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Abstract
Hepatitis C virus (HCV) hepatitis and other diseases re-
lated to HCV, such as cryoglobulinemia, lymphoma and 
renal failure, impair health-related quality of life (HR-
QoL). In addition, HCV per se  might directly influence 
HRQoL via  colonization of microglia in the brain or, indi-
rectly, via  the effect of systemic inflammatory cytokines 
which, in turn, can trigger brain interleukin production. 
The treatment of HCV-related disorders with interferon 
(IFN) has an effect on HRQoL. Initially, IFN causes a 
transient deterioration of HRQoL, due to the induction 
of depression and other side effects of treatment. Sub-
sequently, the subjects who obtain a sustained virologic 
response experience an improvement in HRQoL. Only 
rarely does interferon treatment causes permanent det-
rimental effects on HRQoL, due to residual psychiatric 
or neurologic side effects. Liver transplantation is the 
only treatment for end-stage HCV-related liver disease. 
HRQoL generally improves massively a few months af-
ter transplantation, except in the case of serious com-
plications of the transplant procedure. Furthermore, 
high levels of anxiety and neuroticism pre-transplant 
are associated with lower HRQoL one year after trans-
plant. Additionally, six months after transplant, patients 

with HCV who experience virologic recurrence show 
significantly greater depression, anxiety, phobic anxiety, 
and paranoid ideation than anti-HCV-negative patients. 
In conclusion, optimal care for the overall well-being of 
patients with HCV infection requires adequate knowl-
edge of their neurological and psychological status. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
The concept of  quality of  life (QoL) is an attempt to 
define, in analyzable terms, the effect of  functional out-
come of  a disease and its treatment on the patient. What 
emerges should be a functional definition that is measur-
able over time. The questions that are included in the 
evaluation of  QoL are drawn from various domains of  
the experience of  the patient and should, therefore, rep-
resent in the most complete way his/her self-perception 
concerning physical, psychological, relational and work-
ing experience. This conceptualization is based on the 
World Health Organization definition of  health as “A 
state of  complete physical, mental, and social well-being 
and not merely the absence of  disease or infirmity”. This 
definition is so broad that it includes elements which are 
beyond the traditional domain of  medicine and health 
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caring systems. Opportunity, education, spiritual atti-
tudes, social security, working satisfaction, social relation-
ships, goods availability are elements of  QoL that are 
independent of  medicine. What we deal with, by using 
the concept of  health-related quality of  life (HRQoL), is 
the functional effect of  an illness and of  its therapy on 
an individual. 

Four broad domains contribute to HRQoL: (1) so-
matic sensations; (2) psychological state; (3) social inter-
actions; and (4) physical and occupational functions. 

Various questionnaires, if  possible self-administered, 
have been developed to assess HRQoL. They are sub-
divided into generic tools, which encompass a global 
overview of  the above-mentioned domains, and specific 
tools which are oriented to the peculiar consequences of  
a disease or a class of  diseases. 

The interest of  HRQoL assessment in relation to 
hepatitis C virus (HCV) infection depends firstly on the 
acknowledgment that HCV infection is a major public 
health problem. It has been estimated that about 3% of  
humans in the word are infected by the HCV[1]. In Eu-
rope, it is estimated that there are approximately 5 million 
HCV carriers; the peak prevalence among individuals is 
in the fifth decade of  age[2]. Therefore, HCV infection 
mainly involves adults in the period of  their active life. 

About 10%-20% of  the individuals who are chroni-
cally infected by HCV are likely to develop liver cirrhosis 
over a median period of  about 30 years[3] and, out of  the 
HCV-infected patients with liver cirrhosis, 2%-6% per 
year develop hepatocellular carcinoma[4]. In addition, a mi-
nority of  subjects will develop immunological disorders, 
such as cryoglobulinemia and lymphoma[5]. Obviously all 
these individuals will suffer from symptoms due to the 
diseases caused by HCV infection (but that can also have 
other causes), rather than from the virus infection per se. 

Decompensated liver cirrhosis, the final stage of  cir-
rhosis, has an ominous consequence both on survival[6,7] 
and on HRQoL[8]. This group of  subjects display obvi-
ous limitations to HRQoL that are mainly related to the 
consequences of  liver insufficiency and portal hyperten-
sion (i.e., hepatic encephalopathy, ascites, upper intestinal 
tract bleeding, sexual dysfunction, lower leg cramps and 
itch)[8]. However, the number of  subjects with these com-
plications of  end-stage liver disease is relatively small, 
compared with the vast majority of  patients having HCV 
in the absence of  clinically significant liver disease. 

Despite the initial idea that the majority of  patients 
with HCV infection have merely asymptomatic seroposi-
tivity, some data suggest that HCV itself  may diminish 
HRQoL even in the absence of  advanced liver disease, 
perhaps due to HCV brain colonization or to systemic 
activation of  cytokines which, in turn, influence brain cy-
tokine production and neurotransmission. 

Other important issues concerning HRQoL in HCV-
infected patients are those related to the side effects of  
interferon (IFN) treatment and to liver transplantation, 
which is the treatment of  choice of  end-stage liver dis-
ease (Figure 1).

HCV INFECTION PER SE
The issue of  whether HCV infection per se (i.e., indepen-
dent of  the development of  liver disease or other severe 
organic diseases related to HCV infection) may have an 
effect of  HRQoL is a focus of  debate. Several studies re-
ported that patients with chronic HCV have a significant 
reduction in their HRQoL that is not related to the sever-
ity of  the liver disease[9]. 

Depression can account for a reduction of  HRQoL, 
since HRQoL depends on a patient’s self-perception and 
evaluation. Therefore, any change in mood can obvi-
ously influence HRQoL. The prevalence of  depression 
in HCV-infected individuals was reported to be higher 
than that in the general population (59% vs 21%)[10]. It 
should be noted, however, that depressive symptoms in 
patients with HCV infection might be due to pre-existing 
psychiatric disorders, to a reaction to the awareness of  
being infected, to adverse biological effects of  HCV and, 
finally, to the consequences of  liver disease; at least in the 
individuals who develop severe chronic hepatitis. In ad-
dition, coping styles and sources of  information are of  
paramount importance in perceiving disease severity and 
disability, since they influence patients’ stress levels and/
or a pessimistic/optimistic view about the future[11]. 

An association between HCV infection and depres-
sion is therefore likely. However, the role of  confound-
ers-such as intravenous substance abuse or promiscuous 
sexual behaviour-related both to HCV infection and pos-
sibly to mood and psychological dimensions may bias sta-
tistical assessment. Therefore, further studies are required 
to determine with certainty the existence of  a true asso-
ciation between depression and chronic HCV infection, 
together with its extent and the mechanisms implicated. 

Moreover, strong clues for the existence of  a true 
pathophysiological link between HCV infection and de-
pression derive from the observation that depression has 
a higher prevalence in drug addicts who are infected with 
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Figure 1  Pathways producing a reduction of health-related quality of life 
in hepatitis C virus-infected patients: both direct and indirect mechanisms 
play a role. HCV: Hepatitis C virus; HRQoL: Health-related quality of life.
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HCV compared to those who are not infected[12]. In ad-
dition, HCV-infected patients who report no history of  
intravenous drug abuse complain of  lower HRQoL com-
pared with healthy normal subjects[13]. 

As mentioned above, the most difficult confounder to 
be controlled is the effect of  the patient’s awareness of  
his/her infection. In fact, it is reasonable to assume that 
the awareness of  being infected with a virus which poten-
tially is both life-threatening and transmittable by sexual 
intercourse may have an adverse emotional affect per se, 
regardless of  any biological effect of  the virus. However, 
the observation that patients with chronic HCV infection 
have reduced HRQoL scores compared to those with 
hepatitis B virus infection, suggests that HCV infection 
per se reduces HRQoL, rather than the non-specific pa-
tient awareness of  a viral infection[13]. Also, HRQoL was 
found to be reduced even in patients who were not aware 
of  being HCV carriers[14].

Some pathophysiological insight into the possible 
mechanisms involved in the reduction of  HRQoL due 
to HCV reduction was provided by Weissenborn et al[15] 
who reported alterations of  mood (increased anxiety and 
depression) and cognition, together with changes in both 
the midbrain serotoninergic and striatal dopaminergic 
systems, irrespective of  viraemia and normal liver func-
tion, in patients with HCV infection. The existence of  
brain alteration directly caused by HCV is provided by 
the evidence of  deficits of  attention, executive function 
and verbal learning, of  electroencephalogram slowing in 
the absence of  liver cirrhosis and/or substance use dis-
order, and of  peculiar alterations on magnetic resonance 
spectroscopy in HCV-infected patients[16-18]. It has been 
suggested that monocytes infected by HCV can cross the 
blood-brain barrier producing a secondary infection of  
microglia[19-22]. Such an infection is thought to be facili-
tated by immunosuppression caused by human immuno-
deficiency virus or by immunosuppressive treatment in 
transplanted patients[17,21-23].

Microglia infection by HCV may disturb neuronal 
function due to local cytokine production[16,20,23]. An-
other hypothesis is that the noxious effect on the brain 
is due to systemic induction of  inflammatory cytokines 
[interleukin (IL)-1, IL-6 and tumor necrosis factor-α] by 
HCV which, via the blood-brain barrier, cause microglial 
activation and in-brain cytokine production[24]. This is the 
mechanism of  the “sickness behaviour” syndrome, which 
includes non-specific depressive symptoms: fatigue, anhe-
donia, apathy, emotional lability, irritability, agitation, ano-
rexia, psychomotor retardation, sleep disturbance, social 
withdrawal, hyperalgesia, decreased libido, and cognitive 
impairment[25-27].

HCV INFECTION AND IFN TREATMENT
Another approach to solve the problem of  the existence, 
if  any, of  a direct effect of  HCV infection on mood and 
HRQoL, is to examine the results of  trials on HCV treat-
ment. Such studies concern patients with chronic viral 

hepatitis; therefore, the dimension of  liver disease cannot 
be dissociated from that of  HCV infection per se. At any 
rate, large studies based on the SF36 health questionnaire 
have shown a significant improvement in quality of  life 
scores in those patients with chronic hepatitis who obtain 
a sustained viral response[28,29]. However, these kinds of  
studies cannot remove the bias caused by patient satisfac-
tion due to the awareness of  being healed of  hepatitis C. 

In addition, the interpretation of  the change of  HR-
QoL in HCV-infected patients who are treated with IFN 
is biased by the fact that IFN itself  is a proinflammatory 
cytokine that induces neuropsychiatric symptoms. In 
fact, 12%-41% of  subjects with HCV hepatitis who are 
treated with IFN develop neuropsychiatric symptoms, 
even if  they did not have a history of  previous mental 
disorder[10]. An even higher percentage of  individuals, 
ranging from 17%-58%, develop neuropsychiatric symp-
toms, mainly depression, if  they had had a history of  
previous mental disorder[10]. The depressive syndrome 
induced by IFN has two expressions: (1) a depression-
specific syndrome characterized by depressed mood, 
anhedonia, anxiety, subjective cognitive disturbance and 
sometimes suicidal ideation; and (2) a neurovegetative 
syndrome, characterized by fatigue, insomnia, anorexia, 
pain, psychomotor slowness. Generally, symptoms remit 
within 2-3 wk of  discontinuation of  IFN treatment[30]. 
Nevertheless, some patients may continue to complain of  
cognitive difficulties 12-24 mo after discontinuation of  
IFN treatment[31]. Obviously, these neuropsychiatric IFN 
side effects influence HRQoL, which depends on subjec-
tive perception and self-report of  personal well-being. 
Therefore, the cessation of  IFN treatment and, thus, of  
the discomfort caused by treatment itself, might explain a 
rebound perception of  increased HRQoL.

LIVER TRANSPLANTATION
Liver transplantation (LT) is a life-saving intervention for 
many patients with end-stage liver disease: survival after 
this intervention ranges between 90%-70% at one and 
five years, respectively. Many studies have reported sig-
nificant improvements in HRQoL and satisfactory psy-
chological outcome after LT[32,33]. The topic was recently 
reviewed by Tome et al[34] who observed that general 
HRQoL improves dramatically after LT; however, when 
compared with the general population, the vast majority 
of  LT patients have significant deficits in most HRQoL 
domains. In addition, while some domains, such as physi-
cal functioning and psychosocial adaptation, significantly 
improve after transplantation, psychological health shows 
a lower improvement than physical functioning. On the 
whole, sexual life does not improve significantly; however, 
results in the literature so far are extremely heterogene-
ous, suggesting that this effect is essentially unpredictable 
in individual patients. A relationship between the aetiolo-
gy of  liver disease and HRQoL has been reported: HCV 
infections impinge on HRQoL in the patients with recur-
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19 Forton DM, Karayiannis P, Mahmud N, Taylor-Robinson 
SD, Thomas HC. Identification of unique hepatitis C virus 
quasispecies in the central nervous system and comparative 
analysis of internal translational efficiency of brain, liver, 
and serum variants. J Virol 2004; 78: 5170-5183  

20 Weissenborn K, Tryc AB, Heeren M, Worthmann H, Pflu-
grad H, Berding G, Bokemeyer M, Tillmann HL, Goldbecker 
A. Hepatitis C virus infection and the brain. Metab Brain Dis 
2009; 24: 197-210

21 Laskus T, Radkowski M, Bednarska A, Wilkinson J, Adair D, 
Nowicki M, Nikolopoulou GB, Vargas H, Rakela J. Detection 
and analysis of hepatitis C virus sequences in cerebrospinal 
fluid. J Virol 2002; 76: 10064-10068 

22 Vargas HE, Laskus T, Radkowski M, Wilkinson J, Balan V, 
Douglas DD, Harrison ME, Mulligan DC, Olden K, Adair D, 
Rakela J. Detection of hepatitis C virus sequences in brain 
tissue obtained in recurrent hepatitis C after liver transplan-
tation. Liver Transpl 2002; 8: 1014-1019 

23 Forton DM, Thomas HC, Murphy CA, Allsop JM, Foster GR, 
Main J, Wesnes KA, Taylor-Robinson SD. Hepatitis C and 
cognitive impairment in a cohort of patients with mild liver 
disease. Hepatology 2002; 35: 433-439  

24 Raison CL, Capuron L, Miller AH. Cytokines sing the blues: 
inflammation and the pathogenesis of depression. Trends Im-
munol 2006; 27: 24-31

25 Miller AH, Maletic V, Raison CL. Inflammation and its 
discontents: the role of cytokines in the pathophysiology of 
major depression. Biol Psychiatry 2009; 65: 732-741  

26 Raison C. The effects of hepatitis C and its treatment on 
mental health. Focus 2006; 21: 4-6 

27 Raison CL, Miller AH. The neuroimmunology of stress and 
depression. Semin Clin Neuropsychiatry 2001; 6: 277-294  

28 Bernstein D, Kleinman L, Barker CM, Revicki DA, Green 
J. Relationship of health-related quality of life to treatment 
adherence and sustained response in chronic hepatitis C pa-
tients. Hepatology 2002; 35: 704-708  

29 McHutchison JG, Manns M, Patel K, Poynard T, Lindsay 
KL, Trepo C, Dienstag J, Lee WM, Mak C, Garaud JJ, Albre-
cht JK. Adherence to combination therapy enhances sus-
tained response in genotype-1-infected patients with chronic 
hepatitis C. Gastroenterology 2002; 123: 1061-1069 

30 Valentine AD, Meyers CA, Talpaz M. Treatment of neuro-
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Invest 1995; 13: 561-566 

rence of  liver disease[35]. The impairment is mainly related 
to physical functioning and fatigue[35,36]. An intriguing 
issue is the interplay amongst HRQoL, psychological 
status and brain function. Interestingly, elevated levels of  
anxiety and neuroticism on pre-transplantation assess-
ment were associated with poor psychological outcome 
one year after transplantation. These findings suggest 
that personality and affective status may be important 
determinants of  long-term psychological health after LT. 
Accordingly, patients with HCV who experienced viro-
logic recurrence within 6 mo of  LT showed significantly 
greater depression, anxiety, phobic anxiety, and paranoid 
ideation than anti-HCV-negative patients[33].

In conclusion, independent of  the underlying patho-
physiologic mechanisms, HCV infection is a signal of  
vulnerability for poor HRQoL and should be considered 
in patient assessment.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is a condition 
in which excess fat accumulates in the liver of a patient 
without a history of alcohol abuse. Nonalcoholic steato-
hepatitis (NASH), a severe form of NAFLD, can progress 
to liver cirrhosis and hepatocellular carcinoma. NAFLD 
is regarded as a hepatic manifestation of metabolic 
syndrome and incidence has been increasing worldwide 
in line with the increased prevalence of obesity, type 2 
diabetes, and hyperlipemia. Animal models of NAFLD/
NASH give crucial information, not only in elucidating 
pathogenesis of NAFLD/NASH but also in examining 
therapeutic effects of various agents. An ideal model 
of NAFLD/NASH should correctly reflect both hepatic 
histopathology and pathophysiology of human NAFLD/
NASH. Animal models of NAFLD/NASH are divided into 
genetic, dietary, and combination models. In this paper, 
we review commonly used animal models of NAFLD/
NASH referring to their advantages and disadvantages.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a condition in 
which excess fat accumulates in the liver of  a patient with-
out a history of  alcohol abuse[1]. NAFLD is classified into 
simple steatosis and nonalcoholic steatohepatitis (NASH). 
In NASH, not only steatosis but also intralobular inflam-
mation and hepatocellular ballooning are present, often 
accompanied by progressive fibrosis[2]. Long-standing 
NASH may progress to liver cirrhosis, and hepatocellular 
carcinoma (HCC) may be an outcome[3-5].

NAFLD is regarded as a hepatic manifestation of  meta-
bolic syndrome[6,7]. NAFLD has been increasing worldwide 
over recent decades in line with the increased prevalence 
of  obesity, type 2 diabetes, and hyperlipemia. NAFLD/
NASH is currently regarded as the most common chronic 
liver disease worldwide. It is estimated that about 20% 
of  all adults have NAFLD and 2%-3% of  adults have 
NASH[8].

The pathogenesis of  NASH has not been completely 
elucidated, and treatments for NASH other than lifestyle 
modification by diet and exercise have not been fully 
established[5]. Studies of  NAFLD/NASH using human 
materials have limitations, because the occurrence and 
progression of  NAFLD/NASH require a long period 
of  several decades, and ethical limitations exist in admin-
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istering drugs to patients or collecting liver tissues from 
patients. Animal models of  NAFLD/NASH give crucial 
information, not only in elucidating the pathogenesis of  
NAFLD/NASH but also in examining therapeutic ef-
fects of  various agents. These animal models need to re-
flect correctly both the histopathology and pathophysiol-
ogy of  human NAFLD/NASH. Recently, several review 
articles on animal models of  NAFLD/NASH have been 
published[9,10]. In this paper, we firstly review the histo-
pathology and pathogenesis of  NAFLD/NASH, and 
thereafter, we review current animal models of  NAFLD/
NASH referring to their advantages and disadvantages, 
with emphasis on a fructose-enriched diet model that was 
established by us.

HISTOPATHOLOGY OF NAFLD
The most important histological characteristic of  NAFLD 
is steatosis of  hepatocytes. Steatosis of  hepatocytes is 
classified into macrovesicular and microvesicular. Mac-
rovesicular steatosis is characterized by large vacuoles 
occupying almost the entire cytoplasm and pushing the 
nucleus to the periphery of  the cell. Microvesicular ste-
atosis is characterized by multiple small lipid vacuoles, and 
the nucleus is located at the center of  the cell. Typically, 
steatosis in NAFLD is centrilobular and macrovesicular. 
However, steatosis may be present throughout the lobule, 
and microvesicular steatosis may also be present. Steatosis 
in more than 5% of  hepatocytes is necessary for a diagno-
sis of  NAFLD[11].

In NASH, not only steatosis but also intralobular in-
flammation and hepatocellular ballooning are present, and 
this is usually accompanied by fibrosis. Mallory’s hyaline 
(MH) may also be present. Intralobular inflammation in 
NASH is typically mild and of  a mixed type and includes a 
small number of  lymphocytes, macrophages, and neutro-
phils. Neutrophils tend to infiltrate in the area of  marked 
steatosis and around MH. Portal inflammation is usually 
mild; however, relatively intense chronic inflammation 
may be present in the portal area.

Hepatocellular ballooning is a form of  liver cell injury 
recognized as a swollen hepatocyte with a rarefied cyto-
plasm. It is most apparent near steatotic liver cells, typi-
cally in zone 3.

MH is an eosinophilic and amorphous structure in 
the cytoplasm of  hepatocytes and is observed in alco-
holic hepatitis, NASH, chronic cholestasis, and HCC[2]. 
MH in NASH is most frequently found in the areas of  
perisinusoidal fibrosis in zone 3 and may be accompanied 
by neutrophilic infiltration. MH in NASH is usually less 
distinct than that in alcoholic hepatitis. Immunohisto-
chemically, MH is positive for cytokeratin (CK) 8, CK 18, 
p62, and ubiquitin[2].

Other pathological features that are often observed 
in NASH include fat cysts and lipogranulomas, and gly-
cogenated nuclei frequently occur in hepatocytes in zone 
1. Furthermore, megamitochondria and iron deposition 
may be observed in NASH.

Fibrosis usually originates in the perisinusoidal re-
gions of  zone 3 (perisinusoidal fibrosis) and may also be 
present in the periportal area. As the disease progresses, 
bridging fibrosis and liver cirrhosis may develop. In the 
process, steatosis and lesion activity may resolve, result-
ing in a diagnosis of  “cryptogenic cirrhosis” (burn-out 
NASH).

Brunt et al[12] proposed the grading and staging system 
of  NASH, and the NASH Clinical Research Network de-
signed and validated the NAFLD activity score[13]. These 
systems are frequently used in both clinical studies and ani-
mal experiments. Intralobular changes are milder and por-
tal inflammation is more severe in pediatric NAFLD than 
in adult NAFLD[14,15]. Furthermore, steatosis in pediatric 
NAFLD is not necessarily predominant in zone 3[15,16].

PATHOGENESIS OF NAFLD/NASH
The “two-hit” hypothesis proposed by Day et al[17] is 
widely accepted as the pathogenesis of  NAFLD/NASH; 
the first hit causes fat accumulation in hepatocytes, and 
the second hit causes inflammation and fibrosis. Fat accu-
mulation in the liver is closely associated with metabolic 
derangements that are related to central obesity and in-
sulin resistance[18]. The most reproducible risk factors for 
NAFLD/NASH are central obesity, insulin resistance, 
fasting hyperglycemia, and hypertriglyceridemia[19], and 
NAFLD/NASH is regarded as a hepatic manifestation 
of  metabolic syndrome[6,7].

Hepatic steatosis occurs when the rate of  import or 
synthesis of  fatty acids by hepatocytes exceeds the rate 
of  export or catabolism[20,21]. Accordingly, the following 
4 mechanisms are possible causes of  lipid accumulation 
within the liver: (1) increased delivery and uptake into he-
patocytes of  long-chain fatty acids (LCFA) due to excess 
dietary intake or release from adipose tissue; (2) increased 
de novo hepatic LCFA and triglyceride synthesis; (3) failure 
of  very low-density lipoprotein (VLDL) synthesis and tri-
glyceride export; and (4) failure of  LCFA elimination due 
to impaired hepatic mitochondrial β-oxidation[22].

Once steatosis has developed, the liver is sensitized; 
thus, an inflammatory response may be precipitated by a 
variety of  stimuli[22]. Oxidative stress, pro-inflammatory 
cytokine [e.g., tumor necrosis factor (TNF)-α]-mediated 
hepatocyte injury, altered lipid partitioning and hepato-
toxicity mediated by free fatty acids, abnormal intrahepat-
ic cholesterol loading, hyperinsulinemia, hyperleptinemia, 
hypoadiponectinemia, and apoptosis are all thought to be 
important second hits causing NASH[22-24].

ANIMAL MODELS OF NAFLD/NASH
An ideal animal model of  NAFLD/NASH should reflect 
hepatic histopathology and pathophysiology of  human 
NAFLD/NASH. Accordingly, the liver of  the animal 
model of  NASH should show steatosis, intralobular 
inflammation, hepatocellular ballooning, and, ideally, 
perisinusoidal fibrosis in zone 3 and susceptibility to liver 
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tumors. Furthermore, the animal should show metabolic 
abnormalities such as obesity, insulin resistance, fasting 
hyperglycemia, dyslipidemia, and altered adipokine pro-
file. It is questionable whether the results of  a study using 
an animal model that does not completely fulfill these 
conditions can be extrapolated to human disease. Animal 
models of  NAFLD/NASH are classified into genetic 
models, nutritional models, and combination models of  
genetic and nutritional factors. Numerous animal models 
of  NAFLD/NASH have been reported to date; however, 
no animal model completely reflects hepatic histopathol-
ogy and pathophysiology of  human NAFLD/NASH. It 
is, therefore, important to select the animal model that 
best conforms to the aim of  the study. Biochemical and 
pathological characteristics of  animal models described 
in this paper are summarized in Table 1. As described be-
low, in many of  the genetic models of  NASH [e.g., sterol 
regulatory element binding protein (SREBP)-1c transgen-
ic mice and phosphatase and tensin homologue deleted 
on chromosome 10 (PTEN) null mice], hepatic steatosis 
occurs first, and steatohepatitis develops later. Ob/ob, 
db/db, and KK-Ay mice do not progress to steatohepati-
tis spontaneously. On the other hand, in a dietary model 
induced by methionine and choline deficiency, steato-
hepatitis occurs very quickly.

GENETIC MODELS
SREBP-1c transgenic mice
In the fat tissue of  these mice, SREBP-1c, a lipogenic 
transcription factor, is overexpressed. This creates a 
model of  congenital lipodystrophy in which severe insu-
lin resistance and diabetes develop secondary to impaired 
adipose differentiation[25]. In these mice, decreased fat 
tissue with lipid accumulation in the liver is observed, 

and marked hepatic steatosis occurs by 8 d of  age. When 
fed a standard diet, steatosis, lobular inflammation, and 
perivenular and pericellular fibrosis develop at 20 wk[26]; 
ballooned hepatocytes and MH are also observed. These 
mice appear to be appropriate for the lipodystrophy-
associated steatohepatitis model. However, it is ques-
tionable whether they can be used as a model for typical 
NAFLD/NASH, because visceral fat characteristically 
increases in human NAFLD/NASH.

Ob/ob mice
Ob/ob mice possess a spontaneous mutation in the leptin 
gene (leptin-deficient). Leptin is an adipokine produced 
by white adipose tissue and operates on the hypothalamic 
ventral median nucleus exerting a marked anorexic ef-
fect[22]. Ob/ob mice are hyperphagic, inactive, and ex-
tremely obese, and show hyperglycemia, insulin resistance, 
and hyperinsulinemia[27]. Ob/ob mice develop spontane-
ous hepatic steatosis[28]; this does not, however, progress 
to steatohepatitis spontaneously. Secondary insults such 
as a methionine- and choline-deficient (MCD) diet, a high 
fat (HF) diet, or low-dose lipopolysaccharide (endotoxin) 
are needed to trigger steatohepatitis in ob/ob mice[29,30]. 
Another feature of  ob/ob mice is that they are protected 
against fibrosis[31], a phenomenon which led to the char-
acterization of  leptin as an essential mediator of  hepatic 
fibrogenesis[31,32]. Mutations in the ob gene are not preva-
lent in obese subjects or NASH patients, and leptin levels 
correlate poorly with the development of  NASH[33].

Db/db mice
Db/db mice possess a natural mutation in the leptin re-
ceptor (Ob-Rb) gene[34] and, therefore, show normal or 
elevated levels of  leptin but are resistant to the effects of  
leptin. These mice are obese, insulin resistant, and dia-
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Table 1  Biochemical and pathological characteristics of animal models of nonalcoholic fatty liver disease/nonalcoholic 
steatohepatitis

Model Obesity Insulin resistance Steatosis Steatohepatitis Fibrosis

SREBP-1c transgenic mice No (decreased adiposity) Yes Yes Yes Yes 
Ob/ob mice Yes Yes Yes No (does not develop 

spontaneously)
No (resistant to 

fibrosis)
Db/db mice Yes Yes Yes No (does not develop 

spontaneously)
No (does not develop 

spontaneously)
KK-Ay mice Yes Yes Yes No (does not develop 

spontaneously)
No (does not develop 

spontaneously)
PTEN null mice No No Yes Yes Yes
PPAR-α  knockout mice No No No (steatosis 

occurs in the 
starved state)

No No

AOX null mice No No Yes Yes No
MAT1A null mice No No Yes Yes Yes
Methionine and choline deficiency No (decreased weight 

and adiposity)
Hepatic insulin 

resistance
Yes Yes (severe) Yes

High fat Yes Yes Yes Yes (mild) Yes
Cholesterol and cholate 
(atherogenic diet)

No (decreased weight) Hepatic insulin 
resistance

Yes Yes Yes

Fructose No Yes Yes No/Yes No

SREBP: Sterol regulatory element binding protein; PTEN: Phosphatase and tensin homologue deleted on chromosome 10; AOX: Acyl-coenzyme A oxidase; 
MAT1A: Methionine adenosyltransferase-1A; PPAR: Peroxisome proliferator-activated receptor. 
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Acyl-coenzyme A oxidase null mice
Acyl-coenzyme A oxidase (AOX) is the rate-limiting en-
zyme of  peroxisomal β-oxidation of  LCFA. AOX null 
(AOX -/-) mice have defective peroxisomal β-oxidation 
of  LCFA, which accumulate in the liver and lead to 
steatohepatitis. AOX -/- mice begin to exhibit microve-
sicular fatty change of  hepatocytes in zones 2 and 3 of  
liver lobules at 7 d of  age[43]. By 30 d of  age, the AOX -/- 
mouse liver shows increased severity of  steatosis of  liver 
parenchymal cells and concomitant occurrence of  focal 
inflammatory cell infiltrate[43]. At 2 mo of  age, clusters of  
hepatocytes with peroxisome-rich eosinophilic granular 
cytoplasm are observed in periportal areas[43]. By 4-5 mo 
of  age, increased expressions of  PPAR-α, cytochrome 
P450 (Cyp) 4a10 and Cyp 4a14, and increased levels of  
H2O2 are observed[44]. However, compensative increase 
of  fatty acid oxidation is observed by 6-7 mo of  age, and 
hepatic steatosis recovers by regeneration of  hepatocytes. 
AOX -/- mice develop hepatocellular adenomas and 
HCCs by 15 mo of  age[44].

Methionine adenosyltransferase-1A null mice
Methionine adenosyltransferase-1A (MAT1A) is a liver-
specific rate-limiting enzyme of  methionine metabolism 
and catalyzes the formation of  S-adenosylmethionine. 
MAT1A null mice have decreased levels of  antioxidants, 
including glutathione, and decreased expressions of  
genes involved in lipid oxidation such as Cyp 4a10 and 
Cyp 4a14[44]. MAT1A null mice spontaneously develop 
steatohepatitis after 8 mo of  age, and proliferation of  he-
patocytes increases, resulting in tumor development[45,46]. 
The mice are susceptible to choline-deficient diet-induced 
fatty liver at 3 mo of  age[45]. Although MAT1A null mice 
are hyperglycemic, their insulin levels are normal and they 
do not appear to develop other features of  metabolic 
syndrome[46].

DIETARY MODELS OF NASH
Methionine and choline deficiency
The MCD diet contains high sucrose and fat (40% su-
crose, 10% fat) but lacks methionine and choline, which 
are essential for hepatic β-oxidation and production of  
VLDL[22]. In addition, choline deficiency impairs hepatic 
VLDL secretion[47]. As a result, lipid is deposited in the 
liver. Furthermore, oxidative stress[48,49] and changes in 
cytokines and adipocytokines[50] occur, contributing to 
the liver injury. Antagonizing oxidative stress by increas-
ing antioxidant capacities attenuates the degree of  steato-
hepatitis and stresses the importance of  reactive oxygen 
species in this model[51].

Serum alanine aminotransferase (ALT) level is consis-
tently increased after MCD-diet feeding in mice[52]. Steato-
hepatitis occurs at day 10[52], and perisinusoidal fibrosis is 
observed by 8-10 wk in mice[48,53]. After 10 wk of  MCD 
feeding, extensive macrovesicular steatosis is observed in 

betic, and develop macrovesicular hepatic steatosis. They 
develop NASH when a second hit such as an MCD diet 
is added[35]. When db/db mice are fed an MCD diet, sig-
nificant liver fibrosis is observed as compared to that in 
ob/ob mice[36]. The advantage of  ob/ob and db/db mice 
is that the phenotype of  these mice simulates the human 
condition of  metabolic syndrome in many aspects. How-
ever, these mice have the disadvantage that they do not 
spontaneously develop steatohepatitis or liver fibrosis.

KK-Ay mice
A heterozygous mutation of  the agouti gene (KK-Ay/a) 
results in a loss of  melanocortin and an obese phenotype 
due to hyperphagia from impaired hypothalamic appetite 
suppression[9]. Although these mice develop hepatic ste-
atosis in conjunction with obesity and insulin resistance, 
significant steatohepatitis does not occur spontaneously. 
It was reported that KK-Ay mice exhibited increased 
susceptibility to MCD diet-induced steatohepatitis, where 
hypoadiponectinemia most likely played a key role in 
exacerbation of  both inflammatory and profibrogenic 
responses[37].

PTEN 10 null mice
PTEN is a tumor suppressor gene encoding a lipid phos-
phatase whose major substrate is phosphatidylinositol-
3,4,5-triphosphate (PIP3). PTEN is a negative regulator 
of  several signaling pathways such as phosphatidylino-
sitol 3-kinase and serine-threonine protein kinase B 
(PKB, or Akt)[38]. These pathways regulate apoptosis, 
cell proliferation, and tumor formation[38]. Liver-specific 
Pten knockout mice (AlbCrePTEN flox/flox mice) show 
extensive hepatomegaly and steatohepatitis, and the his-
topathology is similar to that in human NASH[39]. Steato-
sis is observed at 10 wk of  age, and steatohepatitis with 
fibrosis is observed at 40 wk. Hepatocellular adenomas 
occur with an incidence of  47% by 44 wk, and by 74-78 
wk, all of  the livers show adenomas, whereas 66% de-
velop HCCs[40]. Pten knockout mice are hypersensitive to 
insulin, and Pten null hepatocytes have high proliferative 
activity in vitro[40]. The advantage of  this model is that the 
histological phenotype resembles that of  human NASH. 
The disadvantage of  this model is that it is hypersensitive 
to insulin.

Peroxisome proliferator-activated receptor-α knockout 
mice
Peroxisome proliferator-activated receptor-α (PPAR-α) 
is a key regulator of  genes involved in peroxisomal, mi-
tochondrial, and microsomal fatty acid oxidation systems 
in the liver, and a significant decrease in PPAR-α is ob-
served in the HF diet model[41]. Fat does not accumulate 
in the liver of  mice with a homozygous mutation of  the 
PPAR-α gene under conditions of  normal feeding, but 
in the starved state, hepatic steatosis occurs because fatty 
acid oxidation is inhibited[42]. 

Takahashi Y et al . Animal models of NAFLD/NASH



2304 May 21, 2012|Volume 18|Issue 19|WJG|www.wjgnet.com

all areas except for the periportal region, and many necro-
inflammatory foci containing lymphocytes and neutrophils 
are observed in mice[54]. Although the MCD model causes 
more severe inflammation, oxidative stress, mitochondrial 
damage, apoptosis, and fibrogenesis than other animal 
nutritional models of  NASH[55], the severity of  NASH 
in rodents fed the MCD diet may depend on the species, 
gender, and strain of  the animal[56]. Kirsch et al[57] com-
pared the effects of  MCD diet using male and female Wi-
star, Long-Evans, and Sprague-Dawley rats, and C57BL/6 
mice. As a result, the Wistar strain and the male sex were 
associated with the greatest degree of  steatosis in rats. Of  
the groups studied, male C57BL/6 mice developed the 
most inflammation and necrosis, and best approximated 
the histological features of  NASH.

The main disadvantage of  the MCD model is that the 
metabolic profile of  the model is opposite to that of  typ-
ical human NASH. Namely, mice fed the MCD diet show 
significant weight loss (often, more than 20% weight 
loss after 3 wk), low fasting blood sugar, peripheral in-
sulin sensitivity, low serum insulin and leptin levels, and 
unchanged or increased serum adiponectin levels[50,58-61]. 
To improve these problems, genetically obese mice, such 
as ob/ob and db/db mice, are occasionally used as the 
MCD-fed animal. The main advantages of  the MCD diet 
are that it is easy to obtain and use.

HF diet
Lieber et al[62] reported a diet model of  NASH by using 
an HF diet (71% of  energy from fat, 11% from carbo-
hydrates, and 18% from proteins). Rats fed this diet ad 
libitum for 3 wk showed elevated plasma insulin levels 
reflecting insulin resistance. Rats fed the HF diet devel-
oped marked panlobular steatosis, and the hepatic lipid 
concentrations of  these rats were approximately twice 
those of  control rats fed the standard Lieber-DeCarli diet 
(35% fat, 47% carbohydrates, and 18% protein). Like hu-
man NASH, the rats fed the HF diet developed oxidative 
damage in the liver. When dietary consumption was re-
stricted, steatosis and inflammation in the liver, oxidative 
stress, and plasma insulin levels were decreased. Feeding 
of  an HF emulsion to Sprague-Dawley rats also induced 
changes closely resembling human NASH[63]. In the lon-
gitudinal study by Ito et al[64], chronic administration of  an 
HF diet (60% of  calories from fat) caused steatohepatitis 
in male C57BL/6J mice.

Intragastric overfeeding of  mice with an HF diet up 
to 85% in excess of  standard intake for 9 wk has been 
reported to replicate the histopathological and pathogenic 
features of  NASH[65]. Overfed C57BL/6 mice became 
obese (71% higher body weight), had increased visceral fat 
(white adipose tissue: WAT), and showed hyperglycemia, 
hyperinsulinemia, hyperleptinemia, glucose intolerance, 
and insulin resistance. Almost half  (46%) of  the animals 
developed NASH, and their plasma ALT levels showed 
9- to 10-fold increases. Neutrophilic infiltration and peri-
sinusoidal fibrosis reminiscent of  human NASH were ob-
served. The WAT exhibited increased TNF-α and leptin 

expressions and reduced adiponectin expression.
An HF diet is widely used to cause hepatic steatosis 

and NASH in experimental animals. However, it seems 
that the HF diet model produces variable results with re-
gard to the degree of  steatosis, inflammation, and fibro-
sis, and the results depend on rodent species and strain, 
the fat content in the diet, the composition of  dietary fat, 
and the duration of  treatment. For example, Sprague-
Dawley rats appear susceptible to steatohepatitis develop-
ment when fed an HF diet, and this is likely associated 
with their susceptibility to diet-induced obesity[54]. On the 
other hand, it was reported that long term high saturated 
fat feeding did not induce hepatic steatosis and NASH in 
Wistar rats[66]. In mice, it was reported that BALB/c male 
mice accumulated more hepatic lipid than C57BL/6J 
male mice when fed an HF diet[67]. In general, compared 
with the MCD model, the degree of  liver injury in the 
HF model is less severe[10]. Among the HF models, the 
histopathology and pathophysiology of  the intragastric 
overfeeding method most resemble those of  human 
NASH. However, this method is difficult to implement, 
because it requires specific equipment and expertise. The 
optimization of  the composition of  the HF diet to reli-
ably cause NASH in animals by ad libitum administration 
warrants future investigation. Recently, Ogasawara et al[68] 
reported a combined model of  HF diet and gold thio-
glucose (GTG) administration. GTG is known to induce 
lesions in the ventromedial hypothalamus, leading to hy-
perphagia and obesity. They administered GTG intraperi-
toneally to C57BL/6 mice, and thereafter, fed an HF diet 
to the mice for 12 wk. As a result, obesity with increased 
abdominal adiposity, glucose intolerance, insulin resis-
tance, and steatohepatitis with hepatocyte ballooning, 
MH, and pericellular fibrosis were induced.

Cholesterol and cholate
Matsuzawa et al[69] fed mice an atherogenic diet contain-
ing 1.25% cholesterol and 0.5% cholate and observed the 
progressive formation of  steatosis, inflammation, and 
fibrosis in a time-dependent manner over 6-24 wk. In the 
model, hepatocellular ballooning, characteristic of  human 
NASH, was observed at 24 wk. When 60% fat (cocoa 
butter) was added to the diet, development of  these his-
topathological features was accelerated, and hepatocel-
lular ballooning was observed at 12 wk. Furthermore, 
the atherogenic diet induced oxidative stress. Thus, it is 
conceivable that a combination diet of  HF, cholesterol, 
and cholate in animals would cause histological features 
reminiscent of  human NASH. However, the mice fed 
this diet were systematically insulin sensitive, albeit they 
showed hepatic insulin resistance. In fact, the mice lost 9% 
body weight during the experiment and had small epidid-
ymal fat pads and low plasma triglyceride levels compared 
with those in control mice. Therefore, this model appears 
to differ from human NASH in metabolic status.

Fructose
NAFLD/NASH is regarded as a hepatic manifestation of  
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metabolic syndrome. Experimental animals fed a fructose-
enriched diet are recognized as good models of  metabolic 
syndrome. We examined livers of  Wistar rats fed a high-
fructose (70%) diet for 5 wk and found significantly 
higher macrovesicular steatosis (Figure 1A) and intralobu-
lar inflammation (Figure 1B) grades, liver:body weight 
ratios, and hepatic triglyceride concentrations than those 
in control rats[70]. In this study, the distribution of  steatosis 
in the rats fed a high-fructose diet was characteristically 
predominant in zone 1. This pattern differs from that of  
human adult NAFLD, in which steatosis is usually pre-
dominant in zone 3. Rats fed a high-fructose diet showed 
significantly higher expressions of  interleukin (IL)-6 
protein and TNF-α protein in the liver compared with 
those in control rats (unpublished data). By adding plant 
leaf  extract to the high-fructose diet, hepatic fatty change 
(Figure 2) and expression of  IL-6 protein in the liver were 
completely suppressed (unpublished data).

 Other groups also reported induction of  NAFLD/
NASH by fructose in experimental animals. Acker-
man et al[71] found that male Sprague-Dawley rats fed a 
fructose-enriched (60%) diet developed macrovesicular 
and microvesicular steatosis in the liver. Armutcu et al[72] 
reported that male Wistar albino rats provided with drink-
ing water containing 10% fructose for 10 d developed 
macrovesicular and microvesicular steatosis but did not 
develop inflammation in the liver. In mice, by adding 30% 
fructose to the drinking water, 3- to 4-fold increases in 

hepatic triglyceride levels and marked increases in hepatic 
steatosis and weight were observed at 8 wk[73]. Recently, 
it was reported that C57BL/6 mice fed a high-fat high-
carbohydrate diet and provided with drinking water con-
taining 55% fructose for 16 wk developed a NASH-like 
phenotype with significant fibrosis as well as obesity[74]. 
Inflammation caused by endogenous toxins of  fructose 
metabolites is suggested as one of  the mechanisms of  the 
second hit in the pathogenesis of  NASH[75].

COMBINED MODEL OF GENETIC 
MODIFICATION AND NUTRITIONAL/
DIETARY CHALLENGES
Many animal models combine naturally occurring genetic 
mutations or targeted gene modifications with dietary or 
chemical challenges so that the histopathology and patho-
physiology of  the models more closely resemble those of  
human NAFLD. Sahai et al[36] fed an MCD diet to ob/ob 
and db/db mice and observed that db/db mice had 
significantly higher serum ALT levels and more severe 
hepatic inflammation and fibrosis than those in ob/ob 
and wild-type mice. PPAR-α null mice fed an MCD diet 
show more severe steatohepatitis than that in wild-type 
mice fed the same diet[76,77]. Many other models combin-
ing genetic abnormalities with nutritional challenges have 
been reported[78-80].

CONCLUSION
As reviewed in this paper, many animal models of  NASH 
have been developed to date. These animal models do 
not replicate the full spectrum of  the disease in humans; 
however, they can be used in verifying hypotheses on the 
pathogenesis of  NASH and in performing interventional 
studies. We hope that animal models which more closely 
reflect the histopathology and pathophysiology of  human 
NASH will be developed in the future, and information 
on pathogenesis and treatment of  NASH will increase by 
using these models.

Figure 1  Liver histology of rats fed a high-fructose diet for 5 wk. A: Hepat-
ic steatosis, mainly distributed in zone 1, is observed (azan stain, × 40); B: Both 
macrovesicular and microvesicular steatosis are evident as well as scattered 
necroinflammatory foci (arrows) (hematoxylin and eosin stain, × 200). 

B

A

Figure 2  Liver histology of rats fed a high-fructose diet + plant leaf ex-
tract. Hepatic fatty change is completely suppressed by the plant leaf extract 
(hematoxylin and eosin stain, × 40). 
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Abstract
The prevalence of obesity is growing to epidemic pro-
portions, and there is clearly a need for minimally in-
vasive therapies with few adverse effects that allow for 
sustained weight loss. Behavior and lifestyle therapy 
are safe treatments for obesity in the short term, but 
the durability of the weight loss is limited. Although 
promising obesity drugs are in development, the cur-
rently available drugs lack efficacy or have unaccept-
able side effects. Surgery leads to long-term weight 
loss, but it is associated with morbidity and mortal-
ity. Gastric electrical stimulation (GES) has received 
increasing attention as a potential tool for treating 
obesity and gastrointestinal dysmotility disorders. GES 
is a promising, minimally invasive, safe, and effective 
method for treating obesity. External gastric pacing 
is aimed at alteration of the motility of the gastroin-
testinal tract in a way that will alter absorption due to 
alteration of transit time. In addition, data from animal 
models and preliminary data from human trials suggest 
a role for the gut-brain axis in the mechanism of GES. 
This may involve alteration of secretion of hormones 
associated with hunger or satiety. Patient selection for 
gastric stimulation therapy seems to be an important 
determinant of the treatment’s outcome. Here, we 

review the current status, potential mechanisms of ac-
tion, and possible future applications of gastric stimu-
lation for obesity.
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INTRODUCTION
Obesity is a major public health challenge. The evolving 
concepts of  how nutrient excess and inflammation mod-
ulate metabolism provide new opportunities for strategies 
to correct the damaging health consequences of  obesity. 
The traditional approaches of  caloric restriction, exercise, 
and behavioral therapies can each produce substantial 
weight loss, but it is not sustained in the majority of  
patients. The pharmacological agents that are currently 
licensed for weight loss produce only modest results and 
may have unwanted side effects. Clearly, a safe, effective, 
and durable treatment for obesity is needed.

The role of  the gastrointestinal tract in regulating en-
ergy balance is now well recognized, and the expanding 
understanding of  gut endocrinology and electrical signal-
ing has produced a number of  potentially fruitful avenues 
for developing obesity therapies.

In the last few years, gastric stimulation has gained 
attention as a possible new approach for treating obesity. 
Gastric electrical stimulation (GES) is a new method for 
invoking gastric contractions using a microprocessor con-
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troller. The effect of  this long-term gastric stimulation on 
food intake and body weight was first studied in pigs[1,2]. 
Pigs treated for eight months with electrical antral stimu-
lation showed a net decrease of  food intake[1]. In other 
studies, a significant decrease in food intake has been 
noted with gastric stimulation in dogs, and a significant 
decrease in fat absorption has been reported in rats[3-6].

Because GES has shown promising results in several 
animal models, the technique has been further refined 
for obesity treatment in humans. In 1995, the technique 
of  an implantable gastric pacing device was studied in 
24 morbidly obese patients. The results demonstrated 
the safety of  the method and revealed changes in eating 
habits that resulted in reduced food intake and weight 
loss[7]. In a subsequent human study, there was a reported 
increase in meal-related satiety and enhanced inter-meal 
satiety during the treatment[8]. From this information, 
gastric pacing was hypothesized to facilitate weight loss 
by enhancing neuroendocrine satiety mechanisms.

Here, we review some of  the techniques and the po-
tential mechanisms associated with using gastric stimula-
tion for treating obesity.

