrate how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, 
P < 0.001; CONCLUSION (no more than 26 words). 

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  arti-
cles, the main text should be structured into the following sec-
tions: INTRODUCTION, MATERIALS AND METHODS, 
RESULTS and DISCUSSION, and should include appropri-
ate Figures and Tables. Data should be presented in the main 
text or in Figures and Tables, but not in both. The main text 
format of  these sections, editorial, topic highlight, case report, 
letters to the editors, can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315215714.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clear-
ly in the main text. Provide a brief  title for each figure on a sep-
arate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; 
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements 
compiled is necessary in line-art image. Scale bars should be 
used rather than magnification factors, with the length of  
the bar defined in the legend rather than on the bar itself. 
File names should identify the figure and panel. Avoid layer-
ing type directly over shaded or textured areas. Please use 
uniform legends for the same subjects. For example: Figure 1 
Pathological changes in atrophic gastritis after treatment. A:...; 
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish 
high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. De-
tailed legends should not be included under tables, but rather 
added into the text where applicable. The information should 
complement, but not duplicate the text. Use one horizontal line 
under the title, a second under column heads, and a third below 
the Table, above any footnotes. Vertical and italic lines should be 
omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. 
aP < 0.05, bP < 0.01 should be noted (P > 0.05 should not be 
noted). If  there are other series of  P values, cP < 0.05 and dP 
< 0.01 are used. A third series of  P values can be expressed as 
eP < 0.05 and fP < 0.01. Other notes in tables or under illustra-
tions should be expressed as 1F, 2F, 3F; or sometimes as other 
symbols with a superscript (Arabic numerals) in the upper left 
corner. In a multi-curve illustration, each curve should be la-

beled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.
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20020103498. 2002 Aug 1

Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test 
as χ2 (in Greek), related coefficient as r (in italics), degree of  free-
dom as υ (in Greek), sample number as n (in italics), and probabil-
ity as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and 
on first mention in the text. In general, terms should not be ab-
breviated unless they are used repeatedly and the abbreviation 
is helpful to the reader. Permissible abbreviations are listed in 
Units, Symbols and Abbreviations: A Guide for Biological and 
Medical Editors and Authors (Ed. Baron DN, 1988) published 
by The Royal Society of  Medicine, London. Certain commonly 
used abbreviations, such as DNA, RNA, HIV, LD50, PCR, 
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP, 
EDTA, mAb, can be used directly without further explanation.

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

Examples for paper writing
Editorial: http://www.wjgnet.com/1007-9327/g_info_20100315 
220036.htm

Frontier: http://www.wjgnet.com/1007-9327/g_info_20100315 
220305.htm

Topic highlight: http://www.wjgnet.com/1007-9327/g_info_20 
100315220601.htm

Observation: http://www.wjgnet.com/1007-9327/g_info_201003 
12232427.htm

Guidelines for basic research: http://www.wjgnet.com/1007-93 
27/g_info_20100315220730.htm
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Guidelines for clinical practice: http://www.wjgnet.com/1007- 
9327/g_info_20100315221301.htm

Review: http://www.wjgnet.com/1007-9327/g_info_20100315 
221554.htm

Original articles: http://www.wjgnet.com/1007-9327/g_info_20 
100315221814.htm

Brief  articles: http://www.wjgnet.com/1007-9327/g_info_2010 
0312231400.htm

Case report: http://www.wjgnet.com/1007-9327/g_info_2010 
0315221946.htm

Letters to the editor: http://www.wjgnet.com/1007-9327/g_info_ 
20100315222254.htm

Book reviews: http://www.wjgnet.com/1007-9327/g_info_2010 
0312231947.htm

Guidelines: http://www.wjgnet.com/1007-9327/g_info_2010 
0312232134.htm

RESUBMISSION OF THE REVISED 
MANUSCRIPTS
Please revise your article according to the revision policies of  
WJG. The revised version including manuscript and high-resolu-
tion image figures (if  any) should be re-submitted online (http://
www.wjgnet.com/1007-9327office/). The author should send 
the copyright transfer letter, responses to the reviewers, English 
language Grade B certificate (for non-native speakers of  English) 
and final manuscript checklist to wjg@wjgnet.com.

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor 
language polishing; (3) Grade C: a great deal of  language polish-
ing needed; and (4) Grade D: rejected. Revised articles should 
reach Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://

www.wjgnet.com/1007-9327/g_info_20100315222818.htm.

Responses to reviewers
Please revise your article according to the comments/sugges-
tions provided by the reviewers. The format for responses to 
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm.

Proof of financial support
For paper supported by a foundation, authors should provide 
a copy of  the document and serial number of  the foundation.

Links to documents related to the manuscript 
WJG will be initiating a platform to promote dynamic interac-
tions between the editors, peer reviewers, readers and authors. 
After a manuscript is published online, links to the PDF version 
of  the submitted manuscript, the peer-reviewers’ report and the 
revised manuscript will be put on-line. Readers can make com-
ments on the peer reviewer’s report, authors’ responses to peer 
reviewers, and the revised manuscript. We hope that authors will 
benefit from this feedback and be able to revise the manuscript 
accordingly in a timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.eurekalert.org). The title for 
news items should be less than 90 characters; the summary should 
be less than 75 words; and main body less than 500 words. Science 
news items should be lawful, ethical, and strictly based on your 
original content with an attractive title and interesting pictures.

Publication fee
WJG is an international, peer-reviewed, Open-Access, online jour-
nal. Articles published by this journal are distributed under the 
terms of  the Creative Commons Attribution Non-commercial 
License, which permits use, distribution, and reproduction in any 
medium, provided the original work is properly cited, the use is 
non commercial and is otherwise in compliance with the license. 
Authors of  accepted articles must pay a publication fee. The 
related standards are as follows. Publication fee: 1300 USD per 
article. Editorial, topic highlights, book reviews and letters to the 
editor are published free of  charge.
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