ROLE OF THE GUT-BRAIN AXIS IN 
REGULATING APPETITE
Food intake is influenced by emotional factors, social cues, 
and learned behavior. These influences overlay highly 
conserved systems within the brain that sense and inte-
grate signals reflecting overall energy stores, recent energy 
intake and the presence of  specific classes of  nutrients.

Signals from the gut are important for controlling 
appetite and for regulating energy balance and glucose 
homeostasis. The active brain-gut axis sets the basis for 
options to stimulate different brain areas or neural con-
nections between the brain and the gut to induce sensa-
tions of  satiety.

There are several potential means by which the gut 
and the brain are associated. Some involve connections 
from the gut to hormones and from hormones to the 
nervous system. The gut continuously sends information 
to the brain regarding the quality and quantity of  ingested 
food. These signals are not only important for satiation 
and meal termination but also for the appetitive phase of  
eating behavior[9]. By acting on the brainstem and hypo-
thalamus, this flow of  sensory information from the gut 
to the brain generates the feeling of  satisfaction that is 
observed after a satiating meal[9].

The vagus nerve (VN) contributes to the bidirectional 
communications between the gastrointestinal tract and 
central nervous system (CNS)[10]. Afferent neurons of  the 
VN are important targets of  gut hormones, particularly 
the hormones involved in controlling food intake. Vago-
vagal reflexes are involved in feeding homeostasis, mak-
ing neuromodulation an attractive method for managing 
obesity[10].

Ziomber et al[10] have described the parameters of  
vagal neuromodulation required to decrease food intake 
in rats and cause a resulting reduction in body mass. 
Rats with solenoid electrodes placed on the left VN sig-
nificantly decreased their food intake, weight gain and 
serum leptin concentrations. Another study has shown 
the suppressive effects of  vagal nerve stimulation (VNS) 
on long-term feeding regulation in rats[11]. VNS has been 
shown to increase vagal afferent satiety signals, leading to 
reduced food intake and decreased weight gain[11]. Chron-
ic microchip vagal stimulation significantly decreases epi-
didymal fat pad weight and meal size in VNS rats, which 
causes decreased weight gain.

In addition to the VN, several other areas in the 
brain are involved in regulating gastrointestinal motility 
and satiety. The central nervous system regulates the ho-
meostasis between nutrient intake and body reserves by 
sensing nutrient levels, integrating the information, and 
regulating energy intake and/or energy expenditure[12]. 
Grill et al[13] have summarized several potential mecha-
nisms for connections between the gut and the brain. 
The nucleus tractus solitarius (NTS) and circuits within 
the hindbrain mediate the intake-inhibition effects of  
gastrointestinal (GI) signals. Short-term eating behavior 
is also controlled by the hindbrain. The NTS receives 
inputs from VN afferent neurons, while the area pos-
trema is a target for circulating factors, such as amylin 
and glucagon-like peptide 1 (GLP-1)[14]. Classical studies 
have shown that when the higher inputs are surgically 
interrupted, the hindbrain can continue to regulate food 
intake in response to peripheral signals[15].

GASTRIC HORMONES ASSOCIATED 
WITH HUNGER AND SATIETY
The mechanisms that modulate gut-related satiety signals 
are now being recognized. The apparent importance of  
alterations in the gut hormonal milieu caused by surgi-
cal interventions in the GI tract has led to new surgical 
approaches and devices. Interventions (such as gastric 
pacing) that modulate gut-related satiety signals may offer 
approaches for curbing the threat of  obesity to human 
health. The enteroendocrine cells of  the GI tract act as 
a luminal surveillance system, responding to either the 
presence or absence of  food in the gut lumen[16]. Their 
secretion products regulate the course of  digestion and 
determine the delivery of  nutrients to the gut by control-
ling food intake[16]. The gut is the source of  numerous 
peptides, many of  which can alter appetite. These pep-
tides have numerous targets, including gastrointestinal 
exocrine glands, smooth muscles, afferent nerve termi-
nals, and the brain[17].

GLP-1
This incretin hormone is secreted from the lower gut in 
response to food intake stimulates insulin secretion and 
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inhibits gastric emptying[18,19]. Following an oral glucose 
load, insulin secretion is enhanced when compared with 
an intravenous glucose infusion in the presence of  simi-
lar plasma glucose concentrations[20]. This phenomenon 
is referred to as the incretin effect. In patients with type 
2 diabetes mellitus (T2DM), however, the incretin effect 
is significantly impaired and postprandial GLP-1 secre-
tion is diminished[20]. Because both the incretin effect and 
postprandial GLP-1 concentrations are markedly reduced 
in T2DM patients[21], the first clinical studies addressed 
the question of  whether raising GLP-1 levels by exog-
enous administration of  the incretin hormone could help 
to restore normal glucose regulation. However, GLP-1 
has a plasma half-life of  just a few minutes because it is 
readily degraded by the ubiquitous enzyme dipeptidyl 
peptidase-IV. Although the beneficial clinical effects of  
GLP-1 are evident, the need to continuously infuse it 
have hampered its broad clinical applications. Therefore, 
incretin mimetic agents, such as exenatide and dipeptidyl 
peptidase-IV inhibitors, are used to treat patients with 
T2DM[22]. Some studies have indicated that this treatment 
also results in weight loss[23,24]. Because of  its short half-
life, it has been shown that peripheral administration 
of  GLP-1 lowers postprandial glucose dysregulation by 
inhibiting glucagon secretion. Beta-cell function is also 
improved, along with increased satiety and decreased 
food intake, which then results in weight loss. GLP-1 
stimulates insulin secretion, which also delays gastric 
emptying[25-27]. Obese subjects have less GLP-1 release af-
ter a meal, which may lead to less inter-meal satiety when 
compared with lean subjects[28]. Low postprandial levels 
of  GLP-1 in obese children are responsible for excessive 
ingestion of  food and decreased inhibition of  gastric 
emptying, both of  which result in obesity[29]. The ability 
of  Roux-en-Y gastric bypass surgery to increase GLP-1 
levels has been reported[30]. In gastric pacing, up to 40% 
of  excess body weight can be lost after 2 years of  treat-
ment[31]. A limited study in morbidly obese patients has 
shown that gastric pacing is associated with decreased 
peripheral levels of  GLP-1. This effect correlates with 
decreased food intake and the resulting weight loss. From 
these results, a mechanistic role for the stimulation of  va-
gal afferents has also been propounded[8].

Leptin
The nervous system regulates energy balance at the 
whole-body level by constantly adjusting energy intake, 
expenditure, and storage[32,33]. The ob gene encodes the 
protein leptin, which is an adipose tissue-derived circulat-
ing hormone. Since the identification of  ob as the first ex-
ample of  human monogenic obesity, it has become clear 
that leptin plays a key role in controlling mammalian food 
intake and body fat stores[34,35]. A leptin deficiency in mice 
homozygous for a mutant ob gene (ob/ob mice) causes 
morbid obesity and diabetes. Leptin replacement leads to 
decreased food intake, normalized glucose homeostasis 
and increased energy expenditure[36-39]. Leptin induces 

transcriptional changes for several genes via the JAK/
STAT3 pathway, and rapid changes in cellular activity 
and membrane potential may underlie the acute actions 
of  leptin[40]. Leptin resistance limits its utility in ordinary 
obesity, as reflected by the increased levels of  leptin in 
obese subjects relative to their increased body fat[41]. 
Therefore, while the actions of  leptin in peripheral tis-
sues have been identified, studies in genetically modified 
mice have demonstrated that leptin action in the CNS is 
sufficient to regulate body weight, feeding, energy expen-
diture, and glucose metabolism[42-44]. The effect of  leptin 
on metabolism is supported by neurons distributed in the 
hypothalamus, midbrain, and brainstem. It has been sug-
gested that morphological changes progressively develop 
in the brain during obesity[45-47], and further inquiry into 
the cellular mechanisms linking obesity, neural plasticity, 
and food cravings are needed. Certain gut peptides (e.g., 
ghrelin) act in an additive manner with leptin to regulate 
energy balance[48], which has led to the development of  
combination therapies to enhance leptin sensitivity in 
obese states. Roux-en-Y gastric bypass in obese patients 
is associated with a decrease in leptin levels after only 
minimal changes in BMI have occurred[49]. Gastric pacing 
in morbidly obese patients results in significant weight 
loss that correlates with a decrease in leptin levels[8].

Peptide YY
The gut hormone peptide YY (PYY) belongs to a fam-
ily of  peptides that includes pancreatic polypeptide and 
neuropeptide Y (NPY). It is secreted by the L cells of  
the lower intestine after ingesting a meal and is released 
into the circulation[50], where it exists in two endogenous 
forms: PYY 1-36 and PYY 3-36

[51]. PYY 1-36 is the major 
form of  PYY in the fasting state[51]. The latter form is 
produced by the action of  the dipeptidyl peptidase-IV 
enzyme in response to food intake[52]. Between 1% and 
10% of  PYY is also found in the esophagus, stomach, 
duodenum and jejunum[53]. PYY exerts its action through 
NPY receptors. PYY inhibits gastric motility and increases 
water and electrolyte absorption in the colon[54].

Endogenous PYY may be involved in the long-term 
regulation of  body weight. PYY enhances a reduction in 
hunger and food intake[55]. Peripheral administration of  
PYY 1-36 decreases food intake in rodents. PYY 3-36 also 
markedly inhibits food intake in rodents[56,57] In humans, 
an intravenous infusion of  physiological levels of  PYY3-36 
reduces caloric intake in both normal weight[56] and obese 
subjects[58]. This effect is not achieved exclusively by af-
fecting energy intake; there is evidence that PYY may 
have some effects on energy expenditure and lipid me-
tabolism[59]. PYY levels are higher in rats treated with so-
lenoid electrodes placed on the left VN than in untreated 
controls[10]. PYY may also be associated with the rapid 
improvement in carbohydrate homoeostasis observed 
after bypass surgery. This improvement is secondary to 
an increase in insulin sensitivity rather than an increase 
in insulin secretion, which occurs later[60]. Increases in 
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lowing central and systemic administration. When admin-
istered either peripherally or centrally to rodents, ghrelin 
increases food intake and body weight[68-70] and stimulates 
gastric motility and acid secretion[71]. In humans, there 
is a pre-prandial rise in plasma ghrelin levels[72,73]. When 
administered to rodents at supra-physiological doses, 
ghrelin is able to activate hypothalamic neuropeptide Y 
agouti-related protein neurons and increase both food 
intake and body weight. Ghrelin participates in meal ini-
tiation. When administered either peripherally or centrally 
to rodents, ghrelin rapidly increases food intake and body 
weight[48]. Therapeutic intervention with ghrelin in cata-
bolic situations enhances food intake and increases gas-
tric emptying and nutrient storage. These effects, coupled 
with an increase in GH, link nutrient partitioning with 
growth and repair processes. Ghrelin-based compounds 
may have therapeutic utility for treating the malnutrition 
and wasting that are induced by various sub-acute and 
chronic disorders. Conversely, compounds that inhibit 
ghrelin action may be useful for preventing or treating 
components of  the metabolic syndrome, such as obesity, 
impaired lipid metabolism and insulin resistance.

Peripheral blood ghrelin levels were studied one month 
prior to gastric pacing, one month following implantation, 
and six months after activation of  the electrical stimula-
tion. Ghrelin levels were decreased significantly in response 
to food intake at all these evaluations. After activating the 
pacemaker, ghrelin levels were significantly increased above 
their levels prior to activation. The weight loss was signifi-
cantly correlated with the increased ghrelin levels[74]. A de-
crease in the number of  ghrelin-immunoreactive neurons 
in the hypothalamic paraventricular nucleus and in the su-
praoptic nucleus has been reported after a short period of  
gastric stimulation in rats[63]. In Roux-en-Y gastric bypass 
surgery, the total fasting plasma ghrelin levels were nearly 
identical between the subjects and the matched controls[30].

METHODS OF GASTRIC STIMULATION 
FOR THE TREATMENT OF OBESITY
Many aspects of  cell functioning are controlled by intrin-
sic or extrinsic electrical activity. In the normal physiolog-
ical state, an action potential is generated and then causes 
a cellular response. When electrical signals are applied 
externally, they increase the rate at which this response 
occurs, which is called electrical pacing. Nevertheless, if  
the electrical signal is applied during the refractory pe-
riod of  the normal action potential, it does not increase 
the response rate. However, it has been shown in several 
studies that application of  the electrical signal is still able 
to change the biochemistry of  the cell, which leads to 
greatly increased responses to the next normal action po-
tential[75]. Stimulating the stomach, the sub-diaphragmatic 
sympathetics, the vagal nerve (with or without unilateral 
vagotomy), and the intestines are some of  the pacing ap-
proaches that have been used for treating obesity[76].

the secretion of  GLP-1 and PYY are involved in the 
disappearance of  hypertriglyceridemia and decreases in 
the levels of  circulating fatty acids[60]. Some studies have 
reported that Roux-en-Y gastric bypass surgery increases 
PYY levels[30].

Cholecystokinin
Cholecystokinin (CCK) is the major hormone respon-
sible for gallbladder contraction and pancreatic enzyme 
secretion. Like other gastrointestinal hormones, CCK is 
produced in discrete endocrine cells that line the mucosa 
of  the small intestine. CCK stimulates vagal afferent neu-
ron discharge and controls the expression of  G-protein 
coupled receptors and peptide neurotransmitters in these 
neurons[16,61]. A gatekeeper function is attributed to CCK 
because its presence or absence influences the capacity 
of  vagal afferent neurons to respond to other neuro-
hormonal signals[16]. CCK reduces food intake by exerting 
an effect on the CCK-1 receptors residing in the VN[62].

During fasting, plasma CCK concentrations are low 
and vagal afferent neurons express cannabinoid CB1 and 
melanin concentrating hormone (MCH)-1 receptors, 
which stimulate food intake[16]. Post-prandial release of  
CCK down-regulates the expression of  both receptors 
and stimulates the expression of  Y2 receptors in neurons 
projecting to the stomach. In fasting, there is increased 
expression in the neurons of  the appetite-stimulating 
neuropeptide transmitter MCH, along with decreased ex-
pression of  the satiety-peptide cocaine and amphetamine-
regulated transcript (CART). The secretion of  CCK 
decreases the expression of  MCH and increases the 
expression of  CART. At low plasma concentrations of  
CCK, vagal afferent neurons exhibit increased capacity for 
appetite-stimulation, while post-prandial concentrations 
of  CCK lead to enhanced capacity for satiety signaling[16].

CCK antagonists induce hunger, leading to larger 
meals sizes. CCK also delays the rate at which food emp-
ties from the stomach[62]. CCK expression can be altered 
by prolonged gastric stimulation. Following 14 d of  GES, 
the number of  CCK-immunoreactive neurons in the hip-
pocampus increased compared with a control group[63]. 
In another study performed on morbidly obese patients 
treated with gastric pacing, the gastric pacing resulted in 
decreased CCK levels[8].

Ghrelin
Ghrelin was the first identified circulating hunger hor-
mone[64]. In contrast to the GI peptide hormones (such 
as GLP-1, PYY and others) that increase satiety through 
CNS-mediated pathways[65,66], the gastric hormone ghre-
lin stimulates hunger through a different CNS-mediated 
pathway[65]. Ghrelin is produced primarily by cells in the 
oxyntic glands of  the stomach and intestines[67] and is 
secreted into the bloodstream. Ghrelin is a potent stimu-
lator of  growth hormone (GH) secretion and is the only 
circulatory hormone known to potently enhance feeding 
and weight gain and to regulate energy homeostasis fol-
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Gastric pacing with short pulse width and high 
frequency for the treatment of obesity
Dilatation of  the stomach by food ingestion sends af-
ferent signals through the VN to the CNS and increases 
satiety, thus regulating food intake[77,78-80]. Because of  the 
many neuro-hormonal functions of  the stomach and the 
modification of  these hormones by food ingestion, mod-
ifying the function of  the stomach has been hypothesized 
to be a potential mechanism for treating obesity.

Several methods have been used to electrically stimu-
late the stomachs of  obese patients[76]. Changes in the in-
tensity of  the stimulus, the duration of  the pacing, and the 
anatomical site of  stimulation determine the effect of  the 
treatment. The responses to gastric pacing are dependent 
on the stimulus intensity, with shorter duration stimuli be-
ing sufficient when the impulse strength is increased. The 
antrum can be paced to significantly higher frequencies 
than the more proximal gastric regions.

GES is a method for invoking gastric contractions. 
The main effect of  the technique was originally thought 
to be longer retention of  food in the stomach that in-
duces early satiety and diminishes food intake. The first 
clinical use of  gastric pacing in the early 1990s was pre-
ceded by an exploration of  gastric electrical physiology 
in the 1980s[81] Human GES for obesity began in 1995. 
There have now been more than 500 subjects treated 
for obesity with gastric pacing. With proper screening, 
the weight loss can be in the range of  40% of  the excess 
body weight[76,82].

GES uses an electrical device called a gastric pace-
maker to provide mild electrical stimulation to the lower 
abdominal nerves. Utilizing minimally-invasive surgical 
techniques, the gastric pacemaker is placed subcutaneous-
ly in the abdomen. It is intended to induce early satiety 
through electrical stimulation of  the gastric wall. Several 
gastric stimulation protocols have demonstrated their 
weight-reduction efficacy in animal obesity models and 
in patients with morbid obesity. The implantable gastric 
stimulator (IGS) induces stomach expansion via electrical 
stimulation of  the VN. This type of  stimulation induces 
neurobiological responses by using brain circuits that lead 
to decreased food intake[83].

IGS has been used for the treatment of  obesity[84]. IGS 
reduces appetite and increases satiety. Its efficacy is attrib-
uted to its inhibitory effects on gastric motility and its di-
rect effects on the central nervous system and hormones 
related to satiety and/or appetite[84]. Chronic gastric 
stimulation impairs intrinsic gastric myoelectrical activity 
in the fed state, induces gastric distention in the fasting 
state and inhibits postprandial antral contractions[84]. The 
impairment of  gastric myoelectrical activity and contrac-
tions are associated with impaired digestion and emptying 
of  the stomach, which leads to early satiety and reduced 
food intake. The induction of  gastric distention in the 
fasting state results in activation of  stretch receptors, 
causing satiety[84]. Modulation of  neuronal activities and 
the release of  certain hormones in response to an IGS 

may also explain the reduction in appetite and increase in 
satiety.

The first studies of  GES as a treatment for obesity 
employed the Transcend™ Implantable Gastric Stimu-
lator. In 2002, Favretti and colleagues showed that the 
Transcend device was safe and effective at inducing and 
maintaining weight loss in 20 morbidly obese patients[85]. 
The pacemaker was implanted laparoscopically below the 
pes anserinus, 3 cm from the edge of  the lesser gastric 
curvature and 6 cm from the pylorus. The lead was fixed 
within a tunnel in the gastric muscular wall by a suture, 
and gastroscopy was performed to ensure that the lead 
did not perforate the stomach wall. The operative time 
was less than an hour, and the stimulator was activated 
30 d after its implantation. The stimulus parameters were 
an amplitude of  10 mA, a pulse width of  208 ms, and a 
frequency of  40 Hz with 2 s on and 3 s off[85]. The Tran-
scend device blocks vagal efferents and delays gastric 
emptying, leading to a 40% loss of  excess body weight[76]. 
The pacemaker delivers 2 s pulse trains with a 40-100 Hz 
frequency, 3-10 mA of  current, and a short pulse dura-
tion of  0.18-0.4 ms, with intervening 3 s periods of  no 
stimulation[7,86]. In another study, two electrode positions 
along the lesser curvature of  the stomach were used, with 
the low insertions 6 cm proximal to the pylorus and the 
high insertions just distal to the esophageal-gastric junc-
tion. Short-term weight loss has been achieved in a subset 
of  these patients[86]. The clinical response is most often 
defined by the excess weight lost (EWL) in these studies; 
however, improvements in symptoms, quality of  life and 
nutritional status have also been reported by most open-
labeled studies[87].

Gastric pacing with long pulse width and low frequency 
for obesity
Other types of  stimuli have been tested in animal models 
and in humans. In dogs, retrograde stimulation through 
two electrode pairs positioned proximal to the pylorus 
for 8 s at a frequency of  50 Hz and a voltage of  16 V 
with intervening periods of  no stimulation elicits retro-
grade contractions, reduces food intake and promotes 
weight reduction[88]. In another animal study, electrical 
stimulation has been shown to reduce food intake and 
increase gastric volume[89]. Studies in dogs using a pulse 
width in milliseconds at a frequency of  six cycles per minute 
induced gastric relaxation when the pacing occurred in the 
proximal stomach but not when it occurred in the distal 
stomach[90]. These studies demonstrated the ability to inhibit 
gastric contractions and delay gastric emptying[90,91]. Tempo-
rary retrograde pacing with a mucosal electrode placed en-
doscopically on the greater curvature of  the stomach, 5 cm 
above the pylorus, was performed in 12 normal volunteers. 
The gastric slow waves were entrained at nine cycles per 
minute, and the symptoms of  satiety, bloating, discomfort, 
and nausea were linearly correlated with the energy stimula-
tion in milliamps[92]. Later, 12 normal volunteers were stud-
ied for 3 d using temporary electrodes endoscopically placed 
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on the greater curvature stomach, 5 cm above the pylorus. 
Retrograde gastric pacing at nine cycles per minute resulted 
in retrograde propagation of  electrical waves from the an-
trum. These waves disrupted the normal electrical waves 
that propagate distally and caused gastric hypomotility. Food 
intake decreased by 16% and gastric retention of  solids in-
creased by 15% during this retrograde pacing. These chang-
es were accompanied by tolerable dyspeptic symptoms[92]. 
Another study in 12 normal volunteers using a stimulus in-
tensity below the threshold that induces dyspepsia was able 
to delay gastric emptying, decrease food intake, and decrease 
water intake compared with sham controls. These results 
suggested the possibility of  performing longer stimulations 
to treat obesity[93].

VNS for weight loss
The VN has a role in regulating hippocampal activity, 
and the hippocampus has a role in modulating eating 
behaviors[83]. Studies with the Transcend gastric pacemaker 
have suggested that blocking the efferent vagal impulses 
can reduce gastric tone, which is accompanied by slower 
gastric emptying, decreased food intake, and weight loss. 
A laparoscopically implanted electrical device that inter-
mittently blocked both VNs near the esophageal-gastric 
junction led to EWL in obese patients[94]. A vagal block-
ing algorithm with a duration of  90-150 s was associated 
with greater EWL than were either shorter- or longer-
duration algorithms[94]. An association was found between 
the number of  90-150 s algorithms delivered daily and 
greater EWL. In a study conducted in rabbits, the animals 
had a microchip implanted on the posterior vagus by lapa-
rotomy. Over a 4-wk period, body weight decreased by 12%, 
food intake decreased by 40%, and pulse rate decreased. 
Heart rate changes suggested stimulation of  the afferent 
vagus in addition to blocking of  the efferent vagus[95]. In 
another study, pigs were implanted with microchips on both 
vagal nerves by laparotomy. At an amplitude of  170 mV, a 
frequency of  1 Hz, and a 170-ms impulse duration, their 
food intake was decreased and their body weight gain was 
reduced with no observable side effects. Normogastria was 
reduced and tachygastria was increased, which is consistent 
with reduced efferent vagal transmission[96]. The human 
data on weight loss through VN stimulation comes from tri-
als using VN stimulators for treating epilepsy. These patients 
had cervical vagal stimulation, which caused hoarseness, 
cough, throat pain, and dyspnea. Thirty-two patients were 
evaluated and 17 lost weight[97].

Stimulation during the electrical refractory period to 
treat obesity
Stimulating the gastric antrum in rats during the absolute 
refractory period increases the strength of  gastric con-
tractions and increases vagal afferent firing, similar to its 
effects on gastric distension[98]. Pyloric stimulation in dogs 
decreases food intake, decreases antral contractions, and 
delays gastric emptying[99]. The Tantalus system (MetaCure 
Ltd.) is implanted laparoscopically for gastric stimulation 

that does not exhibit malabsorptive or restrictive charac-
teristics[100]. It was developed to electrically stimulate the 
gastric antral muscle immediately following the entrance 
of  food into the stomach. It increases antral muscular 
contractions and delays gastric emptying by delivering 
stimulation during the absolute refractory period[76]. The 
Tantalus system has a pulse generator and three bipo-
lar leads. Two pairs of  electrodes are implanted in the 
gastric antrum and two pairs in the gastric fundus. The 
electrodes in the gastric fundus sense the beginning of  a 
meal and signal the pulse generator to stimulate the antral 
electrodes during the absolute antral refractory period, 
which enhances spontaneous gastric contractions and 
sends a signal through the afferent vagus that the stom-
ach is distended. The device applies gastric contractility 
modulation signals to the gastric antrum. The system 
is designed to automatically detect when eating begins 
and to only then deliver GES sessions using electrical 
pulses that are synchronized to the intrinsic antral slow 
waves[100,101]. This method involves surgical placement of  
three electrode pairs; one pair in the fundus detects food 
ingestion, and two pairs in the antrum detect the intrinsic 
slow waves and deliver stimuli in synchrony with these 
signals[102]. The gastric stimulation begins when food 
enters the stomach, so it is only delivered postprandially. 
The device is believed to work by increasing antral con-
tractions. This stimulated phased motor activity enhances 
the satiety that is normally elicited by postprandial gastric 
distention[98]. The stimulation parameters that enhance 
the phased antral contractions include a frequency of  80 
Hz, a pulse width of  1-2 s, and a current of  0.5-1 mA[98]. 
Because of  its energy requirements, the device must be 
recharged weekly by an external charger.

A trial in 12 obese subjects demonstrated that the 
fundal electrodes were able to sense the start of  a meal > 
75% of  the time. The subjects lost 10 kg over 20 wk, and 
9 subjects who continued till week 52 lost an additional 
7 kg, for a total of  30.5% of  their excess body weight 
lost[102]. In a European multicenter, open-label study, 
thirteen T2DM obese patients were laparoscopically im-
planted with the Tantalus device. The thirteen subjects 
that completed 3 mo of  treatment showed a significant 
reduction in weight that was accompanied by glycemic 
improvement[100]. In the eleven patients that completed 6 
mo of  therapy, HbA1c was significantly reduced. Howev-
er, the improvement in glucose control did not correlate 
with weight loss[101]. The data support the hypothesis that 
GES can improve glucose metabolism and induce weight 
loss in obese diabetic patients[103].

Intestinal electrical pacing for obesity
Intestinal electrical stimulation (IES) may have promis-
ing applications for treating motility disorders associated 
with altered intestinal contractile activity. However, re-
cent studies have also revealed possible applications of  
intestinal electrical stimulation in obesity treatment[104]. 
IES applied to the duodenum reduces postprandial blood 
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glucose levels by modulating gastric emptying and the 
intestinal flow rate[105]. Both vagal and extra-vagal path-
ways are involved in the modulatory effects of  IES on 
the central neurons of  the satiety center[106]. Electrical 
stimulation of  the stomach, intestine, or colon with long 
pulses has an inhibitory effect on gastric tone[107]. IES 
has been reported to alter intestinal slow waves, contrac-
tions and transit, effects that are mediated by both vagal 
and adrenergic pathways[108]. Duodenal stimulation in 12 
healthy human volunteers did not induce dyspepsia, but 
it did reduce water intake and slowed gastric emptying[43]. 
Intestinal stimulation in dogs using seven sequential elec-
trodes with a frequency of  24 cycles per minute, a pulse 
duration of  50 ms, and a pulse amplitude of  1-3 mA 
entrains the intestinal pacesetter. This treatment is effec-
tive at stimulating intestinal transit, even in the face of  fat 
in the distal small intestine[109]. Intestinal stimulation in 
rats accelerates intestinal transit and reduces fat absorp-
tion[110]. Clinical trials of  intestinal pacing in humans have 
yet to be reported.

Some potential mechanisms for the effect of gastric 
pacing in obesity
Obesity is the result of  an imbalance between nutrient 
consumption, absorption, and energy expenditure[111]. 
GI motility regulates the rates at which nutrients are 
processed and absorbed and participates in controlling 
appetite and satiety via mechanical and neuro-hormonal 
pathways. The relatively extensive information on gastric 
pacing for motility disorders has shed light on the pos-
sible mechanisms of  this treatment’s beneficial effects on 
obesity. The effects of  pacing may depend on the stimu-
lus parameters and stimulation sites. Both the entrainment 
of  intrinsic gastric electrical activity, eliciting propagating 
contractions and reducing symptomatology in patients 
with gastroparesis and reducing appetite and food intake 
in morbid obesity were suggested[112]. Additionally, gastric 
stimulation parameters have extra-gastrointestinal effects, 
including altering systemic hormonal and autonomic 
neural activity and modulating afferent nerve pathways 
projecting to the central nervous system[112].

Obesity that is induced by hypothalamic damage is 
associated with increased vagal tone, increased insulin 
secretion, increased food intake, and weight gain[113]. Per-
forming a vagotomy below the diaphragm reverses the 
obesity caused by hypothalamic damage in rodents. Be-
cause trials have shown that placing a gastric pacemaker 
is the safest and simplest surgical treatment for morbid 
obesity, there has been considerable interest in defining 
the mechanisms by which it works[31]. Obesity seems to 
be associated with efferent vagal stimulation, which is 
inhibited by the Transcend pacemaker that is currently 
used. Short pulse widths and high-frequency stimulation 
induces gastric distention, inhibits postprandial antral 
contractions, and slows gastric emptying, which then 
leads to early satiety, reduced food intake and weight 
loss[114]. Cholinergic vagal efferents increase gastric tone, 

while nitric oxide pathways decrease it[115]. Gastric stimu-
lation blocks the efferent vagal pathway and releases 
nitric oxide pathways from inhibition, resulting in gastric 
dilatation[84,116,117].The gastric slow waves are inhibited 
postprandially, which may also contribute to the delayed 
gastric emptying and promotion of  satiety[118].

The decreased levels of  GI hormones may be more 
compatible with depressed vagal tone than with vagal elec-
trical stimulation of  the pes anserinus area (the spreading 
zone of  the vagal branches in the lesser curvature of  the 
stomach). However, it is also possible that gastric pacing 
leads to parasympathetic hyperstimulation and the deple-
tion of  stored peptides, which may explain the reduced 
plasma levels of  certain gastrointestinal hormones[8]. GES 
may also affect several brain areas associated with satiety 
and hunger, and may exert an effect on the hormonal gut-
brain axis. Information on the current metabolic state is 
transmitted to the appetite control centers of  the brain by 
a diverse array of  signals, such as VN activity and meta-
bolic “feedback” factors that are derived from the pitu-
itary gland, adipose tissue, stomach, intestines, pancreas 
and muscle[12]. These signals act directly on the neurons 
located in the arcuate nucleus of  the medio-basal hypo-
thalamus, a key integration and hunger (orexigenic) and 
satiety (anorexigenic) control center of  the brain[12].

CONCLUSION
Obesity is an epidemic disease that is increasing in preva-
lence and is associated with a rising incidence of  diabetes. 
Behavior and lifestyle therapy are safe and effective treat-
ments for obesity in the short term, but the durability of  
the weight loss is limited. Although promising obesity 
drugs are in development, the currently available drugs 
lack efficacy or have unacceptable side effects. Surgery 
leads to long-term weight loss, but it is associated with 
morbidity and mortality. GES is a promising, minimally 
invasive, safe, and effective method for treating obesity. 
Patient selection for gastric stimulation therapy seems 
to be an important determinant of  the treatment’s out-
come[86,119-121]. Several approaches with different physi-
ologic mechanisms are in various stages of  development. 
The use of  GES as an obesity treatment should produce 
exciting new developments in the foreseeable future.
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Abstract
AIM: To investigate the effect of matrix metallopro-
teinase-9 (MMP-9) on the remnant liver after massive 

hepatectomy in the mouse. 

METHODS: Age-matched, C57BL/6 wild-type (WT), 
MMP-9(-/-), and tissue inhibitors of metalloprotein-
ases (TIMP)-1(-/-) mice were used. The mice received 
80%-partial hepatectomy (PH). Samples were obtained 
at 6 h after 80%-PH, and we used histology, immuno-
histochemical staining, western blotting analysis and 
zymography to investigate the effect of PH on MMP-9. 
The role of MMP-9 after PH was investigated using a 
monoclonal antibody and MMP inhibitor.

RESULTS: We examined the remnant liver 6 h after 
80%-PH and found that MMP-9 deficiency attenuated 
the formation of hemorrhage and necrosis. There were 
significantly fewer and smaller hemorrhagic and ne-
crotic lesions in MMP-9(-/-) remnant livers compared 
with WT and TIMP-1(-/-) livers (P  < 0.01), with no dif-
ference between WT and TIMP-1(-/-) mice. Serum ala-
nine aminotransaminase levels were significantly lower 
in MMP-9(-/-) mice compared with those in TIMP-1(-/-) 
mice (WT: 476 ± 83 IU/L, MMP-9(-/-): 392 ± 30 IU/L, 
TIMP-1(-/-): 673 ± 73 IU/L, P  < 0.01). Western blot-
ting and gelatin zymography demonstrated a lack of 
MMP-9 expression and activity in MMP-9(-/-) mice, 
which was in contrast to WT and TIMP-1(-/-) mice. No 
change in MMP-2 expression was observed in any of 
the study groups. Similar to MMP-9(-/-) mice, when WT 
mice were treated with MMP-9 monoclonal antibody 
or the synthetic inhibitor GM6001, hemorrhagic and 
necrotic lesions were significantly smaller and fewer 
than in control mice (P  < 0.05). These results suggest 
that MMP-9 plays an important role in the development 
of parenchymal hemorrhage and necrosis in the small 
remnant liver.

CONCLUSION: Successful MMP-9 inhibition attenuates 
the formation of hemorrhage and necrosis and might 

ORIGINAL ARTICLE

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v18.i19.2320

2320 May 21, 2012|Volume 18|Issue 19|WJG|www.wjgnet.com

World J Gastroenterol  2012 May 21; 18(19): 2320-2333
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2012 Baishideng. All rights reserved.



be a potential therapy to ameliorate liver injury after 
massive hepatectomy.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
In the field of  hepatobiliary surgery, liver resection is 
considered the standard treatment for primary liver tu-
mor and colorectal liver metastases[1-3]. Major liver resec-
tions have been associated with an increased morbidity 
and mortality compared with more limited resections. In 
particular, the outcomes are worsened when a chronic 
underlying liver disease is present[4]. Recent studies have 
shown that the volume of  the remnant liver is correlated 
with perioperative morbidity and mortality[5-7], and an 
insufficient hepatic remnant (IHR) after extended hepa-
tectomy is a critical issue.

On the other hand, liver transplantation (LT) is the 
treatment of  choice for end-stage liver diseases. How-
ever, in the LT field, donor shortage and small-for-size 
grafts (SFSGs) are critical issues. Although split-liver 
transplantation (SOLT) is promising, failure of  SFSGs 
in adult LT recipients[8,9] and after extensive hepatectomy 
for metastatic cancer hinders its application[10]. SFSG 
failure results in postoperative coagulopathy, cholestasis, 
ascites, encephalopathy, and death[11,12]. The mechanisms 
of  SFSG failure remain incompletely understood. 

One mechanism that has been implicated in the early 
development of  SFSG failure is the formation of  paren-
chymal hemorrhage and necrosis[13,14]. Previous investiga-
tors used electron microscopic studies to demonstrate 
sinusoidal breakdown leading to hemorrhage and necro-
sis after chemically or endotoxin-induced liver failure[15-17], 
hepatic ischemia-reperfusion injury[18-19], extensive hepa-
tectomy[18,20,21], and LT with SFSG or SOLT[22-25]. These 
findings suggested that although the inciting factors 
might have different causes, the pathogenesis of  sinusoi-
dal breakdown leading to hemorrhage and necrosis might 
be similar.

Matrix metalloproteinases (MMPs) comprise a family 

of  zinc-dependent neutral proteases that can degrade the 
extracellular matrix and basement membrane. MMPs play 
significant roles in cellular regulation, cell-cell communi-
cation, and tumor progression[26,27]. MMP-2 and MMP-9 
have been implicated in liver injury and remodeling. 
Knocking out MMP-9 and other MMPs attenuate liver 
injury associated with interferon treatment[28]. MMP-9 
contributes to the pathogenesis of  experimental acute 
liver failure[29]. Specifically, MMP-9 has been implicated in 
sinusoidal breakdown leading to extravasation of  circu-
lating cells and hemorrhage[14,30]. MMP-9 plays a pivotal 
role in ischemia-reperfusion injury[31-33]. When MMP-9 
is blocked with a synthetic inhibitor or by MMP-9 gene 
deletion, it successfully reverses ischemia-reperfusion 
injury[34,35] and cold preservation-warm reperfusion injury 
after LT[35]. Collectively, these data show that MMP-9 is 
involved in sinusoidal injury in liver failure. However, the 
role of  MMP-9 in the pathogenesis of  failure in IHR or 
SFSGs is not well known.

We hypothesized that MMP-9 plays an important role 
in the development of  liver parenchymal hemorrhage 
and necrosis in IHR/SFSG failure. Tissue inhibitors of  
metalloproteinases (TIMP)-1 are physiological tissue in-
hibitors of  MMP-9, which increase MMP-9 activity when 
deleted[36,37]. We hypothesized that a deletion or decrease 
in MMP-9 has a beneficial effect after hepatectomy. In 
the current study, we examined this hypothesis in IHR 
after 80%-partial hepatectomy (PH) in wild-type (WT), 
MMP-9(-/-), and TIMP-1(-/-) mice. We also examined 
the efficacy of  MMP-9 blockade with a monoclonal anti-
body and synthetic MMP-9 inhibitor.

MATERIALS AND METHODS
Animals
Male C57BL/6 mice (10-14 wk old) were obtained from 
Jackson Laboratory (Bar Harbor, ME), housed with a 
12-h light/dark cycle, and given food and water ad libi-
tum. MMP-9(-/-) mice, obtained from Dr. Robert Senior 
(Washington University, St. Louis, MO), and TIMP-1(-/-) 
mice, purchased from Jackson Laboratory, both with 
a C57BL/6 background, were bred in our facility. The 
study was institutionally approved in accordance with the 
National Institutes of  Health “Guide for the Care and 
Use of  Laboratory Animals”.

PH in mice
Our institutional procedures for PH and postoperative 
care have been described elsewhere in detail[38]. Left and 
right posterior and left and right anterior segments were 
resected for an 80%-PH, similar to that described in a 
previous report[39]. In brief, under general anesthesia, liver 
lobes were mobilized. A hemostatic clip (Teleflex Medi-
cal, Triangle Park, NC) was applied across the pedicle, 
and the liver lobes were removed, without any obstruc-
tion of  portal flow and hepatic venous drainage[38]. 
Laparotomy alone was performed for sham operations. 
Before closure, 2 mL of  warm saline was administered 
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intraperitoneally. Cephalexin (30 mg/kg) and buprenor-
phine (0.1 mg/kg) were given subcutaneously. Postop-
eratively, the mice were kept in a temperature-controlled 
environment with free access to food and water. All mice 
were sacrificed 6 h after 80%-PH. The remnant livers 
were harvested, and blood samples were collected. We 
chose the extended hepatectomy model in mice because 
we hypothesized that MMP-9 plays an important role in 
the development of  liver parenchymal hemorrhage and 
necrosis in IHR/SFSG failure.

MMP-9 inhibition by anti-MMP-9 monoclonal antibody 
and the MMP inhibitor GM6001
WT mice received 3 mg/kg of  anti-MMP-9 neutral-
izing monoclonal antibody intravenously (clone 6-6B; 
EMD Chemicals, Gibbstown, NJ) 1 h before 80%-PH 
(MMP-9 mAb, n = 6). Control mice received normal IgG 
(EMD, Gibbstown, NJ) (control IgG, n = 6). The broad-
spectrum MMP-inhibitor GM6001 (Millipore, Billerica, 
MA) at a concentration of  100 mg/kg in 10% dimethyl 
sulfoxide (DMSO) was administrated intraperitoneally 2 
h before 80%-PH (n = 10), and controls received DMSO 
only (n = 10). An inhibitor of  MMP-9 itself  may affect 
liver regeneration after PH. Therefore, for the inhibi-
tion of  MMP-9, we employed two inhibitory methods 
(i.e., a monoclonal antibody and inhibitor) and used 
MMP-9(-/-) mice in this study.

Biochemical analysis
Serum levels of  aspartate aminotransferase (AST) and 
alanine aminotransaminase (ALT) were determined by 
using a kinetic detection kit (Pointe Scientific, Inc, Can-
ton, MI), and total bilirubin was determined by using the 
QuantiChrom™ Bilirubin Assay Kit (BioAssay Systems, 
Hayward, CA).

Western blotting analysis
Liver samples were homogenized in a buffer containing 
10 mmol/L Tris-HCl (pH 7.4), 150 mmol/L NaCl, 1% 
Triton-X, 0.1% sodium dodecyl sulfate (SDS), 1 mmol/L 
ethylene diamine tetra-acetic acid (EDTA), 1 mmol/L 
ethylene glycol tetra-acetic acid, 1 mmol/L phenyl-
methyl-sulfonyl fluoride, and protease and phosphatase 
inhibitors. Homogenates were centrifuged at 105  000 × g 
for 1 h at 4 ℃. Supernatants were collected, and protein 
concentration was determined by bicinchoninic acid assay 
(Pierce, Rockford, IL). Forty micrograms of  protein was 
separated by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred to a poly-
vinylidene fluoride membrane (Millipore, Bedford, MA). 
Membranes were blocked with 5% nonfat milk in Tris-
buffered saline with Tween 20 [20 mmol/L Tris-buffered 
saline (pH 7.4), 500 mmol/L NaCl, and 0.05% Tween 20] 
and probed using the antibody for MMP-9 (R and D Sys-
tems, Minneapolis, MN), and were then incubated with 
peroxidase-conjugated secondary antibodies (Santa Cruz 
Biotechnology, Santa Cruz, CA) followed by enhanced 
chemi-luminescence (ECL) or ECL Plus reagent (Am-

ersham Biosciences, Piscataway, NJ). Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) served as control 
(Imgenex Corporation, San Diego, CA). Signals were 
quantified by using ImageQuant software (Molecular Dy-
namics, Sunnyvale, CA).

Gelatin zymography 
Liver homogenates were analyzed by gelatin zymography 
with affinity chromatography[40]. In brief, 400 μg of  liver 
extract samples were incubated with 100 μL of  gelatin-
Sepharose 4B (GE Healthcare, Piscataway, NJ) and 
equilibrated buffer containing 50 mmol/L Tris-HCL pH 
7.5, 150 mmol/L NaCl, 5 mmol/L CaCl2, 0.02% Tween 
20, and 10 mmol/L EDTA for 2 h at 4 ℃. After being 
washed three times, gelatin-Sepharose beads were resus-
pended in the same volume of  2 × zymography sample 
buffer (Bio-Rad Laboratories, Inc., Hercules, CA) and 
loaded onto a 10% SDS-PAGE gel containing 1 mg/mL 
of  gelatin (Bio-Rad Laboratories, Inc.). After electropho-
resis, the gel was washed twice for 30 min with 2.5% Tri-
ton X-100 for renaturing and then incubated in develop-
ment buffer (Bio-Rad Laboratories, Inc.) for 20 h at 37 ℃. 
The gel was then fixed and stained with 0.5% Coomassie 
Blue R-250 (Bio-Rad Laboratories, Inc.) for 1 h and de-
stained with 10% acetic acid in 40% methanol solution. 
Gelatinase zymography standards (Millipore, Billerica, 
MA) were used as a positive control. 

Histology and immunohistochemical staining
Formalin-fixed, paraffin-embedded liver specimens in 5-μm 
sections were stained with hematoxylin and eosin. Immu-
nohistochemical staining for CD11b (MAC-1) and CD68 
was performed on frozen sections, and staining for desmin, 
myeloperoxidase, and MMP-9 was performed on paraffin-
embedded sections after heat-induced antigen retrieval. We 
used 0.3% H2O2 to quench the endogenous peroxidase 
activity. An ABC kit (Vector Laboratories, Inc, Burlingame, 
CA) was used according to the manufacturer’s instruc-
tions for HRP-based staining with 3,3’ diaminobenzidine 
(DAB) tetrahydrochloride (Dako, Carpinteria, CA). Anti-
bodies for MMP-9 [antigen affinity-purified, lyophilized 
from a 0.2 µm filtrated solution in phosphate buffered sa-
line (PBS) with trehalose; AF909; R and D Systems, Min-
neapolis, MN], CD11b (clone M1/70, R and D Systems), 
CD68 (clone FA-11, Abcam Inc., Cambridge, MA), des-
min (Abcam Inc.), and myeloperoxidase (Ab-1) (Thermo 
Scientific, Fremont, CA) were incubated for the primary 
reaction. Alexa Fluor 568 donkey anti-goat IgG (H + L), 
Alexa Fluor 488 donkey anti-rabbit IgG, and Alexa Fluor 
488 donkey anti-rat antibody (Invitrogen, Carlsbad, CA) 
were used for secondary reactions.

Histological analysis 
The HE-stained sections were scanned with a Scanscope 
XT system and analyzed with Aperio Imagescope soft-
ware (Aperio Technologies, Inc., Vista, CA). Histologi-
cally positive areas were counted and measured by in-
vestigators blinded to the study group in three randomly 
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RESULTS
Parenchymal hepatic hemorrhage and necrosis occurs 
soon after 80%-PH
First, 80%-PH was performed in WT mice. Six hours 
after 80%-PH, the animals were killed and divided into 
two groups according to the status of  parenchymal 
hemorrhage and necrosis in the remnant livers. Murine 
behavior in hepatic failure has been well described[42,43]. 
The animals with hemorrhage and necrosis were observed 
to be sick and inactive, whereas the mice without such 
injury were asymptomatic and active. As shown in Figure 
1A and B, the groups consisted of  mice with minimal or 
no hemorrhage and necrosis (group Ⅰ, n = 6) or those 
with multifocal hemorrhage and necrosis (group Ⅱ, n = 
5). Group Ⅰ had a significantly greater area of  necrosis 
(2.97% ± 0.92% vs 0.11% ± 0.08%, P < 0.05) (Figure 1C) 
and number of  necrotic foci compared with group Ⅱ (3.60 
± 0.87 vs 0.26 ± 0.17, P < 0.01) (Figure 1D). Group Ⅱ 
had significantly higher AST (893 ± 72 IU/L vs 28 ± 12 
IU/L, P < 0.05) (Figure 1E), ALT (744 ± 35 IU/L vs 32 
± 77 IU/L, P < 0.05) (Figure 1F) and total bilirubin levels 
than those in group Ⅰ (4.45 ± 0.63 mg/dL vs 1.41 ± 0.19 
mg/dL, P < 0.01) (Figure 1G). These results suggested 
that group Ⅱ mice were in the process of  liver failure, and 
these results are consistent with previous reports[13,44-46]. 

Focal and/or patchy necrosis is an important find-
ing after hepatectomy[13,44]. Progressive necrosis is found 
from the early postoperative period[13,44-46]. We observed 
that parenchymal hemorrhage and necrosis occurred as 
early as 1 h after 80%-PH, and increased in number and 
size at 12 h and 24 h (data not shown), consistent with 
recent reports[13,44-46]. 

MMP-9 is upregulated in the remnant liver with 
hemorrhage and necrosis 
MMP-9 has been implicated in acute liver failure[14,29]. We 
investigated MMP-9 expression in the remnant livers of  
both groups I and Ⅱ 6 h after 80%-PH. Western blot-
ting analysis demonstrated that MMP-9 was upregulated 
in group Ⅱ compared with group Ⅰ (P < 0.01) (Figure 
2A and B). When we examined immunohistochemical 
staining for MMP-9, hepatocytes showed no expression 
of  MMP-9. However, MMP-9 was mainly observed in 
round-shaped cells and in stellate-shaped cells (Figure 
3A and B). To evaluate the association between necrosis 
and MMP-9, we compared the expression of  MMP-9 in 
10 randomly selected fields of  3-mm2 in area with and 
without hemorrhage and necrosis. MMP-9 expression in 
the foci of  hemorrhage and necrosis was higher than that 
in normal liver parenchyma (P < 0.05) (Figure 3C). These 
results suggest that MMP-9 expression is associated with 
the development of  hemorrhage and necrosis in the rem-
nant liver after 80%-PH, which is consistent with previ-
ous reports[14,29]. 

CD11b-positive neutrophils are the main source of 
MMP-9 in the remnant liver 
To determine the source of  upregulated MMP-9 in the 

selected 3-mm2 fields. DAB-positive staining of  MMP-9 
was calculated using the positive-pixel-count function of  
Imagescope software in 10 randomly selected fields. The 
value was quantified as the percentage of  positive pixels 
per total pixels. The number of  infiltrated neutrophils in 
the remnant liver was evaluated in five randomly captured 
40 × high-power fields (hpf) with an Olympus BX50 flu-
orescence microscope (Olympus Optical, Tokyo, Japan). 

In situ zymography
In situ gelatinolytic activity was determined using 20-μm 
cryostat sections for the EnzChek Gelatinase assay kit 
(Molecular Probes, Eugene, OR)[40]. Sections were incu-
bated with 20 μg/mL of  fluorescence-conjugated gelatin 
in reaction buffer (50 mmol/L Tris-HCl, 150 mmol/L 
NaCl, 5 mmol/L CaCl2, and 0.2 mmol/L sodium azide) 
for 2 h at 37 ℃. After three washes with PBS, they 
were fixed in 4% paraformaldehyde. The sections were 
mounted with Vectashield (Vector Laboratories Inc., 
Burlingame, CA). Gelatinase activity was visualized using 
fluorescence microscopy (Olympus BX50; Olympus Op-
tical, Tokyo, Japan).

Preliminary study 
In our institution, 90%-PH (10% of  the liver remnant 
with an omental segment), 80%-PH (20% of  the liver 
remnant with right middle and omental segments) and 
75%-PH (25% of  the liver remnant with right middle and 
posterior segments) are available[38]. Initially, we performed 
90%-PH in WT, MMP-9(-/-) and TIMP-1(-/-) mice, as 
a preliminary study. A survival study after 90%-PH was 
performed in each murine strain. Moreover, liver damage 
scores in HE staining[41], serum AST and ALT levels, and 
the ratios of  terminal deoxynucleotidyl transferase-me-
diated dUTP nick-end labeling-positive nuclei/all nuclei 
per mm2 and caspase 3-positive nuclei/all nuclei per mm2 
in immunohistological staining were assessed in serum or 
liver samples 6 h after 90%-PH in each murine strain. The 
results for each factor did not reach significant differences 
between WT and MMP-9(-/-) mice and between WT and 
TIMP-1(-/-) mice. Even in WT mice (control group), all 
mice received 90%-PH without any surgical issues but 
showed considerable damage and subsequently died in 
the early postoperative period. We therefore considered 
that 90%-PH is not suitable to investigate the effect of  
MMP-9 and TIMP-1 on the hepatic remnant after hepa-
tectomy. To obtain relevant data according to clinical 
background[1-10], we finally employed 80%-PH in each 
strain for further experiments in this study. We decided to 
evaluate 80%-PH because mice could survive for a long 
time after surgery.

Statistical analysis
Data are presented as the mean ± SE. Statistical com-
parisons were performed using analysis of  variance 
followed by a two-sample t-test with Bonferroni adjust-
ment. A P value less than 0.05 was considered statisti-
cally significant.
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remnant liver, we performed double immunofluorescent 
analysis with MMP-9 and cell marker antibodies. CD68 
and desmin were used for Kupffer cells and hepatic 
stellate cells, respectively. MMP-9 was not observed in 
CD68-positive Kupffer cells (Figure 4A-C). Weak immu-
noreactivity to MMP-9 was observed in desmin-positive 
hepatic stellate cells (Figure 4D-F). In contrast, we con-
sistently found MMP-9 expression in CD11b-positive 
cells (Figure 4G-I). These results suggest that infiltrating 

neutrophils are the source of  MMP-9 found in the foci 
of  hemorrhage and necrosis in the remnant liver after 
80%-PH, which is consistent with previous reports[28,35]. 

MMP-9 deletion reduces parenchymal hemorrhage and 
necrosis 
To further confirm the role of  MMP-9 in the develop-
ment of  liver hemorrhage and necrosis after 80%-PH, 
we performed liver resections in WT, MMP-9(-/-), and 
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Figure 1  Histological and hematological differences between groups Ⅰ and Ⅱ at 6 h after 80%-partial hepatectomy. A: Histological findings in group Ⅰ mice; B: 
Representative images of remnant liver histology demonstrating significant multiple foci of hemorrhage and necrosis in group Ⅱ mice; C: Quantitation of the size (area 
percentage) of hemorrhage and necrosis: Significantly larger areas and more hemorrhagic and necrotic foci were observed in group Ⅱ mice than in group Ⅰ mice (aP 
< 0.05); D: Quantitation of the number of foci of hemorrhage and necrosis per mm2: Significantly larger areas and more hemorrhagic and necrotic foci were observed 
in group Ⅱ mice than in group Ⅰ mice (bP < 0.01); E: Aspartate aminotransferase (AST) levels were significantly higher in group Ⅱ mice than those in group Ⅰ mice 
(aP < 0.05); F: Alanine aminotransaminase (ALT) levels were significantly higher in group Ⅱ mice than those in group Ⅰ mice (aP < 0.05); G: Total bilirubin levels were 
significantly higher in group Ⅱ mice than those in group Ⅰ mice (bP < 0.01). 
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TIMP-1(-/-) mice. TIMP-1 is a physiological tissue in-
hibitor of  MMP-9, which increases MMP-9 activity when 
deleted[36,37]. We compared the size (area percentage) and 
the number of  hemorrhagic and necrotic foci in the rem-
nant livers. There were significantly fewer and smaller 
hemorrhagic and necrotic lesions in MMP-9(-/-) mice 
compared with WT and TIMP-1(-/-) mice (Figure 5A-C), 
(necrotic area: 0.49% ± 0.14% vs 1.74% ± 0.27% vs 1.82% 
± 0.40%, P < 0.01, Figure 5D) (number of  necrotic foci: 
0.64 ± 0.18 vs 1.50 ± 0.21 vs 1.76 ± 0.39, P < 0.05, Figure 
5E). There were no differences in the size and number of  
necrotic foci in WT and TIMP-1(-/-) animals. 

Western blotting and gelatin zymography showed 
that MMP-9 expression and activity were present in WT 
and TIMP-1(-/-) mice but were absent in MMP-9(-/-) 
mice (Figure 6A and B). There was no difference in 
MMP-2 expression, a gelatinase, which is closely related 
to MMP-9, in the three groups of  mice. In situ gelatin zy-
mography showed significantly less MMP-9 activity in the 
remnant liver of  MMP-9(-/-) mice compared with that in 
WT and TIMP-1(-/-) mice (Figure 6C-E). These results 
support our other findings that MMP-9 contributes to 
the development of  parenchymal hemorrhage and necro-
sis in the remnant liver after 80%-PH.

MMP-9 deletion inhibits hepatic infiltration of neutrophils 
To evaluate the effect of  MMP-9 deficiency on hepatic 
neutrophil infiltration, we performed double immuno-
fluorescent analysis of  MMP-9 and myeloperoxidase, 

as previously described[47]. As shown in Figure 7A-C, 
we identified myeloperoxidase-positive neutrophils by 
their characteristic staining pattern in cytoplasmic azu-
rophilic granules[48]. There were significantly fewer infil-
trated neutrophils in MMP-9(-/-) mice than in WT and 
TIMP-1(-/-) mice (3.3 ± 0.4 vs 7.0 ± 1.1 vs 6.0 ± 0.8 per 
hpf, P < 0.05) (Figure 7D). These results suggest that 
MMP-9 deletion inhibits neutrophil infiltration of  the 
remnant liver after massive hepatectomy.

Inhibition of MMP-9 with MMP-9 mAb or GM6001 
ameliorates liver hemorrhage and necrosis
We performed an MMP-9 inhibition experiment with a 
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specific MMP-9 monoclonal antibody (MMP-9 mAb) 
and the broad-spectrum MMP inhibitor GM6001, as 
previously described[40]. There were significantly smaller 
and fewer necrotic areas in the remnant liver in mice 
treated with MMP-9 mAb than in control IgG mice (ne-
crotic area: 0.17% ± 0.15% vs 1.81% ± 0.66%, P < 0.05; 
number of  necrotic foci: 0.23 ± 0.16 vs 1.23 ± 0.44, P < 
0.05) (Figure 8A and B). We showed inhibition of  gelati-
nolytic activity with in situ gelatin zymography[40], which 
demonstrated significantly reduced MMP-9 activity in 
the MMP-9 mAb-treated group compared with that in 
the IgG-treated group (Figure 8C and D). Similarly, the 
number of  infiltrated neutrophils was significantly lower 
in the group treated with MMP-9 mAb than that in the 
group treated with IgG (4.3 ± 1.1 vs 9.1 ± 1.9 per hpf, P 
< 0.05) (Figure 8E-G). 

We observed similar results with GM6001. Treatment 
with GM6001 showed significant suppression of  liver ne-
crosis compared with the DMSO vehicle (necrotic area: 
0.19% ± 0.13% vs 1.04% ± 0.36%, P < 0.05; number 

of  necrotic foci: 0.35 ± 0.19 vs 1.12 ± 0.31, P < 0.05). 
Neutrophil infiltration was significantly suppressed in the 
GM6001 group compared with that in the DMSO group 
(5.5 ± 1.0 vs 9.2 ± 1.3 per hpf, P < 0.05). In situ zymo-
graphic analysis showed a significant reduction in ge-
latinolytic activity in the GM6001 group compared with 
that in the DMSO group (data not shown). Collectively, 
these results demonstrate that MMP-9 inhibition plays an 
important role in protecting mice from developing paren-
chymal hemorrhage and necrosis after 80%-PH.

DISCUSSION
IHR after extended liver resection or a SFSG after SOLT 
is prone to develop parenchymal hemorrhage and necro-
sis. Uncontrolled progression of  the foci of  hemorrhage 
and necrosis leads to liver failure. The role of  MMP-9 in 
liver injury in the hepatic remnant has not been investi-
gated. In this study, we investigated the role of  MMP-9 
in the development of  hemorrhage and necrosis in IHR 
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nofluorescence in the remnant liver for (A) matrix metalloproteinase (MMP)-9 labeled in red (Alexa Fluor 568), (B) CD68 labeled in green (Alexa Fluor 488), and (C) 
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after 80%-PH in mice. We demonstrated that in IHR 6 
h postoperatively, MMP-9 was upregulated in infiltrating 
neutrophils associated with the foci of  hemorrhage and 
necrosis. Blocking MMP-9 expression by using a syn-
thetic inhibitor, a specific monoclonal antibody, or gene 
deletion significantly ameliorated the formation of  paren-
chymal hemorrhage and necrosis. 

In the current study, we found that the number and 
percentage of  necrotic foci were decreased in MMP-9(-/-) 
mice compared with WT mice. While TIMP-1(-/-) mice 
appeared to show slightly increased necrosis, there were 
no statistical differences between WT and TIMP-1(-/-) 
mice. TIMP-1 is a physiological tissue inhibitor of  
MMP-9[36,37], and therefore, MMP-9 activity is increased 
under the absence of  TIMP-1[36,37]. Our results demon-
strated that a decrease or absence of  MMP-9 prevented 
liver injury, and that a physiological inhibitor of  MMP-9, 
i.e., TIMP-1, caused similar liver damage in WT mice with 
IHR after 80%-PH. One possible explanation for the 
similar damage between WT and TIMP-1(-/-) mice is that 
liver injury after 80%-PH is very severe in these mice.

In our study of  IHR after 80%-PH in mice, we found 
that infiltrating neutrophils carry MMP-9, which ap-
pears to be responsible for the development of  hemor-
rhage and necrosis. This is consistent with previous re-
ports[14,28,35]. Wielockx and colleagues showed that MMPs, 
including MMP-9, play a central role in the destruction 
of  sinusoidal integrity, resulting in hemorrhage and ne-
crosis[28]. They speculated that MMPs could be derived 
from infiltrating neutrophils, resident hepatic stellate cells, 
and Kupffer cells. Recently, hepatic stellate cells have 
been shown to play a critical role in acute liver failure 
induced by lipopolysaccharide and beta-galactosamine or 
carbon tetrachloride by releasing MMP-9, which disrupts 
sinusoid integrity leading to sinusoidal collapse and liver 
failure[29]. Similarly, in hepatic warm ischemia-reperfusion 
injury, hepatic MMP-9 and MMP-2 induce sinusoidal 
injury in a manner that is independent of  neutrophil cy-
totoxicity[35]. Together, these data suggest that decreasing 
MMP-9 expression is useful to reduce early sinusoidal 
injury in IHR and SFSGs. 

Inhibition of  MMP-9 appears to be a potential thera-
peutic option in ischemic liver injury. In a previous study 
in rats, 70% of  the liver was rendered ischemic for 90 
minutes followed by reperfusion; a phosphinic MMP 
inhibitor attenuated the liver injury and necrosis[49]. Gene 
deletion of  MMP-9 mitigates liver injury after 90 minutes 
of  warm ischemia and reperfusion in mice[34,35]. Inhibi-
tion of  MMP-9 has been shown to protect rat livers from 
cold preservation-warm reperfusion injury[34,35]. Interest-
ingly, after cold ischemic preservation and warm reperfu-
sion, it was found that MMP-9 and MMP-2 were not of  
hepatocellular origin but from an extrahepatic source[34,35]. 
Therefore, collectively, these data support MMP-9 reduc-
tion as a potential pathway to improve parenchymal in-
tegrity and function in IHR after extended liver resection 
or a SFSG after SOLT. 
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Although MMP-9 can cause liver injury in IHR after 
extended liver resection or SFSGs after SOLT, MMP-9 is 
also essential for liver regeneration[50]. It has been shown 
that MMP-9 releases hepatic growth factor from the 
hepatic extracellular matrix during the priming phase of  
liver regeneration[51,52]. Together with its physiological tis-
sue inhibitor, TIMP-1, MMP-9 participates in regulating 
the hepatocellular cell cycle and proliferation[51]. MMP-9 
is temporally correlated to angiogenesis and regeneration 
in the liver. Therefore, prolonged inhibition of  MMP-9 
might be clinically undesirable. Recent studies have sug-
gested that inhibition of  MMP-9 to ameliorate the early 
formation of  parenchymal hemorrhage and necrosis 
should probably be started within and be limited to the 
first 2 d after extended liver resection or SOLT with SF-
SGs[50,52]. However, the use of  MMP-9 inhibition in the 
clinical management of  IHR or SFSGs requires further 
investigation and understanding to optimize its therapeu-
tic effectiveness. 

After extended liver resection or SOLT with SFSGs, 
portal hyperperfusion is likely to occur. Although increased 
portal hypertension is important in liver regeneration, 
uncontrolled acute portal hypertension with portal hyper-
perfusion can be detrimental[21,25,53]. In SOLT with SFSGs, 
portal hypertension and hyperperfusion are known to con-
tribute to SFSL failure[25,54,55]. In experimental models[25,53,56] 
and in clinical LT with SFSGs[8,9,25,54,55], decompression of  
portal hyperperfusion has been shown to significantly at-
tenuate hepatic hemorrhage and necrosis[57,58]. Evidence 
suggests that surgical and anatomical reduction of  portal 
hyperperfusion is important in the management of  IHR 
and SFSGs.

The molecular mechanisms by which portal hyper-
perfusion affects the outcome of  IHR after extended 
hepatectomy and SFSGs after SOLT are poorly under-
stood. Shear stress has been shown to induce nitric oxide 
production in microvascular endothelial cells[59], which 
might upregulate MMP-9 synthesis and production[60]. 
Reduction of  portal hyperperfusion could thus indirectly 
mitigate the effect of  MMP-9 production. However, it is 
not known how portal hyperperfusion relates to MMP-9 
with respect to sinusoidal injury leading to parenchymal 
hemorrhage and necrosis. Other potential important me-
diators in the injury of  IHR or SFSGs include oxidative 
stress[61] and tumor necrosis factor[62]. Understanding the 
role of  MMP-9 and other signaling pathways will increase 
our ability to develop therapeutic options to heal and pre-
vent liver injury associated with IHR and SFSGs.

Neutrophils have been consistently implicated in isch-
emia-reperfusion injury[19,35]. Neutrophils might produce 
and release MMPs that contribute to initiating sinusoidal 
injury[14]. Conversely, hepatic MMP-9 might be derived 
from hepatic stellate cells or sinusoidal cells, including 
endothelial cells and Kupffer cells[29]. Hepatic-derived 
MMP-9 might then attract neutrophils[30] into the liver after 
an injury. Neutrophils could then initiate and/or propagate 
sinusoidal hemorrhage and progressive necrosis[35]. There-
fore, targeting neutrophils for treatment could be impor-

tant in some diseases and conditions. 
The limitations of  this study include the following. Al-

though MMP-9 is implicated in the formation of  paren-
chymal hemorrhage and necrosis in IHR after 80%-PH, 
our study did not address how and where MMP-9 acts 
on the sinusoidal elements. The cascade of  nitric oxide 
synthetase, which is important in upregulating MMP-9, 
was not examined[59,60]. Even though we did not observe 
constitutive MMP-9 in association with parenchymal 
hemorrhage and necrosis, we could not rule out the pos-
sibility that hepatic cells, including sinusoidal endothelial 
cells, Kupffer cells, and hepatic stellate cells[30], produced 
MMP-9 at a minute level that was adequate to initiate liver 
injury with subsequent recruitment of  circulating neutro-
phils. The potential role of  T cells was not evaluated[63]. 
The possibility of  myeloperoxidase-associated oxidative 
inactivation of  TIMP-1, thus activating MMP-9, was not 
considered in this study[64]. We consider that the effects 
of  upregulation of  MMP-9 on sinusoidal and endothelial 
cells should be investigated in detail.

Initially, we hypothesized that MMP-9 plays an im-
portant role in parenchymal hemorrhage and necrosis in 
the small remnant liver. We found significantly less hem-
orrhagic and necrotic lesions in MMP-9(-/-) remnant liv-
ers than in WT and TIMP-1(-/-) remnant livers. Similar 
results were observed with MMP-9 monoclonal antibody 
or the synthetic inhibitor GM6001. In conclusion, we 
demonstrated that MMP-9 plays an important role in the 
development of  hepatic hemorrhage and necrosis in the 
small liver remnant 6 h after extensive partial hepatecto-
my. Moreover, we showed that infiltrating neutrophils are 
critical to the process of  liver injury. Targeting MMP-9 
could provide a clinically useful tool to optimize the 
function of  a small liver volume, i.e., IHR after extended 
hepatectomy or SFSGs after SOLT.
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ened when a chronic underlying liver disease is present. Recent studies have 
shown that the volume of the remnant liver is correlated with perioperative mor-
bidity and mortality, and an insufficient hepatic remnant (IHR) after extended 
hepatectomy is a critical issue.
Research frontiers
Matrix metalloproteinases (MMPs) comprise a family of zinc-dependent neutral 
proteases that can degrade the extracellular matrix and basement membrane. 
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MMPs play significant roles in cellular regulation, cell-cell communication, and 
tumor progression. MMP-2 and MMP-9 have been implicated in liver injury 
and remodeling. Knocking out MMP-9 and other MMPs attenuates liver injury 
associated with interferon treatments. MMP-9 contributes to the pathogenesis 
of experimental acute liver failure. Specifically, MMP-9 has been implicated in 
sinusoidal breakdown leading to extravasation of circulating cells and hemor-
rhage. MMP-9 plays a pivotal role in ischemia-reperfusion injury. When MMP-9 
is blocked with a synthetic inhibitor or by MMP-9 gene deletion, it successfully 
reverses ischemia-reperfusion injury. Collectively, these data show that MMP-9 
is involved in sinusoidal injury in liver failure. However, the role of MMP-9 in the 
pathogenesis of failure in IHR is not well understood.
Innovations and breakthroughs
Initially, the authors hypothesized that MMP-9 plays an important role in paren-
chymal hemorrhage and necrosis in the small remnant liver. In this study, the 
authors found significantly less hemorrhagic and necrotic lesions in MMP-9(-/-) 
remnant livers than in wild-type and tissue inhibitors of metalloproteinases 
(TIMP)-1(-/-) remnant livers. Similar results were observed with a MMP-9 mono-
clonal antibody or synthetic inhibitor GM6001. 
Applications
The authors demonstrated that MMP-9 plays an important role in the develop-
ment of hepatic hemorrhage and necrosis in the small remnant liver 6 h after 
extensive partial hepatectomy. Moreover, the authors showed that infiltrating 
neutrophils are critical to the process of liver injury. 
Terminology
Targeting MMP-9 could provide a clinically useful tool to optimize the function of 
a small liver volume, i.e., IHR after extended hepatectomy.
Peer review
Using MMP-9(-/-), wild type, and TIMP-1(-/-) mice, the authors demonstrated 
that in IHR at 6 h postoperatively MMP-9 is upregulated in the infiltrating neu-
trophils associated with the foci of hemorrhage and necrosis. Blocking MMP-9 
expression by using a synthetic inhibitor, specific monoclonal antibodies, or 
gene deletion significantly ameliorated the formation of parenchymal hemor-
rhage and necrosis. The authors finally proposed that MMP is tightly associated 
with liver parenchymal hemorrhage and necrosis for insufficient liver remnant, 
which always leads a lethal outcome clinically.
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Abstract
AIM: To investigate the effect of the demethylating 
reagent 5-aza-2’-deoxycitidine (DAC) on telomerase 
activity in hepatocellular carcinoma (HCC) cell lines, 
SMMC-7721 and HepG2. 

METHODS: The related gene expression in cell lines 
was examined by real-time reverse transcription-poly-
merase chain reaction and Western blotting analysis. 
The telomerase activity was examined by telomeric 
repeat amplification protocol-enzyme-linked immuno-
sorbent assay and DNA methylation was determined by 
methylation-specific polymerase chain reaction.

RESULTS: The telomerase activity was significantly re-

duced in both cell lines treated with DAC, accompanied 
by downregulation of telomerase reverse transcriptase 
(hTERT). We also observed the effect of DAC on the 
methylation status of hTERT promoter and the expres-
sion of regulatory genes, such as c-myc, p15, p16, 
p21, E2F1, and WT1. The methylation status of hTERT 
promoter could be reversed in SMMC-7721 by DAC, but 
not in HepG2 cells. However, p16 expression could be 
reactivated by demethylation of its promoter, and c-Myc 
expression was repressed in both cell lines. Moreover, 
DAC could enhance the sensitivity to the chemothera-
peutic agents, such as cisplatin, by induction of apopto-
sis of HCC cells. 

CONCLUSION: The DAC exerts its anti-tumor effects 
in HCC cells by inhibiting the telomerase activity.

© 2012 Baishideng. All rights reserved.
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thylation[1]. It has been found that DAC can inhibit cancer 
cell growth, particularly the leukemia cells, and it has been 
applied for the treatment of  myelodysplastic syndromes. 
A phase 1 study was finished using DAC as an antineo-
plastic drug for hematopoietic malignancies[2,3]. However, 
the mechanisms underlying its anticancer activity and 
other biological effects are not fully understood. It is 
believed to reactivate genes, including the tumor suppres-
sor genes p16, E-cadherin, and hMLH1 in cancer cells. 
Reactivation of  these genes is associated with cell cycle 
arrest and apoptosis, which leads to inhibition of  tumor 
cell growth[4]. However, the mechanisms of  telomerase 
activity and telomerase reverse transcriptase (hTERT) 
down-regulated by DAC remain unclear. Telomerase is an 
RNA-dependent DNA polymerase that synthesizes telo-
meric DNA sequences and almost universally provides 
the molecular basis for tumor cell proliferative capac-
ity[5]. Telomerase reactivation is a critical step in cellular 
immortality and carcinogenesis[6,7]. The enzyme consists 
of  three major components: hTERT, telomerase associ-
ated protein (TEP1), and telomerase RNA (TERC)[8]. 
Transcriptional regulation of  hTERT is believed to be 
the major mechanism of  telomerase regulation in human 
cells. Transient transfection experiments with hTERT 
promoter-luciferase reporters showed that the hTERT 
promoter is inactive in normal and transformed preim-
mortal cells but, like telomerase, is activated in immortal 
cells[9]. Expression of  hTERT was observed at high levels 
in malignant tumors and cancer cell lines, but not in nor-
mal tissues or telomerase-negative cell lines, and a strong 
correlation has been found between hTERT expression 
and telomerase activity in a variety of  tumors[10,11]. These 
findings suggest that expression of  hTERT might be a 
critical event in carcinogenesis. Thus, the mechanisms of  
hTERT activation are essential for understanding the mo-
lecular basis of  telomerase activation and carcinogenesis. 
The hTERT promoter contains binding sites for many 
transcription factors that could be involved in its regula-
tion. The abundance of  these potential transcription 
factor binding sites was subjected to various factors in 
different cellular contexts[12,13]. Several transcription fac-
tors are known to participate in hTERT gene expression, 
including positive regulators: c-Myc, Sp1, human papil-
lomavirus 16 E6, and steroid hormones; and negative 
regulators: Mad1, p53, p15, p16, p21, E2F, pRB, WT1, 
interferon-α, tumor growth factor-β and myeloid cell-
specific zinc finger protein[14,15]. Our previous studies re-
vealed that methylation status of  P21, P15, P16, WTI and 
E2F-1 was significantly associated with cancer tissues in 
hepatocellular carcinoma (HCC)[16]. In the present study, 
we observed the effect of  DAC on telomerase activity 
and hTERT expression in HCC cell lines, and found that 
DAC down-regulated the telomerase activity and hTERT 
expression by p16 promoter demethylation. 

MATERIALS AND METHODS
Cell lines and cell culture
Human hepatoma cell lines SMMC-7721 and HepG2 

were maintained in Dulbecco’s modified Eagle’s medium 
(high glucose) (Gibco, Invitrogen, United States) and 
supplemented with 10% fetal bovine serum (GIBCO, In-
vitrogen, United States), 100 units/mL penicillin, and 100 
mg/mL streptomycin in a humidified incubator under 
95% air and 5% CO2 at 37  ℃. Cells from exponentially 
growing cultures were used in all the experiments. This 
study was approved by the Institutional Ethics Commit-
tee of  the Second Military Medical University, China.

DAC 
Human hepatoma cell lines (SMMC-7721 and HepG2) 
were seeded at a density of  5 × 105 cells per well in 6-well 
tissue culture plates and were allowed to attach over a 
24-h period. The demethylating reagent DAC (Merk, Cal-
biochem, United States) was added to a final concentra-
tion of  1 μmol/L, 2 μmol/L and 4 μmol/L and the cells 
grew for 1 d, 3 d and 5 d. At indicated time intervals, 
cells were harvested by trypsinization and washed with 
phosphate-buffered saline. 

Assay of telomerase activity by telomeric repeat 
amplification protocol-enzyme-linked immunosorbent 
assay 
Telomeric repeat amplification protocol-enzyme-linked 
immunosorbent assay (TRAP-ELISA) was performed 
using the telomerase kit Telo TAGGG Telomerase PCR 
ELISA PLUS (Roche Diagnostics, Mannheim, Germany) 
according to the manufacturer’s instructions. Extracts 
from HEK293 cells were used as positive controls for the 
assay, and cell lysates heat-inactivated for 10 min at 85  ℃ 
were used as negative controls. Absorbance values were 
reported as the A450 nm reading. 

Real-time reverse transcription-polymerase chain 
reaction
RNA was extracted from cells using Trizol (Invitrogen, 
Carlsbad, CA, United States). cDNA was synthesized 
using 2 μg total RNA and a moloney murine leukemia 
virus-reverse transcriptase kit with random hexamer 
primers and an RNase inhibitor (Takara Biotechnology 
Co. Ltd., Dalian, China). Polymerase chain reaction (PCR) 
amplifications of  the respective genes were carried out 
with 40 ng complementary DNA, 500 nmol/L forward 
and reverse primer, and iTaqSYBRGreen Supermix (Bio-
Rad Laboratories, Hercules, CA) in a final volume of  
20 μL. Primer sequences and annealing temperature 
are summarized in Table 1. Real-time RT-PCR was per-
formed on a Mastercycler cycler (Eppendorf, Hamburg, 
Germany), and all experiments were performed twice. 
Amplification of  the housekeeping gene β-actin was per-
formed to standardize the amount of  sample RNA. Rela-
tive quantification of  gene expression was performed by 
the -ΔΔct method.

Methylation-specific polymerase chain reaction
The bisulfite modification of  DNA was done as de-
scribed previously[17]. DNA methylation was determined 
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by methylation-specific PCR (MSP). Forty ng of  bisulfite-
modified DNA was subjected to PCR amplification. 
The PCR reaction mixture contained 2.5 μL of  10 × 
PCR buffer, 100 pmol of  each primer, 2 mmol/L of  
each dNTPs, and 1 U of  Hotstart Taq DNA polymerase 
(Takara Biotechnology Co. Ltd., Dalian, China) at a final 
volume of  25 μL. The PCR was performed in a thermal 
cycler. Primer sequences and reaction conditions are sum-
marized in Table 1. DNA methylated by SssI methylase 
(Sss DNA) was used as positive control for methylated 
alleles. 

Western blotting analysis 
HepG2 and SMMC-7721 cells were lysed in RIPA lysis 
buffer (Beyotime, China) with 1 mmol/L phenylmeth-
anesulfonyl fluoride (PMSF). An equal amount of  protein 
was separated by sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred onto the 
nitrocellulose membrane. After blocking with 5% nonfat 
milk, the membrane was probed with anti-hTERT (Santa 
Cruz, United States), developed with the BeyoECL Plus 
substrate system (Beyotime, China). Blots were stripped 
and re-probed with β-actin antibody (Santa Cruz, United 
States) to confirm equal protein loading. 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide colorimetric assay and cell apoptosis analysis
The SMMC-7721 and HepG2 cells were seeded in 96-well 
plates and cultured with chemotherapeutic drugs and 
DAC for 3 d. The cells were examined by a colorimetric 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-

mide (MTT) (5 mg/mL, Sigma) assay. The spectrophoto-
metric absorbance was measured using a plate reader at 
570 nm. The morphology of  apoptosis was observed by 
4’,6-diamidino-2-phenylindole (DAPI) staining. The cells 
were analyzed using a Facial Action Coding System (FACS) 
Aria flow cytometer (Becton Dickinson, San Jose, CA). 

Statistical analysis
All of  the experiments were repeated at least three times. 
The data were expressed as means ± SD. Statistical analy-
sis was performed using Student’s t test (two tailed). P < 
0.05 was considered statistically significant.

RESULTS
Telomerase activity in HCC cells with DAC
To investigate the effects of  DAC on telomerase activity, 
SMMC-7721 and HepG2 were cultured with 1 μmol/L, 
2 μmol/L and 4 μmol/L DAC. Telomerase activity was 
measured by TRAP-PCR-ELISA assay after 1 d, 3 d and 
5 d of  exposure to DAC. Inhibition of  telomerase activ-
ity was observed in both cell lines in a dose-dependent 
manner, by maximal repression on day 3 at 4 μmol/L or 
day 5 at 2 μmol/L DAC (Figure 1). There was a 52.7% 
reduction of  telomerase activity in SMMC-7721 cells 
treated with 4 μmol/L DAC for 3 d, and a 45.6% reduc-
tion of  telomerase activity in HepG2 cells. The results 
revealed that the effect of  DAC on telomerase activity 
varied in different cell lines.

Effect of DAC on telomerase reverse transcriptase 
expression in HCC cells
Since the expression of  hTERT is closely associated with 
telomerase activity, we examined whether hTERT expres-
sion is suppressed in SMMC-7721 and HepG2 cells by 
DAC. The expression of  hTERT mRNA in SMMC-7721 
cells was decreased to 82% on day 1, 34% on day 3, and 
26% on day 5 after DAC treatment (2 μmol/L) (Figure 2). 
A decline in hTERT mRNA was also detected in HepG2 
cells treated with DAC. hTERT mRNA expression was 
maximally down-regulated by 4 μmol/L DAC. The 
complete down-regulation of  hTERT mRNA became 
apparent on day 3 of  treatment and maximal on day 5 
in both cell lines. Furthermore, we treated SMMC-7721 
and HepG2 cells with 1 μmol/L, 2 μmol/L, 4 μmol/L 
DAC respectively for 3 d and 2 μmol/L for 1 d, 3 d, 5 
d, respectively, then detected the hTERT expression in 
protein level by Western blotting analysis (Figure 3). The 
hTERT protein in SMMC-7721 and HepG2 cells was also 
down-regulated by DAC in a dose- and time-dependent 
manner, with maximal repression at 4 μmol/L on day 
5. The hTERT protein was notably suppressed in both 
HepG2 and SMMC-7721 cells after treated by 2 μmol/L 
DAC for 3 d; however, the effect was more significant in 
SMMC-7721 cells. These results were in accordance with 
hTERT mRNA expression. The results indicated that 
inhibition of  telomerase activity in HCC cells treated with 
DAC may contribute to a striking decrease in hTERT 
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Table 1  Primer sequences for reverse transcription-
polymerase chain reaction and methylation-specific polymerase 
chain reaction analysis

Gene Primer sequence (5’-3’) Annealing
(℃)

Product 
size (bp)

hTERT-F CGGAAGAGTGTCTGGAGCAA 58 422
hTERT-R GGATGAAGCGGAGTCTGGA
c-myc-F CTTCTCTCCGTCCTCGGATTCT 65 132
c-myc-R GAAGGTGATCCAGACTCTGACCTT
p15-F GAATGCGCGAGGAGAACAAG 65 204
p15-R CCATCATCATGACCTGGATCG
p16-F GCTGCCCACGCACCGAATA 57 179
p16-R ACCACCAGCGTGTCCAGGAA
p21-F GCAGACCAGCATGACAGATTT 60   70
p21-R GGATTAGGGCTTCCTCTTGGA
WT1-F GGCATCTGAGACCAGTGAGAA 62 120
WT1-R GAGAGTCAGACTTGAAAGCAGT
E2F1-F AGCTGGACCACCTGATGAAT 60   95
E2F1-R GTCCTGACACGTCACGTAGG
β -actin-F CCTGTACGCCAACACAGTGC 60 275
β -actin-R ATACTCCTGCTTGCTGATCC
hTERT-MF AGTTTTGGTTTCGGTTATTTTCGC 58 122
hTERT-MR AACGTAACCAACGACAACACC
hTERT-UF AGTTTTGGTTTTGGTTATTTTTGT 58 132
hTERT-UR AACGTAACCAACGACAACACCT
p16-MF TTATTAGAGGGTGGGGCGGATCGC 56 150
p16-MR GACCCCGAACCGCGACCGTAA
p16-UF TTATTAGAGGGTGGGGTGGATTGT 56 151
p16-UR CAACCCCAAACCACAACCATAA
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Figure 2  Effect of 5-aza-2’-deoxycitidine on telomerase reverse transcriptase mRNA in hepatocellular carcinoma cell lines SMMC-7721 (A) and HepG2 (B). 
Cells were incubated with DAC (1 μmol/L, 2 μmol/L or 4 μmol/L). Cell pellets were collected and subjected to real-time reverse transcription-polymerase chain reac-
tion assay. PC: Positive control; DAC: 5-aza-2’-deoxycitidine; hTERT: Human telomerase reverse transcriptase.

BA

BA

Te
lo

m
er

as
e 

ac
tiv

ity
 (A

45
0 

nm
)

Te
lo

m
er

as
e 

ac
tiv

ity
 (A

45
0 

nm
)

Te
lo

m
er

as
e 

ac
tiv

ity
 (A

45
0 

nm
)

Tao SF et al . DAC and telomerase in HCC



hTERT

β-actin

2338 May 21, 2012|Volume 18|Issue 19|WJG|www.wjgnet.com

mRNA and protein. 

Methylation of telomerase reverse transcriptase 
promoter in HCC cells by DAC
Since promoter methylation may be involved in hTERT 
repression in HCC cells, we observed the effects of  DAC 
on promoter methylation of  hTERT gene using MSP[18]. 
According to MSP analysis, the hTERT promoter was 
found to be hypermethylated in SMMC-7721, but not in 
HepG2 cells (Figure 4). The demethylation of  hTERT 
was found in SMMC-7721 cells treated with DAC in a 
dose- and time-dependent manner, and there was com-
plete demethylation after treatment with 5 μmol/L DAC 
for 3 d or 2 μmol/L for 3 d (Figure 4A). However, DAC 
showed no effects on hTERT methylation in HepG2 cells 
(Figure 4B). These data suggested that the demethylation 
of  hTERT promoter by DAC could not play an impor-
tant role in down-regulation of  hTERT expression.

Expression of critical regulatory genes of telomerase 
reverse transcriptase transcription by DAC
We focused on some regulatory genes of  hTERT transcrip-
tion, such as c-myc, p15, p16, p21, E2F-1, WT1. Using real-
time PCR, we examined the mRNA expression of  these 
genes during exposure to DAC at 2 μmol/L for 1 d, 3 d and 
5 d. The data showed that c-myc had high expression while 
p16 had low expression (SMMC-7721) or lost expression 
(HepG2) in hepatoma cells, and the other genes showed dif-
ferent levels of  expression (Figure 5). The down-regulation 

of  c-myc and up-regulation of  p16 mRNA expression were 
found in HCC cell lines treated with DAC. Western blotting 
analyses further revealed the significant levels of  c-myc and 
p16 in both SMMC-7721 and HepG2 cells. These results 
suggested that c-myc and p16 could play an important role 
in down-regulating the hTERT expression by DAC.

Methylation of p16 promoter and reactivation of its 
expression by DAC 
We reproduced the methylation pattern of  p16 (Figure 6) 
using MSP. With DAC treatment, we detected increased de-
methylation of  p16 promoter. The data suggested that pro-
moter hypermethylation could causatively contribute to tran-
scriptional silencing of  p16, which up-regulated the hTERT 
transcription in HCC cells. 

Human hepatoma cells sensitive to chemotherapeutic 
agents after DAC treatment
To determine whether DAC could effectively inhibit HCC 
cell growth, we treated SMMC-7721 and HepG2 cells 
with various doses of  DAC for 72 h. We found that DAC 
inhibited the growth of  cell lines in a dose-dependent 
manner (Figure 7). To determine whether the growth in-
hibition by DAC can be enhanced by chemotherapeutic 
agents, SMMC-7721 and HepG2 cells were treated with 
DAC in combination with cisplatin. Notably, while dra-
matic morphological changes were caused by combination 
of  DAC with cisplatin, many cells revealed detachment 
and shrinkage. The growth inhibition was about 76% in 
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the cells treated with DAC in combination with cisplatin 
(20 μmol/L) as compared with 54% in the cells treated 
with cisplatin alone, or 48% treated with DAC alone. 
These data suggested that DAC could enhance the sen-
sitivity of  HCC cells to chemotherapeutic agents such as 
cisplatin. With the administration of  cisplatin and DAC, 
more cells revealed nuclear condensation and fragmenta-
tion of  apoptotic cell death. These results were confirmed 
by Annexin-V and propidium iodide staining and FACS 
analysis (Figure 8). The cell apoptosis was significantly 
enhanced by the combined administration of  2 μmol/L 
DAC and 20 μmol/L cisplatin. These results suggested 

that the enhanced effects of  the combined treatment on 
cell death were attributed to the augmented induction of  
apoptosis.

DISCUSSION
The most widely used demethylating agent, DAC, was 
first characterized 30 years ago and it functions as a 
mechanism-dependent suicide inhibitor of  DNA meth-
yltransferases, with which genes silenced by hypermeth-
ylation can be reactivated[19]. It has been found that 
telomerase activity in cancer cells was inhibited by differ-
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entiation, inducing demethylating agent DAC. We dem-
onstrated that telomerase activity could be inhibited by 
DAC in HCC cells (HepG2 and SMMC-7721), and the 
demethylation of  p16 promoter could play an important 
role. 

Telomerase reactivation is a critical step in cellular im-
mortality and carcinogenesis and is considered as a target 
for cancer treatment[8]. Our lab revealed that more than 
85% HCC had much stronger telomerase activity than 
cirrhosis[16]. Drug-induced cell killing of  tumor cells is as-

sociated with a decline in detectable telomerase activity[20]. 
In the present study, DAC inhibited telomerase activity 
and down-regulated hTERT expression in both human 
hepatoma cell lines SMMC-7721 and HepG2, and DAC 
suppressed the transcriptional activity of  hTERT genes. 
Targeting telomerase activity is one of  the mechanisms 
responsible for this reagent’s inhibition of  cancer cell 
growth. 

On one hand, promoter methylation was associated 
with transcriptional silencing of  the hTERT gene, as treat-
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ment of  cells with demethylating agent DAC resulted 
in an increase in hTERT transcription in an immortal 
fibroblast line SUSM-1[21]. On the other hand, DNA hy-
permethylation was implicated in the positive regulation 
of  the hTERT promoter because demethylation in several 
telomerase-positive tumor cell lines reduced hTERT ex-
pression and telomerase activity accompanied by telomere 
shortening[22,23]. Our present study showed that hTERT 
promoter was methylated in SMMC-7721 cells, but not 
in HepG2 cells, and almost complete demethylation of  
hTERT promoter only occurred in the former cell line 
after DAC treatment. The explanation that CpG methyla-
tion likely interfered with the binding of  transcriptional 
repressors, thereby positively regulating the hTERT pro-
moter, may be reasonable for SMMC-7721 but not for 
HepG2. These findings suggested that hTERT promoter 
methylation is not the sole regulator of  hTERT gene ex-
pression in HCC cells treated with DAC. 

Several transcription factors are known to be respon-
sible for the regulation of  hTERT expression, including 
c-myc, p21, p16, p15, E2F-1 and Wilms’ Tumor 1 sup-
pressor gene[24]. This evidence prompted us to examine 
the effect of  DAC on the expression of  these genes. The 
c-myc was over-expressed while p16 expression was low 
or lost in hepatoma cell lines, and DAC repressed c-myc 
expression while reactivating p16. c-myc plays a critical 
role in telomerase activation through up-regulating the 
hTERT transcription, and this could be one mechanism 
by which 5-aza-CR represses hTERT transcription. Inac-
tivation of  p16-dependent pathways possibly in conjunc-
tion with telomerase activation might be a critical step for 
immortalization[25]. Our findings indicated that up-regu-
lation of  p16 and subsequent down-regulation of  c-myc 
could be major pathways for hTERT repression by DAC. 

Several evidences indicated that p16 expression could 
be transcriptionally silenced by CpG island hypermethyl-
ation in HCC[26]. The absence of  expression and promoter 
methylation of  p16 suggested that aberrant methylation is 
a major mechanism of  the inactivation of  p16 expression 
in HCC. Our data showed that DAC reversed p16 pro-
moter methylation status and reactivated its expression, 
suggesting that p16 plays an important role in the down-
regulation of  telomerase activity by DAC.

In conclusion, the demethylating reagent 5-aza-CR 
represses telomerase activity and down-regulates hTERT 
expression. p16 could play a key role in this regulation. 
Our findings may provide insights into one of  the mech-
anisms through which 5-aza-CR exerts growth-inhibitory 
effects on HCC cells. 
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Abstract
AIM: To investigate the role of Lactobacillus crispatus  
(L. crispatus ) strain China Center for Type Culture Col-
lection (CCTCC) M206119 in intestinal inflammation. 

METHODS: Forty 8-wk-old Balb/c mice (20 ± 2 g) 
were divided into four groups of 10 mice each. Three 
groups that had received dextran sulfate sodium (DSS) 
were administered normal saline, sulfasalazine or 
CCTCC M206119 strain, and the fourth group received 
none of these. We assessed the severity of colitis using 
a disease activity index, measured the colon length and 
weight, collected stools and mesenteric lymph nodes 
for bacterial microflora analysis. One centimeter of the 
proximal colon, middle colon and distal colon were col-
lected and fixed in 10% buffered formalin, dehydrated 
in ethanol, and embedded in paraffin. Interleukin (IL)-
1β, IL-6 and tumor necrosis factor (TNF)-α expression 
was detected using reverse transcription polymerase 
chain reaction. Protective factors zonula occludens 
(ZO)-1 and β-defensin 2 were detected by immunoblot-

ting. The features of CCTCC M206119 strain were iden-
tified based on morphology, biochemical profile, and 
16S RNA sequencing.

RESULTS: DSS-colitis animals treated with CCTCC 
M206119 had markedly more severe disease, with 
greater weight loss, diarrhea, fecal bleeding, and short-
ened colon length. In addition, the CCTCC-M206119-
treated group had comparatively higher histologi-
cal scores and more neutrophil infiltration than the 
controls. Expression of protective factors ZO-1 and 
β-defensin 2 was downregulated due to destruction 
of the mucosal barrier after CCTCC M206119 strain 
treatment. An in vitro  assay demonstrated that CCTCC 
M206119 strain increased the nuclear translocation of 
nuclear factor-κB in epithelial cells. Intestinal proinflam-
matory or anti-inflammatory cytokine responses were 
evaluated. Proinflammatory colonic cytokine (IL-1β, IL-6 
and TNF-α) levels were clearly increased in CCTCC-
M206119-treated animals, whereas anti-inflammatory 
colonic cytokine (IL-10) level was lowered compared 
with saline or 5-aminosalicylic-acid-treated DSS-colitis 
mice. Next, CCTCC M206119 strain was characterized 
as L. crispatus  by microscopic morphology, biochemical 
tests and 16S rRNA gene level. 

CONCLUSION: Not all lactobacilli are beneficial for in-
testinal inflammation, and L. crispatus  CCTCC M206119 
strain is involved in exacerbation of intestinal inflamma-
tion in DSS-colitis mice.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Inflammatory bowel diseases (IBD), including Crohn’s 
disease and ulcerative colitis (UC), are characterized by an 
abnormal activation of  the gut-associated immune system 
resulting in a chronic inflammation of  the digestive tract[1]. 
It is widely accepted that a combination of  genetic fac-
tors, immune disorders and environmental factors could 
be involved in the etiology of  IBD[2]. Recent research has 
shown that some commensal and pathogenic bacteria are 
closely related to these diseases[3,4]. 

In acute dextran sulfate sodium (DSS)-induced colitis, 
bacteria and/or bacterial products play a major role in 
the initiation of  inflammation but not in chronic DSS-
colitis[5]. In the neonatal period, IL-10 gene-deficient mice 
have decreased levels of  colonic Lactobacillus spp. and an 
increase in colonic mucosal adherent and translocated 
bacteria. Normalizing Lactobacillus spp. levels reduces co-
lonic mucosal adherent and translocated bacteria and pre-
vents colitis[6]. Also, it is widely accepted that antibiotic 
treatment can definitely alleviate the clinical manifestation 
of  UC. Various antibiotics have been shown to exhibit 
varying abilities to prevent and treat colitis in HLA-B27 
rats and IL-10-/- mice[7,8]. Some authors recommended 
that where there are no bacteria, there is no colitis. Vari-
ous IBD models in rodents reared under germ-free con-
ditions are free of  intestinal inflammation[6]. Increasing 
evidence supports that luminal microflora, or their prod-
ucts, are probably an important initiating factor in the 
pathogenesis of  IBD[9].

Interestingly, facultative anaerobic Gram-positive bac-
teria and Lactobacillus spp. are decreased in patients with 
active UC, whereas bifidobacteria are decreased in fecal 
extracts from patients with Crohn's disease (CD)[10]. An-
other group has shown that bifidobacteria are reported 
to be deficient in rectal biopsies from patients with IBD 
and studies of  fecal flora in patients with CD suggest a 
deficiency in both lactobacilli and bifidobacteria[11]. Fur-
thermore, a marked decrease in intestinal Lactobacillus spp. 
precede the onset of  colitis in IL-10 gene deficient mice, 
and specific lactobacilli are relevant to disease induction 
or progression in the IL-10-deficient mouse model of  
colitis[12]. These studies offer strong evidence to support 
the view that an imbalance in the intestinal microflora 
triggers intestinal inflammation. 

Microflora considered beneficial to the host includes 
the genera Bifidobacterium and Lactobacillus, whereas species 
potentially pathogenic include Enterobacteriacae and clos-
tridia[4]. Therefore, maintaining or recovering the intesti-

nal microflora or mucosa-associated bacteria in specific 
compartments has been proposed as a potential therapy 
to treat IBD[13]. For example, the administration of  the 
VSL#3 probiotic cocktail delays relapse of  pouchitis after 
surgical resection[14,15]. Probiotics have undergone investi-
gation for their capacity to reduce the severity of  a num-
ber of  inflammatory conditions including pouchitis and 
UC. Also, some natural anti-inflammatory effects have 
recently been shown for Lactobacillus salivarius, Lactobacillus 
crispatus (L. crispatus), Bifidobacterium and Lactobacillus plan-
tarum and Lactobacillus casei Shirota based on experimental 
colitis models[16-18].

Despite the wide usage of  probiotics in controlling 
IBD, their efficacy is still controversial[19,20]. Thus, it is 
very difficult to draw a definitive conclusion in evaluat-
ing the role of  microflora in pathogenesis of  IBD, and 
subsequently, the efficacy of  controlling IBD. Some 
published data have also questioned the safety of  pro-
biotics. The possibilities include possible adverse effects 
of  probiotics in diseased or debilitated patients, rational 
bacterial selection, bacterial translocation, and microflora 
shift among individuals. Some published data have shown 
that lactobacilli isolated from IL-10-deficient mice failed 
to decrease tumor necrosis factor (TNF)-α production, 
whereas six lactobacillus isolates from mice without coli-
tis significantly inhibited TNF-α production. This indi-
cates that multiple strains of  lactobacteria may be capable 
of  probiotic activity but, conversely, that not all strains of  
lactobacteria have in vitro immunomodulatory activity[12]. 
Interestingly, it has been reported that Lactobacillus rham-
nosus GG exacerbated acute DSS-induced colitis, demon-
strated by increased colitic disease activity and histologi-
cal damage score, however, in a chronic colitis model, a 
protective effect was observed[21]. 

In a previous study, we investigated and compared the 
effect of  different Lactobacillus and Bifidobacterium strains, 
in a model of  DSS-induced colitis[22]. When we screened 
to find some probiotics that can be potentially thera-
peutic, we came across a strain L. crispatus China Center 
for Type Culture Collection (CCTCC) M206119 that is 
capable of  aggravating murine DSS-colitis. What was the 
possible mechanism? Does it mean that probiotics safety 
should be reconsidered? 

In the present study, the promotive effects of  strain 
CCTCC M206119 on the development of  the inflamma-
tion were analyzed using a DSS-colitis model in BALB/c 
mice. We compared the effect of  CCTCC M206119 admin-
istration, saline, and 5-aminosalicylic acid (5-ASA) treatment 
on DSS-colitis in mice. Thus, we tested in vivo and in vitro 
whether and how the CCTCC M206119 strain could ag-
gravate epithelial damage of  the colon, and indentified the 
features of  CCTCC M206119 strain based on morphology, 
biochemical profiles, and 16S RNA sequencing.

MATERIALS AND METHODS
Bacterial strains and growth conditions
L. crispatus strain CCTCC M206119 was isolated from 
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human feces in the Division of  Digestive Disease of  the 
Second XiangYa Hospital (Changsha, Hunan, China), 
and kept at China Center for Type Culture Collection 
(CCTCC, Wuhan, China). Lactobacillus strains were grown 
at 37 ℃ in de Man, Rogosa and Sharpe (MRS) medium 
(Difco, MD, United States) without shaking.

Animals
Eight-week-old BALB/c mice of  either sex were pur-
chased from Hunan Agricultural University [SCXK 
(Xiang 2002-003)], and then bred under specific patho-
gen-free conditions. Mice were kept in ventilated and 
filtered cages, fed an irradiated diet, and housed on irradi-
ated bedding. Food and water were supplied ad libitum. All 
animal experiments were performed in compliance with 
the guidelines of  the Chinese government approved by 
the College BioResources ethical review board.

Preparation of bacterial strains and administration to 
mice 
Bacterial strains were grown to an optical density at 600 
nm of  3 to 4 (early stationary phase) at 37 ℃ in MRS me-
dium anaerobically, harvested by centrifugation, washed 
with sterile neutral saline, and resuspended at 109 colony 
forming units (CFU)/mL in neutral saline. Three hun-
dred microliters of  this daily-prepared suspension was 
fed daily to the mice via intragastric gavage, whereas the 
controls (both UC-induced and healthy mice) received 
300 μL neutral saline via the same procedure.

DSS-induced colitis model and experimental design
 Eight-week-old Balb/c mice (20 ± 2 g) were divided 
into a healthy control group, negative control (normal 
saline) group, positive control (5-ASA, 6 mg/20 g) group, 
and investigation (CCTCC M206119 strain) group, with 
10 mice in each. Normal saline (300 μL), sulfasalazine, 
CCTCC M206119 strain were administered intragastri-
cally once daily for 2 d before starting DSS and con-
tinued for 7 d after DSS induction. Colitis was induced 

by 5% (w/v) DSS (molecular weight 35  000-50  000; 
MP Biomedicals, Solon, OH, United States) dissolved 
in drinking water for 7 d (Table 1). The healthy control 
group received no DSS. Severity of  colitis was assessed 
daily using a disease activity index (DAI). After the sev-
enth day of  induction of  colitis, animals were euthanized 
by CO2 asphyxiation. The colon lengths and weight were 
measured. Under aseptic technique, 300 mg stools and 
mesenteric lymph nodes (MLNs) were collected for bac-
terial microflora analysis. All the samples were placed 
immediately in sterile tubes containing 5 mL of  transport 
medium. One centimeter of  the proximal colon, middle 
colon and distal colon was collected and fixed in 10% 
buffered formalin, dehydrated in ethanol, and embedded 
in paraffin. The remaining tissues were immediately snap-
frozen and stored at -80 ℃[23,24].

Assessment of colitis DAI
The severity of  colitis was assessed daily using a DAI 
based on the scoring system of  Hamamoto et al[25], which 
scores body weight loss, stool consistency and occult/
gross fecal bleeding (Table 2). Occult blood in feces 
was evaluated by means of  Hemoccult II test (Beckman 
Coulter, Palo Alto, CA, United States). 

Histology and histological grading
Tissue fixed with 4% (w/v) paraformaldehyde in phos-
phate buffered solution (PBS) was prepared for light 
microscopy, and 5-µm-thick sections were stained with 
hematoxylin and eosin to study histological changes. 
Grading of  intestinal inflammation was determined as 
follows (Table 3)[26]. All scores were obtained in a blinded 
fashion by two independent investigators.
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Table 2  Scoring of disease activity index

Score Weight loss (%) Stool consistency Occult/gross fecal bleeding

0 0 Normal Negative
1 1-5
2   5-10 Loose stool Hemoccult
3 10-15
4 > 15 Diarrhea Gross bleeding

Table 3  Histological score to quantify the degree of colitis

Score Inflammation Depth of 
lesions

Destruction of crypt Width of 
lesions (%)

0 None None None
1 Mild Submucosa 1/3 basal crypt   1-25
2 Severe Muscularis 2/3 basal crypt 26-50
3 Sera Intact epithelium only 51-75
4 Total crypt and 

epithelium
  76-100

DAI = (combined score of weight loss, stool consistency, and bleeding)/3. 
Normal stool, well-formed pellets; Loose stool, pasty and semi-formed 
stool that does not adhere to the anus; Diarrhea, liquid stool that adheres 
to the anus.

Table 1  Experimental protocol for induction of dextran 
sulfate sodium-colitis

Groups Experimental design

Healthy control No DSS treatments
Negative control 
(saline)

5% (w/v) DSS dissolved in drinking water for 7 d

Saline administered intragastrically once daily for 
9 d

Positive control 
(5-ASA)

5% (w/v) DSS dissolved in drinking water for 7 d

5-ASA administered intragastrically once daily 
for 9 d

Investigating group 
(CCTCC M206119)

5% (w/v) DSS dissolved in drinking water for 7 d

CCTCC M206119 administered intragastrically 
once daily for 9 d

DSS: Dextran sulfate sodium; 5-ASA: 5-aminosalicylic acid.
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to 109 CFU/mL with RPMI 1640 medium. HT-29 (3 × 
106 cells) were cultured in 24-well tissue culture plates 
for 72 h and TNF-α or CCTCC M206119 was added. 
After 4 h of  incubation, HT-29 cells were fixed in cold 
methanol for 5-15 min. The fixed cells were blocked 
in 5% bovine serum albumin (BSA)/PBS for 1 h on 
ice. We remove the blocking buffer and added primary 
antibody anti-nuclear factor (NF)-κB p65 (10 µg/mL) 
(MBL, Woods Hole, MA, United States; clone 8F11, rat 
IgG2a) diluted in PBS/0.3% Triton X100/1%BSA/1% 
serum overnight at 4 ℃ in a humidified chamber. After 
washing three times for 10 min with PBS on ice, the cells 
were incubated with anti-rabbit Cy3 (10 µg/mL) (Abcam, 
Cambridge, United Kingdom; polyclonal rabbit IgG) 
for 1 h at room temperature. The cells were mounted 
in Vectashield mounting medium (Vector Laboratories, 
Burlingame, CA, United States) with 4',6'-diamidino-
2-phenylindole hydrochloride after three washes in PBS 
at room temperature, and analyzed by a Nikon ECLIPSE 
E600 fluorescent microscope. The ratio of  positive nu-
clear cells to total cells represented the nuclear transloca-
tion of  NF-κB. The average number of  positive stained 
cells within at least nine independent high power fields 
(400 × magnification) were determined microscopically 
and subjected to statistical analysis as indicated. 

Reverse transcription polymerase chain reaction 
Total tissue RNA was isolated using TRIzol reagent fol-
lowing the manufacturer’s instructions For each sample, 
first-strand cDNA was synthesized using 1.0 µg total 
RNA with oligo dT23VN primer and M-MuLVuLV re-
verse transcriptase (Gibco). Five milliliters cDNA samples 
were amplified in 25 μL of  a reaction mixture containing 
10 × Taq buffer, 1.5 mmol MgCl2, 5 μmol dNTPs (each), 
10 μmol of  each 5′ and 3′ primers, and 2 U TaqGold 
polymerase (Perkin-Elmer Cetus, Waltham, MA, United 
States). Polymerase chain reaction (PCR) was performed 
in a thermal cycler (GeneAmp Model 2400; Perkin-Elmer 
Cetus) for 22 cycles (94 ℃ for 30 s, 55 ℃ for 30 s, and 
72 ℃ for 1 min), followed by a 10-min extension at 72 ℃. 
The PCR products (5 μL) were subjected to electropho-
resis on 1.5% agarose gels and stained with 0.5 μg/mL 
ethidium bromide. Primers used in this paper are illus-
trated in Table 4. 

Immunoblotting
Colon extracts (40 μg total protein) from each group of  
mice were resolved by SDS-PAGE under reducing condi-
tions and transferred to a nitrocellulose membrane (Bio-
Rad Laboratories, Hercules, CA, United States). The 
membrane was blocked with 5% nonfat dry milk over-
night and incubated with a rabbit polyclonal antibody 
to zonula occludens (ZO)-1, β-defensin 2 (Lab Version, 
Fremont, CA, United States), with a rabbit polyclonal 
antibody to IL-1β, IL-6 or TNF-α (Santa Cruz Biotech-
nology, Santa Cruz, CA, United States), with a mouse 
monoclonal antibody to IL-10 (BD Biosciences, Franklin 

Analysis of colon microflora
Three-hundred-microgram fecal samples were dispersed 
in 2 mL PBS. Each pooled sample (0.1 mL) was serially 
diluted via 10-fold dilutions (from 10-1 to 10-10). Eosin 
methylene blue agar, KULB agar, TTC azide dextrose 
agar and mannitol salt agar were used for the enumera-
tion of  Enterobacteriaceae, Bacteroides, Enterococcus and Staph-
ylococcus spp., respectively. Standard Nutrient Agar was 
used for the enumeration of  total aerobic bacteria. All 
the plates were incubated at 37 ℃, aerobically, for 24-48 
h and the number of  colonies were counted. Brain-heart 
infusion agar and LAMVAB agar were used to enumerate 
bifidobacteria and lactobacteria, respectively. Anaerobic 
incubation was carried out in anaerobic jars (Oxoid, Bas-
ingstoke, Hants, United Kingdom) at 37 ℃ for 48-72 h. 
Anaerobic conditions were obtained using Anaerogen 
(Oxoid) and were checked using methyl blue strips as 
oxidation reduction indicator. CFUs were counted and 
expressed per gram of  sample[27,28]. 

Myeloperoxidase activity 
The extent of  neutrophil infiltration was determined by 
myeloperoxidase (MPO) assay[29]. Briefly, 500 mg colon 
was homogenized in 1 mL iced 0.5% hexadecyltrimethyl-
ammonium bromide buffer. The aliquot was centrifuged 
(4000 g, 15 min) and the supernatant was diluted into 
5% homogenates. A mixture of  0.1 mL 0.05% hydrogen 
peroxide and 0.9 mL 5% homogenates was vortexed 
to release MPO from the tissue. After incubation in 
37 ℃ for 15 min, 0.2 mL mixture was added to 3 mL 
O-dianisidine reaction mixture and incubated for 30 min 
at 37 ℃. Sodium azide (50 μL, 2.0%) was added and in-
cubated at 60 ℃ for 10 min. Absorbance of  the reaction 
mixture was measured at 460 nm by spectrophotometer. 
Saline was used as a control. MPO activity was expressed 
as U/g tissue.

Nuclear translocation of nuclear factor-κB in CCTCC-
M206119-stimulated HT-29 cells 
HT-29 cells (purchased from Y-Y Chemical Reagent Co. 
Ltd., Shanghai, China) were cultured in RPMI 1640 medi-
um (Gibco, Rockville, MD, United States) supplemented 
with 10% fetal calf  serum under 5% CO2 at 37 ℃ and 
divided into negative control, TNF-α (10 ng/mL) and 
CCTCC M206119 groups. CCTCC M206119 was diluted 

Table 4  Primers used to detect gene expression at mRNA 
level

Genes Sequence of primers

GAPDH Sense 5’-ATCACCATCTTCCAGGAGCG-3’
Anti-sense 5’-CCTGCTTCACCACCTTCTTG-3’

IL-1β Sense 5’-TTTTAATCAGCTATCCGGAC-3’
Anti-sense 5’-TAATGGGAACGTCACACACC-3’

IL-6 Sense 5’-ATGAAGTTCCTCTCTGCAAGAGACT3’ 
Antisense 5’-CACTAGGTTTGTTTAATCTC-3’

TNF-α Sense 5’-ACGTGGAACTGGCAGAAGAG-3’
Antisense 5’-GGTTGTCTTTGAGATCCATGC-3’
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Lakes, NJ, United States), or with an anti β-actin or glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH) anti-
body (Affinity BioRegents, Golden, CO, United States) 
for loading control. Antigen-antibody binding was de-
tected with horseradish-peroxidase-conjugated anti-rabbit 
or mouse IgG (Vector Laboratories) using enhanced che-
miluminescence (Amersham Biosciences, Piscataway, NJ, 
United States).

Scanning electron microscopy 
To investigate the characterization of  CCTCC M206119 
strain, 108 CFU/mL bacteria were grown for 18 h in 
MRS (Difco), washed with PBS and fixed with 2.5% glu-
taraldehyde. After two washings with PBS, samples were 
dehydrated with ethanol to the critical point, coated with 
20 nm of  gold in the scanning electron microscopy (SEM) 
coating unit, and examined by a XL30 ESEM scanning 
electron microscope (Philips, Eindhoven, Netherlands).

Biochemical profiling 
CCTCC M206119 strain were grown on MRS agar and 
incubated under anaerobic conditions at 37 ℃ for 24-48 h. 
All isolates were visualized by Gram staining. Biochemical 
testing was performed with API 20A strips (BioMerieux, 
Hazelwood, MO, United States) according to the manu-
facturer’s instructions. Catalase and SPOR tests were 
performed according to the supplier’s recommendations 
(Becton Dickinson). G + C percentage was determined 
using high-performance liquid chromatography (HPLC) 
method in the Chemistry College of  Central South Uni-
versity (China). Ten microliters base standard and 10 μL 
DNA hydrolase were injected into the HPLC sample 
injector and analyzed three times. The separating condi-
tions used were as follows: 250 mm Zonbax-C18 column, 
0.05 mol/L NH4H2PO4 (pH 4.0) and acetonitrile mixture 
(20:1) as washing solution, 1 mL/min, moving phase: 2% 
acetonitrile, 98% 50 mmol/L NaH2PO4 buffered solution 
(pH 3.94), room temperature, detecting wavelength 254 
nm and 270 nm, 0.1 mg/mL dA, dT, dG, dC solution 
used as external standard.

16S rRNA gene sequencing 
Approximately 700 bp of  the 16S rRNA gene were 
amplified with primers 16S-F (5’-AGA GTT TGA TCA 
TGG CTC AG-3’) and 16S-R (5’-CAC CGC TAC ACA 
TGG AG-3’) under the following PCR conditions: 95 ℃ 
for 5 min; 10 cycles of  94 ℃ for 30 s, 70 ℃ for 30 s, and 
72 ℃ for 40 s; 26 cycles of  94 ℃ for 30 s, 60 ℃ for 30 s, 
and 72 ℃ for 1 min; and 72 ℃ for 10 min. 16S rDNA 
amplicons were gel purified by using SDS-PAGE and a 
gel band purification kit (Amersham Biosciences). The 
5’ terminus of  the 16S rRNA gene was sequenced with 
primers 16S-F and 16S-R by using an ABI Prism 3100 
(Applied Biosystems) sequencing system and an ABI 
Prism BigDye Terminator cycle sequencing ready reac-
tion kit (version 2.0, Applied Biosystems). Sequencing 
traces of  amplicons containing ambiguous signals were 
resubmitted for sequencing. rDNA sequences were ana-

lyzed by using Lasergene (version 5.0, DNAStar, Madi-
son, WI, United States). Contigs were generated by using 
SeqMan. Isolates were identified by using the nucleotide-
nucleotide Basic Local Alignment Search Tool (BLASTn) 
(www.ncbi.nlm.nih.gov/BLAST).

Statistical analysis
Data were analyzed by Student’s t test or analysis of  vari-
ance (ANOVA). The Wilcoxon signed-rank test was used 
to compare data that did not satisfy Student’s t test. P < 
0.05 was considered significant.

RESULTS
Colonic inflammation was aggravated in DSS-colitis 
mice after CCTCC M206119 treatment 
Survival rate of  DSS-colitis mice reduced to 80% from 
day 5 after CCTCC M206119 treatment changes, which 
differed from other groups significantly (Figure 1A). 
Body weight loss, stool consistency, and occult/gross fe-
cal bleeding were evaluated and scored individually for 
each animal according (Table 2). The scores were evalu-
ated statistically by χ 2 test and Monte Carlo exact test. 
CCTCC-M206119-treated DSS-colitis animals showed 
much higher DAI scores compared with 5-ASA- and 
saline-treated DSS-colitis mice, starting from day 3 after 
5% DSS treatment (Figure 1B). 

After 7 d of  treatment, all DSS-colitis mice showed a 
significant reduction in their colon length compared with 
the healthy controls. CCTCC-M206119-strain-treated 
DSS-colitis mice had the shortest length (8.2 ± 0.68 cm), 
followed by saline- (9.8 ± 0.56 cm) or 5-ASA- (10.0 ± 
0.89 cm) treated DSS-colitis mice (P < 0.05, Figure 1C). 
CCTCC-M206119-treated DSS-colitis mice had markedly 
more severe disease, with greater weight loss, diarrhea, 
fecal bleeding, and shortened colon length.

The histological lesions were examined blindly and 
the average scores were evaluated statistically by ANOVA. 
In the acute study, CCTCC-M206119-treated DSS-colitis 
mice presented scores of  10.9 ± 0.5 that differed statisti-
cally from those in the 5-ASA-treated DSS-colitis mice. It 
became evident that the CCTCC-M206119-treated DSS-
colitis group had comparatively higher DAI scores than 
the saline controls (P < 0.01, Figure 1D and E).

Furthermore, there was significant difference in MPO 
enzymatic activity detected in the colons control mice 
(1.038 ± 0.012 U/g tissue), DSS plus saline group (18.368 
± 1.226 U/g tissue), DSS plus 5-ASA group (8.369 ± 
0.652 U/g tissue), and DSS plus CCTCC M206119 group 
(24.565 ± 2.006 U/g tissue) (Figure 1F). This indicated 
that more neutrophils infiltrated DSS-colitis mice after 
CCTCC M206119 treatment.

CCTCC M206119 administration changed the fecal 
microflora in DSS-colitis mice
To characterize the role of  CCTCC M206119 strain on 
potential gut flora shifts during DSS-induced barrier 
damage, we performed a bacterial-culture-based survey 
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of  the gut flora in DSS-colitis mice treated with saline, 
5-ASA, or CCTCC M206119 strain. No significant dif-
ferences in total aerobic bacteria or Enterococcus were ob-
tained for any of  the groups. Bacterial counts of  all fecal 
aerobic [Escherichia coli (E. coli), Staphylococcus, Bacteroides, 
or total aerobic bacteria] cultured in DSS-colitis mice 
increased significantly compared to the healthy group. 
Also, both E. coli and Staphylococcus increased in the saline 
group, whereas 5-ASA rebalanced the bacterial counts 
of  Staphylococcus to normal levels (Figure 2A). In contrast, 
Lactobacillus in the colon lumen was reduced significantly 
in all DSS-colitis groups, with no significant changes in 
Bifidobacterium or Enterococcus spp. (Figure 2B). 

To determine whether the changes in gut flora after 

CCTCC M206119 treatment were due to alteration of  
the epithelial junction or antagonistic agents, we mea-
sured the expression levels of  ZO-1 and β-defensin 2 
from colons of  DSS-colitis mice treated with saline or 
CCTCC M206119 and healthy mice, by western blot-
ting. Expression of  ZO-1 in healthy mice remained at an 
abundant level compared to all DSS-colitis mice. Treat-
ment of  mice for 5 d with 5% DSS plus saline reduced 
ZO-1 expression significantly compared to healthy mice, 
whereas 5% DSS plus CCTCC M206119 strain reduced 
ZO-1 expression dramatically at day 3. In contrast, no 
β-defensin 2 expression was detected in the healthy mice, 
with relatively high expression of  β-defensin 2 detected 
in the colons in mice that were treated with 5 d of  either 
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5% DSS plus saline or 5% plus CCTCC M206119. After 
5 d exposure to 5% DSS plus CCTCC M206119, there 
was a significant (P < 0.05) decrease in β-defensin 2 level 
in the colons of  mice relative to 5% DSS plus saline 
treatment (Figure 2C).

Effects of CCTCC M206119 strain on epithelial injury and 
translocation of NF-κB in vitro
Nuclear translocation of  NF-κB p65 represents in-
creased inflammation at the initiation stage. To investigate 
whether the aggravation of  DSS-colitis after CCTCC 
M206119 strain treatment was due to the initiation of  
inflammation-related transcription, we detected the trans-
location of  NF-κB p65 in HT-29 cells inoculated with 
CCTCC M206119 strain. TNF-α was used as a control. 
In the blank control, no positive staining for NF-κB p65 
was detected. Both TNF-α and CCTCC M206119 strain 
upregulated the translocation of  NF-κB p65 in vitro, with 
more positively stained cells in the latter group (P < 0.05, 
Figure 3A and B).

Colonic cytokines in CCTCC-M206119- or vehicle-treated 
DSS-colitis mice
To investigate if  CCTCC M206119 administration affect-
ed the expression of  colonic cytokines, we first screened 
the mRNA levels of  the major colonic proinflamma-
tory cytokines by semi-quantitative reverse transcription 
polymerase chain reaction (RT-PCR). We observed in-
creased mRNA levels for IL-1 β, IL-6 and TNF-α from 
the colons of  DSS-colitis mice treated with CCTCC 
M206119 strain or saline for 3 d. Also, it was evident that 
mRNA levels of  IL-1 β, IL-6 and TNF-α from colons 
of  CCTCC-M206119-treated DSS-colitis mice were 
significantly higher than those from colons of  saline-
treated DSS-colitis mice (Figure 4A). Next, we confirmed 
the changes in expression of  the above cytokines at the 
protein level, suggesting that DSS treatment resulted 
in increased expression of  proinflammatory cytokines, 
whereas DSS plus CCTCC M206119 strain treatment re-
sulted in significantly higher expression of  the cytokines 
mentioned above (Figure 4B).

Anti-inflammatory cytokine IL-10 expression from 
colons of  DSS-colitis mice treated with saline, 5-ASA, 
or CCTCC M206119 was measured by western blot-
ting. IL-10 expression was dramatically downregulated in 
saline- and CCTCC-M206119-treated DSS-colitis mice, 
with more significant changes in the latter group. In con-
trast, 5-ASA upregulated IL-10 expression compared to 
saline-treated DSS-colitis mice (Figure 4C). It indicated 
that CCTCC M206119 treatment inhibited the expression 
of  anti-inflammatory cytokine in DSS-colitis mice.

Characteristics of CCTCC M206119 strain
Distinct microscopic morphological features were ob-
served after Gram staining of  broth-grown CCTCC 
M206119 strain. Gram-positive, rod-shaped morphol-
ogy could be distinguished (Figure 5A). Under SEM, 
CCTCC M206119 strain showed exclusively smooth rod- 
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aerobic (Bifidobacterium, Lactobacillus, Enterococcus spp.) in colon luminal contents 
from healthy animals and dextran sulfate sodium (DSS)-colitis mice treated by saline, 
5-aminosalicylic acid (5-ASA), or China Center for Type Culture Collection (CCTCC) 
M206119 strain at day 2 and day 7 after DSS-treatment, as determined by culture. 
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M206119 and healthy mice was measured by western blotting at indicated time points; 
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or fork-shaped morphology, without spores, flagella or 
capsules (Figure 5A). Based on analysis of  the peak and 
data of  base C, G, T and A, G + C mol% of  CCTCC 
M206119 strain was determined as 58.64% (Figure 5B). 
All CCTCC M206119 strains tested were unable to utilize 
indepamide, urea enzymes and gelatin. All strains tested 
were able to utilize glucose, mannitol, lactose, saccharose, 
maltose, salicin, L-xylose, arabitol, esculin, glycerol, cello-
biose, MNC, melezitose, D-raffinose, sorbitol, rhamnose, 
and trehalose. All strains were found to be catalase nega-
tive [at 3% (v/v) H2O2]. With discriminant and factorial 
analyses of  data from all biochemical tests, a presumptive 
identification scheme for CCTCC M206119 strain was 
formulated based on biochemical properties. In conjunc-
tion with Gram stain morphology, biochemical profiling 
can be used to differentiate among major groups of  
lactobacilli (up to 95% confidence interval). In our ab-
breviated identification scheme, CCTCC M206119 strain 
can be presumptively grouped into lactobacilli when bio-
chemical tests are combined with microscopic morphol-
ogy (Figure 5C). To verify the identities of  the reference 
strains used in this study, 16S rRNA genes were amplified 
and sequenced. With BLASTn, CCTCC M206119 strain 
was determined as L. crispatus at the 16S rRNA gene level 
(Figure 5D).

DISCUSSION
IBD, including CD and UC, are chronic immune-medi-
ated diseases in which endogenous bacteria are thought 
to play an important role, as suggested by many clinical 
observations and experimental studies summarized in re-
cent reviews[1]. Recent studies have also shown that some 
bacterial strains or mixtures may have the capacity to pro-
mote or reduce intestinal inflammation[4].

Although the pathogenesis of  IBD remains elusive, 
the relevance of  intestinal luminal bacteria in the initia-
tion and progression of  chronic intestinal inflammatory 
disorders is gaining support[30]. However, no specific mi-
croorganism has been associated with the pathogenesis 
of  IBD, suggesting that qualitative/quantitative differ-
ences in the intestinal microbiota may play some role in 
the initiation or perpetuation of  intestinal inflammation. 

In the current study, we compared the phenotypes of  
DSS-colitis mice treated by saline, 5-ASA, and CCTCC 
M206119 strain, trying to determine the role of  the 
probiotic bacterium. We demonstrated that CCTCC 
M206119 treatment reduced survival rate of  DSS-colitis 
mice. CCTCC-M206119-treated DSS-colitis animals had 
markedly more severe disease, with greater weight loss, 
diarrhea, fecal bleeding, and shortened colon length. In 
addition, the CCTCC-M206119-treated DSS-colitis group 
had comparatively higher histological scores and more 
neutrophil infiltration than the controls. To our surprise, 
CCTCC M206119 strain could be characterized as L. cris-
patus by microscopic morphology, biochemical tests and 
16S rRNA gene level. Hence, our study suggested that 
not all probiotics are safe for treatment of  colitis. Instead, 
probiotics safety should be carefully evaluated before 
their application.

Other recent studies also have shown supporting 
evidence. A strain of  Lactobacillus salivarius was isolated 
from blood and bile pus cultures of  a 70-year-old man 
with bacteremic acute cholecystitis[31]. Administration of  
different lactobacilli and a Bifidobacterium strain in an acute 
liver injury rat model has shown different effects on 
bacterial translocation and hepatocellular damage. Bifido-
bacterium animalis NM2 increases bacterial translocation to 
the MLNs but does not affect hepatocellular damage[32]. 
Together with our data, some probiotics could act as op-
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portunistic pathogens and result in endogenous infection 
unexpectedly. Also, some researchers have demonstrated 
that the activities to promote endogenous infections are 
strain specific.

As we know, most lactobacilli have a remarkable record 
of  safety and have been consumed by humans for decades. 
However, the possible involvement of  certain strains has 
been described in cases of  sepsis, endocarditis, or bactere-
mia; mostly in association with a severe underlying disease 

Sa
lin

e 

CC
TC

C 
M20

61
19

 

Sa
lin

e 

CC
TC

C 
M20

61
19

 

Sa
lin

e 

CC
TC

C 
M20

61
19

 

IL-1β

TNF-α

GAPDH

498 bp

365 bp

574 bp

5% DSS   -      +      +        -       +      +        -       +      +
Days        3      3        3        5       5       5        7        7        7

Sa
lin

e 

CC
TC

C 
M20

61
19

 

Sa
lin

e 

CC
TC

C 
M20

61
19

 

Sa
lin

e 

CC
TC

C 
M20

61
19

 

IL-1β

IL-6

TNF-α

GAPDH

19 KD

25 KD

17 KD

54 KD

5% DSS   -      +      +        -       +      +        -       +      +
Days        3      3        3        5       5       5        7        7        7

Sa
lin

e 

CC
TC

C 
M20

61
19

 

IL-10

β-actin 

15 KD

42 KD

5% DSS        -              +             +             +             +

Co
nt

ro
l

Mod
el

5-
AS

A

Figure 4  Colonic cytokines changes in China Center for Type Culture 
Collection M206119 or vehicle-treated dextran sulfate sodium-colitis mice. 
Expression of interleukin (IL)-1β, IL-6, and tumor necrosis factor (TNF)-α from 
the colons of dextran sulfate sodium (DSS)-colitis mice treated with China Cen-
ter for Type Culture Collection (CCTCC) M206119 or saline was measured by (A) 
RT-PCR and (B) western blotting at indicated time points; GAPDH was used as 
a loading control; C: IL-10 expression from colons of DSS-colitis mice treated 
with saline, 5-aminosalicylic acid (5-ASA), or CCTCC M206119 was measured 
by western blotting at indicated time points; β-actin was used as a loading con-
trol. The data represent at least three experiments. GAPDH: Glyceraldehyde-
3-phosphate dehydrogenase.

C

B

A A

20
18
16
14
12
10
8
6
4
2
0

Vo
lta

ge
 (

m
V)

1

0      2      4      6       8     10    12     14    16     18    20
                                         t /min

IND - ESC +
URE - GLY +
GLU + CEL +
MAN + MNC +
LAC + MLZ +
SAC + RAF +
MAL + SOR +
SAL + RHA +
XYL + TRE +
ARA + CAT -
GEL - SPOR -

http://www.ncbi.nlm.nih.gov/blast
Lactobacillus crispatus 

Figure 5  Characteristics of China Center for Type Culture Collection 
M206119 strain. China Center for Type Culture Collection (CCTCC) M206119 
strain was identified by (A) microscopy (Gram staining, oil 1000 ×) and scan-
ning electron microscopy (10  000 ×); (B) Gas chromatography ratio (high per-
formance liquid chromat); (C) biochemical reaction; and (D) sequence analyses 
of 16S rRNA gene fragments amplified from DNA eluted from CCTCC M206119 
genomic DNA. 

C

B

D

1 μm
Gram staining. Oil 1000 ×                           10  000 × 

2

Zhou FX et al . Lactobacillus crispatus  exacerbates DSS-colitis



2353 May 21, 2012|Volume 18|Issue 19|WJG|www.wjgnet.com

or detrimental condition[33]. In view of  these facts, the 
safety of  potential probiotic microorganisms in these con-
ditions should be assessed individually. Bacterial transloca-
tion (BT) is most likely the first step in the possible passage 
of  viable (indigenous) bacteria to sterile body sites and is 
thus important for sepsis, endocarditis, and bacteremia 
caused by the commensal flora. In animal studies, mono 
association experiments have shown that the type of  colitis 
is dependent on the bacterial species[12,34].

Based on our research, E. coli and staphylococci were 
increased in DSS-colitis mice, whereas lactobacilli in the 
colon luminal contents were reduced significantly in all 
DSS-colitis groups, with no significant changes in Bifido-
bacterium or Enterococcus spp. Furthermore, our data indi-
cated that changes in gut flora after L. crispatus CCTCC 
M206119 treatment were related to reduced ZO-1 ex-
pression and increased β-defensin 2 expression. Our in 
vitro experiment showed that both TNF-α and CCTCC 
M206119 strain upregulated the nuclear translocation 
of  NF-κB p65, with more positively stained cells in the 
latter group. Other studies have found that NF-κB can 
be activated in both intestinal epithelium and intestinal 
lamina propria mononuclear cells (LPMCs) in acute DSS-
colitis mice[35,36]. Intrarectal administration of  antisense 
oligonucleotides to NF-κB P65 could alleviate the in-

flammation[24,37]. Thus, it is reasonable to conclude that L. 
crispatus CCTCC M206119 strain exacerbated the imbal-
ance of  gut flora; changed the pathogen species or colo-
nies adhered to the colonic mucosa; subsequently altered 
the expression of  tight junction proteins and antibacterial 
molecules; and activated nuclear translocation of  NF-κB 
p65 in epithelium or inflammatory response cells. 

It is thought that IBD might be due to complex mu-
cosal immune responses to antigens of  resident enteric 
bacteria[38-40]. IL-1 and IL-6 have been shown to be the 
major cytokines secreted by lamina propria cells and play 
a critical role in the development of  Th1-cell-mediated 
chronic colitis[41]. Recombined IL-1 receptor antagonist 
can alleviate the mucosal inflammation and necrosis in 
DSS-coltis mice[42]. DSS-induced colitis was less severe in 
IL-6 gene knockout mice, whereas transgenic mice with a 
mutant CIS/SOCS3 gene, encoding a negative regulator 
for the IL-6/STAT3 (signal transducer and activator of  
transcription) signaling pathway, had increased suscep-
tibility to DSS-induced colitis[43]. In our study, we found 
that both mRNA and protein levels of  IL-1 β, IL-6 and 
TNF-α from colons of  CCTCC-M206119-treated DSS-
colitis mice were significantly higher and earlier than 
those from colons of  saline-treated DSS-colitis mice. In 
contrast, we found that expression of  anti-inflammatory 
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Figure 6  Model illustrating how China Center for Type Culture Collection M206119strain leads to aggravated phenotype in dextran sulfate sodium-colitis mice. 
DSS: Dextran sulfate sodium; TLR: Toll-like receptor; IL: Interleukin; TNF: Tumor necrosis factor; NOD: Nucleotide-binding oligomerization domain; NK: Natural killer.
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cytokine IL-10 was dramatically downregulated in saline- 
and CCTCC-M206119-treated DSS-colitis mice, with 
more significant change in the latter group. This indicated 
that DSS treatment resulted in increased expression of  
proinflammatory cytokines and decreased anti-inflam-
matory cytokines, whereas DSS plus CCTCC M206119 
treatment resulted in significantly higher and earlier ex-
pression of  the proinflammatory cytokines and inhibited 
the expression of  anti-inflammatory cytokine in DSS-
colitis mice. 

IL-10 can inhibit the expression of  IL-1α, IL-1β, 
IL-6, IL-12, IL-18, granulocyte-macrophage colony-stim-
ulating factor (GM-CSF), G-CSF, M-CSF, TNF, leukemia 
inhibitory factor and platelet activating factor produced 
by activated monocytes or macrophages. It exerts strong 
immune inhibitory function[8] and plays a major role in 
the immune tolerance of  intestinal mucosa[9,10]. Thus, 
it is possible that administration of  L. crispatus CCTCC 
M206119 strain interrupts the balance between anti-
inflammatory and proinflammatory responses in colonic 
mucosa or lamina propria after DSS treatment, and leads 
to subsequently aggravated colonic inflammation. These 
processes are similar to those observed in UC patients[11].

Thus, our hypothesis in this study is as follows: some 
bacteria or bacterial products, such as L. crispatus CCTCC 
M206119, may interact directly with colonic epithelial 
cells or LPMCs after disruption of  the mucosal barrier 
and balance of  gut flora by DSS administration. Then 
neutrophils and mononuclear cells infiltrate the lamina 
propria and activate NF-κB translocation, which in turn 
increases proinflammatory cytokines such as IL-1β, IL-6 
and TNF-α. Furthermore, TNF-α can augment NF-κB 
activation in various cell types, and inhibit the production 
of  anti-inflammatory cytokines such as IL-10 (Figure 6). 

Overall, human IBD trials to date have suggested that 
probiotics display no overt side effects, but conflicting 
reports on probiotic efficacy highlight the importance of  
selecting well-characterized probiotic strains and in deliv-
ering intact pharmaceutical formulations at an appropri-
ate dose level to the inflamed regions of  the intestine. 
These studies have emphasized that certain probiotic 
strains need to be thoroughly investigated in vitro and in 
vivo using appropriate disease models. Also, some probi-
otics such as L. crispatus CCTCC M206119 might act as 
aggravating factors in the pathogenesis of  UC. Future 
studies to identify associations between microorganisms 
(and or their genes and gene products) and human physi-
ological or disease processes will lead to the development 
and testing of  hypotheses that address causality as well as 
a myriad of  specific host-microbe interactions.
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Background
It is widely accepted that a combination of genetic factors, immune disorders and 
environmental factors could be involved in the etiology of inflammatory bowel 
disease (IBD). Recent research has illustrated that some commensal and patho-
genic bacteria are closely related to IBD. However, to date, the role of bacteria in 
the pathogenesis of IBD, or the efficacy of probiotics is still controversial.
Research frontiers
The efficiency of probiotics in controlling IBD is still controversial. Thus, it is 
difficult to draw a definitive conclusion in evaluating the role of microflora in the 
pathogenesis of IBD, and subsequently, the efficacy in controlling IBD. Some 
published data have also questioned the safety of probiotics. 
Innovations and breakthroughs
Microflora considered beneficial to the host include the genera Bifidobacterium 
and Lactobacillus. In this context, several candidate strains were screened 
to find some probiotics as therapeutics using dextran sodium sulfate (DSS)-
induced colitis in mice, and China Center for Type Culture Collection (CCTCC) 
M206119 strain led to an exacerbated phenotype of DSS-colitis mice. Expres-
sion of protective factors zonula occludens-1 and β-defensin 2 was downregu-
lated after CCTCC M206119 treatment. There was an increase in the nuclear 
translocation of nuclear factor-κB in epithelial cells. Then, intestinal proinflam-
matory and anti-inflammatory cytokine responses were evaluated. Proinflam-
matory colonic cytokines [interleukin (IL)-1β, IL-6 and tumor necrosis factor-α] 
levels were clearly increased in CCTCC-M206119-treated animals, whereas 
anti-inflammatory colonic cytokine (IL-10) level was lowered compared with 
saline- or 5-ASA-treated DSS-colitis mice. Next, CCTCC M206119 strain was 
identified as Lactobacillus crispatus, so it was concluded that not all lactobacilli 
strains have beneficial effects on intestinal inflammation and that Lactobacillus 
crispatus (L. crispatus) CCTCC M206119 is involved in exacerbation of intesti-
nal inflammation in DSS-colitis mice.
Applications
The study results suggest that some probiotics such as L. crispatus CCTCC 
M206119 strain might act as an aggravating factor in the pathogenesis of ulcer-
ative colitis (UC). They also highlight the importance of selecting well-character-
ized probiotic strains and in delivering intact pharmaceutical formulations at an 
appropriate dose level to the inflamed regions of the intestine.
Terminology
IBD is a group of inflammatory conditions of the colon and small intestine, 
including Crohn’s disease and UC, which are characterized by abnormal activa-
tion of the gut-associated immune system, resulting in chronic inflammation of 
the digestive tract. Lactobacillus is a genus of Gram-positive facultative anaero-
bic or microaerophilic rod-shaped bacteria. They are a major part of the lactic 
acid bacteria group, named as such because most of its members convert 
lactose and other sugars to lactic acid. They are common and usually benign.
Peer review
In this study, the authors investigated the role of CCTCC M206119 strain on 
intestinal inflammation using a DSS-induced colitis mice model. They showed 
that CCTCC M206119 strain was identified as L. crispatus, but this strain was 
involved in the exacerbation of intestinal inflammation in DSS-colitis mice. From 
these results, the authors concluded that not all lactobacilli strains have benefi-
cial effects on intestinal inflammation. This paper has been well written and the 
results are interesting.
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Abstract
AIM: To assess the characteristics and quality of en-
doscopic ultrasonography-guided fine needle aspiration 
(EUS-FNA) in a large panel of endosonographers.

METHODS: A survey was conducted during the 13th 
annual live course of endoscopic ultrasonography (EUS) 
held in Amsterdam, Netherlands. A 2-page question-
naire was developed for the study. Content validity 
of the questionnaire was determined based on input 
by experts in the field and a review of the relevant 
literature. It contained 30 questions that pertained to 
demographics and the current practice for EUS-FNA 
of responders, including sampling technique, sample 
processing, cytopathological diagnosis and sensitiv-
ity of EUS-FNA for the diagnosis of solid mass lesions. 
One hundred and sixty-one endosonographers who 

attended the course were asked to answer the survey. 
This allowed assessing the current practice of EUS-FNA 
as well as the self-reported sensitivity of EUS-FNA for 
the diagnosis of solid mass lesions. We also examined 
which factors were associated with a self-reported sen-
sitivity of EUS-FNA for the diagnosis of solid mass le-
sions > 80%.

RESULTS: Completed surveys were collected from 92 
(57.1%) of 161 endosonographers who attended the 
conference. The endosonographers had been practic-
ing endoscopy and EUS for 12.5 ± 7.8 years and 4.8 
± 4.1 years, respectively; one third of them worked 
in a hospital with an annual caseload > 100 EUS-FNA. 
Endoscopy practices were located in 29 countries, in-
cluding 13 countries in Western Europe that totaled 
75.3% of the responses. Only one third of endosonog-
raphers reported a sensitivity for the diagnosis of solid 
mass lesions > 80% (interquartile range of sensitivi-
ties, 25.0%-75.0%). Factors independently associated 
with a sensitivity > 80% were (1) > 7 needle passes 
for pancreatic lesions or rapid on-site cytopathological 
evaluation (ROSE) (P  < 0.0001), (2) a high annual hos-
pital caseload (P  = 0.024) and (3) routine isolation of 
microcores from EUS-FNA samples (P  = 0.042). ROSE 
was routinely available to 27.9% of respondents. For 
lymph nodes and pancreatic masses, a maximum of 
three needle passes was performed by approximately 
two thirds of those who did not have ROSE. Microcores 
were routinely harvested from EUS-FNA samples by ap-
proximately one third (37.2%) of survey respondents. 

CONCLUSION: EUS-FNA sensitivity was considerably 
lower than reported in the literature. Low EUS-FNA 
sensitivity was associated with unavailability of ROSE, 
few needle passes, absence of microcore isolation and 
low hospital caseload.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Endoscopic ultrasound-guided fine needle aspiration 
(EUS-FNA) has become widely available in a variety of  
endoscopy settings. Due to its high diagnostic accuracy, 
EUS-FNA plays an important role in the management of  
masses located in or close to the gastrointestinal tract. For 
example, median sensitivity of  EUS-FNA to differentiate 
between benign and malignant masses of  the pancreas 
(technically the most difficult location)[1], is reported to be 
greater than 80%[2]. Such a high sensitivity for malignancy 
diagnosis has allowed EUS-FNA to significantly impact 
patient management in various clinical situations, includ-
ing pancreatic cancer[3], mediastinal lesions[4,5], lung can-
cer[6], and solid liver lesions[7,8]. 

Excellent results of  EUS-FNA such as those cited 
above have mostly been reported by dedicated endosco-
pists, many of  them working in academic centers. The 
quality of  EUS-FNA in the endosonographer popula-
tion is poorly known, despite the fact that the quality of  
endoscopic procedures has become a central concern for 
the American and European Societies of  Gastrointestinal 
Endoscopy[9-11]. 

To characterize the situation of  EUS-FNA in the com-
munity, we performed a survey in a large audience of  en-
dosonographers to assess (1) current modalities of  EUS-
FNA; (2) self-reported sensitivity of  EUS-FNA for the 
diagnosis of  solid masses; and (3) factors associated with a 
diagnostic yield similar to that reported in the literature.

MATERIALS AND METHODS
Survey design and administration
A 2-page, 30-item, questionnaire (Appendix 1) was de-
veloped for the study. Content validity of  the survey was 
determined based on input by experts in the field and a 
review of  the relevant literature. Participants were asked 
to answer questions pertaining to demographics (6 items), 
their own current practice for EUS-FNA (16 items), 
sample processing (3 items), cytopathological diagnosis (3 
items) and sensitivity of  EUS-FNA for the diagnosis of  
solid mass lesions.

The survey was conducted during the 13th annual 
live EUS course held in Amsterdam, Netherlands, June 

3rd and 4th 2010, as previously described[12,13]. Briefly, 
questionnaires were placed in bags distributed to course 
participants, and attendees were asked to deposit com-
pleted surveys in a dedicated box at the registration desk. 
Consent to participate in this study was inferred from 
voluntary completion of  the survey. Efforts to increase 
response rates included reminders by the course director 
and moderators, projection of  a reminder slide during 
breaks, and collection of  surveys by staff  members. No 
gift or financial incentive was granted to attendees.

Statistical analysis
Results are expressed as mean ± SD or as a percentage. 
Answers for each individual question were obtained from 
all survey respondents except when otherwise stated (each 
response was included in the analysis, regardless of  the 
completeness of  the survey); therefore, the number of  
respondents for each individual question (i.e., the denom-
inator for percentage calculations) is indicated.

Comparisons between groups were performed with 
the Pearson χ 2 test or Fisher’s exact test (Freeman-Halton 
extension where applicable) for categorical data and the 
Wilcoxon signed rank test for continuous variables. We 
also examined, by using multiple logistic regression analy-
sis, which factors-including years of  EUS practice, EUS-
FNA annual hospital caseload, availability of  rapid on-
site cytopathological evaluation (ROSE) of  EUS-FNA 
samples, number of  needle passes > 7 or based on ROSE 
for three lesion types (lymph node, pancreas mass < 25 
mm, pancreas mass > 25 mm), method of  EUS-FNA 
sample preservation and routine isolation of  microcores 
from EUS-FNA samples-were associated with a sensitiv-
ity of  EUS-FNA for the diagnosis of  solid mass lesions 
> 80%. All tests were 2-sided and P values < 0.05 were 
considered statistically significant. All analyses were per-
formed with JMP software (version 9.0.0; SAS, Cary, NC, 
United States).

RESULTS
Study population
Completed surveys were collected from 92 (57.1%) of  
161 endosonographers who attended the conference 
(excluding international faculty members, local faculty, 
fellows, and industry delegates). Survey respondents had 
been practicing endoscopy and EUS for 12.5 ± 7.8 years 
and 4.8 ± 4.1 years, respectively; 38 (42%) of  them had 
been performing EUS for more than 5 years (Table 1). 
Approximately one third of  respondents were practicing 
in a center with an annual caseload > 100 EUS-FNA. En-
doscopy practices were located in 29 countries, including 
13 countries in Western Europe (Austria, Belgium, Den-
mark, Germany, France, Greece, Italy, Netherland, Por-
tugal, Spain, Sweden, Switzerland and the United King-
dom) that totaled 75.3% (67 out of  89) of  the responses. 
Most (77.1%) survey respondents were performing FNA 
or drainage in fewer than 40% of  EUS procedures. For 
patients subjected to both endoscopic biliary drainage 
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and EUS-FNA, only 27% of  survey respondents were 
performing both procedures during a single endoscopy 
session. Staging of  pulmonary cancer was performed by 
approximately one third of  survey respondents (27 of  86; 
31.4%). 

Practice of EUS-FNA
A 22G needle was used for all lesion types by the ma-
jority of  endosonographers; a 25G needle was used by 
19.8% of  survey respondents for EUS-FNA of  the pan-
creas head (as compared to 6.8% for esophagogastric le-
sions; P = 0.009) (Table 2). ROSE of  EUS-FNA samples 
was available to less than half  of  survey respondents, 
routinely (27.9% of  answers) or in selected cases (15.1% 
of  answers). Most endosonographers who had ROSE 
routinely available used it to determine the number of  
needle passes during EUS-FNA, while a maximum of  
three needle passes was performed by approximately two 
thirds of  those who did not have ROSE routinely avail-
able. Samples were prepared using liquid-based methods 
plus smearing by approximately half  of  survey respon-
dents (46.5%); microcores were routinely harvested from 
EUS-FNA samples by approximately one third (37.2%) 
of  survey respondents. Paraffin-embedded blocks were 
prepared for histopathological examination of  EUS-FNA 
samples in the laboratory of  approximately half  of  sur-
vey respondents (55.8%). Forty-five (52.9%) of  85 survey 
respondents had regular meetings with the pathologist 
examining EUS-FNA samples.

If  EUS-FNA was repeated after a first inconclusive 
procedure, survey respondents repeated an identical 
procedure or referred the patient to another endosonog-

rapher in 35.3% and 8.2% of  cases, respectively. Those 
who modified the procedure performed more needle 
passes, used a larger needle and, in 25% of  cases, added 
ROSE of  the EUS-FNA sample. The vast majority of  
survey respondents performed Doppler examination 
before EUS-FNA (79 of  88 responses; 89.7%) and ad-
ministered antibiotic prophylaxis before EUS-FNA of  
pancreatic fluid collections (82 of  86 responses; 95.3%); 
antibiotic prophylaxis was less consistently administered 
in other indications of  EUS-FNA (perirectal lesions, 
43 (58.1%) of  74 responses; pancreas solid lesions, 10 
(11.6%) of  86 responses). For sampling of  pancreatic 
cysts, EUS-guided cyst wall brushing was rarely used (5 
of  86 responses, 5.8%).
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Table 1  Characteristics of survey respondents  n  (%)

Male gender (Nr = 92)    66 (71.7)
Age (yr) (Nr = 92) 43.1 ± 8.0
Years of endoscopy practice (Nr = 92) 12.5 ± 7.8
Years of EUS practice (Nr = 91)   4.8 ± 4.1
Number of respondents practicing in Western Europe (Nr = 89)    67 (75.3)
Proportion of EUS with FNA or drainage (Nr = 92)
   < 20% 35 (38)
   20%-40%    36 (39.1)
   40%-60%    18 (19.6)
   60%-80%    3 (3.3)
   > 80% 0
EUS-FNA annual hospital caseload (Nr = 92)
   < 50    32 (34.8)
   50-100    26 (28.3)
   100-200    25 (27.2)
   > 200    9 (9.8)
Sensitivity of EUS-FNA for the diagnosis of solid mass lesions (Nr = 61)
   < 40%    1 (1.6)
   40%-60%    14 (23.0)
   60%-80%    23 (37.7)
   > 80%    23 (37.7)

Numbers are means ± SD except where stated otherwise. Nr: Number of 
respondents for each question; ERCP: Endoscopic retrograde cholangio-
pancreatography; EUS: Endoscopic ultrasonography; EUS-FNA: Endo-
scopic ultrasonography-guided fine needle aspiration; FNA: Fine needle 
aspiration. 

Table 2  Practice of endoscopic ultrasonography-guided fine 
needle aspiration  n  (%)

Diameter of the needle used for lesions located
   In the esophagus/stomach (Nr = 88)
      19G 12 (13.6)
      22G 70 (79.5)
      25G 6 (6.8)
   In the head of the pancreas (Nr = 86)
      19G 5 (5.8)
      22G 64 (74.4)
      25G 17 (19.8)
ROSE available (Nr = 86)
   Routinely 24 (27.9)
   In selected cases 13 (15.1)
   Never 49 (56.9)
Number of needle passes 
   Pancreatic mass < 25 mm (Nr = 84)
      ≤ 3 41 (48.8)
      5-7 19 (22.6)
      > 7 or based on ROSE 24 (28.6)
   Pancreatic mass > 25 mm (Nr = 83)
      ≤ 3 37 (44.6)
      5-7 21 (25.3)
      > 7 or based on ROSE 25 (30.1)
   Lymphadenopathy (Nr = 87)
      ≤ 3 51 (58.6)
      5-7 14 (16.1)
      > 7 or based on ROSE 22 (25.3)
Paraffin-embedded blocks prepared for histopathological analysis 
(Nr = 86)
   Yes 48 (55.8)
   No 12 (13.9)
   Do not know 26 (30.2)
Pathologist making routine diagnosis for EUS-FNA samples (Nr = 85)
   Dedicated digestive cytopathologist 25 (29.4)
   General cytopathologist 47 (55.3)
   Digestive pathologist not specialized in cytology 13 (15.3)
Attitude if EUS-FNA is repeated after a first inconclusive EUS-FNA 
(Nr = 85)
   Change in the procedure (2 answers allowed) 48 (56.5)
      Higher number of needle passes 42 (87.5)
      Larger needle 19 (39.6)
      Addition of ROSE 12 (25.0)
      Tru-Cut needle in the esophagus and rectum   7 (14.6)
   Repetition of identical procedure 30 (35.3)
   Referral to another endosonographer 7 (8.2)

Nr: Number of respondents for each question; EUS-FNA: Endoscopic 
ultrasonography-guided fine needle aspiration; G: Gauge; ROSE: Rapid 
on-site cytopathological evaluation. 
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7 passes in the stepwise analysis.

DISCUSSION
The main finding of  our survey is that the sensitivity of  
EUS-FNA for the diagnosis of  solid mass lesions was 
strikingly lower than that reported in the literature. Only 
one third of  endosonographers reported a sensitivity > 
80% and one fourth of  them reported a sensitivity < 
60%. For comparison, a median sensitivity of  83% was 
reported in a large review of  28 studies that reported the 
performance of  EUS-FNA to differentiate benign vs ma-
lignant pancreatic masses, technically the most difficult 
location; only one of  these 28 studies reported a sensitiv-
ity < 60%[1,2]. The relatively poor performance of  EUS-
FNA reported by endosonographers in this survey is 
unlikely to be due to reporting bias as respondents would 
likely have over-, not under-, estimated their sensitivity 
for the diagnosis of  solid mass lesions. 

Quality has become a central concern in endoscopy. 
The large variability in sensitivities reported by endo-
sonographers (interquartile range of  25%-75%) suggests 
that there is much more room for quality improvement 
in EUS-FNA compared to other procedures that have 
long been scrutinized such as colonoscopy and endo-
scopic retrograde cholangio-pancreatography (ERCP). 
For comparison, (1) in the case of  ERCP for instance, 
deep cannulation of  the desired duct was validated as a 
measure of  quality; it was achieved in 83.6% of  3210 pa-
tients undergoing their first ever ERCP in an audit of  76 
endoscopy units[14]; and (2) regarding colonoscopy, cecal 
intubation rates ranged between 88% and 97% for 9 of  
10 endoscopists investigated over a 6-year period[15]. No 
quality indicator has been recommended by the Societies 
of  Gastrointestinal Endoscopy to assess the diagnostic 
accuracy of  EUS-FNA[16]. Recently, the overall yield of  
malignancy for pancreatic masses was proposed as a 
benchmark for EUS-FNA[17]. 

Sensitivity of EUS-FNA
Only one third of  endosonographers (37.7%) reported a 
sensitivity > 80% for the diagnosis of  solid mass lesions; 
the interquartile range of  self-reported sensitivities (that 
represents 50% of  the answers, centered on the median 
value) was 25.0%-75.0%. Factors associated in univariate 
analysis with a sensitivity greater than 80% are shown in 
Table 3 and specific associations (availability of  ROSE 
and annual hospital caseload of  EUS-FNA) are illustrated 
in Figures 1 and 2. In multivariate analysis, the only inde-
pendent factors associated with a sensitivity greater than 
80% were (1) the usage of  ROSE to determine the num-
ber of  needle passes or, if  no ROSE was available, > 7 
passes; (2) a high annual hospital caseload of  EUS-FNA; 
and (3) routine isolation of  microcores from EUS-FNA 
samples. The other associations listed in Table 3 became 
non-significant after including the number of  needle 
passes for small pancreatic lesions based on ROSE or > 

Table 3  Univariate analysis of variables potentially associated 
with an endoscopic ultrasonography-guided fine needle 
aspiration sensitivity > 80% for the diagnosis of solid mass 
lesions

P  value

Number of needle passes based on ROSE or > 7 
(small pancreatic lesions)

< 0.0001

Number of needle passes based on ROSE or > 7 
(large pancreatic lesions)

   0.0002

ROSE available    0.0017
Number of needle passes based on ROSE or > 7 
(lymphadenopathy)

   0.0019

High annual hospital caseload    0.0242
Routine isolation of microcores    0.0422
Method of sample preservation    0.1198
Years of EUS practice    0.6475

EUS: Endoscopic ultrasonography; ROSE: Rapid on-site cytopathological 
evaluation. 
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Figure 1  Percentages of respondents with sensitivity > 80% according to 
availability of rapid on-site cytopathology evaluation (rapid on-site cytopa-
thological evaluation) of endoscopic ultrasonography-guided fine needle 
aspiration samples. The number above each bar represents the total number 
of respondents in each category. For example, among 10 respondents who had 
ROSE available in selected cases, five (50%) self-reported a sensitivity > 80% 
for the diagnosis of solid mass lesions. EUS-FNA: Endoscopic ultrasonography-
guided fine needle aspiration; ROSE: Rapid on-site cytopathological evaluation.
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Figure 2  Percentages of respondents with sensitivity > 80% according to 
annual hospital caseload. The number above each bar represents the total 
number of respondents in each category. For example, among 20 respondents 
with an annual hospital caseload < 50 EUS-FNA, three (15.0%) self-reported a 
sensitivity > 80% for the diagnosis of solid mass lesions. EUS-FNA: Endoscopic 
ultrasonography-guided fine needle aspiration.
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Factors independently associated with a high sensi-
tivity of  EUS-FNA in our study included (1) the usage 
of  ROSE to determine the number of  needle passes or, 
if  no ROSE was available, > 7 passes; (2) a high annual 
hospital caseload of  EUS-FNA; and (3) routine isolation 
of  microcores from EUS-FNA samples. The number 
of  needle passes reported by approximately half  of  en-
dosonographers was ≤ 3 for lymph nodes as well as for 
pancreatic masses, although a minimum of  5 or even 7 
passes have been recommended for the pancreas when 
ROSE is not available (for lymph nodes, three needle 
passes are sufficient)[18-20]. In a study of  pancreas EUS-
FNA, sensitivity for malignant diagnoses increased from 
16.7% with one needle pass to 86.7% if  more than 7 
passes were performed and another study showed that 
tumor differentiation was the single factor associated with 
the number of  needle passes required to make a diagno-
sis[18,19]. The low number of  needle passes performed by 
many endosonographers in the pancreas could be related 
to procedure duration (approximately five minutes are 
required per needle pass). To shorten procedure duration, 
Möller et al[21] have proposed to perform only two needle 
passes for solid pancreatic masses, to harvest microcores 
for histopathological examination and to subject the re-
sidual sample to cytopathological examination. Using this 
technique, they obtained a sensitivity of  82.9% in a mul-
ticenter retrospective study that included 192 patients. A 
new EUS-FNA needle could also facilitate acquisition of  
samples adequate for histopathological evaluation[22]. 

Of  note, routine isolation of  microcores was another 
independent factor associated with a high sensitivity in 
our survey. Microcores adequate for histopathological 
evaluation can be obtained in 83.9%-90.9% of  EUS-
FNA of  pancreatic masses performed using a standard 
22G needle (the model used by most of  our survey 
respondents)[21,23,24]. Several nonrandomized studies 
have suggested that microcores are useful: (1) in the 
study by Möller et al[21], combined cytopathological and 
histopathological examination was more sensitive than 
cytopathological or histopathological examination alone 
for discriminating malignant vs benign pancreatic lesions 
using two needle passes (82.9% vs 68.1% vs 60.0%, re-
spectively; P < 0.01); and (2) in a prospective series of  50 
patients with lymphoma, a diagnostic accuracy of  96% 
was reached by examining microcores obtained using 
a 19G needle as compared with 57% in another series 
when cytopathological examination alone was consid-
ered[25,26]. Paraffin-embedded cell blocks might represent 
an alternative to microcore isolation, however, cell blocks 
are made in the laboratory, not in the endoscopy room, 
and thus out of  the control of  the endosonographer (one 
third of  survey respondents did not know if  cell blocks 
were made with the samples that they provided to the 
laboratory); furthermore cell blocks have not been as well 
studied as microcores.

ROSE was routinely available to 28% of  endosonog-
raphers only, compared to 90% in a study performed 
among 21 centers in the United States, of  which 81% 

were academic[17]. Anecdotal evidence suggests that low 
ROSE availability in EUS-FNA facilities may be related 
to logistical issues, lack of  perceived benefit and cost 
even though ROSE has been shown to be cost-effective 
during EUS- and percutaneous-guided FNA in some set-
tings[27-29]. Studies about the usefulness of  ROSE to reach 
a high diagnostic yield are contradictory. A retrospective 
comparison of  EUS-FNA performed by a single endo-
sonographer in two university hospitals, one with ROSE 
available and the other without ROSE, is traditionally 
cited to support the usefulness of  ROSE, but differences 
in patient populations and indications for EUS-FNA 
between the two hospitals preclude definitive conclu-
sion[30]. In another, more recent, retrospective study of  
EUS-FNA for pancreatic masses with ROSE available 
for 43.8% of  520 procedures, ROSE was associated with 
a higher diagnostic yield in multivariate analysis (odds 
ratio, 3.1; P = 0.0001)[31]. Nevertheless, in a multicenter 
prospective study that evaluated 409 patients with 474 le-
sions[32], a similarly high diagnostic accuracy was achieved 
in centers regardless of  ROSE availability and, in a pro-
spective series of  108 consecutive EUS-FNAs performed 
without ROSE by a single endosonographer[29], diagnostic 
accuracy of  EUS-FNA for pancreatic lesions was 97%. 
The authors of  the latest study attributed their results to 
high caseload, dedicated endosonography and cytopa-
thology. Our finding that a high sensitivity of  EUS-FNA 
was independently associated with ROSE and the annual 
hospital caseload supports that view. 

A significant relationship between hospital caseload 
and quality has been demonstrated for few endoscopy 
procedures. For ERCP, a large administrative study 
showed that procedural failure rates were lower for in-
patients undergoing ERCP at high- compared to low-
volume US hospitals but the difference, albeit statistically 
significant because of  the large sample size (> 2500 hos-
pitals), was small (4.7% vs 6.0% in hospitals with an an-
nual caseload ≥ 300 vs < 50 procedures, respectively)[33]. 
The difference in sensitivities reported by endosonogra-
phers in our study was much larger, with 15.0% vs 80.0% 
of  endosonographers reporting a sensitivity greater than 
80% depending if  they worked in a hospital with an an-
nual caseload < 50 vs > 200 EUS-FNAs, respectively (P 
= 0.024), as illustrated in Figure 2. This supports the view 
that centralization should be discussed for at least some 
of  the EUS-FNA procedures, as has recently been pro-
posed for ERCP[34]. Such a change would be important 
as only 8.2% of  our survey respondents were referring 
patients to another endosonographer after a first incon-
clusive EUS-FNA. 

Limitations of  our survey include selection and recall 
bias: (1) surveyed endosonographers were working most-
ly in Western Europe and our findings may not apply to 
other locations; and (2) self-reported data are exposed to 
recall and goodwill biases because surveyed profession-
als tend to give the expected answer more than the real 
one, which indeed strengthens our main conclusion that 
the performance of  EUS-FNA is significantly lower than 

Dumonceau JM et al . Survey of EUS-FNA practice



2362 May 21, 2012|Volume 18|Issue 19|WJG|www.wjgnet.com

assumed from published studies. In particular, sensitivity 
for the diagnosis of  solid mass lesions was reported by 61 
(37.8%) of  161 participants in the EUS course. Because 
of  these limitations (recruitment of  participants from a 
course, response rate), our conclusion that sensitivity for 
the diagnosis of  solid mass lesions is strikingly lower in 
the community than reported in the literature should be 
confirmed by larger studies.

In conclusion, the quality of  EUS-FNA, as assessed 
in this survey by its most crucial result, i.e., sensitivity for 
cancer diagnosis, was relatively low. Low quality was asso-
ciated with unavailability of  ROSE, low number of  needle 
passes for pancreatic EUS-FNA, absence of  routine mi-
crocore isolation and low annual hospital caseload. Efforts 
should be made to improve the quality of  EUS-FNA 
amongst endosonographers; we suggest that endoscopists 
review their sensitivity for cancer diagnosis and, if  this is 
< 80%, then they should modify their practice taking into 
account the factors cited above. These recommendations 
may be particularly valuable for endoscopists working in 
hospitals with a low annual caseload of  EUS-FNA.
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Abstract
AIM: To determine the efficacy of external beam ra-
diotherapy (EBRT), with or without intraluminal brachy-
therapy (ILBT), in patients with non-resected locally 
advanced hilar cholangiocarcinoma. 

METHODS: We analyzed 64 patients with locally ad-
vanced hilar cholangiocarcinoma, including 25 who 
underwent resection (17 curative and 8 non-curative), 
28 treated with radiotherapy, and 11 who received best 
supportive care (BSC). The radiotherapy group received 
EBRT (50 Gy, 30 fractions), with 11 receiving an ad-
ditional 24 Gy (4 fractions) ILBT by iridium-192 with 
remote after loading. ILBT was performed using percu-

taneous transhepatic biliary drainage (PTBD) route. Un-
covered metallic stents (UMS) were inserted into non-
resected patients with obstructive jaundice, with the 
exception of four patients who received percutaneous 
transhepatic biliary drainage only. UMS were placed en-
doscopically or percutaneously, depending on the initial 
drainage procedure. The primary endpoints were pa-
tient death or stent occlusion. Survival time of patients 
in the radiotherapy group was compared with that of 
patients in the resection and BSC groups. Stent patency 
was compared in the radiotherapy and BSC groups.

RESULTS: No statistically significant differences in 
patient characteristics were found among the resec-
tion, radiotherapy, and BSC groups. Three patients in 
the radiotherapy group and one in the BSC group did 
not receive UMS insertion but received PTBD alone; 
cholangitis occurred after endoscopic stenting, and 
patients were treated with PTBD. A total of 16 patients 
were administered additional systemic chemotherapy 
(5-fluorouracil-based regimen in 9, S-1 in 6, and 
gemcitabine in 1). Overall survival varied significantly 
among groups, with median survival times of 48.7 
mo in the surgery group, 22.1 mo in the radiotherapy 
group, and 5.7 mo in the BSC group. Patients who 
underwent curative resection survived significantly lon-
ger than those who were not candidates for surgery 
(P  = 0.0076). Cumulative survival in the radiotherapy 
group was significantly longer than in the BSC group 
(P  = 0.0031), but did not differ significantly from those 
in the non-resection group. Furthermore, the median 
survival time of patients in the radiotherapy group who 
were considered for possible resection (excluding the 
seven patients who were not candidates for surgery 
due to comorbid disease or age) was 25.9 mo. Stent 
patency was evaluated only in the 24 patients who re-
ceived a metallic stent. Stent patency was significantly 
longer in the radiotherapy than in the BSC group (P  = 
0.0165). Biliary drainage was not eliminated in any pa-
tient. To determine the efficacy of ILBT, we compared 
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survival time and stent patency in the EBRT alone 
and EBRT plus ILBT groups. However, we found no 
significant difference in survival time between groups 
or for stent patencies. Hemorrhagic gastroduodenal 
ulcers were observed in 5 patients (17.9%), three in 
the EBRT plus ILBT group and two in the EBRT alone 
group. Ulcers occurred 5 mo, 7 mo, 8 mo, 16 mo, and 
29 mo following radiotherapy. All patients required 
hospitalization, but blood transfusions were unneces-
sary. All 5 patients recovered following the administra-
tion of anti-ulcer medication.

CONCLUSION: Radiotherapy improved patient prog-
nosis and the patency of uncovered metallic stents in 
patients with locally advanced hilar cholangiocarcinoma, 
but ILBT provided no additional benefits. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hilar cholangiocarcinoma is a relatively rare, slow-grow-
ing, late-metastasizing tumor associated with poor patient 
prognosis[1-7]. The only known effective treatment is sur-
gery, but only a small proportion of  patients are suitable 
candidates. The operation is technically demanding and 
may be too invasive for high-risk elderly patients.

External beam radiotherapy (EBRT), with or without 
intraluminal brachytherapy (ILBT), is widely used to treat 
patients with hilar cholangiocarcinoma. A randomized 
trial comparing stenting alone with stenting plus radio-
therapy showed that both procedures significantly pro-
longed patient survival and stent patency[8]. However, the 
relatively long survival time of  untreated patients (median, 
298 d) suggests that some of  these patients may have 
been resectable. Thus, the effects of  radiotherapy alone, 
and the benefits of  ILBT, are not known.

Biliary stenting is a widely-accepted palliative proce-
dure used to treat patients with unresectable hilar cholan-
giocarcinoma and obstructive jaundice. Patient prognosis, 
however, is poor, even with the absence of  metastasis. A 
randomized trial showed that uncovered metallic stents 
remained patent longer than plastic stents in patients with 
hilar cholangiocarcinoma[9]. The primary cause of  uncov-

ered metallic stent occlusion is tumor ingrowth into the 
mesh[10]. Covered metallic stents prevent tumor ingrowth 
in patients with distal biliary obstruction and have a lon-
ger patency than uncovered metallic stents[11-16]. Although 
covered metallic stents are not feasible for treating hilar 
cancer patients because of  the complex anatomy of  the 
hilar duct, radiotherapy may be used to prevent tumor in-
growth after placement of  an uncovered metallic stent[17]. 

The aims of  this study were therefore twofold: to test 
the effects of  radiotherapy, with or without ILBT, on the 
survival of  hilar cholangiocarcinoma patients who did 
not undergo surgical resection; and to evaluate whether 
radiotherapy prolongs stent patency and thus improves 
patient quality of  life. 

MATERIALS AND METHODS
Patients 
Between 1986 and 2008, 84 patients with hilar cholan-
giocarcinoma were admitted to the Department of  Gas-
troenterology of  Tokyo University Hospital. Of  these 84 
patients, 20 had metastatic and 64 had locally advanced 
disease (Figure 1 and Table 1). Of  those with locally ad-
vanced tumors, 34 fulfilled our resectability criteria, and 
25 underwent surgical resection. The remaining 9 patients 
were not candidates for surgery due to comorbid disease 
or advanced age. Bile duct cancer was diagnosed by path-
ological examination, clinical course, or imaging results. 
Cholangiocarcinoma staging was based on computed 
tomography, magnetic resonance cholangiopancreatogra-
phy, or direct cholangiogram using endoscopic retrograde 
cholangiopancreatography or percutaneous transhepatic 
biliary drainage (PTBD). In addition, Bismuth’s classifica-
tion was applied[6].

Criteria for resectability
The resectability of  each tumor was determined after 
consultation with the hepato-biliary surgeon. Surgical con-
traindications included: invasion of  the celiac and super 
mesenteric arteries, biliary invasion of  the third branch of  
the future remnant liver, and invasion of  the both hepatic 
artery and portal vein of  the future remnant liver. 

Biliary stenting
All patients with locally advanced tumors underwent 
endoscopic or percutaneous biliary drainage (Table 2). 
Prophylactic antibiotics were administered intravenously 
prior to the endoscopic procedure and for 3 d afterwards. 
An Amsterdam-type plastic stent (7 or 8.5 Fr; Flexima 
stent, Microvasive, Boston Scientific, Natick, MA, United 
States) or a nasobiliary drainage tube (Cook Medical 
Company) was inserted into patients. PTBD using 8 Fr 
balloon catheters was performed under ultrasonographic 
and fluoroscopic guidance. Additional stents were insert-
ed or PTBD was performed if  jaundice did not improve. 

Radiation therapy
Radiotherapy was recommended for patients whose jaun-
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dice did not improve and who were not candidates for 
surgery. A total of  28 patients agreed to undergo EBRT 
(54 Gy, 30 fractions); of  these, 11 also underwent per-
cutaneous ILBT (24 Gy, 4 fractions) using a high-dose 
iridium-192 remote after loading system (Table 2). A me-
tallic stent was inserted into the 11 patients who refused 
EBRT after their jaundice improved; these patients con-
stituted the best supportive care (BSC) group.

After radiotherapy, a metallic stent was inserted en-
doscopically or percutaneously, depending on the initial 
drainage procedure. Some patients received bilateral 
metallic stents because multiple insertion routes were 
necessary for internal brachytherapy and unilateral stents 
produced insufficient drainage.

Follow up
Patient symptoms were assessed and blood tests were 
performed at monthly intervals in the outpatient clinic. 
Computed tomography scans were taken every 6 mo 
(every 2 mo during chemotherapy), with additional scans 
taken when patients were symptomatic or showed an 
increase in hepatic-biliary enzymes and bilirubin. Patients 
received chemotherapy every 2 mo.

Endpoints
The primary endpoints were patient death or stent oc-
clusion through November 2008. Stents were considered 
patent if  the jaundice did not worsen, with or without 
cholangitis. Patient survival time was measured from the 
date of  diagnosis to the date of  death, and stent patency 
was measured from placement to occlusion or to patient 
death if  the stent remained patent. Survival time of  pa-
tients in the radiotherapy group was compared with that 
of  patients in the resection and BSC groups. Stent pa-
tency was compared in the radiotherapy and BSC groups.

Statistical analysis
Cumulative patient survival and stent patency were ana-

lyzed using the Kaplan-Meier method and compared using 
the log rank test. Patients whose stents were not obstruct-
ed were excluded from stent patency analysis. The Mann-
Whitney U-test was used to compare quantitative variables, 
and Fisher’s exact test was used to analyze qualitative 
variables. All analyses were performed using StatView 5.0 
software (SAS Institute Inc., Cary, NC, United States).

RESULTS
Patient survival
Overall survival varied significantly among groups, with 
median survival times of  48.7 mo in the surgery group, 
22.1 mo in the radiotherapy group, and 5.7 mo in the 
BSC group (Figure 2). Patients who underwent curative 
resection survived significantly longer than those who 
were not candidates for surgery (P = 0.0076). Cumula-
tive survival in the radiotherapy group was significantly 
longer than in the BSC group (P = 0.0031), but did not 
differ significantly from those in the non-resection group 
(Figure 2). Furthermore, the median survival time of  pa-
tients in the radiotherapy group who were considered for 
possible resection (excluding the seven patients who were 
not candidates for surgery due to comorbid disease or 
age) was 25.9 mo.

Stent patency
Stent patency was evaluated only in the 24 patients who 
received a metallic stent (Table 3). Stent patency was 
significantly longer in the radiotherapy than in the BSC 
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Hilar cholangiocarcinoma 
n  = 84

Metastatic cases 
n  = 20

Locally advanced cases
 n  = 64

Resection cases 
n  = 25 (39.1%)

Non-resection cases
n  = 39

Radiotherapy 
n  = 28

Best supportive care
n  = 11

Figure 1  Distribution of patients with hilar cholangiocarcinoma from Au-
gust 1995 to August 2008. 

Table 1  Patient characteristics

Patient group

Radiotherapy BSC Resection P  value

Cases 28 11 25 
Gender (M/F) 14/14 4/7 20/5
Mean age (yr) 70.1 ± 9.7 

(52-86)
74.0 ± 9.0 

(61-90)
67.0 ± 9.7 

(55-78) 
Reason for non-resection > 0.9999
   Tumor factor 21   9 -
   Patient factor   7   2 - 
Performance status
   0 12   3 17
   1 15   6   8 
   2   1   2   0 
TNM stage 0.4953
   1a   0   0   7
   1b   2   2   1
   2a   1   0   3
   2b   1   1   8
   3 24   8   6
Bismuth classification 0.2332
   1   3   0   2
   2   6   3   2
   3   7   6 10
   4 12   2 11

No statistically significant differences in patient characteristics were 
observed among the resection, radiotherapy, and BSC groups. The mean 
age of the BSC patients was higher than that of the other groups, but the 
difference was not significant. TNM: Tumor, node, metastasis; BSC: Best 
supportive care. 
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Additive effect of ILBT to EBRT 
To determine the efficacy of  ILBT, we compared survival 
time and stent patency in the EBRT alone and EBRT 
plus ILBT groups. However, we found no significant dif-
ference in survival time between groups (Figure 4) or for 
stent patencies. 

Complications of radiotherapy
Hemorrhagic gastroduodenal ulcers were observed in 5 
patients (17.9%), three in the EBRT plus ILBT group 
and two in the EBRT alone group. Ulcers occurred 5 mo, 
7 mo, 8 mo, 16 mo, and 29 mo following radiotherapy. 
All patients required hospitalization, but blood transfu-
sions were unnecessary. All 5 patients recovered follow-

group (P = 0.0165; Figure 3). Biliary drainage was not 
eliminated in any patient.

Table 2  Details of biliary drainage and anti-cancer therapy

Patient group

Radiotherapy BSC P value

Cases 28 11
Biliary metallic stenting 24 10
   Drainage area    0.0630
      Bilateral 14   2 
      Unilateral 10   8
   Insertion route    0.0339
      Endoscopic   4   6
      Percutaneous 20   4
PTBD only   3   1 > 0.9999
No need for drainage   1   0 > 0.9999
Anti-cancer therapy
   Radiotherapy 28 -
      Extra corporeal (50 Gy) 28 -
      Intra bile duct (24 Gy) 11 -
   Additional chemotherapy 16 -
      Gemcitabine   1 -
      S-1   6 -
      5FU-based regimen   9 -

Three patients in the radiotherapy group and one in the BSC group did not 
receive a metallic stent but underwent PTBD alone; cholangitis occurred 
after endoscopic stenting, and patients were treated with PTBD. A total 
of 16 patients were administered additional systemic chemotherapy, with 
9 receiving a 5-fluorouracil (5FU)-based regimen, 6 receiving S-1, and 1 
receiving gemcitabine. PTBD: Percutaneous transhepatic biliary drainage; 
BSC: Best supportive care.

                                           1 yr    2 yr   3 yr   4 yr   5 yr   MST
Curative resection (n  = 17)    100      81     75     66    58      NE
Non-curative resection (n  = 8) 57      29     29     14      0  19.4M
Radiotherapy (n  = 28)             74      45       6       6      6  22.2M
BSC (n  = 11)                         18        9       9       0       0    5.7M
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P  < 0.0001

Figure 2  Cumulative survival rate and median survival time of patients 
who received curative or non-curative resection, radiotherapy or best 
supportive care. Cumulative survival times were calculated using the Kaplan-
Meier method and compared using the log rank test. BSC: Best supportive 
care; MST: Median survival time; NE: Not evaluable. 
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Figure 3  Cumulative metallic stent patency. Stents were patent significantly 
longer in the radiotherapy than in the BSC group (P = 0.0165). BSC: Best sup-
portive care. 
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Figure 4  Cumulative survival times of patients who received external 
beam radiotherapy alone and those who received external beam radio-
therapy plus intra bile ductal radiotherapy (intraluminal brachytherapy). 
There was no significant difference in survival between groups. EBRT: External 
beam radiotherapy; ILBT: Intraluminal brachytherapy. 

P  = 0.3552
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ing the administration of  anti-ulcer medication.

DISCUSSION
Surgical resection is the only known cure for hilar chol-
angiocarcinoma. The surgery is highly invasive and rec-
ommended for only a small percentage of  patients; thus, 
alternative treatments are necessary. Our results suggest 
that radiotherapy prolongs survival in patients who can-
not undergo resection. Survival was significantly longer 
in patients who received radiotherapy than in those who 
received BSC, but was similar to that of  patients who un-
derwent non-curative resection. 

Radiotherapy has been shown to improve survival 
times of  patients with locally advanced hilar cholangio-
carcinoma who cannot undergo curative resection. For 
example, a randomized trial reported that median survival 
times were 12.9 mo in patients who received both EBRT 
and ILBT and 9.3 mo in patients did not receive radio-
therapy[8]. A second study found that median survival in 
patients who received chemoradiotherapy (EBRT plus 
5-fluorouracil) was 22 mo, but that study did not include 
an untreated control group[18]. A retrospective analysis 
found that the median survival time in patients with ex-
trahepatic cholangiocarcinoma who received EBRT plus 
ILBT was 9 mo, compared with 5 mo in patients treated 
with EBRT alone[19]. This wide range in survival times 
may reflect differences in patient backgrounds. Most re-
ports did not describe the percentage of  patients with re-
sectable tumors, the reasons that they were not resected, 
or the resection criteria; thus, it is difficult to generalize 
from these results. In contrast, we have stated the inclu-
sion criteria for non-surgical treatment. Moreover, in our 
radiotherapy group, the median survival of  non-resected 
patients considered for possible resection was 25.9 mo, 
longer than previously reported survival times. 

We observed no significant differences between the 
radiotherapy and BSC groups in patient background, 
including the reasons for not undergoing resection and 

performance score. We expected that selection bias may 
have resulted in longer median survival of  the radiother-
apy than of  the BSC group, but we found no significant 
difference in background between these two groups. Our 
results therefore provide additional evidence suggesting 
that radiotherapy increases survival time in patients with 
locally advanced hilar cholangiocarcinoma.

Although surgery is the only known cure for chol-
angiocarcinoma, we found that median survival of  the 
radiotherapy group did not differ significantly from that 
of  the non-curative resection group. This finding sup-
ports the survival benefits of  radiotherapy for patients 
with locally advanced hilar cholangiocarcinoma. Thus, 
radiotherapy is a treatment option for patients in poor 
condition or those with highly invasive tumors. 

Biliary stenting is a widely accepted palliative treat-
ment for non-resected patients with biliary obstruction, 
with uncovered metallic stents maintaining patency longer 
than plastic stents[9]. The primary cause of  obstruction in 
patients who receive an uncovered metallic stent is tumor 
ingrowth into the stent mesh. In a previous randomized 
trial, we prevented distal biliary obstruction by inhibiting 
tumor ingrowth and found that a covered metallic stent 
was patent longer than an uncovered stent[11]. However, 
covered metallic stents cannot be used in patients with hi-
lar obstruction, and it is necessary to develop strategies to 
prevent tumor ingrowth of  hilar lesions. Stents remained 
patent significantly longer in the radiotherapy group than 
in the BSC group (stenting alone); suggesting that local 
tumor control using radiotherapy prolongs stent patency. 
Previous studies of  the efficacy of  metallic stents in the 
treatment of  hilar cholangiocarcinoma did not use radio-
therapy, and studies investigating the survival benefits of  
radiotherapy have not reported results of  metallic stent-
ing. Thus, no evidence was available to determine the ef-
ficacy of  radiotherapy in improving stent patency. 

Multiple laser-cut-type Nitinol stents were found to 
have a mean patency of  150 d[20], with Wallstents hav-
ing a median patency of  169 d[21]. A comparison of  the 
patency of  metallic stents inserted endoscopically and 
percutaneously showed that the median stent patency of  
these two groups was 9.8 mo and 11.0 mo, respectively[22]. 
In comparison, we found that median and mean stent 
patency in our radiotherapy group were 557 d and 604 d, 
respectively. The length of  time the stents remained pat-
ent suggests that radiotherapy had a significant effect on 
patency.

We found that the addition of  ILBT to EBRT did not 
improve patient survival or stent patency. Stent patency is 
a surrogate indicator of  local anti-tumor effectiveness, be-
cause the main cause of  stent occlusion is tumor ingrowth 
through the stent mesh. ILBT requires an additional treat-
ment period and multiple PTBD insertions. Since it did 
not improve patient survival or stent patency, we do not 
recommend this additional treatment. A retrospective 
study of  31 patients found that, although additional ILBT 
improved the 2-year survival rate, it had no effect on cu-
mulative survival time[20]. No randomized studies to date 

Table 3  Results of metallic stenting

Patient group

Radiotherapy BSC P value

Cases   23   11
Mean stent patency (d)1 604 ± 78.3 235 ± 53.3 0.0038
Median stent patency (d)1 557 358
Stent obstruction (%) 12 (56.5) 4 (36.4) 0.4646
   Mean patent period 329.2 ± 234.8 136.8 ± 147.1 0.1472
   Cause
      Tumor ingrowth     9     1 0.1133
      Tumor overgrowth     1     1 0.5490
      Sludge     2     2 0.5799

1Mean and median stent patency were calculated using the Kaplan-
Meier method and compared using the log rank test. Stent patency was 
significantly longer in the radiotherapy than in the BSC group. Mean 
patent period was longer in the radiotherapy than in the BSC group, but 
the difference was not significant. BSC: Best supportive care.

Isayama H et al . Radiotherapy for hilar cholangiocarcinoma



2369 May 21, 2012|Volume 18|Issue 19|WJG|www.wjgnet.com

have compared the effect on survival of  radiotherapy with 
and without ILBT. Thus, the efficacy of  additional ILBT 
remains unclear. 

Photodynamic therapy is a promising local anti-tumor 
therapy for patients with non-resectable hilar cholangio-
carcinoma, with median survival times of  patients who 
did and not receive photodynamic therapy of  493 d and 
98 d, respectively, a difference that was statistically signifi-
cant[23]. Although photodynamic therapy can be used to 
treat local tumors extending along the bile duct, it cannot 
be used to treat large tumors that have invaded other or-
gans, and it cannot be used to treat loco-regional lymph 
node metastasis because it is performed in the bile duct. 
The combination of  photodynamic therapy with EBRT 
may be a more feasible treatment option.

The major limitation of  this study was its retrospec-
tive design. Moreover, despite all included patients having 
unresectable, locally advanced tumors, the characteristics 
of  the radiation and BSC groups differed. Since there 
were no selection criteria for the BSC group, the differ-
ences in outcomes between this group and the radiation 
group may be due not only to the effects of  radiation, 
but to patient condition as well.

In conclusion, radiotherapy may improve the progno-
sis of  patients with non-resected, locally advanced hilar 
cholangiocarcinoma and may increase the patency of  
uncovered metallic stents. ILBT provides no benefit for 
these patients. 

COMMENTS
Background
Hilar cholangiocarcinoma is a relatively rare, slow-growing and late-metasta-
sizing tumor associated with poor patient prognosis. Surgery is the only known 
curative treatment, but it may be technically difficult and too invasive for high-
risk elderly patients. The treatment of patients with unresectable tumors has not 
been established.
Research frontiers
Biliary stenting and radiotherapy, including external beam radiotherapy (EBRT) 
with or without intraluminal brachytherapy (ILBT), are widely used to treat 
patients with locally advanced hilar cholangiocarcinoma. These treatments, 
however, are not well established, although a recent randomized study showed 
good results for photodynamic therapy. 
Innovations and breakthroughs
Several recent studies have shown the efficacy of radiation therapy in patients 
with locally advanced hilar cholangiocarcinoma. In many of those patients, 
however, the tumors may have been resectable. The authors clarified the rea-
sons for non-resection of the patients and compared outcomes with resected 
patients. The authors found that radiation therapy effectively prolonged patient 
survival and stent patency. They also showed that additional ILBT did not affect 
survival or stent patency.
Applications
EBRT is indicated for patients with locally advanced hilar cholangiocarcinoma, 
with similar survival times as patients who underwent non-curative resection. 
Patients who undergo uncovered metallic stent placement should be consid-
ered for EBRT to prolong stent patency and survival.
Terminology
EBRT is a conventional radiation method, and ILBT is performed with iridium 
wire through a PTBD catheter using an after loading system. A metallic stent 
is a braided metallic wire or tubular nitinol cut with a laser. Metallic stents have 
self-expandability and are mounted onto a thin delivery system (6-9Fr). This 
type of stent, however, tends to be occluded by tumor ingrowth into the stent 
mesh.

Peer review
As stated by the authors, the limitation of the study is that it is a retrospective 
study and that the groups are not the results of a randomization but the conse-
quence of different situations such not being suitable for surgery. In any case, 
the paper is a well presented study on a very difficult subject and is worthy of 
publication.
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Abstract
AIM: To compare the effect of percutaneous transhe-
patic portal vein embolization (PTPE) and unilateral 
portal vein ligation (PVL) on hepatic hemodynamics 
and right hepatic lobe (RHL) atrophy.

METHODS: Between March 2005 and March 2009, 13 
cases were selected for PTPE (n  = 9) and PVL (n  = 4) 
in the RHL. The PTPE group included hilar bile duct car-
cinoma (n = 2), intrahepatic cholangiocarcinoma (n = 2), 
hepatocellular carcinoma (n  = 2) and liver metastasis (n  
= 3). The PVL group included hepatocellular carcinoma 
(n  = 2) and liver metastasis (n  = 2). In addition, obser-
vation of postoperative hepatic hemodynamics obtained 
from computed tomography and Doppler ultrasonogra-
phy was compared between the two groups.

RESULTS: Mean ages in the two groups were 58.9 
± 2.9 years (PVL group) vs  69.7 ± 3.2 years (PTPE 
group), which was a significant difference (P = 0.0002). 
Among the indicators of liver function, including serum 
albumin, serum bilirubin, aspartate aminotransferase, 
alanine aminotransferase, platelets and indocyanine 
green retention rate at 15 min, no significant differ-
ences were observed between the two groups. Preop-

erative RHL volumes in the PTPE and PVL groups were 
estimated to be 804.9 ± 181.1 mL and 813.3 ± 129.7 
mL, respectively, with volume rates of 68.9% ± 2.8% 
and 69.2% ± 4.2%, respectively. There were no signif-
icant differences in RHL volumes (P  = 0.83) and RHL 
volume rates (P  = 0.94), respectively. At 1 mo after 
PTPE or PVL, postoperative RHL volumes in the PTPE 
and PVL groups were estimated to be 638.4 ± 153.6 
mL and 749.8 ± 121.9 mL, respectively, with no sig-
nificant difference (P  = 0.14). Postoperative RHL vol-
ume rates in the PTPE and PVL groups were estimated 
to be 54.6% ± 4.2% and 63.7% ± 3.9%, respectively, 
which was a significant difference (P  = 0.0056). At 1 
mo after the operation, the liver volume atrophy rate 
was 14.3% ± 2.3% in the PTPE group and 5.4% ± 
1.6% in the PVL group, which was a significant differ-
ence (P  = 0.0061).

CONCLUSION: PTPE is a more effective procedure 
than PVL because PTPE is able to occlude completely 
the portal branch throughout the right peripheral vein.  

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Postoperative liver failure may be induced by major he
patectomy, whereby more than 60%70% of  total liver 
volume is planned for resection in cases such as hilar 
bile duct carcinoma, hepatocellular carcinoma and liver 
metastasis. To reduce the risk of  postoperative liver 
failure due to an insufficient volume of  functional liver, 
the wellestablished percutaneous transhepatic portal 
vein embolization (PTPE) procedure can be performed 
prior to major hepatectomy[16]. Unilateral portal vein 
ligation (PVL) is an alternative method that requires 
laparotomy[7,8]. Although PTPE has since its introduc
tion become the more popular procedure of  the two, 
PVL remains a viable option during the initial stage of  a 
twostage hepatectomy procedure (TSHP) for cases such 
as bilobar multiple liver metastases[911]. Both of  these 
techniques occlude the unilateral portal vein, with the 
aim of  inducing atrophy of  the ipsilateral liver and thus 
inducing hypertrophy of  the future liver remnant (FLR). 
In the present study, we retrospectively compared the ef
fectiveness of  the two techniques by evaluating the post
operative atrophy rate and hemodynamics of  the right 
hepatic lobe (RHL).

MATERIALS AND METHODS
Patient characteristics of the PTPE and PVL groups
Between March 2005 and March 2009, nine patients 
were selected for PTPE and four for PVL. The mean 
patient age was 69.7 ± 3.2 years for the PTPE group and 
58.9 ± 2.9 years for the PVL group (P = 0.0002). The 
clinical characteristics of  the patients included hilar bile 
duct carcinoma (n = 2), intrahepatic cholangiocarcinoma 
(n = 2), hepatocellular carcinoma (n = 2) and liver metas
tasis (n = 3) in the PTPE group, and the PVL group had 
hepatocellular carcinoma (n = 2) and liver metastasis (n 
= 2). The PTPE group included one patient with hepa
titis C, one with hepatitis B, and seven positive for hepa
titis B virus (HBV) antigen but negative for hepatitis C 
virus (HCV) antibody. The PVL group included one pa
tient with hepatitis C, one with hepatitis B, and two posi
tive for HBV antigen and negative for HCV antibody.

PTPE cases
Two patients were diagnosed with hilar bile duct carci
noma, based on findings of  obstructive jaundice. Endo
scopic nasobiliary drainage was first performed. Before 
conducting an extended right lobectomy, PTPE was 
performed because the liver volumes to be resected were 
70.8% and 70.2% in the two patients.

In the two cases of  intrahepatic cholangiocarcinoma, 
the tumors were 10 cm and 8 cm in diameter, and both 
were adjacent to the hilar plate. These two patients also 
underwent a preoperative PTPE because of  planned 
liver resection volumes of  74.2% and 70.5% respectively.

In the two patients with hepatocellular carcinoma, 
the tumors were 4.0 cm and 3.5 cm in diameter and ad
jacent to the right Glisson’s capsule. In addition, both 

the tumors recurred after the transarterial embolization 
procedure. The liver volume to be resected in these cases 
was 68.3% and 66.1%, respectively. In addition, indocya
nine green retention rate at 15 min (ICG R15) was 17% 
and 18%, respectively, indicating functional liver impair
ment. Because of  these factors, PTPE was performed 
prior to resection.

In the three patients with liver metastases, multiple 
lesions in the right lobes were noted after the initial 
round of  chemotherapy. Preoperative PTPE was sched
uled because the liver volumes to be resected in the three 
patients were 65.2%, 66.6% and 68.8%.

PVL cases
Patients with hepatocellular carcinoma in the PVL group 
presented with lymph node metastasis. The tumors ad
jacent to the right Glisson’s capsule were 5 cm and 4 cm 
in diameter with ICG R15 of  38.8% and 15.2%, respec
tively. The planned liver resection volumes were 65.1% 
and 69.8%, respectively. Thus, PVL was performed on 
the right portal branch only during the implementation 
of  lymphadenectomy.

Regarding the two liver metastasis cases, the patients 
had undergone chemotherapy and developed multiple 
synchronous liver metastases to both lobes, disseminated 
from ascending colon cancer. Because the liver resec
tion volumes were 66.9% and 74.8%, the right portal 
vein was ligated. In addition, right colectomy and partial 
resection of  the left hepatic lobe were also performed in 
both patients.

Indications for resection
Resectability criteria included an FLR of  ≤ 30% of  the 
total liver volume, whereas this criterion was ≤ 35% for 
the patients who had liver cirrhosis or underwent neoad
juvant chemotherapy. In addition, the following equation 
established by Yamanaka et al[12,13] and Okamoto et al[14] 

was used to predict posthepatectomy liver failure: Y = 
110 + 0.942 × resection rate (%) + 1.36 × ICG reten
tion rate (%) + 1.17 × patient’s age + 5.94 × ICG maxi
mal removal rate (mg/kg per minute). With this equation, 
the patients who had a calculated Y value > 50 points 
were deemed unresectable.

PVL and PTPE techniques
For all patients, PTPE or PVL was performed on the 
RHL. PVL was indicated for patients who were to un
dergo laparotomy for lymphadenectomy or right colec
tomy. In PTPE, the umbilical portion of  the portal vein 
was punctured, and the right branch of  the portal vein 
was embolized using a mixture of  fibrin glue (Beriplast 
P; CSL Behring, Tokyo, Japan) and iodized oil (Lipiodol; 
Guerbet, AulnaysousBois, France). In the PVL cases, 
preoperative multidetector row computed tomography 
(CT) was routinely performed to check for the presence 
of  anatomical variants of  the right portal vein. The right 
branch of  the portal vein was intraoperatively isolated 
and ligated. After each method, Doppler ultrasonog
raphy was used to confirm that portal blood flow had 
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been occluded in the ligated lobe and that it had been 
sustained in the FLR.

Follow-up
No patients had any postoperative complications. Al
though a slight postoperative decline in liver function 
was noted in some patients, all improved with conserva
tive treatments.

Statistical analysis
Each patient underwent CT volumetry 1 mo before and 
after each procedure to evaluate volume changes in the 
RHL, and the values were compared between the two 
groups. The RHL atrophy rate was estimated by subtract
ing the RHL volume rate at 1 mo after PTPE or PVL 
from the preoperative RHL volume rate. The values in 
each group were compared using the MannWhitney test. 
All analyses were performed using statistical software 
(JMP 8.0.2 Macintosh; SAS Institute, Japan). Differences 
were considered statistically significant at P < 0.05.

RESULTS
Clinical characteristics of the study population
The mean age of  patients was significantly higher in the 
PTPE group (58.9 ± 2.9 years vs 69.7 ± 3.2 years in the 
PTPE group), which was a significant difference (P = 
0.0002). Among the indicators of  liver function, includ
ing serum albumin, serum bilirubin, asparate amino
transferase, alanine aminotransferase, platelets and ICG 
R15, no significant differences were observed between 
the two groups (Table 1).

Volume change of RHL
Preoperative RHL volumes in the PTPE and PVL groups 
were estimated to be 804.9 ± 181.1 mL and 813.3 ± 

129.7 mL, respectively, with volume rates of  68.9% ± 
2.8% and 69.2% ± 4.2%, respectively. There were no 
significant statistical differences in RHL volumes (P = 
0.83) and RHL volume rates (P = 0.94).

At 1 mo after PTPE or PVL, postoperative RHL 
volumes in the PTPE and PVL groups were estimated 
to be 638.4 ± 153.6 mL and 749.8 ± 121.9 mL, respec
tively, which was not a significant difference (P = 0.14). 
Postoperative RHL volume rates in the PTPE and PVL 
groups were estimated to be 54.6% ± 4.2% and 63.7% 
± 3.9%, respectively, which was a significant difference 
(P = 0.0056). At 1 mo postoperatively, the liver volume 
atrophy rate was 14.3% ± 2.3% in the PTPE group and 
5.4% ± 1.6% in the PVL group, which was a significant 
difference (P = 0.0061) (Table 2).

With respect to the findings from imaging, postop
erative CT and Doppler ultrasonography data confirmed 
residual peripheral portal inflow in the right branch of  
the ligated portal vein in two cases in the PVL group. 
In contrast, portal venous flow was confirmed as com
pletely occluded in the PTPE group.

Liver resection and postoperative course
PTPE successfully facilitated liver resection for all nine 
patients, whereas among the four patients who under
went PVL, two with hepatocellular carcinoma remained 
unresectable after the procedure. An extended right lo
bectomy was performed for two hilar bile duct carcino
mas and two intrahepatic cholangiocellular carcinomas. 
A right lobectomy was performed in all the other resect
able cases. The 11 patients showed no postoperative 
complications.

DISCUSSION
Through experimentation on rabbits in 1920, Rous et al[15] 

proved that PVL could induce atrophy of  the ipsilateral 
hepatic lobe and hypertrophy of  the FLR lobe. Since then, 
this technique has been clinically applied by Honjo et al[16] 
and has recently been adopted for TSHP for bilobar 
multiple liver metastases. In the first stage, partial resec
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  Variables PTPE group (n  = 9) PVL group (n  = 4) P  value

  Age (yr)          69.7 ± 3.2         58.9 ± 2.9  0.0002
  Sex (male:female)            7:2           3:1
  Background
  (HCV:HBV:NBNC)            1:1:7           1:1:2
  Albumin (g/dL)            3.9 ± 0.4           4.0 ± 0.4  0.61
  Bilirubin (mg/dL)            0.9 ± 0.4           1.2 ± 0.7  0.35
  AST (IU/L)          30.6 ± 12.2         32.3 ± 8.5  0.47
  ALT (IU/L)          35.9 ± 29.1         29.3 ± 15.6  0.92
  WBC (/mm3)         6744 ± 3109        5228 ± 1973  0.41
  PLT (× 104/mL)          22.1 ± 11.0         19.3 ± 9.9  0.76
  PT (%)          84.1 ± 10.5         84.5 ± 12.2  0.86
  ICG 15 (%)          10.7 ± 7.4         17.5 ± 13.2  0.43
  Child pugh (A:B:C)            7:2:0           3:1:0

Table 1  Clinical characteristics of the study population (mean 
± SD)

PTPE: Percutaneous transhepatic portal vein embolization; PVL: Portal 
vein ligation; HCV: Hepatitis C virus; HBV: Hepatitis B virus; NBNC: 
Hepatitis B surface antigen and HCV antibody negative; AST: Aspartate 
aminotransferase; ALT: Alanine aminotransferase; WBC: White blood 
cells; PLT: Platelet count; PT: Prothrombin time; ICG 15: Indocyanine 
green retention rate at 15 min.

  Variables PTPE group (n  = 9) PVL group (n  = 4) P value

  Preoperative RHL 
  volume (mL)

      804.9 ± 181.1      813.3 ± 129.7  0.83

  Preoperative RHL 
  volume rate (%)

        68.9 ± 2.8        69.2 ± 4.2  0.94

  Postoperative RHL 
  volume (mL)

      638.4 ± 153.6      749.8 ± 121.9  0.14

  Postoperative RHL 
  volume rate (%)

        54.6 ± 4.2        63.7 ± 3.9  0.0056

  RHL atrophy rate 1 mo 
  postoperation (%)

        14.3 ± 2.3          5.4 ± 1.6  0.0061

Table 2  Right hepatic lobe atrophy rate 1 mo after percu-
taneous transhepatic portal vein embolization or portal vein 
ligation (mean ± SD)

PTPE: Percutaneous transhepatic portal vein embolization; PVL: Portal 
vein ligation; RHL: Right hepatic lobe.
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tion or ablation is performed on the FRL, and PVL is 
subsequently performed to induce atrophy in the hemili
ver to be resected, in preparation for the planned major 
hepatectomy[1720]. PTPE has been advocated as a tech
nique for inducing atrophy of  the ipsilateral liver without 
the need for a laparotomy, and is commonly performed 
for cases such as hilar bile duct carcinoma and hepato
cellular carcinoma, in which a substantial liver volume is 
planned for resection[2123]. Although PVL and PTPE are 
both techniques that occlude the portal vein, they differ 
in approach. PTPE is performed by percutaneously in
jecting embolic materials, whereas PVL is performed by 
a laparotomy to ligate the first-order branch of  the por
tal vein. To date, several studies have demonstrated the 
safety and effectiveness of  the two techniques individu
ally; however, there are not enough data available from 
comparative studies reporting the relative efficacies of  

the two techniques. In the present study, we compared 
the atrophic effect and postoperative hepatic hemody
namics associated with PTPE and PVL.

In our study, the PTPE group demonstrated a signifi
cantly higher rate of  postoperative liver volume atrophy 
than the PVL group 1 mo after hepatectomy. The mean 
liver volume atrophy rate was 14.3% ± 2.3% in the PTPE 
group and 5.4% ± 1.6% in the PVL group (Figures 1 and 
2). The CT and Doppler ultrasound findings may explain 
the reason for this difference. It was confirmed that portal 
venous flow was completely occluded due to the use of  
embolic materials acting throughout the peripheral portal 
vein in the PTPE group. However, portal vein venous 
flow continued at peripheral sites away from the ligation 
point in two cases in the PVL group (Figure 3). Residual 
flow was observed from the anterior to the posterior 
branch (Figure 4).
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Figure 1  Computed tomography showing a case of hilar bile duct carcinoma where the right hepatic lobe volume rate decreased from 68.3% to 50.0% at 
1 mo after percutaneous transhepatic portal vein embolization. A: Before percutaneous transhepatic portal vein embolization (PTPE) [right hepatic lobe (RHL) 
volume rate: 68.3%]; B: After PTPE (RHL volume rate: 50.0%); C: The portal vein in the RHL was completely occluded after PTPE.

Ligation point

A B C

Figure 2  Computed tomography showing a case of liver metastasis where the right hepatic lobe volume rate decreased from 66.9% to 60.4%. A: Before portal 
vein ligation (PVL) [right hepatic lobe (RHL) volume rate: 66.9%]; B: After PVL (RHL volume rate: 60.4%); C: The right portal branch was intraoperatively ligated (arrow).

A B
Figure 3  Postoperative computed tomography 
confirming a degree of residual portal venous 
flow from the periphery to the ligation point (ar-
row). A: Axial image; B: Multiplanar reconstruction 
image.
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Two explanations can be proposed for the peripheral 
portal blood flow observed despite the portal vein being 
ligated at its central site. First, the observed peripheral 
portal blood flow could be backflow from the ipsilateral 
hepatic vein (Figure 5A). Normally, portal vein pressure 
and hepatic venous pressure are approximately equal 
at 100150 mmH2O. However, ligating the firstorder 
branch of  the portal vein may decrease peripheral portal 
vein pressure, causing a relative pressure elevation in the 
hepatic vein and resulting in backflow from the hepatic 
vein. This backflow was significant for cases where tu
mors had compressed or obstructed hepatic veins in the 
presence of  high hepatic venous pressure. A second pos
sible explanation for the observed peripheral portal blood 
flow is related to the arterioportal shunt (AP shunt) (Fig
ure 5B). Blood inflow via the AP shunt diminishes the 
effectiveness of  the technique by allowing some blood to 
flow in the first-order branch of  the portal vein. Conse
quently, when the AP shunt is preoperatively observed, 
PVL should not be the preferred treatment option.

In contrast to the PVL group, postoperative CT 
data confirmed the presence of  embolic materials in the 
peripheral portal vein in all PTPE patients. In addition, 
postoperative Doppler ultrasound showed no residual 
blood in the portal vein, leading us to conclude the su
periority of  PTPE over PVL. However, PVL is currently 
more often performed in TSHP cases requiring portal 
vein occlusion. Time between the first stage and PTPE 
should be minimized because of  possible cancer pro
gression[24,25]. Therefore, we recommend PTPE for the 
first part of  TSHP.

In conclusion, the small sample size and the retrospec
tive nature of  this study are limitations towards obtaining 
more conclusive results, compared to a prospective study 
with a larger population. However, our results show that 
PTPE can more effectively and rapidly achieve atrophy of  
ipsilateral liver volume and consequently induce compen
satory FLR volume hypertrophy, compared with PVL.

COMMENTS
Background
Postoperative liver failure may be induced because of the insufficient remnant 
liver volume after major hepatectomy where more than 60%-70% of the total 
liver volume is resected in such cases as hilar bile duct carcinoma or liver 
metastasis. To achieve safer major hepatectomy, ligation or embolization of the 
portal vein is preliminarily performed to induce atrophy of the ipsilateral liver 
and hypertrophy of the future remnant liver.
Research frontiers
To occlude unilateral portal vein, either portal vein ligation (PVL) ligating the 
unilateral portal vein or percutaneous transhepatic portal vein embolization 
(PTPE) injecting embolic agent to the unilateral portal vein through catheter is 
performed. PTPE is a procedure advocated after PVL, and PVL cases have 
decreased in number since the introduction of PTPE. However, as two-stage 
hepatectomy procedure (TSHP) for liver metastasis has recently become a 
more popular procedure, PVL has been again increasingly performed in combi-
nation with the first resection of TSHP.
Innovations and breakthroughs
The liver atrophy rate of unilateral lobe was compared between the PTPE (n = 9) 
and PVL groups (n = 4) 1 mo after each procedure. The liver atrophy rate was 
14.3% ± 2.3% (PTPE) and 5.4% ± 1.6% (PVL), which was a significant differ-
ence (P = 0.0061). To date, the two procedures have been regarded equivalent 
in effectiveness, however, the results suggest the superiority of PTPE over 
PVL, and to the best of knowledge, this is the first report to demonstrate such 
difference.
Terminology
PVL is a procedure to ligate the unilateral portal vein to induce ipsilateral liver 
atrophy and consequent hypertrophy of the contralateral liver. PTPE is a pro-
cedure to occlude the unilateral portal vein by percutaneously injecting embolic 
agent to induce ipsilateral liver atrophy and consequent hypertrophy of the con-
tralateral liver. TSHP is a surgical strategy adopted for severe metastatic liver 
cases where it is impossible to remove all malignant lesions in a single proce-
dure. In the first procedure, resectable tumors are removed and after a period 
of time for liver regeneration, the second procedure is performed to remove the 
remaining tumors.
Peer review
The current study compared PTPE and unilateral PVL. Using small cohorts, the 
authors concluded that PTPE is a more effective procedure than PVL as the 
postoperative liver volume atrophy rate was significantly greater in the PTPE 
group than the PVL group. This study was novel, well written, technically well 
conducted, and highly clinically important.
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A B C

Figure 4  Doppler ultrasound findings on hemodynamics. A: Color Doppler ultrasound confirming portal venous flow from the anterior to the posterior branch (arrow); 
B: Pulse Doppler ultrasound confirming hepatofugal venous flow in the anterior branch (arrow); C: Pulse Doppler ultrasound confirming hepatopetal venous flow in the 
posterior branch (arrow).

A B

Figure 5  Hemodynamics during portal vein ligation procedure. A: The re-
sidual portal venous flow may be explained as backflow from the hepatic vein; B: 
The presence of an arterioportal shunt may be another reason for the residual 
portal venous flow.
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Abstract
AIM: To compare the effectiveness of sequential thera-
py for Helicobacter pylori  (H. pylori ) infection with that 
of triple therapy of varying durations. 

METHODS: The 460 patients enrolled in this study had 
H. pylori -associated gastritis or a gastric or duodenal 
ulcer. After screening, H. pylori -infected patients were 
randomly assigned to receive either conventional triple 
therapy for 7, 10 or 14 d, or a new 10-d sequential 
therapy. Each of the 4 treatment groups included 115 
patients. The outcomes of eradication therapy were 
assessed 4 wk after treatment by the urea breath test 
and histology. 

RESULTS: The overall eradication rate was 81.0%, and 
eradication rates were 75.7% for 7-d conventional triple 
therapy, 81.9% for 10-d conventional triple therapy, 

84.4% for 14-d conventional triple therapy, and 82.0% 
for 10-d sequential therapy. Neither intention-to-treat 
analysis nor per protocol analysis showed significant 
differences in eradication rates using sequential therapy 
or the standard triple therapy (P  = 0.416 and P = 0.405, 
respectively). 

CONCLUSION: There are no significant differences be-
tween 10-d sequential eradication therapy for H. pylori  
and any duration of standard triple treatment in Korean 
patients. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H. pylori), first identified in 1982, is rec-
ognized as a risk factor for gastrointestinal ulcers, chronic 
gastritis, gastric adenocarcinoma, and mucosa-associated 
lymphoid tissue lymphoma. The most widely used eradi-
cation therapy at this time combines a proton pump in-
hibitor (PPI) with 2 antibiotics, amoxicillin and clarithro-
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mycin. However, the failure rate of  this triple therapy is 
10%-20%[1-4] and has increased with the emergence of  
clarithromycin resistance[5-7]. When first-line triple therapy 
fails, a quadruple regimen of  PPI, bismuth, tetracycline, 
and metronidazole is usually applied. The failure rate of  
this second-line therapy (20%-30%) is also high, which 
may stem from metronidazole resistance[6,8,9].

To address an increase in antibiotic resistance in H. 
pylori in Western countries, a 10-d sequential therapy was 
proposed. This new regimen includes a PPI plus 1 g of  
amoxicillin twice daily for the first 5 d followed by a PPI, 
500 mg of  clarithromycin and 500 mg of  tinidazole twice 
daily for the remaining 5 d. Since Zullo et al[10]. first de-
veloped this therapy, it has produced higher eradication 
rates than triple therapy in several studies[11-15]. However, 
few studies have reported outcomes of  sequential therapy 
in East Asian countries. Since antibiotic-resistant strains 
differ in geographical distribution, an H. pylori eradication 
therapy may vary in effectiveness between regions[16,17]. 

Furthermore, no universal evidence-based guidelines 
have been established for the optimal duration of  triple 
therapy. Some countries prefer a 7-d therapy, and in other 
countries treatment longer than 7-d is deemed manda-
tory[1,18,19]. Most previous comparative studies tested the 
sequential regimen against 7-d or 10-d triple therapy.

We conducted this study to prospectively compare the H. 
pylori eradication rate obtained with a 10-d sequential regi-
men to the rates achieved with the conventional 7-d, 10-d 
and 14-d triple regimens in a Korean cohort of  H. pylori-
infected patients. 

MATERIALS AND METHODS
Study population
From March 2008 to August 2011, we interviewed and 
enrolled patients who visited Korea University Anam 
Hospital with H. pylori-positive gastritis or peptic ulcer 
(gastric and/or duodenal ulcer) identified in gastroduo-
denoscopy. H. pylori infection was detected using a urea 
breath test, rapid urease test, or histopathological inves-
tigation. This was a prospective randomized controlled 
study.

Four hundred and sixty patients tested positive for 
H. pylori during this time. Study inclusion criteria were 
H. pylori-associated gastritis, or gastric or duodenal ulcer, 
and age 18 years or older. Criteria for exclusion from the 
study were: (1) serious kidney disease that required drug 
dosage adjustment; (2) previous treatment with antibiot-
ics within the past 4 wk; (3) PPI treatment during the 
previous 8 wk; (4) previous H. pylori eradication failure; (5) 
significant cardiopulmonary, endocrine or hepatic disease, 
or a hematologic disorder; (6) previous surgery of  the 
upper gastrointestinal tract; (7) history of  malignancy; (8) 
history of  drug or alcohol misuse; (9) antiulcer medica-
tion treatment within previous 4 wk; (10) systemic gluco-
corticoid or anticoagulation treatment; (11) severe psychi-
atric or neurological disease; and (12) current pregnancy 
or lactation. After screening, participants were randomly 

assigned to treatment groups using a computer gener-
ated list. Patients provided written consent to participate, 
and the Institutional Review Board of  Korea University 
Hospital approved this study. We conducted the study in 
agreement with the principles of  the Declaration of  Hel-
sinki, the International Conference on Harmonization of  
Technical Requirements for Registration of  Pharmaceu-
ticals for Human Use and Guidelines for Good Clinical 
Practice.

Treatment protocol
Eligible patients who had no documented contraindica-
tions were randomly assigned to one of  four treatments: 
(1) standard triple therapy (rabeprazole 20 mg + amoxi-
cillin 1.0 g + clarithromycin 500 mg twice daily) for 7 d; 
(2) standard triple therapy for 10 d; (3) standard triple 
therapy for 14 d; and (4) a 10-d sequential treatment 
(amoxicillin 1.0 g + rabeprazole 20 mg twice daily for the 
first 5 d, followed by rabeprazole 20 mg + clarithromycin 
500 mg + tinidazole 500 mg twice daily for the remaining 
5 d).

Confirmation of eradication
At least 4 wk after completion of  treatment, a urea breath 
test and histopathological diagnosis were performed to 
determine if  H. pylori had been successfully eradicated. 
Drug side effects were assessed with a questionnaire.

Statistical analysis
Statistical analyses were performed using Statistical Pack-
age for the Social Sciences (SPSS 18.0 for Windows; 
SPSS Inc., Chicago, IL, United States). Power calculations 
to determine sample size based on previously published 
data[20] showed that 420 patients would be required to de-
tect a treatment difference at the 5% level of  significance 
with a power of  80%. Hence the sample size was set at 
460 patients to allow for a possible 10% dropout rate. 

Univariate analysis, with age, gender, endoscopic diag-
nosis, smoking, alcohol habits, and medications (NSAID) 
as variables, was performed using the χ 2 test. The H. pylori 
eradication rate was determined using intention-to-treat 
(ITT) and per protocol (PP) analyses using the χ 2 test. P < 
0.05 was considered statistically significant.

RESULTS
Patient characteristics
The mean age of  the 460 patients enrolled in this study 
was 46.8 years. Two hundred and thirty-nine patients 
were male and 221 were female. Each of  the 4 treatment 
groups included 115 patients. The groups did not differ 
significantly in gender, previous disease history, endo-
scopic diagnosis, smoking, alcohol consumption, NSAID 
and aspirin use, or use of  previous medications (Table 1).

Eradication rates
Twenty-five of  the 460 patients did not return to hospital 
for eradication testing and 8 patients discontinued the 
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medication due to side effects. Eradication results were 
confirmed in 427 patients; eradication was confirmed in 
408 of  the 427 patients by the urea breath test and in 19 
patients by histopathological examination for H. pylori.

Among the 427 patients, 107 patients received the 7-d 
conventional triple therapy, 105 received the 10-d con-
ventional triple therapy, 109 received the 14-d conven-
tional triple therapy, and 106 received the 10-d sequential 
therapy (Figure 1).

The overall eradication rate among the 427 patients 
was 81.0%. The eradication rates according to group 
were as follows: 70.4%/75.7% (ITT/PP) for the 7-d con-
ventional triple therapy group, 74.7%/81.9% for the 10-d 
conventional triple therapy group, 80.0%/84.4% for the 
14-d conventional triple therapy group, and 75.6%/82.0% 
for the 10-d sequential therapy group. Neither the ITT 
nor the PP analysis showed a significant difference in 
eradication rates between the new 10-d sequential therapy 
and the standard triple therapy (P = 0.416 and P = 0.405, 
respectively) (Table 2).

Compliance and side-effects
The compliance was greater than 95% for all of  the triple 
conventional groups and the 10-d sequential therapy group. 

In the latter group, 15 patients showed side effects including 
problems with taste (n = 1), loose stools (n = 3), nausea/
vomiting (n = 4), epigastric discomfort (n = 3), abdominal 
distention (n = 3) and itching (n = 1) (Table 3). For the 
triple therapy, reported side effects included problems with 
taste, loose stools, abdominal discomfort, nausea, vomiting, 
epigastric discomfort, and itching. Most side effects were 
not severe (Table 3).

DISCUSSION
We compared the H. pylori eradication rates obtained af-
ter 10-d sequential therapy with those achieved after 7-, 
10- and 14-d conventional triple therapy and found no 
significant differences. 

Triple therapy, which is currently used most widely, 
combines a PPI with 2 antibiotics such as clarithromycin 
and amoxicillin[2]. However, resistance to clarithromycin 
now stands at 13.8%-16.7%[5,21], and recent reports place 
the rate of  H. pylori eradication at 74%-83.6%[18,22].

The Maastricht Ⅲ consensus report published in 
2005 recommends a quadruple therapy, which includes 
a PPI, bismuth, tetracycline, and metronidazole, as a 
second-line eradication therapy[1]. The effectiveness of  
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Table 1  Clinical characteristics of patients with Helicobacter pylori  infection

7-d eradication 10-d eradication 14-d eradication 10-d sequential 
eradication

Total P  value

Number of patients 115 115 115 115 460
Gender 0.959
   Male   60   58   62   59 239
   Female   55   57   53   56 221
Endoscopic diagnosis 0.940
   GU   48   52   52   48 200
   DU   40   36   32   36 144
   Gastritis as NUD   27   27   31   31 116
Smokers   40   36   53   44 176 0.117
Alcohol drinkers   42   48   58   56 204 0.123
NSAID/ASA   12   16   19   13   60 0.513

GU: Gastric ulcer; DU: Duodenal ulcer; NUD: Non-ulcer dyspepsia; NSAID: Non-steroidal anti-inflammatory drug; ASA: Acetylsalicylic acid.

Patients who underwent first line therapy
for Helicobacter pylori  (n  = 460)

8 did not complete the
study

10 did not complete the
study

6 did not complete the
study

9 did not complete the
study

107 assigned 7 d
triple therapy

105 assigned 10 d
triple therapy

109 assigned 14 d
triple therapy

106 assigned sequential
therapy

115 assigned 7 d
triple therapy

115 assigned 10 d
triple therapy

115 assigned 14 d
triple therapy

115 assigned sequential
therapy

Figure 1  Flow diagram for patients enrolled in the study. 
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quadruple therapy is compromised, however, by resis-
tance to metronidazole in H. pylori[8,23,24]. The prevalence 
of  metronidazole resistance in Korea has increased from 
33.3% in 1994, to 47.7% in 1999, to 66.2% in 2003[25].

In Western countries, increased resistance to triple 
therapy fosters much discussion. Notably, an increase in 
clarithromycin resistance found through large-scale stud-
ies in several European countries is linked to extensive 
use of  this antibiotic in both children and adults, and 
to an increasing rate of  failure to eradicate H. pylori us-
ing conventional therapy[20,26-28]. Nevertheless, European 
guidelines for H. pylori treatment specify triple therapy 
with a PPI, amoxicillin, and clarithromycin or metronida-
zole for 14 d, or quadruple therapy with a PPI, amoxicil-
lin, clarithromycin, and metronidazole for 10-14 d[1,29]. 

Zullo et al[10] reported a new 10-d sequential therapy 
for H. pylori in 2000. This regimen includes a PPI plus 1 g 
of  amoxicillin for the first 5 d followed by a PPI, 500 mg 
of  clarithromycin, and 500 mg of  tinidazole for the re-
maining 5 d. Some studies report that this regimen yields 
a higher H. pylori eradication rate than triple therapy[11,30,31] 
and improves the rate in children as well as in adults[32,33]. 
The mechanisms underlying the effects of  the 10-d se-
quential treatment are not known; however, the early 
administration of  amoxicillin appears to weaken the cell 
walls of  H. pylori, reducing resistance to clarithromycin 
and enhancing the treatment effects[28,34]. The 5-d PPI and 
amoxicillin regimen may reduce the numbers of  H. pylori 
by 50%, which when followed by 5 d of  triple therapy, is 
thought to improve the overall effectiveness of  the regi-
men[35,36]. In addition, the use of  3 or more antibiotics 
improves the treatment effects[20].

In our patient cohort, the 10-d sequential therapy did 
not achieve a higher eradication rate than the standard 

triple therapy. This discrepancy may reflect in part genetic 
differences in H. pylori strains in the East and West[37]. In 
addition, the high rate of  antibiotic resistance in Korea, in 
particular to metronidazole, may contribute to geographi-
cal variations in treatment effectiveness. Factors in addi-
tion to location and antibiotic resistance that may affect 
H. pylori eradication include patient age and compliance, 
gastric acid concentration, individual response to PPI, and 
differences in prevalence of  H. pylori Cag A genotype[38]. 
We did not investigate gastric acid concentration, antibi-
otic resistance (or minimal inhibitory concentrations), or 
H. pylori genotypes; and as all subjects were recruited at 
a single center, geographical differences in H. pylori sen-
sitivity and in treatment protocol did not emerge in this 
study. 

The optimal treatment duration using triple therapy is not 
established. A meta-analysis performed by Fuccio et al[39] con-
cluded that extending triple therapy beyond 7 d does not 
significantly improve outcome compared to the standard 
7-d regimen. However, individual studies report higher 
eradication rates using 10 or 14 d of  triple therapy as 
compared to 7 d[40,41]. Guidelines in the United States and 
Europe favor longer durations of  triple therapy[1,19]. Pre-
vious comparative studies of  the sequential regimen in-
volved the 7-d and 10-d triple therapy. The present study 
aimed to clarify the relationship of  treatment duration to 
the H. pylori eradication rate. 

Data from East Asian countries on use of  sequential 
therapy are limited, and further study is needed to de-
termine the optimal duration of  treatment for the triple 
therapy in Asian populations. Several comparative studies 
of  sequential therapy conducted in Korea differed in out-
come. Three of  these studies produced higher eradication 
rates for sequential therapy and another failed to detect 
a significant difference[38,42-45]. This lack of  concordance 
may be related to known regional variations in prevalence 
of  H. pylori resistance to antibiotics, especially clarithro-
mycin, in Korea[17]. 

In conclusion, we detected no significant differences 
between the 10-d sequential eradication therapy for H. pylori 
and any duration of  the standard triple treatment tested 
(7-, 10- and 14-d regimens) in a group of  Korean pa-
tients. More research is needed to determine whether this 
finding also holds true for patients from other East Asian 
countries. 

COMMENTS
Background
Helicobacter pylori (H. pylori), first identified in 1982, has been identified as a 
risk factor for gastrointestinal ulcer, chronic gastritis, gastric adenocarcinoma, 
and mucosa-associated lymphoid tissue lymphoma. To date, the most widely 
used eradication therapy is administration of a proton pump inhibitor (PPI) and 
2 types of antibiotics; amoxicillin and clarithromycin. However, the success 
rate of these multiple antibiotics to eradicate H. pylori has decreased in recent 
years. An increase in the antibiotic resistance of H. pylori has been reported in 
Western countries, and a 10 d sequential eradication therapy was proposed to 
address this problem.
Research frontiers
The 10-d sequential therapy includes a PPI plus 1 g amoxicillin for the first 5 d 
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Table 2  Helicobacter pylori  eradication rates according to 
treatment group

7-d 
eradication

10-d 
eradication

14-d 
eradication

10-d 
sequential 
eradication

Total P  
value

ITT 70.4%
81/115

74.7%
86/115

80.0%
92/115

75.6%
87/115

75.2%
346/460

0.416

PP 75.7%
81/107

81.9%
86/105

84.4%
92/109

82.0%
87/106

81.0%
346/427

0.405

ITT: Intention-to-treat; PP: Per protocol.

Table 3  Adverse events

7-d 
eradication

10-d 
eradication

14-d 
eradication

10-d 
sequential 
eradication

Taste alterations   1   1   1   1
Loose stools   3   3   2   3
Abdominal distention   2   3   3   3
Nausea/vomiting   2   4   3   4
Epigastric discomfort   3   2   3   3
Itching   0   1   0   1
Total 11 14 12 15
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followed by a PPI, clarithromycin 500 mg, and tinidazole 500 mg for the remain-
ing 5 d. There is no established evidence about the duration of triple therapy. 
Guidelines for the duration of triple therapy varies according to region. So, a 
Korean research team evaluated whether H. pylori eradication with 10 d of se-
quential therapy is better than the conventional 7-, 10- and 14-d triple therapy in 
a Korean cohort. 
Applications 
The researchers concluded that there was no significant difference between 7-, 
10-, 14-d standard triple treatment and 10-d sequential therapy in eradication of 
H. pylori in a Korean cohort of patients. Data from East Asian countries on use 
of sequential therapy are limited, and further study is needed to determine the 
optimal duration of treatment for triple therapy in Asian populations.
Terminology
Sequential therapy is a new regimen to eradicate H. pylori includes a PPI plus 
1 g of amoxicillin twice daily for the first 5 d followed by a PPI, 500 mg of clar-
ithromycin and 500 mg of tinidazole twice daily for the remaining 5 d.
Peer review
This is an interesting study aimed at comparing the eradication rate of a 7, 10 
and 14 d triple therapy vs sequential therapy in Korean patients. Interestingly, 
the authors found that the eradication rate provided by sequential therapy is 
similar to that of standard therapy of the same duration. Therefore, the final 
message is that the most important factor in the eradication of H. pylori is the 
duration of the therapy instead of the way of administration of antibiotics and 
PPI.
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Abstract
AIM: To investigate the ability of hexahydrocurcumin 
(HHC) to enhance 5-fluorouracil (5-FU) in inhibiting the 
growth of HT-29 cells by focusing on cyclooxygenase 
(COX)-2 expression.

METHODS: Antiproliferative effects of HHC and 5-FU, 
alone and in combination, on growth of HT-29 human 
colon cancer cells were assessed using 5-diphenyltetra-
zolium bromide (MTT) reduction assay. In combination 

treatment, low doses of 5-FU were used combined with 
various concentrations of HHC to minimize the toxic-
ity and side effects of 5-FU. The therapeutic effects of 
these drugs on down-regulation of COX-2 mRNA and 
protein expression were examined using semi-quanti-
tative reverse transcription–polymerase chain reaction 
(RT-PCR) and Western blotting analysis. 

RESULTS: MTT reduction assay indicated that HHC 
alone markedly decreased the viability of HT-29 human 
colon cancer cells compared to control. Semi-quantita-
tive RT-PCR analysis indicated that HHC is a selective 
COX-2 inhibitor. This finding was supported by the ob-
servation that HHC significantly down-regulates COX-2 
mRNA expression compared to the control (control: 
100.05% ± 0.03% vs HHC: 61.01% ± 0.35%, P < 0.05) 
but does not alter COX-1 mRNA. In combined treat-
ment, addition of HHC to a low dose of 5-FU exerts 
a synergistic effect against the growth of HT-29 cells 
by markedly reducing cell viability to a greater degree 
than monotherapy. Semi-quantitative RT-PCR indicated 
that 5-FU at the concentration of 5 μmol/L in combina-
tion with HHC at the concentration of 25 μmol/L signifi-
cantly down-regulates COX-2 mRNA expression when 
compared with values in cells treated with 5-FU or HHC 
alone (HHC + 5-FU: 31.93% ± 5.69%, 5-FU: 100.66% 
± 4.52% vs  HHC: 61.01% ± 0.35%, P  < 0.05). 

CONCLUSION: HHC together with 5-FU exerts a syn-
ergistic effect and may prove chemotherapeutically 
useful in treating human colon cancer. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Colorectal cancer is a major cause of  cancer death in 
many countries. 5-Fluorouracil (5-FU) is a chemotherapy 
drug widely used in treating colorectal cancer. However, 
the toxicity of  5-FU towards normal cells and resistance 
to this drug are major barriers to successful cancer che-
motherapy. Therefore, the combination of  5-FU and 
other regimens is often practiced to enhance the efficacy 
of  5-FU and also to reduce its toxicity. Previous in vitro 
and in vivo studies of  colon cancer have reported that 5-FU 
combined with other regimens, such as genistein[1] and 
geraniol[2], are more effective than 5-FU treatment alone.

Curcumin (diferuloylmethane, Figure 1), the major 
yellow pigment in turmeric which is obtained from the 
rhizome of  Curcuma longa L.[3], has been traditionally used 
in cooking in India and Southeast Asia. It has also been 
used in both in vitro and in vivo studies as a naturally oc-
curring substance to treat a wide variety of  cancers, in-
cluding ovarian[4], lung[5], skin[6] and colon cancer[7-9]. Cur-
cumin specifically inhibits mRNA and protein expression 
of  cyclooxygenase (COX)-2, which is highly expressed in 
a variety of  human cancers[10-12] including colon cancer, 
but it does not alter the expression of  COX-1, the en-
zyme that maintains normal gastric mucosa and influenc-
es kidney function[13,14]. All these results seem to suggest 
that curcumin might have minimal toxicity and is safe 
for the treatment of  human colon cancer compared with 
other traditional chemopreventive agents such as non-
steroidal anti-inflammatory drugs. Although curcumin is 
a very important agent in preventing and treating colon 
cancer, its disadvantages include poor solubility and poor 
absorption in the gastrointestinal tract. Previous reports 
have indicated that after oral administration of  curcumin, 
about 60% of  the dose was absorbed and 38% remained 
in the large intestine of  rats[15] and it is rapidly decom-
posed in human blood[16]. Curcumin metabolites were 
synthesized to solve these problems[17].

Hexahydrocurcumin (HHC, Figure 1) is one of  the 
major metabolites of  curcumin. Previous studies revealed 
that this compound exhibits stronger antioxidant activity 
than curcumin[18]. Moreover, this compound inhibits the 
biosynthesis of  prostaglandin (PGE2) in LPS-stimulated 
macrophages[19]. PGE2 is a major product of  COX-2 
enzymes implicated in colorectal carcinogenesis and has 
been shown to stimulate the growth of  human colorectal 
carcinoma cells. In addition, HHC decreases the level of  

phorbol ester-induced PGE2 production in human co-
lonic epithelial cells (HCECs) but weakly inhibits COX-2 
protein[20]. 

All these results suggest that HHC down-regulates 
COX-2 expression, leading us to hypothesize that the 
HHC-induced suppression of  COX-2 expression may 
improve the effectiveness of  the 5-FU conventional che-
motherapy drug. The synergistic effect of  using 5-FU 
in combination with curcumin to inhibit the growth of  
HT-29 human colon cancer cell line has already been 
demonstrated[21]. The present study aims to evaluate the 
ability of  HHC to enhance 5-FU in inhibiting the growth 
of  HT-29 human colon cancer cells by focusing on the 
expression of  COX-2.

MATERIALS AND METHODS
Materials 
The HT-29 human colon adenocarcinoma cell lines 
were obtained from the American Type Culture Collec-
tion. McCoy’s 5A Media Modified medium, fetal bovine 
serum (FBS), trypsin, penicillin and streptomycin were 
purchased from GIBCO-BRL (Gaitherburg, MD). 5-FU 
and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) were purchased from Sigma-Aldrich (St. 
Louis, MO, United States). TRIzol® Reagent was purchased 
from Invitrogen (Carlsbad, CA). InProm-Ⅱ™ reverse 
transcriptase and GoTag® Flexi DNA polymerase were 
obtained from Promega (Madison, United States). COX-1 
monoclonal antibody (1:1000 dilutions) and COX-2 poly-
clonal antibody (1:500 dilutions) were obtained from Cay-
man Chemical (Ann Arbor, MI, United States).

Preparation of hexahydrocurcumin
Curcumin was obtained from Curcuma longa as described 
previously[22]. HHC was synthesized from curcumin by 
catalytic hydrogenation reaction in ethanol for 5 h, with 
palladium on charcoal as a catalyst. The product was 
isolated from tetrahydrocurcumin and octahydrocur-
cumin by silica gel column chromatography, followed by 
recrystallization with dichloromethane-n-hexane to give 
45% yield of  HHC as a white amorphous solid, m.p. 
81-82 ℃. Tetrahydrocurcumin and octahydrocurcumin 
were obtained in 28% and 11% yields, respectively, after 
repeated column chromatography. The spectroscopic 
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Figure 1  Chemical structures of curcumin (A) and hexahydrocurcumin (B). 



(IR, 1H-NMR and mass spectra) data of  all the synthe-
sized compounds were identical with those obtained 
from the previous report[22].

Cell culture and treatment
HT-29 cells were cultured in McCoy’s 5A Media Modi-
fied containing 10% FBS at 37 ℃ in 5% CO2 and 90% 
relative humidity. In all experiments, cells were seeded 
at 1 × 104 cells per well in 96-well plates for cell viability 
assay, or 1.5 × 105 cells per well in 6-well plates for RNA 
extraction and Western blotting analysis. After plating, 
combinations of  5-FU with HHC were added concur-
rently to the culture medium. Cells were harvested after 
various times.

Cell viability assay
HT-29 cells were plated in 96-well plates with 100 μL 
medium and were exposed to various concentrations of  
HHC, 5FU or combination of  5FU and HHC for 24 and 
48 h. After incubation, cells were treated with 100 μL 
MTT solution (final concentration, 0.5 mg/mL) at 37 ℃ 
for an additional 4 h. The formazan crystals were solubi-
lized with 100 μL DMSO and then the absorbance was 
measured at wavelength 540 nm using a microplate reader 
(Bio-Tek, Instruments, Winooski, VT, United States). 

Analysis of combined effects of 5-FU with HHC
The effectiveness of  5-FU and HHC, alone or in combi-
nation, to inhibit growth of  HT-29 cells was evaluated by 
measurement of  the combination index (CI)[23], adapted 
from the method described by Chou et al[24]. The frac-
tional inhibitory concentrations were calculated by divid-
ing the concentration of  the drug in the combination at 
IC50 by the IC50 of  the individual drugs. In the following 
equation, the sum of  the dose of  5-FU and the dose of  
HHC give 50% inhibition of  cell growth. CI < 1 indi-
cates a synergistic effect; CI = 1, additive effect; and CI > 
1, antagonistic effect. CI = (Dose of  5-FU)/[IC50 (5-FU)] 
+ (Dose of  HHC)/[IC50 (HHC)].

RNA extraction and reverse transcription-polymerase 
chain reaction 
After the HT-29 cells were treated for 24 h, total RNA 
was extracted using TRIzol reagent (Life Technologies, 
Carlbad, CA, United States). A volume of  1 μg total RNA 
from each sample was subjected to reverse transcription 
using ImProm-IITM Reverse Transcription system (Pro-
mega Madison, WI, United States). PCR amplification 
was performed in a reaction volume of  20 μL containing 
2 μL of  cDNA product and GoTag® DNA polymerase 
(Promega, United States) using a PerkinElmer 9600 ther-
mal cycler. Amplification of  the constitutively-expressed 
enzyme d-glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was used as an internal control. The oligo-
nucleotide primers used were: human COX-1, 5′-TGC 
CCAGCTCCTGGCCCGCCGCTT-3′ (sense), 5′-GT-
GCATCAACACAGGCGCCTCTTC-3′ (antisense); hu-
man COX-2, 5′-TTCAAATGAGATTGTGGAAAAT-3′ 

(sense), 5′-AGATCATCTCTGCCTGAGTATCTT-3′ (an-
tisense); GAPDH, 5′-TCCCTCAAGATTGTGAGCAA-3′ 
(sense), and 5′-AAATGAGCCCCAGCCTTCTCC-3′ 
(antisense). The temperature cycling conditions of  ampli-
fication were as follows: 15 min at 95 ℃, then 25 cycles 
at 95 ℃ for 1 min, 55 ℃ for 1 min, 72 ℃ for 1 min, and 
a final extension at 72 ℃ for 10 min. The amplification 
products were electrophoresed on a 1.0% agarose gel, vi-
sualized by ethidium bromide staining, and photographed 
gel images were scanned using an image analysis system 
(Gel Doc 1000; Bio-Rad, Hercules, CA, United States). 
The intensities of  specific COX-1 or COX-2 bands were 
quantitated in relation to GAPDH bands amplified from 
the same cDNA using Gene Tools analysis software (Syn-
gene, Cambridge, United Kingdom). 

Western blotting analysis
Western blotting analysis was performed to measure pro-
tein expression of  COX-1, COX-2 or β-actin. Cell lysates 
were prepared by treating the HT-29 cells in RIPA lysis 
buffer (1 × PBS, 1% Nonidet P-40, 0.5% sodium deoxy-
cholate and 0.1% SDS) for 30 min. The lysates were soni-
cated twice for 20 s on ice and then were centrifuged at 
10 000 × g for 10 min to sediment the particulate material. 
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
was performed under reducing conditions on 8% poly-
acrylamide gels. The resolved proteins were transferred to 
PVDF (Millipore, Bedford, MA, United States) and the 
membranes were incubated with antibodies against hu-
man COX-1 or COX-2 (Cayman Chemical Co.) protein 
in blocking solution. After washing with PBS plus 0.5% 
Tween-20, the membranes were then incubated with the 
secondary antibody goat anti-mouse IgG HRP in block-
ing solution for 2 h at room temperature. After washing, 
membrane blots were developed using the Immobilon 
Western (Millipore) chemiluminescence kit and finally ex-
posed to X-ray film.

Statistical analysis
All values are represented as mean ± SE. Statistical com-
parisons between different treatment results were analyzed 
by one-way analysis of  variance followed by the Dunnett 
test. The significance was taken when P-values were less 
than 0.05.

RESULTS
Antiproliferative effect of 5-FU, HHC alone and their 
combination on HT-29 colon cancer cells
After the HT-29 colon cancer cells were exposed to vari-
ous concentrations of  HHC or 5-FU alone for 24 and 
48 h, HHC significantly decreased the viability of  HT-29 
colon cancer cells as compared to control (Figure 2A, 
upper panel). The growth inhibition ability of  HHC on 
HT-29 cells was time- and concentration-dependent. A 
similar result was also observed in the 5-FU-treated group 
(Figure 2B, lower panel). The half-maximal inhibitory con-
centration of  HHC and 5-FU for inhibiting the growth 
of  HT-29 colon cancer cells at 24 and 48 h exposure was 
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represented by IC50. The respective IC50 values for 24 and 
48 h of  HHC exposure were 77.05 ± 1.53 and 56.95 ± 
2.75, and for 5-FU were 39.13 ± 2.32 and 38 ± 2.21. 

To determine the antiproliferative effect of  HHC 
combined with 5-FU, the HT-29 colon cancer cells were 
exposed to 5-FU at 5 or 25 μmol/L in combination with 
HHC at 5 or 25 μmol/L concurrently for 24 h and 48 h 
and then evaluated by MTT assay. After 24 and 48 h of  
exposure to two doses of  HHC (5 and 25 μmol/L) and 
high dose of  5-FU (25 μmol/L), marked inhibition of  the 
growth of  HT-29 colon cancer cells was observed when 
compared with those treated with 5-FU or HHC alone. 
Furthermore, exposure to low dose of  5-FU (5 μmol/L) 
together with high dose of  HHC (25 μmol/L) for 24 and 
48 h markedly inhibited the viability of  HT-29 colon can-
cer cells when compared with those treated with HHC or 
5-FU alone (Figure 3). It was noteworthy that the inhibi-
tory effect of  HHC at 25 μmol/L with a low dose of  5-FU 
was not different from its effect in combination with a 
high dose of  5-FU. These results indicated that a low 
dose of  5-FU could effectively be used in combination 
with high dose of  HHC to inhibit the growth of  HT-29 
colon cancer cells. In addition, the interactions of  these 
two drugs at 25 μmol/L HHC and 5 μmol/L 5-FU for 
24 and 48 h were evaluated by the CI at the IC50 level as 
described in materials and methods. The combination of  

25 μmol/L HHC with 5 μmol/L 5-FU for 24 and 48 h 
resulted in a synergistic effect (CI < 1) on the inhibition 
of  the growth of  HT-29 colon cancer cells when CI = 
0.46 ± 0.01 and 0.57 ± 0.02, respectively. 

Combination therapy down-regulation of COX-2 mRNA 
expression
The MTT results showed that a low dose of  5-FU  
(5 μmol/L) together with HHC at 25 μmol/L decreased 
the viability of  HT-29 colon cancer cells to a markedly 
greater extent than 5-FU or HHC exposure alone. More-
over, this treatment showed the quantitative synergistic 
inhibitory effect; therefore, this combination was chosen 
to further investigate the effects on COX-2 mRNA ex-
pression in HT-29 cells. In this study, we observed that 
5-FU alone did not decrease the COX-2 mRNA. How-
ever, 5-FU combined with HHC markedly reduced the 
COX-2 expression compared to HHC or 5-FU alone 
(P < 0.05) (Figure 4). Furthermore, we also observed 
the combination’s effects on the expression of  COX-1 
mRNA. The result indicated that the level of  COX-1 was 
not altered by treatment with 5-FU or HHC alone, or 
their combination.

Inhibition of COX-2 protein by the combination of 5-FU 
with HHC
To investigate the combination’s effect on the level of  
COX-2 protein, HT-29 colon cancer cells were treated 
with 5-FU (5 μmol/L) together with HHC (25 μmol/L). 
The results are shown in Figure 5. It is evident that the 
combination treatment of  5-FU and HHC reduced the 
COX-2 protein level to a markedly greater degree than 
did 5-FU or HHC alone (P < 0.05). We further exam-
ined the combination’s effect on the level of  COX-1 
protein. The results show that 5-FU alone, HHC alone 
or 5-FU together with HHC did not alter the level of  
COX-1 protein. 

DISCUSSION
The toxicity and the resistance to 5-FU have been major 
obstacles in successful colorectal cancer chemotherapy. 
In addition, COX-2 up-regulation is directly involved 
in colorectal carcinogenesis[25,26]. Therefore, a combined 
treatment of  5-FU with non-toxic agents that can inhibit 
COX-2 activity might be useful for treating colon carci-
nogenesis.

Curcumin, a specific COX-2 inhibitor, is usually used 
in combination with traditional chemotherapy or other 
regimens both in vitro, in vivo and also in clinical studies 
of  colon cancer. Many reports have indicated that cur-
cumin enhanced the cytotoxic effect of  celecoxib in sev-
eral human colon cancer cell lines[27]. This effect has also 
been observed in colorectal cancer models[28]. Moreover, 
curcumin enhances the cytotoxic effect of  5-FU and de-
creases the COX-2 protein expression better than single 
agent treatment[21]. However, several studies over the 
past three decades have reported that curcumin exhibits 
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Figure 2  Antiproliferative effect of hexahydrocurcumin and 5-fluorouracil 
on HT-29 human colon cancer cells. HT-29 cells were exposed to different 
concentrations of 5-fluorouracil (5-FU) (A) and hexahydrocurcumin (HHC) (B) 
for 24-48 h and then cell viability was measured by 5-diphenyltetrazolium bro-
mide assay. 5-FU or HHC significantly decreased cell viability concentration-
dependently. Data are expressed as mean ± SE. aP < 0.05 vs control (n = 3).
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poor bioavailability due to poor absorption, low serum 
levels and rapid metabolism. Therefore, the pharmaco-
logical activity of  curcumin may be mediated in part by 
its metabolites[29,30]. 

In the present study, we investigated the anti-carcino-
genic effects of  HHC on growth of  HT-29 human colon 
cancer cells. We found that HHC was sufficient for inhib-
iting the growth of  human colon cancer cells by decreas-
ing the viability of  HT-29 cells through down-regulation 
of  COX-2 mRNA and protein expression. Moreover, 
HHC did not alter COX-1 mRNA and protein expres-
sion. These results agreed with previous study, which 
suggested that HHC could sensitize the cancer cells to 
chemotherapeutic drugs by decreasing phorbol ester-
induced PGE2 production in HCECs[20]. PGE2 is a major 

product of  COX-2 enzymes. Moreover, it has been dem-
onstrated that HHC exhibited higher antioxidant activity 
than its curcumin progenitor[18] and it has been suggested 
that the hydrogenation at the conjugated double bonds 
of  the central seven-carbon chain and a keto group of  
the β-diketone of  curcumin to HHC markedly enhances 
antioxidant activity. 

Based on these results, it is reasonable to assume that 
HHC is a safe and effective agent for the treatment of  
colon cancer, and that this compound is more stable than 
curcumin. The present investigation deals with the study 
of  the combination effect of  HHC with 5-FU chemo-
therapy drug. Our results indicated that HHC in combi-
nation with even a low concentration of  5-FU (5 μmol/L) 
was sufficient to decrease the viability of  HT-29 colon 

2387 May 21, 2012|Volume 18|Issue 19|WJG|www.wjgnet.com

120

100

80

60

40

20

0

Ce
ll 

vi
ab

ili
ty

 (
%

 o
f 

co
nt

ro
l)

a a

Co
nt

ro
l

5-
FU

 (5
 μ

mol/
L)

HHC 
(5

 μ
mol/

L)

HHC 
(5

 μ
mol/

L)
 +

 5-
FU

 (5
 μ

mol/
L)

5-
FU

 (5
 μ

mol/
L)

HHC 
(1

0 μ
mol/

L)

HHC 
(1

0 μ
mol/

L)
 +

 5-
FU

 (5
 μ

mol/
L)

5-
FU

 (5
 μ

mol/
L)

HHC 
(2

5 μ
mol/

L)

HHC 
(2

5 μ
mol/

L)
 +

 5-
FU

 (5
 μ

mol/
L)

24 hA

120

100

80

60

40

20

0

Ce
ll 

vi
ab

ili
ty

 (
%

 o
f 

co
nt

ro
l)

a a

Co
nt

ro
l

5-
FU

 (5
 μ

mol/
L)

HHC 
(5

 μ
mol/

L)

HHC 
(5

 μ
mol/

L)
 +

 5-
FU

 (5
 μ

mol/
L)

5-
FU

 (5
 μ

mol/
L)

HHC 
(1

0 μ
mol/

L)

HHC 
(1

0 μ
mol/

L)
 +

 5-
FU

 (5
 μ

mol/
L)

5-
FU

 (5
 μ

mol/
L)

HHC 
(2

5 μ
mol/

L)

HHC 
(2

5 μ
mol/

L)
 +

 5-
FU

 (5
 μ

mol/
L)

a

B 48 h

Figure 3  Combination effects of 5-fluorouracil and hexahydrocurcumin on proliferation of HT-29 colon cancer cells. The HT-29 cells were exposed to 
5-fluorouracil (5-FU) (5 and 25 μmol/L), hexahydrocurcumin (HHC) (5 and 25 μmol/L) and their combination for 24 h (A) and 48 h (B) and then harvested for 5-diphe-
nyltetrazolium bromide assay. Combination treatment of 5-FU and HHC significantly decreased cell viability compared to the 5-FU or HHC monotherapy. Data are 
expressed as mean ± SE. aP < 0.05 vs 5-FU or HHC monotherapy (n = 3).
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cancer cells. Moreover, this combination showed a syner-
gistic effect on antiproliferation against colon cancer cells 
(CI < 1) and down-regulated the expression of  COX-2 
mRNA and protein, compared to either 5-FU or HHC 
monotherapy. Based on these results, we suggest that the 
addition of  HHC could enhance the inhibiting effects of  
5-FU on the growth of  HT-29 human colon cancer cells. 
Moreover, the combination of  these drugs that are differ-
ent in their modes of  action could prove much safer and 
more effective than cancer monotherapy[27]. In addition, 
this combination did not alter the COX-1 mRNA and 
protein levels. It is thus reasonable to assume that this 
therapeutic approach may have no toxic effect and en-
ables the use of  5-FU chemotherapy drug at a lower and 
safer concentration, which would be highly desirable for 
long-term treatment of  colon cancer. 

In conclusion, this study illustrates that HHC is a spe-
cific COX-2 inhibitor that plays an important role in car-
cinogenesis. It has been demonstrated for the first time 
in this study that the addition of  HHC to 5-FU standard 
chemotherapy in HT-29 human colon cancer cells can 
enhance the growth inhibition and down-regulation 
of  COX-2. Thus, the combination of  these two drugs 
should have a great potential to be used to treat human 
colon cancer.
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Figure 5  Combination effects of hexahydrocurcumin and 5-fluorouracil 
on cyclooxygenase-2 protein expression in HT-29 colon cancer cells. A: 
Western blotting with polyclonal anti-cyclooxygenase (COX) 1 (70 kDa) and an-
ti-COX2 (72 kDa), and anti-β actin (43 kDa) antibodies; B: Fold changes of pro-
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Combination treatment of 5-fluorouracil (5-FU) and hexahydrocurcumin (HHC) 
significantly decreased the expression of COX-2 protein with no effect on the 
expression of COX-1 protein. Values are expressed as percentage of control 
(mean ± SE), aP < 0.05 vs control; cP < 0.05 vs 5-FU or HHC monotherapy (n = 
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on cyclooxygenase-2 mRNA expression in HT-29 colon cancer cells. The 
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determined by normalizing the band intensity of COX-2 with glyceraldehyde-
3-phosphate dehydrogenase (GAPDH). Values are expressed as percentage 
of control (mean ± SE), aP < 0.05 vs control; cP < 0.05 vs 5-FU or HHC mono-
therapy (n = 3).

COX-2 (305 bp)

GAPDH (200 bp)

Control 5-FU HHC HHC + 5-FUA

120

100

80

60

40

20

0

CO
X-

2 
m

R
N

A 
(%

 o
f 

co
nt

ro
l)

Control 5-FU HHC HHC + 5-FU

B

a

c

Srimuangwong K et al . Synergistic effect of hexahydrocurcumin and 5-fluorouracil



2389 May 21, 2012|Volume 18|Issue 19|WJG|www.wjgnet.com

REFERENCES
1 Hwang JT, Ha J, Park OJ. Combination of 5-fluorouracil 

and genistein induces apoptosis synergistically in chemo-
resistant cancer cells through the modulation of AMPK and 
COX-2 signaling pathways. Biochem Biophys Res Commun 
2005; 332: 433-440

2 Carnesecchi S, Bras-Gonçalves R, Bradaia A, Zeisel M, Gos-
sé F, Poupon MF, Raul F. Geraniol, a component of plant 
essential oils, modulates DNA synthesis and potentiates 
5-fluorouracil efficacy on human colon tumor xenografts. 
Cancer Lett 2004; 215: 53-59

3 Chuang SE, Kuo ML, Hsu CH, Chen CR, Lin JK, Lai GM, 
Hsieh CY, Cheng AL. Curcumin-containing diet inhibits 
diethylnitrosamine-induced murine hepatocarcinogenesis. 
Carcinogenesis 2000; 21: 331-335

4 Wahl H, Tan L, Griffith K, Choi M, Liu JR. Curcumin en-
hances Apo2L/TRAIL-induced apoptosis in chemoresistant 
ovarian cancer cells. Gynecol Oncol 2007; 105: 104-112

5 Chen YS, Ho CC, Cheng KC, Tyan YS, Hung CF, Tan TW, 
Chung JG. Curcumin inhibited the arylamines N-acetyl-
transferase activity, gene expression and DNA adduct for-
mation in human lung cancer cells (A549). Toxicol In Vitro 
2003; 17: 323-333

6 Kakar SS, Roy D. Curcumin inhibits TPA induced expres-
sion of c-fos, c-jun and c-myc proto-oncogenes messenger 
RNAs in mouse skin. Cancer Lett 1994; 87: 85-89

7 Chauhan DP. Chemotherapeutic potential of curcumin for 
colorectal cancer. Curr Pharm Des 2002; 8: 1695-1706

8 Hanif R, Qiao L, Shiff SJ, Rigas B. Curcumin, a natural plant 
phenolic food additive, inhibits cell proliferation and induc-
es cell cycle changes in colon adenocarcinoma cell lines by 
a prostaglandin-independent pathway. J Lab Clin Med 1997; 
130: 576-584

9 Kawamori T, Lubet R, Steele VE, Kelloff GJ, Kaskey RB, Rao 
CV, Reddy BS. Chemopreventive effect of curcumin, a natu-
rally occurring anti-inflammatory agent, during the promo-
tion/progression stages of colon cancer. Cancer Res 1999; 59: 
597-601

10 Lee KW, Kim JH, Lee HJ, Surh YJ. Curcumin inhibits phor-
bol ester-induced up-regulation of cyclooxygenase-2 and 
matrix metalloproteinase-9 by blocking ERK1/2 phosphory-
lation and NF-kappaB transcriptional activity in MCF10A 
human breast epithelial cells. Antioxid Redox Signal 2005; 7: 
1612-1620

11 Lev-Ari S, Vexler A, Starr A, Ashkenazy-Voghera M, Greif 
J, Aderka D, Ben-Yosef R. Curcumin augments gemcitabine 
cytotoxic effect on pancreatic adenocarcinoma cell lines. 
Cancer Invest 2007; 25: 411-418

12 Zhang F, Altorki NK, Mestre JR, Subbaramaiah K, Dannen-
berg AJ. Curcumin inhibits cyclooxygenase-2 transcription 
in bile acid- and phorbol ester-treated human gastrointesti-
nal epithelial cells. Carcinogenesis 1999; 20: 445-451

13 Goel A, Boland CR, Chauhan DP. Specific inhibition of 
cyclooxygenase-2 (COX-2) expression by dietary curcumin 
in HT-29 human colon cancer cells. Cancer Lett 2001; 172: 
111-118

14 Plummer SM, Holloway KA, Manson MM, Munks RJ, 
Kaptein A, Farrow S, Howells L. Inhibition of cyclo-oxy-
genase 2 expression in colon cells by the chemopreventive 
agent curcumin involves inhibition of NF-kappaB activation 
via the NIK/IKK signalling complex. Oncogene 1999; 18: 

6013-6020
15 Ravindranath V, Chandrasekhara N. Absorption and tissue 

distribution of curcumin in rats. Toxicology 1980; 16: 259-265 
16 Wang YJ, Pan MH, Cheng AL, Lin LI, Ho YS, Hsieh CY, 

Lin JK. Stability of curcumin in buffer solutions and charac-
terization of its degradation products. J Pharm Biomed Anal 
1997; 15: 1867-1876

17 Anand P, Thomas SG, Kunnumakkara AB, Sundaram C, 
Harikumar KB, Sung B, Tharakan ST, Misra K, Priyadarsini 
IK, Rajasekharan KN, Aggarwal BB. Biological activities of 
curcumin and its analogues (Congeners) made by man and 
Mother Nature. Biochem Pharmacol 2008; 76: 1590-1611

18 Somparn P, Phisalaphong C, Nakornchai S, Unchern S, Mo-
rales NP. Comparative antioxidant activities of curcumin 
and its demethoxy and hydrogenated derivatives. Biol Pharm 
Bull 2007; 30: 74-78

19 Shao J, Lee SB, Guo H, Evers BM, Sheng H. Prostaglandin 
E2 stimulates the growth of colon cancer cells via induction 
of amphiregulin. Cancer Res 2003; 63: 5218-5223

20 Ireson C, Orr S, Jones DJ, Verschoyle R, Lim CK, Luo JL, 
Howells L, Plummer S, Jukes R, Williams M, Steward WP, 
Gescher A. Characterization of metabolites of the chemopre-
ventive agent curcumin in human and rat hepatocytes and 
in the rat in vivo, and evaluation of their ability to inhibit 
phorbol ester-induced prostaglandin E2 production. Cancer 
Res 2001; 61: 1058-1064

21 Du B, Jiang L, Xia Q, Zhong L. Synergistic inhibitory effects 
of curcumin and 5-fluorouracil on the growth of the human 
colon cancer cell line HT-29. Chemotherapy 2006; 52: 23-28

22 Changtam C, de Koning HP, Ibrahim H, Sajid MS, Gould 
MK, Suksamrarn A. Curcuminoid analogs with potent ac-
tivity against Trypanosoma and Leishmania species. Eur J 
Med Chem 2010; 45: 941-956

23 Chen MF, Chen LT, Boyce HW. Effect of 5-fluorouracil on 
methotrexate transport and cytotoxicity in HT29 colon ad-
enocarcinoma cells. Cancer Lett 1995; 88: 133-140

24 Chou TC, Talalay P. Quantitative analysis of dose-effect 
relationships: the combined effects of multiple drugs or en-
zyme inhibitors. Adv Enzyme Regul 1984; 22: 27-55

25 Janssen A, Maier TJ, Schiffmann S, Coste O, Seegel M, 
Geisslinger G, Grösch S. Evidence of COX-2 independent 
induction of apoptosis and cell cycle block in human colon 
carcinoma cells after S- or R-ibuprofen treatment. Eur J Phar-
macol 2006; 540: 24-33

26 Williams CS, Luongo C, Radhika A, Zhang T, Lamps LW, 
Nanney LB, Beauchamp RD, DuBois RN. Elevated cycloox-
ygenase-2 levels in Min mouse adenomas. Gastroenterology 
1996; 111: 1134-1140

27 Lev-Ari S, Strier L, Kazanov D, Madar-Shapiro L, Dvory-
Sobol H, Pinchuk I, Marian B, Lichtenberg D, Arber N. Ce-
lecoxib and curcumin synergistically inhibit the growth of 
colorectal cancer cells. Clin Cancer Res 2005; 11: 6738-6744

28 Shpitz B, Giladi N, Sagiv E, Lev-Ari S, Liberman E, Kaza-
nov D, Arber N. Celecoxib and curcumin additively inhibit 
the growth of colorectal cancer in a rat model. Digestion 
2006; 74: 140-144

29 Shoba G, Joy D, Joseph T, Majeed M, Rajendran R, Srinivas 
PS. Influence of piperine on the pharmacokinetics of cur-
cumin in animals and human volunteers. Planta Med 1998; 
64: 353-356

30 Wahlström B, Blennow G. A study on the fate of curcumin 
in the rat. Acta Pharmacol Toxicol (Copenh) 1978; 43: 86-92

S- Editor  Gou SX    L- Editor  Logan S    E- Editor  Zheng XM

Srimuangwong K et al . Synergistic effect of hexahydrocurcumin and 5-fluorouracil



Abdallah A Kobeissy, Jana G Hashash, Faek R Jamali, Assaad M Skoury, Reham Haddad, Sarah El-Samad, 
Rami Ladki, Rola Aswad, Assaad M Soweid

A randomized open-label trial of on-demand rabeprazole vs  
ranitidine for patients with non-erosive reflux disease

Abdallah A Kobeissy, Jana G Hashash, Assaad M Skoury, 
Assaad M Soweid, Division of Gastroenterology, Department of 
Internal Medicine, American University of Beirut Medical Cen-
ter, Hamra 1103 2090, Beirut, Lebanon
Faek R Jamali, Department of Surgery, American University of 
Beirut Medical Center, Hamra 1103 2090, Beirut, Lebanon
Reham Haddad, Sarah El-Samad, Rami Ladki, Rola Aswad, 
Department of Pharmacy Practice, School of Pharmacy, Lebanese 
American University, PO Box 36, Byblos, Lebanon
Author contributions: Jamali FR and Soweid AM designed 
the study; Kobeissy AA, Hashash JG, and Skoury AM analyzed, 
interpreted the data and drafted the manuscript; Haddad R, El-
Samad S, Ladki R and Aswad R gathered the data; Jamali FR and 
Soweid AM edited and critically revised the manuscript.
Correspondence to: Assaad M Soweid, MD, FASGE, FACG, 
Associate Professor of Medicine, Division of Gastroenterology, 
Department of Internal Medicine, American University of Beirut 
Medical Center, PO Box 113-6044, Hamra 1103 2090, Beirut, 
Lebanon. as25@aub.edu.lb
Telephone: +961-1-374374  Fax: +961-1-370814
Received: May 20, 2011       Revised: June 22, 2011
Accepted: April 12, 2012
Published online: May 21, 2012 

Abstract
AIM: To compare the efficacy of the proton-pump 
inhibitor, rabeprazole, with that of the H2-receptor an-
tagonist, ranitidine, as on-demand therapy for relieving 
symptoms associated with non-erosive reflux disease 
(NERD).

METHODS: This is a single center, prospective, ran-
domized, open-label trial of on-demand therapy with 
rabeprazole (group A) vs  ranitidine (group B) for 4 wk. 
Eighty-three patients who presented to the American 
University of Beirut Medical Center with persistent gas-
troesophageal reflux disease (GERD) symptoms and a 
normal upper gastrointestinal endoscopy were eligible 
for the study. Patients in group A (n  = 44) were al-

lowed a maximum rabeprazole dose of 20 mg twice 
daily, while those in group B (n  = 39) were allowed a 
maximum ranitidine dose of 300 mg twice daily. Ef-
ficacy was assessed by patient evaluation of global 
symptom relief, scores of the SF-36 quality of life (QoL) 
questionnaires, total number of pills used, and number 
of medication-free days.

RESULTS: Among the 83 patients who were enrolled in 
the study, 76 patients (40 in the rabeprazole group and 
36 in the ranitidine group) completed the 4-wk trial. 
Baseline characteristics were comparable between both 
groups. After 4 wk, there was no significant difference 
in the subjective global symptom relief between the ra-
beprazole and the ranitidine groups (71.4% vs  65.4%, 
respectively; P  = 0.9). There were no statistically sig-
nificant differences between mean cumulative scores of 
the SF-36 QoL questionnaire for the two study groups 
(rabeprazole 22.40 ± 27.53 vs  ranitidine 17.28 ± 37.06; 
P  = 0.582). There was no significant difference in the 
mean number of pills used (rabeprazole 35.70 ± 29.75 
vs  ranitidine 32.86 ± 26.98; P  = 0.66). There was also 
no statistically significant difference in the mean num-
ber of medication-free days between both groups.

CONCLUSION: Rabeprazole has a comparable efficacy 
compared to ranitidine when given on-demand for the 
treatment of NERD. Both medications were associated 
with improved quality of life.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is a chronic, 
remitting-relapsing medical condition that involves the 
reflux of  gastric contents into the esophagus causing a 
multitude of  unpleasant symptoms including heartburn, 
sore throat, chest pain, cough, and regurgitation. GERD 
has been shown to have a significant negative impact on 
the quality of  life (QoL) of  affected patients and may 
even impair their daily activities[1]. The prevalence of  
GERD has markedly increased over the past two decades 
affecting 20%-40% of  the western population[2-5]. This 
prevalence is predicted to rise further with time[6].

Non-erosive reflux disease (NERD) has been defined 
by the Vevey NERD Consensus Group as a subcategory 
of  GERD that is characterized by reflux-related symp-
toms with the absence of  esophageal mucosal erosions 
or breaks at conventional endoscopy and without recent 
acid-suppressive therapy[7]. About two-thirds of  patients 
with typical GERD symptoms, such as heartburn, belch-
ing, cough, nausea, sore throat and voice changes, have 
no erosive changes on upper gastrointestinal endoscopic 
evaluation[2]. The complex pathophysiology of  NERD 
and the exact mechanisms by which the associated symp-
toms are caused remain unclear[7]. It is highly evident, 
however, that the degree of  acidity and duration of  
esophageal acid exposure play an essential role in NERD 
symptomatology. These factors are not different from the 
precipitants of  moderate erosive reflux disease (ERD)[7-11]. 

The majority of  GERD patients use acid-suppressive 
medications to control their symptoms. Unlike ERD, 
symptoms of  NERD are more difficult to control, and 
tend to have a lower response rate, even to the most po-
tent proton-pump inhibitors (PPIs)[12,13]. Nonetheless, ini-
tial management of  NERD is similar to that of  GERD, 
and includes the use of  a PPI or H2-receptor antagonist 
(H2RA). Around 75% of  patients with NERD report a 
relapse of  their symptoms after cessation of  the initial 
therapy. Therefore, long-term management is often need-
ed to maintain symptom control[1]. The preferred main-
tenance therapeutic strategy is supposed to utilize the 
least amount of  medication. Hence, on-demand therapy 
should be a reasonable therapeutic mode for managing 
patients with NERD symptoms. By convention, medica-
tions for on-demand therapy should ensure a rapid onset 

of  action in order to give instantaneous relief. 
To our knowledge, and after reviewing the literature, 

no clinical studies have compared a PPI to an H2RA as 
on-demand therapy for NERD. The objective of  our trial 
is to compare the efficacy of  a PPI, rabeprazole, to that 
of  a standard H2RA, ranitidine, as an on-demand therapy 
for treating patients with NERD. We selected rabepra-
zole among the various currently available PPIs because 
it results in a faster and a more prompt acid suppression 
and has the advantage of  a first-dose symptom relief[14-16]. 
H2RAs including ranitidine are widely used on-demand 
for the management of  GERD symptoms.

MATERIALS AND METHODS
The study was a 4-wk prospective, randomized, single 
center, open-label trial of  on-demand therapy with rabe-
prazole vs ranitidine for patients with NERD. Patients who 
were considered eligible for enrollment had to be older 
than 18 years of  age, had persistent GERD symptoms 
(typical or atypical), and a negative upper gastrointestinal 
endoscopy exam. Exclusion criteria were age below 18 
years and older than 75 years, allergy to rabeprazole or ra-
nitidine, any degree of  esophagitis or mucosal damage on 
upper gastrointestinal endoscopy, pregnancy, and any use 
of  PPI or H2RA within 2 wk of  enrollment into the study. 

Patients who presented to the American University of  
Beirut Medical Center with persistent GERD symptoms 
and a normal upper gastrointestinal endoscopy were con-
sidered candidates for the study. After signing a written 
informed consent, patients were asked to complete a base-
line SF-36 QoL questionnaire. They were randomized by 
an independent investigator using a computer-generated 
random number table to one of  two groups: those to re-
ceive rabeprazole (group A) and those to receive ranitidine 
(group B). Patients in group A were allowed a maximum 
oral rabeprazole dose of  20 mg (10 mg tablets, twice dai-
ly), while those in group B were allowed a maximum oral 
ranitidine dose of  300 mg (150 mg tablets, twice daily). A 
research fellow was responsible for contacting patients by 
phone on a daily basis over the 4-wk study period to as-
sess for the number of  pills taken, the need for a rescue 
medication, as well as the occurrence of  any side effects. 
At the end of  the 4 wk, patients were asked about their 
global symptom relief  and were also requested to answer 
the post-treatment QoL questionnaire.

Primary efficacy endpoints were assessed by the sub-
jective global symptom relief, total number of  pills used, 
number of  medication-free days, and the need for rescue 
medications. Secondary endpoints included the scores 
of  the QoL questionnaires and the occurrence of  side 
effects. The study protocol and informed consent were 
approved by the Institutional Review Board at the Ameri-
can University of  Beirut Medical Center.

Statistical analysis
Analysis of  the primary end-point (global symptom re-
lief) was done according to intent-to-treat (ITT) basis. 
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The association between the drug group and response 
for binary measures was assessed using the Fischer’s Ex-
act test. For continuous measures, either a two sample 
t-test or Wilcoxon two sample rank sum test were used 
depending on whether normality held or not. Frequency 
tables and cross-tabulations were derived in order to de-
pict any associations between the different variables. The 
paired samples t-test and the independent-samples t-test 
were used to compare the QoL score before and after 
treatment. A P-value at or below 0.05 was significant. The 
data were entered and analyzed using SPSS for Microsoft 
version 18.0 (SPSS Inc, United States).

Sample size calculation: The sample size was estimated 
based on an expected response rate of  80% for rabepra-
zole and 50% for ranitidine. Therefore, we had to include 
42 patients in each arm of  the study to detect a statistical 
significance using a power of  80% and a margin of  error 
of  5%.

RESULTS
A total of  83 patients with symptoms consistent with 
GERD and a negative upper gastrointestinal endoscopy 
were enrolled in the study. The random assignment of  
patients into two arms resulted in 44 patients (53%) in 
group A assigned to receive rabeprazole, and 39 patients 
(47%) in group B assigned to receive ranitidine. Overall, 
seven patients dropped out of  the study; two patients 
because of  mild medication side effects (both of  whom 
were receiving rabeprazole) and five were lost to follow-
up. Seventy-six patients completed the 4-wk trial per-
protocol, 40 of  whom were assigned to the rabeprazole 
group and 36 to the ranitidine group. The ITT popula-
tion consisted of  83 patients.

Baseline characteristics between both groups were 

comparable (Table 1). The mean age of  individuals in 
group A was 45.43 ± 15.16 years vs 45.08 ± 15.29 years 
for those in group B. There was a slight female predomi-
nance in both groups: 63.6% in group A and 59% in 
group B. Most patients had been symptomatic for more 
than 1 year, with duration ranging from 3 mo to 20 years. 
The majority of  patients (85.5%) suffered from extra-
esophageal manifestations, with globus sensation, me-
tallic taste, shortness of  breath, as well as thick sputum 
production being the commonest among these manifes-
tations. Esophageal manifestations were encountered in 
approximately 69% of  patients. 

Global symptom improvement was subjectively as-
sessed at the end of  the 4-wk treatment phase. Improve-
ment was reported in 71.4% (20 out of  28) of  patients in 
group A and 65.4% (17 out of  26) of  patients in group 
B, while worsening of  symptoms was noted in 3.6% and 
3.8 % of  patients in group A and B, respectively (Table 2). 
Of  the patients in group A, 25% experienced no change 
in symptoms compared to 30.8% of  group B patients (P 
= 0.889). There was no difference in gender distribution 
between responders and non-responders in either group. 
However, the mean age of  responders to rabeprazole 
was significantly lower than that of  patients who did 
not respond to this drug (38.90 ± 13.15 years vs 53.14 ± 
17.68 years; P = 0.033). This difference was not noted in 
patients who received ranitidine.

Regarding the mean number of  pills consumed, pa-
tients in group A used a mean number of  35.70 ± 29.75 
pills of  rabeprazole 10 mg, while group B patients con-
sumed a mean number of  32.86 ± 26.98 pills of  raniti-
dine 150 mg, (P = 0.66). The mean number of  medica-
tion-free days was 13.08 ± 9.73 in group A, and 10.78 ± 
10.14 in group B (P = 0.32). 

The SF-36 QoL questionnaire was completed by a 
total of  65 patients at baseline: 37 in group A (84.1%) 
and 28 in group B (71.8%). Mean cumulative scores 
at baseline were comparable between groups A and B, 
106.38 ± 30.30 vs 104.43 ± 29.82, respectively (P = 0.797) 
(Figure 1). A follow-up SF-36 QoL questionnaire was 
obtained from 50 patients immediately after the 4-wk 
treatment phase: 25 were in group A (62.5%) and 25 in 
group B (69.4%). Mean cumulative scores at follow-up 
were 135.32 ± 32.19 for group A and 122.76 ± 37.48 for 
group B (P = 0.210). Mean scores of  both groups in-
creased significantly (P < 0.01 for group A and P = 0.028 
for group B, compared to respective baseline scores). 
However, the absolute score differences between base-
line and 4 wk for groups A and B were (22.40 ± 27.53 
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Table 1  Patient baseline characteristics  n  (%)

Group A 
(n  = 44)

Group B
(n  = 39)

P  value

Age (mean ± SD) (yr) 45.4 ± 15.2 45.1 ± 15.3 0.916
Gender M:F 16:28 16:23 0.663
Duration of symptoms (yr) 4.68 ± 7.79 3.85 ± 4.21 0.552
Esophageal manifestations 28 (63.6) 29 (74.4) 0.293
Regurgitation and heartburn 21 (47.7) 23 (59.0) 0.306
Epigastric pain   8 (18.2)   9 (23.1) 0.581
Nausea   7 (15.9)   6 (15.4) 0.948
Vomiting       0 (0) 1 (2.6) 0.285
Extra-esophageal manifestations 38 (86.4) 33 (84.6) 0.821
Chest pain 16 (36.4) 10 (25.6) 0.293
Globus 24 (54.5) 16 (41.0) 0.219
Hoarseness 15 (34.1) 10 (25.6) 0.402
Metallic taste 22 (50.0) 16 (41.0) 0.413
Nocturnal cough 17 (38.6) 09 (23.1) 0.127
Dyspnea 21 (47.7) 20 (51.3) 0.746
Sore throat 20 (45.5) 13 (33.3) 0.260
Thick sputum production 24 (54.5) 13 (33.3) 0.052
Mixed symptoms 25 (56.8) 24 (61.5) 0.663

Group A, rabeprazole; Group B, ranitidine. M: Male; F: Female.

Table 2  Subjective global symptom assessment  n  (%)

Better Same Worse Total

Group A 20 (71.4) 7 (25.0) 1 (3.6) 28
Group B 17 (65.4) 8 (30.8) 1 (3.8) 26
Total 37 15 2 54

P = 0.9; Group A, rabeprazole; Group B, ranitidine.
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a 6-mo trial of  on-demand rabeprazole 10 mg in patients 
with NERD. Five hundred and twenty-three patients with 
NERD were given 4 wk of  rabeprazole 10 mg once daily. 
The 432 patients who had complete resolution of  their 
symptoms were then randomized for the on-demand 
phase of  the study to two groups: rabeprazole 10 mg and 
placebo. Symptom relief  was significantly better in the ra-
beprazole group compared to the placebo group.

Rabeprazole was also investigated as on-demand 
treatment by Ponce et al[25] in patients with NERD and 
low-grade esophagitis. Symptom control was maintained 
in over 85% of  patients during six months of  on-demand 
rabeprazole 20 mg therapy, following a 4-wk daily run-in 
period with rabeprazole 20 mg per day. During the study 
period, PPI consumption was found to be low and pa-
tient satisfaction with the treatment was high. 

Rabeprazole appeared to be ideal for our study given 
its rapid onset of  action and powerful acid suppres-
sion[14-16]. Studies involving NERD patients have docu-
mented its superiority over placebo. In addition, on-de-
mand use of  rabeprazole for the management of  NERD 
incurs the least cost in comparison with other PPIs[26].

H2RAs have been widely used on-demand for patients 
with GERD. Clinical studies have demonstrated that, 
when given on-demand, they are superior to placebo in 
controlling heartburn in this group of  patients[18,19,27]. 
These findings may be extrapolated to NERD patients 
who constitute the majority of  patients with GERD. 
H2RAs are known to have a rapid onset, but a short dura-
tion of  action. They suppress acid for approximately 4 to 
8 h and produce incomplete inhibition of  post-prandial 
gastric acid secretion. They inhibit acid secretion by up to 
70% over a 24-h period. A major disadvantage of  using 
these drugs is the development of  tolerance that occurs 
within two weeks of  uninterrupted daily intake[28]. Thus, 
tolerance would be less concerning if  they are to be used 
on an on-demand basis[29]. PPIs have the advantage over 
H2RA in controlling both basal and food-stimulated acid 
secretion producing a longer-lasting acid suppression in 
addition to the fact that tolerance has not been observed 
with PPIs. 

Our pilot study has a few limitations. One is the open-
label nature of  the study. Although patients were ran-
domized to different arms, they were aware of  the arm 
they were randomized to. This may have created some 
bias especially if  those patients were previously treated 
with the same medication class that they were assigned 
to. The sample size was also relatively small and further 
investigation based on a larger number of  patients is nec-
essary to corroborate our data. Our study duration was 
short, then again the purpose of  our study was not to 
prove the efficacy of  either of  the two drugs, but rather 
to compare them.

The advantages of  our study include the fact that it is 
the first to compare an H2RA to a PPI in the setting of  
on-demand therapy for NERD. We also showed response 
to on-demand therapy for both typical and atypical reflux 
symptoms. Finally, this is a “pure” on-demand study, in 

vs 17.28 ± 37.06, respectively; P = 0.582), indicating that 
both drugs improve patient QoL to the same extent.

DISCUSSION
The present study compares the efficacy of  the PPI rabe-
prazole to that of  the H2RA ranitidine, as an on-demand 
option in the management of  patients with NERD. The 
impact on QoL was also evaluated as a secondary out-
come with both drug regimens. 

Analysis of  our data showed that rabeprazole is as 
effective as the routinely and commonly used ranitidine 
in controlling both the typical and atypical symptoms in 
patients with NERD. Evidence from several previous 
studies supports our findings regarding the efficacy of  
anti-secretory (H2RA and PPI) therapy in patients with 
NERD[17-24]. However, no head-to-head comparison be-
tween any H2RA and PPI had been carried out in the 
setting of  on-demand therapy for NERD. 

Our PubMed® search identified a number of  clini-
cal trials[14,21-25] that assessed the efficacy of  various PPIs 
(rabeprazole, omeprazole, esomeprazole, lansoprazole) 
when given as on-demand in patients with NERD. Al-
most all of  these studies were conducted over a period of  
time ranging from 3 mo to 6 mo and preceded by initial 
short periods (around 4-8 wk) of  daily treatment with 
the designated PPI to achieve complete symptom reso-
lution. A study by Lind et al[21] randomized 424 patients 
with NERD to one of  three groups: omeprazole 20 mg, 
omeprazole 10 mg, or placebo. After 6 mo of  on-demand 
therapy, it was concluded that omeprazole was effective in 
the majority of  NERD patients. In another placebo-con-
trolled study, Talley et al[22] assigned 342 patients to either 
esomeprazole 20 mg or placebo. On-demand therapy with 
esomeprazole 20 mg was found suitable for the long-term 
symptom management of  NERD patients. In a separate 
placebo-controlled trial, Talley et al[23] assessed the efficacy 
of  on-demand therapy with esomeprazole 40 mg or 20 
mg in patients with NERD and showed that both dos-
ages were superior to placebo in controlling heartburn in 
those patients. Bytzer et al[24] achieved favorable results in 
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the sense that it was performed without a preceding con-
tinuous anti-secretory treatment period. 

In conclusion, rabeprazole and ranitidine have been 
shown to be comparable in efficacy when given on-
demand for the treatment of  NERD. Both medications 
were associated with a statistically significant improved 
quality of  life.
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Abstract
AIM: To describe characteristics of a poorly expand-
able (PE) common bile duct (CBD) with stones on en-
doscopic retrograde cholangiography.

METHODS: A PE bile duct was characterized by a 
rigid and relatively narrowed distal CBD with retro-
grade dilatation of the non-PE segment. Between 2003 
and 2006, endoscopic retrograde cholangiography 
(ERC) images and chart reviews of 1213 patients with 
newly diagnosed CBD stones were obtained from the 
computer database of Therapeutic Endoscopic Center 

in Chang Gung Memorial Hospital. Patients with char-
acteristic PE bile duct on ERC were identified from the 
database. Data of the patients as well as the safety 
and technical success of therapeutic ERC were col-
lected and analyzed retrospectively. 

RESULTS: A total of 30 patients with CBD stones and 
characteristic PE segments were enrolled in this study. 
The median patient age was 45 years (range, 20 to 
92 years); 66.7% of the patients were men. The di-
ameters of the widest non-PE CBD segment, the PE 
segment, and the largest stone were 14.3 ± 4.9 mm, 
5.8 ± 1.6 mm, and 11.2 ± 4.7 mm, respectively. The 
length of the PE segment was 39.7 ± 15.4 mm (range, 
12.3 mm to 70.9 mm). To remove the CBD stone(s) 
completely, mechanical lithotripsy was required in 25 
(83.3%) patients even though the stone size was not 
as large as were the difficult stones that have been 
described in the literature. The stone size and stone/
PE segment diameter ratio were associated with the 
need for lithotripsy. Post-ERC complications occurred in 
4 cases: pancreatitis in 1, cholangitis in 2, and an im-
pacted Dormia basket with cholangitis in 1. Two (6.7%) 
of the 28 patients developed recurrent CBD stones at 
follow-up (50 ± 14 mo) and were successfully man-
aged with therapeutic ERC. 

CONCLUSION: Patients with a PE duct frequently 
require mechanical lithotripsy for stones extraction. To 
retrieve stones successfully and avoid complications, 
these patients should be identified during ERC.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Endoscopic retrograde cholangiography (ERC) with en-
doscopic sphincterotomy (ES) and stone extraction are 
considered standard therapies for the treatment of  com-
mon bile duct (CBD) stones[1-3]. After ES, 85% to 90% 
of  CBD stones can be removed with a Dormia basket or 
balloon catheter[4,5]. However, removal of  CBD stones 
can be challenging in certain cases, such as those involv-
ing large stones (> 15 mm), stones above strictures, 
and impacted stones[6]. In cases involving such difficult 
stones, fragmentation using mechanical lithotripsy or 
shock wave lithotripsy is required to facilitate stone ex-
traction[6-8]. However, mechanical lithotripsy for extrac-
tion of  CBD stones can be unsuccessful in the presence 
of  bile duct stricture, when the size of  the stone is large, 
and when the ratio of  stone size to bile duct diameter is 
greater than 1[9-11]. Impaction of  an extraction basket and 
an entrapped stone in the distal CBD may complicate 
stone clearance in some cases[12-14].

In contrast, anatomic abnormality of  the CBD has 
been considered to be a contributing factor to difficult 
stones[15]. Kim et al[16] recently reported that complete clear-
ance of  CBD stones was technically difficult in patients 
with acute distal CBD angulation (≤ 135 degrees) and a 
short distal CBD arm (≤ 36 mm). However, the current 
definition of  large (or difficult) CBD stone does not in-
clude the factor of  distal CBD diameter[17]. In our clinical 
experience, we have encountered a subgroup of  patients 
whose CBD stones were particularly difficult to extract. 
Further, in some cases, the extraction basket containing the 
entrapped stone was impacted in the bile duct if  mechani-
cal lithotripsy was not applied. The common characteristic 
feature of  these patients was a relatively narrowed distal 
CBD on ERC: the distal CBD was almost normal in diam-
eter, but it was poorly expandable (PE), as the upstream 
CBD was disproportionately dilated. The aim of  this study 
was to describe the clinical and imaging features and to ex-
amine the safety and technical success of  ERC in patients 
with both CBD stones and a PE bile duct.

MATERIALS AND METHODS
Description of poorly expandable bile duct
A PE bile duct was characterized by a rigid distal CBD 

with an almost normal diameter on ERC. The non-PE 
segment of  CBD was often more dilated than the PE 
segment (Figure 1). The rigid characteristic of  the PE 
segment was usually confirmed by increased resistance 
when the balloon or basket catheter with the stone was 
pulled from the non-PE segment across the PE segment.  

Patients
During the 4-year period between 2003 and 2006, we 
retrospectively collected data from 1213 patients with 
CBD stones from the endoscopic computer database of  
Change Gung Memorial Hospital, Taipei (China). En-
doscopic retrograde cholangiopancreatography (ERCP) 
images of  patients with newly diagnosed CBD stones 
were reviewed, and 30 (2.5%) of  the patients with the 
characteristics of  a PE bile duct were enrolled in this 
study. The subjects included 20 men and 10 women. 
The median patient age was 45 years (range, 20 to 92 
years). Chart records and the safety and technical suc-
cess of  ERC in these patients were reviewed. None of  
the patients had a medical history of  chronic pancreatitis 
or biliary stricture prior to ERCP. The clinical diagnoses 
were obstructive jaundice in 13 cases, acute cholangitis in 
10 cases, acute cholecystitis in 3 cases, acute pancreatitis 
in 1 case, and others in 3 cases. The gallbladder status of  
the patients was as follows: previously resected in 6 (20%) 
cases, intact with stone(s) in 23 (76.7%) cases, and intact 
without stones in 1 (3.3%) case. There were 2 (6.7%) 
patients with low insertion of  the cystic duct and 6 (20%) 
patients with juxtapapillary diverticulum.

Endoscopic procedures
Endoscopic procedures were performed by endoscopists 
with an ERCP case volume of  at least 2 per week, using 
a duodenoscope (JF-240 or TJF-240; Olympus). The ES 
procedure was performed as mentioned in our previous 
study[18]. After ES, a retrieval balloon catheter (n = 9), 
Dormia basket (n = 5), or lithotripter (BML-202Q.B or 
BML-203Q.B, Olympus Corporation, Tokyo, Japan, n 
= 16) was used to extract the CBD stone(s). When the 
balloon catheter or Dormia basket failed to retrieve the 
stone(s), a lithotripter was used to crush and extract the 
stones. After stone removal, a contrast medium was in-
jected, and the inflated balloon catheter was withdrawn 
along the CBD to the duodenum to confirm bile duct 
clearance. 

Measurements of parameters on cholangiograms
The maximum transverse diameter of  the PE segment, 
non-PE CBD, and largest stones as well as the length of  
PE segment and the distal CBD angle were assessed on 
the cholangiography. The length of  the PE segment was 
defined as the length between the duodenal wall and the 
tapering end of  the non-PE CBD (Figure 1). The distal 
CBD angle was defined as the angle between the axis of  
the non-PE CBD and the PE segment (Figure 1A). These 
factors were measured from the ERC scan, which was 
obtained under the condition of  full contrast injection 
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with the patient in a prone position and the duodeno-
scope in a shortened configuration. The parameters were 
measured after correction for the magnification using the 
known diameter of  the duodenoscope on the ERC.

Statistical analysis
Data in the text and tables are expressed as the mean ± 
SD values. The difference in the ratio of  the diameters 
of  the non-PE segment to the PE segment and the stone 
size to the PE segment were compared using the Mann-
Whitney U test. Further, the difference was compared 
with the two-sample t test for continuous variables and 
Fisher’s exact test for categorical variables. The analyses 
were performed with SPSS version 17.0 statistical soft-
ware for Windows. A P value of  < 0.05 was considered 
statistically significant. 

RESULTS 
A total of  30 patients with PE bile ducts who underwent a 
combined total of  52 ERC procedures were analyzed. The 
baseline characteristics of  these patients are listed in Table 1. 
The serum total bilirubin level before ERC was 6.5 ± 3.6 
mg/dL (range, 0.6 to 15 mg/dL). The maximal diameter 

of  the non-PE CBD was 14.3 ± 4.9 mm (range, 7 mm to 
26 mm). The diameter and the length of  the PE segment 
were 5.8 ± 1.6 mm (range, 4 mm to 10 mm) and 39.7 ± 
15.4 mm (range, 12.3 mm to 70.9 mm), respectively. The 
distal CBD angle was 159.3 ± 13.9 degree (range, 130 
degree to 175 degree). The number of  stones was one in 
18 cases, two in 4 cases, three in 7 cases, and five in 1 case. 
The average diameter of  the largest stone from each case 
was 11.3 ± 4.7 mm (range, 6 mm to 24 mm). Five patients 
had stones > 15 mm in diameter. Cholesterol stones were 
found in 16 cases, black stones in 11 cases, and brown 
stones in 3 cases. The ratio of  the maximal diameter of  
the non-PE CBD to the PE segment was 2.4 (range, 1.4 
to 3.5). The ratio of  the diameter of  the largest stone to 
the PE segment was 1.8 (range, 0.9 to 4). 

In all patients, the CBD stones were eventually re-
trieved successfully. The number of  ERC procedures 
needed to completely remove the CBD stone(s) was 
one in 16 (53.3%) cases, two in 8 (26.7%) cases, three in 
5 (16.7%) cases, and five in 1 (3.3%) case. The reasons 
for performing more than one ERC procedure to com-
pletely extract the CBD stones were as follows: incom-
plete clearance of  the CBD stones during the first ERC 
procedure (n = 8), referral from other institutions due to 
failure to extract the CBD stones (n = 3), recurrent CBD 
stones due to migration of  the cystic duct stones (n = 2), 
and occurrence of  Mirizzi syndrome (n = 1).

Overall, mechanical lithotripsy was performed in 
25 (83.3%) patients, including 12 out of  the 16 patients 
undergoing a single session of  ERC and 13 out of  the 
14 patients undergoing multiple (≥ 2) sessions of  ERC 
(4 of  the 13 patients did not undergo lithotripsy during 
the first ERC procedure). Five patients did not require 
mechanical lithotripsy. Comparative data for the patients 
with and without lithotripsy for CBD stone clearance 
are given in Table 1. The factors used for analysis were 
age; gender; total serum level of  bilirubin; stone size, 
number, and characteristics; history of  cholecystectomy; 
presence of  juxtapapillary diverticulum; diameter of  the 
non-PE segment and the PE segment; length of  the PE 
segment; distal CBD angle; and the diameter ratio of  the 
non-PE segment to the PE segment and of  the stone 
to the PE segment. Of  the various factors analyzed, the 
stone size and the ratio of  the diameter of  the stone 
to the PE segment were significantly greater in patients 
who needed lithotripsy (P = 0.04 and 0.02, respectively).

Post-ERC complications occurred in 4 (13.3%) cases, 
including pancreatitis in 1 (3.3%), cholangitis in 2 (6.7%), 
and impacted Dormia basket with cholangitis in 1 (3.3%). 
One patient died of  acute myocardial infarction 2 d after 
ERCP. Twenty-eight patients had long-term follow-up with 
a mean period of  50 ± 14 mo (range, 29 mo to 80 mo). 
Two (6.7%) patients developed recurrent CBD stones and 
were successfully managed with therapeutic ERC. 

DISCUSSION
In this study, we describe the ERC findings of  patients 
with concomitant CBD stones and a PE bile duct and the 
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Figure 1  Endoscopic retrograde cholangiogram showing the poorly ex-
pandable distal common bile duct (arrows) and the more dilated upstream 
bile duct. A: The arrowhead indicates the stone. Line a and line b indicate the 
length of the non-poorly expandable bile duct and the poorly expandable seg-
ment. The actual lengths were measured after correction for the magnification 
with the known diameter of the duodenoscope on the endoscopic retrograde 
cholangiography (line c). The distal common bile duct angle was defined as the 
angle formed by line a and line b; B: The stone (arrowhead) is floating in the 
non-poorly expandable bile duct.
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impact of  these findings on the retrieval of  the stones. 
This series showed that 2.5% of  patients with CBD 
stones had PE bile ducts. The mean diameter and length 
of  the PE duct were 5.8 mm and 39.7 mm, respectively. 
The non-PE CBD was more dilated than the PE seg-
ment, with a mean diameter ratio of  2.4. Post-ERC com-
plications occurred in 4 (13.3%) of  the patients. 

After ES, CBD stones up to 15 mm in diameter can 
usually be completely extracted with a basket or a retriev-
al balloon catheter[8,15]. In this study, the average diameter 
of  the largest CBD stones was 11.3 mm, and there were 
only five patients (16.7%) with stones > 15 mm in di-
ameter. However, mechanical lithotripsy was frequently 
performed (overall, 83.3%) to clean the CBD stones for 
patients with a PE bile duct. This rate was much higher 
compared with the rate reported in the literature (9.4% 
to 21.7%) for patients with CBD stones who needed 
lithotripsy[9,10]. In the subsequent analysis, we found that 
stone size or the ratio of  stone size to the PE segment 
diameter were associated with the need of  lithotripsy. 
Since the stones were relatively small, the major factor 
associated with the need of  lithotripsy was the ratio of  
stone size to the PE segment diameter. Sharma and Jain 
reported that 6 of  304 patients (2%) with small CBD 
stones (7-9 mm) had stones extraction with mechanical 
lithotripsy due to a narrowed distal CBD (3-4 mm)[19]. 
These 6 patients might also have the PE bile duct.

The endoscopists frequently chose a lithotripter as the 
first tool to extract the CBD stones (16/30 or 53.3%), 
which might be one of  the reasons for the high rate of  
lithotripsy in this study. This practice was adopted because 
of  several cases in our early experience that featured an 
impaction of  the extraction basket and an entrapped 
stone in the PE segment. Since then, we have often used 
a lithotripter rather than a Dormia basket to entrap the 
stone, even when the stone was small. Hence, the authors 
had only 1 case of  biliary-basket impaction in this study. 

Biliary-basket impaction often occurred upstream of  
the PE segment. Therefore, we suggest using Conquest 
through the channel lithotriptor cable for emergency lith-
otripsy when this complication occurs. In our experience, 
the Soehendra lithotripter cable is more difficult to pass 
through the relatively narrowed PE segment.

An impacted CBD stone or a large stone (≥ 30 mm) 
poses a high risk of  mechanical lithotripsy failure[11]. In 
this series, CBD stones were successfully removed in all 
patients for whom mechanical lithotripsy was indicated, 
although some patients needed more than one endo-
scopic session. This high success rate was probably due 
to the small stone size, and there was no case in which 
the stone was impacted in the bile duct. The non-PE 
segment was dilated to a greater extent than the PE seg-
ment, providing the space for the opening of  the litho-
tripter to capture the stone(s).

Eight (26.7%) of  the 30 patients had incomplete 
clearance of  the CBD stones during the first procedure 
of  ERC; therefore, they needed multiple sessions of  
ERC to clean the stones completely. There might be 2 
possible reasons for performing multiple sessions. First, 
a high proportion of  patients underwent mechanical 
lithotripsy. After lithotripsy, small stone fragments may 
be left undetected after completion of  the ERC proce-
dure with bile duct clearance[20-22]. Second, the distal end 
of  the non-PE segment tapered abruptly at its point of  
attachment to the PE segment. Similar to the bile duct 
stricture, some stone fragments might be left in the junc-
tion of  the non-PE segment and the PE segment during 
extraction[11].

The cause of  PE bile duct remains unknown. Physi-
ologically, the intrapancreatic CBD can be entirely free 
within the pancreatic capsule, or less commonly, it is par-
tially or completely enclosed by a strip of  pancreatic tissue 
up to 20 mm wide and 3 to 5 mm thick, i.e., the lingula 
pancreatic[23]. The diameter of  the PE segment was 5.8 ± 
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  Parameters Overall (n  = 30) Need lithotripsy (n  = 25) Without lithotripsy (n  = 5) 1P  value

  Age (yr)       47.4 ± 19.4 (20-92)         45.0 ± 19.3 (20-92)          59.0 ± 19.4 (29-76)        0.15
  Gender (men) n (%)                     20 (66.7)                       17 (68)                          3 (60)        1
  Serum total bilirubin (mg/dL)           6.5 ± 3.6 (0.6-15)             6.7 ± 3.8 (1.1-15)              5.5 ± 3.6 (0.6-10.1)        0.55
  History of cholecystectomy n (%)                       6 (20)                         5 (20)                          1 (20)        1
  Juxtapapillary diverticulum n (%)                       7 (23.3)                         5 (20)                          2 (40)        0.57
  CBD stones
     Size of the largest stone (mm)         11.3 ± 4.7 (6-24)           12.0 ± 4.8 (6-24)              7.2 ± 1.6 (6-10)        0.04
     Characteristic (cholesterol/black/brown)           16/11/3               13/9/3                 3/2/0        0.72
     Number (≥ 2) n (%)                     12 (40)                       11 (44)                          1 (20)        0.62
  Bile duct diameter (mm)
     Non-PE CBD         14.3 ± 4.9 (7-26)           14.8 ± 4.9 (7-26)            11.4 ± 5.0 (7-20)        0.17
     PE segment           5.8 ± 1.6 (4-10)             5.9 ± 1.6 (4-10)              5.6 ± 1.8 (4-8)        0.73
  Length of the PE segment (mm)       39.7 ± 15.4 (12.3-70.9)         38.0 ± 14.8 (12.3-70.9)          45.1 ± 17.5 (22.5-70.2)        0.44
  Distal CBD angle (degree)     159.3 ± 13.9 (130-175)          160 ± 12.1 (135-175)           157 ± 18.9 (130-175)        0.75
  Diameter ratio of non-PE segment to PE segment           2.4 ± 0.6 (1.4-3.5)             2.5 ± 0.6 (1.5-3.5)              2.2 ± 0.4 (1.4-2.5)        0.05
  Stone to PE segment           1.8 ± 0.7 (0.9-4)             2.1 ± 0.7 (1.2-4)              1.4 ± 0.4 (0.9-1.8)        0.02

Table 1  Characteristics of patients with a poorly expandable bile duct and comparisons between the patients with and without me-
chanical lithotripsy

CBD: Common bile duct; PE: Poorly expandable. 1P value was the basis of comparison between patients with and without lithotripsy. A P value of < 0.05 
indicated a significant difference.

Cheng CL et al . Poorly expandable common bile duct



1.6 mm (range, 4 mm to 10 mm), which was compatible 
with the reported duct widths for an intrapancreatic por-
tion of  CBD[24]. Therefore, the PE bile duct may result 
from an intrapancreatic CBD that is entirely enclosed by 
the lingula pancreatis, resulting in the rigid characteristic. 
However, the length of  PE segment had a wide range in 
this study (12.3 mm to 70.9 mm; mean 39.7 mm), which 
was not compatible with the length of  the lingula pan-
creatis (range, 10 mm to 25 mm)[23]. Further study may be 
needed to investigate the nature of  the PE bile duct.

The PE bile duct might not increase the risk of  the 
recurrence of  CBD stones. Tsuchiya et al[20] reported a 
recurrence rate of  13.2% in patients with CBD stones 
during a 3-year follow-up study. In a study conducted in 
Taiwan, the recurrence rate of  CBD stones was 18%[25]. 
In the present series, CBD stone recurred in 7.8% of  the 
patients during the 3-year follow-up period. This rate is 
no higher than that reported in the literature.

In conclusion, PE bile duct occurred in a small pro-
portion of  patients with CBD stones. Lithotripsy or 
multiple ERC procedures were frequently needed in pa-
tients with a PE bile duct. To avoid the complication of  
biliary-basket impaction, we suggest the use of  a litho-
tripter rather than a Dormia basket to entrap and extract 
the stone when a PE bile duct is noted on ERC during 
the initial procedure.

COMMENTS
Background 
There were several cases in early experience that featured an impaction of the 
extraction basket and an entrapped stone in the distal common bile duct (CBD) 
rather than in the papillary orifice after endoscopic sphincterotomy. Since then, 
the authors found that the common characteristic of these patients was a poorly 
expandable (PE) distal CBD on endoscopic retrograde cholangiography (ERC). 
Therefore, the authors conducted this study to describe the ERC findings of 
patients with CBD stones and a PE bile duct and evaluate the impact of these 
findings on the retrieval of the stones. 
Research frontiers
CBD stones in the PE bile duct have not been reported in the literature. To the 
knowledge, this is the first study to describe the clinical and imaging features 
and to examine the safety and technical success of ERC in patients with both 
CBD stones and a PE bile duct.
Innovations and breakthroughs
The study showed that the diameters of the PE segment and the widest non-
PE CBD segment were 5.8 ± 1.6 mm and 14.3 ± 4.9 mm, respectively. The 
length of the PE segment was 39.7 ± 15.4 mm (range, 12.3 mm to 70.9 mm). 
To remove the CBD stone(s) completely, mechanical lithotripsy was required 
in 83.3% of the patients, even though the stone size was not as large (11.2 ± 
4.7 mm). The stone size and stone/PE segment diameter ratio were associated 
with the need for lithotripsy.
Applications
Patients with CBD stones and a PE duct frequently require mechanical litho-
tripsy during therapeutic ERC, especially when the ratio of the stone diameter 
to the PE segment diameter is high. To achieve successful stone retrieval and 
avoid complications, the authors suggest the use of a lithotripter rather than a 
Dormia basket to entrap and extract the stone when a PE bile duct is noted on 
ERC during the initial procedure.
Terminology
A PE bile duct was characterized by a rigid distal CBD with an almost normal di-
ameter on ERC. The non-PE segment of CBD was often more dilated than the 
PE segment. The rigid characteristic of the PE segment was usually confirmed 

by increased resistance when the balloon or basket catheter with the stone was 
pulled from the non-PE segment across the PE segment.  
Peer review
The authors have performed a study in which they identified all patients with 
CBD stones and a poorly expandable bile duct by means of a retrospective 
search in a computerized database. A total of 30 patients were found and the 
authors attempted to describe their characteristics. They concluded that the 
majority of these patients needed mechanical lithotripsy, especially those with a 
high ratio of stone diameter to the poorly-expandable CBD segment diameter. 
This a well-written paper and an interesting contribution to the understanding of 
factors related to difficult CBD stone extraction.
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Abstract
AIM: To study the risk factors for liver metastasis and the 
prognosis in patients with human epidermal growth factor 
receptor 2 (HER2) over-expressing gastric cancer (GC).

METHODS: A total of 84 GC patients recruited from 
the General Hospital of the People’s Liberation Army 
(PLA) between 2003 and 2010 were randomly enrolled 
in this study. HER2 expression was detected by im-
munohistochemistry in 84 GC patients with liver me-
tastases. The study group consisted of 66 men and 18 
women, with an average age of 54 years (range: 19-74 
years). Liver metastasis was diagnosed by magnetic 
resonance imaging or computed tomography. Patients 
were followed-up and predictive factors of liver metas-

tasis were evaluated.

RESULTS: The median follow-up period was 47 mo 
(range: 6-85 mo). The characteristics of 35 (25.7%) 
patients with HER2 over-expression of liver metastatic 
GC are presented. HER2 over-expression was detected 
in 23 out of 49 (46.9%) patients with intestinal GC, and 
9 out of 35 (25.7%) patients with diffuse GC. 29 out 
of 59 (49.2%) patients aged < 60 years were HER2-
positive, while 8 out of 25 (32%) patients aged ≥ 60 
were HER2-positive; a significant difference (P  < 0.05). 
Univariate analysis (log-rank test) showed that HER2 
over-expression, sex, Lauren classification, differentia-
tion and disease-free interval were correlated with poor 
survival (P  < 0.05). Survival analysis with a survival 
curve showed that HER2 over-expression was signifi-
cantly relevant, with a reduced survival time in GC pa-
tients with liver metastases (P  < 0.01). 2-year survival 
was not associated with the patient’s age. A disease-
free survival longer than 12 mo has a significant associ-
ation with extended overall survival (OS) in GC patients 
with liver metastases. The median survival time after 
the diagnosis of liver metastases was 18 mo [95% con-
fidence interval (CI): 9.07-26.94] among HER2 positive 
GC patients with liver metastases. In comparison, for 
49 (69.4%) out of 84 HER2 negative patients with liver 
metastatic GC, the median survival time was 47 mo 
(95% CI: 19.37-74.63). In patients with HER2 positive 
liver metastatic GC, the median OS was significantly 
shorter than in HER2 negative patients (median, 20.32 
mo; 95% CI: 16.51-24.13 vs  median, 50.14 mo; 95% 
CI: 37.83-62.45; P  < 0.01).

CONCLUSION: HER2 over-expressing GC patients with 
liver metastases have a poor prognosis. Overall survival 
was significantly lower in HER2 positive patients. HER2-
overexpression is correlated with a lower survival rate.

© 2012 Baishideng. All rights reserved.

Key words: Human epidermal growth factor receptor 2; 

BRIEF ARTICLE

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v18.i19.2402

2402 May 21, 2012|Volume 18|Issue 19|WJG|www.wjgnet.com

World J Gastroenterol  2012 May 21; 18(19): 2402-2407
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2012 Baishideng. All rights reserved.



Overexpression; Gastric cancer; Liver metastasis; Over-
all survival; Prognosis

Peer reviewer: Keiji Ogura, Tokyo Metropolitan Police Hospi-
tal, 4-22-1 Nakano, Tokyo 164-8541, Japan

Dang HZ, Yu Y, Jiao SC. Prognosis of HER2 over-express-
ing gastric cancer patients with liver metastasis. World J 
Gastroenterol 2012; 18(19): 2402-2407 Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v18/i19/2402.htm DOI: 
http://dx.doi.org/10.3748/wjg.v18.i19.2402

INTRODUCTION
Although the incidence of  gastric cancer (GC) has slightly 
declined in the past several decades, it remains the second 
leading cause of  cancer death worldwide, especially in 
Asia[1]. GC with human epidermal growth factor receptor 
2 (HER2) over-expression accounts for 9%-38% of  GC, 
and HER2 is mainly expressed on the cell membrane. Yan 
et al[2] studied HER2/neu protein expression and gene 
amplification in gastric carcinoma and their relationship. 
They recommended that all samples with immunohisto-
chemistry (IHC) as HER2 expression should be analyzed 
with fluorescence in situ hybridization and found that the 
detection of  HER2 gene amplification can assess the ma-
lignant biological behaviors and prognosis of  gastric can-
cer. Zhang et al[3] found HER2 over-expression in 18.6% 
of  GC and HER2 located mostly on the membrane, 
which was consistent with what was previously reported. 
Yu et al[4] examined the expressions of  Grb2 and HER2 
in normal gastric mucosa, primary gastric cancer, and 
lymph node metastatic foci in 1143 GC patients by using 
tissue microarray assay, which suggested the importance 
of  Grb2 and HER2 in GC development and progression. 
Matsubara et al[5] investigated 86 patients who received 
first-line chemotherapy for advanced GC. Their results 
showed that patients with high HER2 expression had a 
longer survival time than those with low HER2 expres-
sion. However, there is controversy with regard to the 
hypothesis that HER2 expression serves as a factor in pre-
dicting the prognosis of  GC patients[6-10]. In a prospective 
study of  63 patients with resectable CG (in which follow-
up was performed for 40.7 mo), membranous epidermal 
growth factor receptor (EGFR) was detected by random 
and double blind assays, and cytosolic HER2 by immuno-
enzymatic assay. Results showed that high expression of  
EGFR and HER2 in cancers were associated with a poor 
outcome in patients with resectable GC[11].

Detection of  micrometastatic foci may allow for a 
more accurate assessment of  the prognosis, along with 
aiding in the selection of  candidates for intensive che-
motherapy among GC patients. Bone marrow micro-
metastasis has been shown to influence the prognosis 
of  GC patients[12,13]. Matsunami et al[14] used ion mobility 
spectrometry to improve detection sensitivity in their 

study, and their results showed that only 30% of  patients 
showed the development of  bone marrow micrometasta-
sis. The positive rate was lower than that in Western pa-
tients, but similar to those of  the Japanese[15]. In the pres-
ent study, we investigated the prognosis of  GC patients 
with HER2 over-expression in the liver metastatic foci in 
Chinese patients.

MATERIALS AND METHODS
Patient selection and clinicopathologic parameters
A total of  84 GC patients recruited from the General 
Hospital of  the People’s Liberation Army (PLA) between 
2003 and 2010 were randomly enrolled in this study. All 
patients underwent radical dissection and chemotherapy, 
and/or radiotherapy. The study group consisted of  66 
men and 18 women, with an average age of  54 years 
(range: 19-74 years). GC tissue and adjacent normal tissue 
were collected for pathologic examination. The detailed 
pathologic results were obtained from the Department 
of  Pathology of  the General Hospital of  the PLA.

The histologic type of  GC was defined according to 
Lauren’s classification. This classification divides GC into 
intestinal (in which well-formed tubules were found) and 
diffuse (in which diffuse tumor infiltration and signet ring 
cells were noted, but well-formed tubules were absent) 
types. In our study, 53 patients were pathologically diag-
nosed with intestinal GC and 31 with diffuse GC.

Patients were followed-up for 6-85 mo. Informed 
consent was obtained before the study, and the protocol 
was approved by the Clinical Research Ethics Committee 
of  the General Hospital of  the PLA.

Immunohistochemistry
Formalin-fixed and paraffin-embedded sections (5 μm) 
were deparaffinized in xylene, rehydrated through an eth-
anol series, and treated for 10 min in a microwave oven 
at 98 ℃ for antigen retrieval. Sections were then blocked 
in 3% hydrogen peroxidase, followed by incubation with 
a protein-blocking agent. Sections were treated with fetal 
bovine serum (10%), with or without the HER2 antibody 
(1:100), for 30 min at 37 ℃ then counterstained with 
hematoxylin and mounted. Omission of  the primary an-
tibody was used as a negative control for tissue sections. 
Anti-HER2 monoclonal antibody (Dako Herceptin Test 
kit; Dako, Glostrup, Denmark), and Dako EnVisionTM 
Kit (Dakocytomation, Dako) were used for IHC. The 
sections were examined microscopically and interpreted 
in a blinded fashion by two pathologists. HER2 protein 
expression on the cell membrane was scored according 
to the following criteria: 0: no staining or < 10% of  tu-
mor cells; 1+: Faint/barely perceptible partial staining in 
> 10% of  tumor cells; 2+: Weak to moderate staining of  
the entire membrane or cytoplasm in > 10% of  tumor 
cells; 3+: Strong staining in > 10% of  tumor cells. Tu-
mors with scores of  0 and 1+ were evaluated as negative 
while those with scores 2+ and 3+ were positive.
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Overall survival (OS) served as a main outcome.
SPSS version 17.0 software package (SPSS, Chicago, 

IL, United States) was used for statistical analysis. Fre-
quency comparisons of  HER2 expression status and clin-
icopathologic variables were performed with the F test 
(two-sided). Log-rank test was used for survival analysis. 
Survival curves were computed according to the Kaplan-
Meier method. A value of  P < 0.05 was considered statis-
tically significant.

RESULTS
HER2 expression in the liver metastatic in gastric cancer 
patients
The median follow-up period was 47 mo (range: 6-85 
mo). The characteristics of  35 (25.7%) patients with 
HER2 over-expression in liver metastatic GC are present-
ed in Table 1. The results showed no significant differ-
ences between the sexes, although significant associations 
were observed between intestinal and diffuse (P < 0.05) 
types of  GC. Over-expression of  HER2 was observed as 
being higher for patients younger than 60 (P < 0.05). 

HER2 over-expression was detected in 23 out of  
49 (46.9%) patients with intestinal GC and 9 out of  35 
(25.7%) patients with diffuse GC. The proportion of  pa-
tients with HER2 over-expression was higher in patients 
with GC of  the intestinal-type than in those with GC 
of  the diffuse-type (P < 0.05). In addition, 29 out of  59 
(49.2%) patients aged < 60 years were HER2-positive, 
while 8 out of  25 (32%) patients aged ≥ 60 were HER2-
positive, which was a significant difference (P < 0.05). 
However, there was no significant difference with regards 
to gender for HER2 over-expression (Table 1). 

HER2 over-expression and overall survival
Univariate analysis (log-rank test) showed that HER2 
over-expression, sex, Lauren classification, differentiation 
and disease-free interval were correlated with poor sur-
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Table 1  Human epidermal growth factor receptor 2 expres-
sion in the liver metastatic foci in gastric cancer patients

Parameter Patient (n ) HER2 + patients (n ) Ratio (%) P  value

Age (yr)
   < 60 59 29    49.2 < 0.05
   ≥ 60 25   8 32
Gender
   Male 66 28    42.4 > 0.05
   Female 18   7    38.9
Tumor type
   Intestinal 49 23 46.9 < 0.05
   Diffuse 35   9 25.7

Statistical analysis
A total of  35 GC patients with HER2-positive liver metas-
tases were included in this study. Liver metastatic GC was 
pathologically diagnosed by pathologists at the national 
Comprehensive Cancer network. Patients with clinical 
symptoms suggesting liver metastasis were diagnosed by 
abdominal magnetic resonance imaging (MRI) or com-
puted tomography (CT) clinical information was collected 
from medical records, including the date of  initial diagno-
sis of  GC, the development of  liver metastases, the date 
of  chemotherapy, and death or the last follow-up, as well 
as disease sites at the start of  chemotherapy and the de-
tails of  treatment. We also evaluated the clinical response 
of  other metastatic diseases according to the Response 
Evaluation Criteria in Solid Tumors at the time of  diag-
nosis of  liver metastasis. The baseline characteristics and 
prognostic factors for GC were reviewed, including age, 
sex, differentiation and GC type, and disease-free interval. 

The proportion of patients with human epidermal growth factor receptor 
2 (HER2) over-expression was higher in patients with gastric cancer (GC) 
of the intestinal-type than in those with GC of the diffuse-type. 

Table 2  Clinicopathologic parameters and survival

Parameter Patient (n)  2-yr survival (%)  P  value

Age (yr) > 0.05 
   < 60 56 66.1
   ≥ 60 28 60.7
Gender < 0.05
   Male 66 78.6
   Female 18 21.4
HER2 over-expression < 0.05
   Absent 49 58.3
   Present 35 41.7
Lauren classification < 0.05
   Intestinal 49 58.3
   Diffuse 35 41.7
Differentiation < 0.05
   High/middle   4             80
   Low/null 50 63.3
Disease-free interval (n = 84) < 0.05
   ≥ 12  mo 63             75
   < 12  mo 19 22.6

Disease-free survival longer than 12 mo has significant association with 
extended overall survival in gastric cancer patients with liver metastasis. 
HER2: Human epidermal growth factor receptor 2.
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Figure 1  Kaplan-Meier survival curve in patients positive and negative for 
human epidermal growth factor receptor 2 in the liver metastatic gastric 
cancer. HER2: Human epidermal growth factor receptor 2.
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patients with HER2 over-expressing metastatic GC to 
survive for a relatively long period of  time. MRI and CT 
have been routinely used for the diagnosis of  liver me-
tastases in these patients and found that the incidence of  
liver metastases is increasing. However, the association 
between liver metastases and HER2 expression remains 
largely unclear.

The results of  the present study demonstrated that 
25.7% of  GC patients with liver metastases had HER2 
over-expression, and that HER2 was mostly expressed in 
the membrane, which is consistent with what has been 
previously reported. The present study aimed to inves-
tigate the predictive factors in GC patients with HER2 
over-expressing liver metastases.

GC of  the two histologic types (intestinal and dif-
fuse) differs in their epidemiology, pathogenesis, clini-
cal outcome, and even genetic profiling[22]. The study 
showed tumors of  two Puerto Rican (PR) patients with 
overexpressed Her2/neu and the resulting partial clinical 
responses motivated us to compare Her2/neu expression 
in PR (n = 101) and Caucasian non-Hispanic (n = 95) 
patients. The immunohistochemistry of  tumors showed 
overexpression of  P-Stat3, Cyclin D1, and Her2/neu, 
compared to non-neoplastic mucosa. Her2/neu and 
EGF-R protein levels were statistically significantly differ-
ent, with higher levels of  both proteins in the PR group. 
Importantly, Her2/neu expression was strong and dif-
fuse in tumors with signet-ring morphology, while other 
histo-pathological subtypes showed higher intra-tumoral 
Her2/neu heterogeneity than typically observed in breast 
cancer. Targeted therapies in gastric cancer directed at 
EGF-R and Hers-2/neu pathways warrant further inves-
tigation. These therapies may be especially effective in PR 
patients and in patients with signet-ring cell morpholo-
gies with a dismal prognosis[23]. The study showed that 
overexpression of  HIF-1a had no association with clini-
copathological status, patient prognosis, or chemosensi-
tivity; the expression of  HIF-1a mRnA is up-regulated 
by a signal transduction pathway from a tyrosine kinase 
receptor, such as HER2[24]. Our results showed HER2 
positivity differed significantly by histologic subtype 
(intestinal: 46.9%; diffuse: 25.7%). The mechanisms of  
HER2 over-expression in intestinal-type GC are complex 
and still largely unclear. Depending on the depth of  inva-
sion (T), the involvement of  lymph nodes (n), and the 
presence of  distant metastasis (M), the TnM stage is the 
most important prognostic factor for GC in clinic prac-
tice[25]. The role of  HER2 over-expression as a prognostic 
factor in GC is still controversial[26,27]. Recently, increasing 
evidence has showed a direct correlation between HER2 
over-expression and poor survival[28]. In a series of  260 
GC patients, Okegawa et al[29] found that HER2 over-
expression was an independent factor and correlated with 
serosal invasion and lymph node metastases. Our results 
demonstrated that HER2 over-expression was closely 
associated with a lower survival rate in GC patients with 
liver metastases (P < 0.01). HER2 may become a novel 
molecule in tumorigenesis of  GC and a potential candi-

vival (P < 0.05), while age was not correlated with 2-year 
survival (P > 0.05) (Table 2). Survival analysis with a sur-
vival curve (Figure 1) showed that HER2 over-expression 
was significantly relevant with decreased survival time in 
GC patients with liver metastases (P < 0.01).

2-year survival was not associated with a patient’s age. 
A disease-free survival (DFS) longer than 12 mo had sig-
nificant association with an extended OS in GC patients 
with liver metastasis (Table 2).

The median survival time after diagnosis of  liver 
metastases was 18 mo [95% confidence interval (CI): 
9.07-26.94] among those HER2 positive with liver me-
tastases in GC. In comparison, for 49 (69.4%) out of  84 
HER2 negative patients with liver metastatic GC, the me-
dian survival time was 47 mo (95% CI: 19.37-74.63).

In patients with HER2 positive liver metastatic GC, the 
median OS was significantly shorter than in HER2 nega-
tive patients (median, 20.32 mo; 95% CI: 16.51-24.13 mo 
vs median, 50.14 mo; 95% CI: 37.83-62.45 mo; P < 0.01). 

DISCUSSION
The HER2, an important member of  the HER family, is 
encoded by a gene located on chromosome 17q21. Dur-
ing tumorigenesis, HER2 has been identified to act as 
an oncogene to modulate the proliferation, invasion and 
apoptosis of  tumor cells. In cancer formation, HER2 acts 
as an oncogene to regulate the proliferation, invasion, 
and apoptosis of  cancer cells. HER2 over-expression was 
reported in 9%-38% of  GC, and was mainly found on 
the cell membrane[16]. The concordance between protein 
and mRnA over-expression of  HER2 was recently eluci-
dated in tumorigenesis, especially in cancers scored 3+ by 
IHC[17]. 

In approximately 25.7% of  invasive GC, the HER2 
tyrosine kinase receptor is over-expressed. HER2 con-
sists of  four different receptors and is associated with 
cell proliferation, differentiation, and survival. The HER2 
over-expressing GC is more aggressive and has a poor 
prognosis. With respect to the importance of  HER2 
heterodimer in tumorigenesis, the signaling pathways and 
downstream effectors of  the HER family have become 
key molecules in exploring strategies for anti-cancer ther-
apy. For example, herceptin, a humanized monoclonal 
antibody targeting HER2/neu, has been used as a first-
line anti-cancer drug in the treatment of  breast cancer 
over-expressing HER2/neu[18,19]. Evidence from preclini-
cal trials also indicated that herceptin could benefit GC 
patients[20,21].

To date, a high incidence of  liver metastases has been 
observed in patients with HER2 over-expressing GC, 
which may be attributed to the biological characteristics 
of  GC and the treatments for GC. A retrospective analy-
sis has identified HER2 as a risk factor for the develop-
ment of  liver metastases and relapse. The 5-year inci-
dence of  liver metastases is significantly higher in patients 
with HER2 over-expressing GC. In particular, improve-
ments in the treatment of  systemic diseases have enabled 
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date for molecule-targeted therapy, especially in diffuse-
type GC.

 In our study, liver metastases in GC patients with 
HER2-overexpression had a shorter DFS (75% vs 22.6%, 
P < 0.05), which was consistent with what had previously 
been reported[30]. Tumor type was significantly associated 
with liver metastases (intestinal 46.9% vs diffuse 25.7%, P 
< 0.05), but age was not associated with GC. The associa-
tion between liver and other location metastases suggests 
that high tumor load contributes to the development of  
hematogenous metastases, and supports the results in the 
present study that GC in half  of  patients was refractory 
to systemic chemotherapy. 

Patients with liver metastases had a shorter survival 
time than those without, and the median survival time 
of  18 mo was comparable with previously reported re-
sults. In our study, HER2 negative GC patients with liver 
metastases remained stable, in contrast to other location 
metastases at the time of  diagnosis of  liver metastases. 

Furthermore, HER2 positive patients with liver me-
tastases exhibited progressive bone and other metastases 
and 75% of  them had a general condition that allowed 
further systemic therapy, from which most of  them bene-
fited. Therefore, although liver metastases seem to appear 
at the late stage in patients with GC, other metastatic foci 
are still more or less chemosensitive, and thus treating 
liver metastases has an important influence on prognosis.

In our study, HER2 over-expressing GC patients see-
med to develop symptomatic liver metastases at about 2.5 
years after the diagnosis of  recurrent or metastatic GC, 
which poses the question as to whether liver metastases 
should be monitored. If  surveillance is carried out, who 
would be the candidates and what timing for surveillance 
should be further investigated? To date, there has been 
no evidence to suggest that the surveillance of  liver me-
tastases in GC patients is beneficial for patient survival or 
cost-effectiveness. 

In conclusion, our findings reveal that the liver me-
tastases in GC patients with HER2-overexpression had a 
poor prognosis. The low survival was correlated with sex, 
HER2 over-expression, Lauren classification, differentia-
tion, and disease-free interval. In our future studies, the 
optimal regimens for chemotherapy will be studied in GC 
patients with liver metastases who acquire prolonged OS. 
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Abstract
AIM: To investigate the diagnostic value of glypican-3 
(GPC3) and its relationship with hepatocellular carci-
noma (HCC) recurrence after liver transplantation. 

METHODS: HCC tissue samples (n  = 31) obtained 
from patients who had undergone liver transplantation 
were analyzed. GPC3 mRNA and protein expression 
were analyzed by TaqMan real-time reverse transcrip-
tion-polymerase chain reaction and immunohistochem-
istry. Correlation between the GPC3 expression and 
clinicopathological features was analyzed. The potential 
prognostic value of GPC3 was investigated by compar-
ing recurrence-free survival between HCC patients with 
and without GPC3 expression.

RESULTS: Using a cutoff value of 3.5 × 10-2, 20 of 31 
cancerous tissues had expression values of > 3.5 × 
10-2, whereas 3 of 31 adjacent non-neoplastic paren-

chyma and 0 of 20 control liver tissues had expression 
values of > 3.5 × 10-2 (P  < 0.001). GPC3 protein was 
immunoexpressed in 68% of cancerous tissues, but 
not in adjacent non-neoplastic parenchyma and control 
liver tissues. Vascular invasion was significantly related 
to GPC3 expression (P  < 0.05). Recurrence-free sur-
vival was significantly longer for patients without GPC3 
mRNA overexpression (> 3.5 × 10-2) and those without 
vascular invasion (P  < 0.05 for both). 

CONCLUSION: GPC3 expression may serve as a valu-
able diagnostic marker for HCC. GPC3 mRNA overex-
pression may be an adverse indicator for HCC patients 
after liver transplantation. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most com-
mon tumors in the world. More than 600  000 deaths glob-
ally per year have been reported, with 82% of  cases (and 
deaths) occurring in “developing” countries (with 55% in 
China)[1,2]. HCC is up to four-times more common in men 
than in women, and 60%-90% of  these tumors develop in 
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a cirrhotic liver[3]. About 200  000 patients die from HCC 
every year in China. 

Liver transplantation offers the potential to resect 
the entire tumor-bearing liver and eliminate the cirrhosis. 
Liver transplantation therefore holds great theoretical ap-
peal in treating this disease. Furthermore, the liver is en-
tirely removed at liver transplantation, so recurrence must 
derive from extrahepatic dissemination that occurred be-
fore or during transplantation, reflecting highly aggressive 
tumor biology. Given the current shortage of  organs and 
the risk of  aggressive recurrence, selection of  candidates 
for liver transplantation is crucial and controversial[4-6]. 
Therefore, predicting outcomes for patients is a challenge 
for clinicians and researchers.

Glypican-3 (GPC3) is a heparan sulfate proteoglycan 
and locates on the cell surface by a mechanism involving 
the glycosylphosphatidylinositol anchor[7]. GPC3 has been 
discovered to be a potential serologic and immunohisto-
chemical diagnostic marker for HCC in general[8-10] and to 
promote the growth of  HCC cells through stimulation of  
the canonical Wnt signaling pathway[11]. Zhu et al[12] and 
Sung et al[13] reported that GPC3 mRNA was significantly 
elevated in most HCC compared with normal liver as well 
as in livers with focal nodular hyperplasia and liver cir-
rhosis. This result was later confirmed by Libbrecht et al[14] 
using reverse transcription-polymerase chain reaction (RT-
PCR), who mainly studied small HCC. Despite this clini-
cal interest in GPC3, until now, the relationship between 
GPC3 expression and post-transplant HCC recurrence 
has not been clarified.

In our previous study, GPC3 mRNA-expressing cells 
in peripheral blood had no clinical value in the diagno-
sis of  HCC[15]. The present study is an extension of  the 
study mentioned above. We designed the study to assess 
the diagnostic value of  GPC3 mRNA and protein expres-
sion in HCC tissues and to investigate their relationship 
with HCC recurrence after orthotopic liver transplanta-
tion (OLT).

MATERIALS AND METHODS
Patients
HCC tissue samples (n = 31) were obtained from patients 
who underwent OLT at the Department of  Transplan-
tation Surgery, Tianjin First Central Hospital (Tianjin, 
China) during 2008. Histological types were assigned 
according to the classification set by the World Health 
Organization. The clinicopathological features of  OLT 
patients with HCC are summarized in Table 1. All recipi-
ents had undergone successful OLT (livers were from ca-
daveric donors who had agreed to donate their organs in 
the event of  death). Liver-tissue specimens were obtained 
intraoperatively from cancerous tissues and adjacent non-
neoplastic parenchyma. The controls were normal liver 
tissues from 20 patients (15 men, 5 women; mean age, 48 
years; age range 30-65 years) with hepatic hemangioma. 
There were no statistically significant differences in age 
and sex between the study groups (P > 0.05). Liver-tissue 

specimens were fixed in 10 % formalin and embedded in 
paraffin for routine histological examination. The remain-
ing tissue was immediately snap-frozen in liquid nitrogen 
and stored at -80 ℃ until examination. 

All patients received standard post-liver transplanta-
tion care in the Intensive Care Unit. They received the 
same immunosuppressive therapy: tacrolimus, daclizum-
ab, mycophenolate mofetil, and methylprednisolone. The 
diagnosis of  HCC recurrences (follow-up of  24 mo) was 
based on elevation of  serum levels of  alpha-fetoprotein 
(AFP) and ultrasonography, hepatic arteriography, or 
computed tomography. Fine-needle aspiration cytology 
was used for confirmation of  recurrence if  necessary. 

The present study was approved by our institutional 
ethics committee. Informed consent was obtained from 
each patient. The procedure met all applicable guidelines 
of  our institute as well as governmental regulations con-
cerning the ethical use of  donated organs.

Real time reverse transcription-polymerase chain 
reaction assay 
Total RNA was extracted from frozen liver tissues using 
Trizol reagents according to manufacturer instructions 
(Invitrogen, Carlsbad, CA, United States). Reverse tran-
scription to complementary DNA (cDNA) was undertak-
en using random primer and Superscript RNase H-reverse 
transcriptase (Invitrogen). 

A total of  1 μL of  cDNA was mixed with the Taq-
Man probe[15], RNase-free water, and TaqMan Universal 
PCR Master Mix. Real-time PCR amplification and data 
analyses were carried out using an ABI PRISM 7300 
Sequence Detector System (Applied Biosystems, Foster 
City, CA, United States) according to the manufacturer’
s protocol. β-actin was used as an internal control. Each 
sample was assayed in duplicate in a MicroAmp optical 
96-well plate. The thermo-cycling condition was 2 min 
at 50 ℃ and 15 min incubation at 95 ℃, followed by 40 
two-temperature cycles of  20 s at 95 ℃ and 1 min at 
60 ℃. Data were analyzed with Sequence Detection Soft-
ware. Mean and standard-deviation values were calculated 
from the data obtained. The level of  expression was 
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Table 1  Clinicopathological features of the study population 
(n  = 31)

Gender (Male/female) 29/2
Age (mean/range) (yr)        49/37-62
Primary liver disease 
(HBV cirrhosis/HCV cirrhosis)

30/1

TNM stage (Ⅰ-Ⅱ/Ⅲ-Ⅳa)   12/19
Milan criteria (within/beyond)   15/16
Tumor diameter (< 5 cm/≥ 5 cm)   16/15
Tumor number (< 3/≥ 3) 26/5
Vascular invasion (present/absent)   16/15
Serum AFP (≤ 20 μg/L/> 20 μg/L)   11/20
Histological differentiation 
(good/moderate and poor)

    6/25

HBV: Hepatitis B virus; HCV: Hepatitis C virus; TNM: Tumor, node and 
metastasis; AFP: α fetoprotein. 



calculated using the formula: Relative expression = (copy 
number of  target molecule/copy number of  β-actin)[16]. 

Immunohistochemical analyses
Sections of  formalin-fixed, paraffin-embedded tissue cell 
blocks (4 μm) were tested for the presence of  monoclo-
nal antibody directed against GPC3 (Santa Cruz Biotech-
nology, Santa Cruz, CA, United States). The method used 
for the immunohistochemical analysis has been described 
previously[17].

For the immunohistochemical analysis of  GPC3, we 
evaluated the area of  GPC3-positive staining in one slide 
for each patient. At first, to analyze GPC3 expression, the 
results of  immunohistochemical staining were classified 
according to the area of  GPC3-positive stained cells as fol-
lows: -, Negative (< 10%); ±, Weakly positive (10%-30%); 
and +, Positive (> 30%). Finally, we classified two groups 
between GPC3-negative (< 10%) and GPC3-positive (> 
10%). The expression of  GPC3 was judged to be positive 
if  the percentage of  immunoreactive cells was assessed 
semi-quantitatively as being ≥ 10% in focal lesions. 

Statistical analysis
Data are mean ± SD. For comparisons of  continuous 
variables, one-way analysis of  variance with the Bonfer-
roni post-hoc test was used to compare differences among 
the three groups. We generated receiver operating char-
acteristic curves for GPC3 mRNA levels to determine 
the cutoff  points that yielded the sensitivity and specific-
ity for predicting the diagnosis of  HCC. Correlations 
between GPC3 results and various clinicopathological 
parameters in the tissue samples were evaluated using the 
chi-square test. The distribution of  time to recurrence 
was estimated according to the Kaplan-Meier method, 
and differences assessed using log-rank statistics. P < 0.05 
was considered significant. Statistical analyses were done 
using SPSS ver12 (SPSS, Chicago, IL, United States).

RESULTS
Glypican-3 mRNA expression in hepatocellular 
carcinoma tissues
GPC3 mRNA expression in adjacent non-neoplastic 
parenchyma (n = 31, 2.00 ± 1.91 × 10-2) and in control 
liver tissues (n = 20, 1.41 ± 1.57 × 10-2) was much lower 
than in cancerous tissues (n = 31, 5.64 ± 3.06 × 10-2) (P 
< 0.001). There were no significant differences between 
adjacent non-neoplastic parenchyma and normal liver 
tissues with respect to GPC3 mRNA expression (P = 
0.270). A cutoff  value for GPC3 mRNA expression of  
3.5 × 10-2 was diagnostic of  HCC with a sensitivity of  
68%, specificity of  94%, positive predictive value (PPV) 
of  87%, and negative predictive value (NPV) of  83% 
[area under the curve, 0.878; 95% confidence interval (CI): 
0.802-0.953, P < 0.001] (Figure 1). Twenty of  31 (64%) 
cancerous tissues had expression values of  > 3.5 × 10-2, 
whereas 3 of  31 (10%) adjacent non-neoplastic parenchy-
ma and 0 of  20 control liver tissues had expression values 
of  > 3.5 × 10-2 (P < 0.001).

The expression of  GPC3 mRNA was evaluated in 
relation to clinicopathological features. GPC3 mRNA 
overexpression (> 3.5 × 10-2) was closely associated with 
vascular invasion (P = 0.006). No significant correlation 
was found between GPC3 mRNA overexpression and 
tumor, node, metastasis (TNM) stages, Milan criteria, 
tumor diameter, tumor number, serum AFP levels, and 
histological differentiation (Table 2). 
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Figure 1  Receiver operating characteristic curve of glypican-3 mRNA 
levels for the detection of hepatocellular carcinoma. The area under the 
receiver operating characteristic curve is 0.878 (95% confidence interval: 
0.802-0.953) (P < 0.001). 

Table 2  Correlation between glypican-3 expression and clini-
copathological features in 31 orthotopic liver transplantation 
patients with hepatocellular carcinoma

Variable GPC3 protein 
expression 
(n/N) (%)

P  value GPC3 mRNA 
overexpression 

(n/N) (%)

P  value

TNM stage
   Ⅰ-Ⅱ   7/12 (58)   6/12 (50)
   Ⅲ-Ⅳa 14/19 (74) 0.373 14/19 (74) 0.179
Milan criteria
   Within 11/15 (73)   8/15 (53)
   Beyond 10/16 (62) 0.519 12/16 (75) 0.208
Tumor diameter
   < 5 cm 11/16 (69)   9/16 (56)
   ≥ 5 cm 10/15 (67) 0.901 11/15 (73) 0.320
Tumor number
   < 3 18/26 (69) 17/26 (65)
   ≥ 3 3/5 (60) 0.686 3/5 (60) 0.818
Vascular invasion
   Present 14/16 (87) 14/16 (87)
   Absent   7/15 (47) 0.015   6/15 (40) 0.006
Serum AFP
   ≤ 20 μg/L   6/11 (54)   6/11 (54)
   > 20 μg/L 15/20 (75) 0.244 14/20 (70) 0.390
Histological 
differentiation
   Good 3/6 (50) 2/6 (33)
   Moderate and poor 18/25 (72) 0.301 18/25 (72) 0.075

TNM: Tumor, node and metastasis; AFP: α fetoprotein; GPC3: Glypican-3. 
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Association between glypican-3 expression and 
hepatocellular carcinoma recurrence
Up-to-date analyses after a follow-up of  24 mo revealed 
that 10 (32%) patients developed HCC recurrence. The 
median duration of  HCC recurrence was 8.1 (range, 
3-18 mo) after OLT (Figure 3). Assessment of  Kaplan-
Meier curves showed that patients without GPC3 mRNA 
overexpression had significantly longer recurrence-free 
survival than those with GPC3 mRNA overexpression (P 
= 0.034, log-rank test) (Figure 4A). Recurrence-free sur-
vival was significantly longer in patients without evidence 
of  vascular invasion compared with those with vascular 
invasion (P = 0.016, log-rank test). Patients who met the 
Milan criteria had longer recurrence-free survival than 
those who did not, though the difference was not statisti-
cally significant (P = 0.077, log-rank test). There was no 
significant difference in recurrence-free survival between 
patients with positive and negative GPC3 protein expres-
sion (P = 0.231, log-rank test) (Figure 4B).

DISCUSSION
OLT is an excellent therapeutic choice for patients with 
cirrhosis complicated by HCC because it provides simul-
taneous treatment for both diseases. However, due to the 
limited availability of  organs, prior selection of  candi-
dates most likely to benefit from OLT is very important. 
Thus, screening for potential early prognostic markers 
and therapeutic targets is very urgent for better selection 

GPC3 protein expression in hepatocellular carcinoma 
tissues
GPC3 protein was immunoexpressed in 21 of  31 (68%) 
cancerous tissues, but not in any adjacent non-neoplastic 
parenchyma and control liver tissues (P < 0.001). In 
GPC3-positive cases, protein expression was localized 
in the cytoplasm and membrane of  cells (Figure 2). The 
sensitivity, specificity, PPV, and NPV of  GPC3 protein 
expression was 0.68, 1.0, 1.0, and 0.84. Vascular invasion 
was significantly related to GPC3 protein expression (P = 
0.015) (Table 2). 

Figure 2  Hepatocellular carcinoma immunohistochemical staining (× 400). Glypican-3 expression in hepatocellular carcinoma by immunohistochemical analy-
ses. A: Negative expression in HCC tissue; B: Weakly positive expression in HCC tissue; C: Positive expression in HCC tissue; D: Negative expression in adjacent 
non-neoplastic parenchyma. HCC: Hepatocellular carcinoma. 
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Figure 3  Kaplan-Meier survival curve for recurrence-free interval in 31 
patients who underwent liver transplantation.
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of  HCC patients for liver transplantation.
More recent studies have demonstrated upregulation 

of  GPC3 in HCC at the protein level. GPC3 expression 
has been noted in 57% to 90% of  HCC cases using im-
munohistochemistry[17-20]. In the present study, immu-
nohistochemical analyses revealed that HCC expressed 
GPC3 protein in 68% of  HCC tissues tested. RT-PCR 
analyses showed that, with a cutoff  value of  3.5 × 10-2, 
20 of  31 HCC tumors showed much stronger expression 
of  GPC3 mRNA than adjacent non-neoplastic paren-
chyma. It was proposed that GPC3 expression could be 
a useful tissue marker to distinguish between benign and 
malignant hepatocellular lesions. Nevertheless, in some 
studies, HCC and non-malignant liver originated from 
different patients, so these studies could not exclude the 
possibility that HCC and adjacent non-neoplastic paren-
chyma have similar GPC3 expression[12,21]. We can pre-
sume that retained carcinoma cells in the adjacent non-
neoplastic parenchyma of  surgical specimens with large 
tumors and tumor invasion may be the cause of  GPC3 
protein expression or GPC3 mRNA overexpression. This 
suggests that detection of  GPC3 expression in adjacent 
non-neoplastic parenchyma could indicate whether or 

not the tumor is completely resected. It may also serve 
as a reference value in deciding if  further treatment after 
resection is required. 

Although GPC3 mRNA and protein show expres-
sion in HCC tissues, in our previous study, we examined 
GPC3 mRNA-expressing cells in peripheral blood in 
liver-transplant recipients during the transplant period, 
and found no clinical diagnostic value for HCC. Studies 
showed that GPC3 was a potential serologic diagnostic 
marker for HCC. However, the diagnostic value of  GPC3 
protein in sera remains questionable. Yasuda et al[22] found 
that GPC3 is not a serologic marker for detection of  
HCC. We speculate that GPC3 serves as a potential tissue-
specific diagnostic marker for HCC. Some liver-transplant 
candidates undergo locoregional tumor treatments, so ob-
taining tissue samples for preoperative molecular marker 
analyses would not be problematic.

In the clinicopathological analysis, TNM stages, Milan 
criteria, tumor diameter, tumor number, or serum AFP 
levels were not clearly associated with increase in GPC3 
expression. GPC3 may therefore play an important part 
in the malignant transformation of  cells in HCC. Up 
until now, AFP has been regarded as the most useful 
marker of  HCC, although its sensitivity is limited[23]. Our 
data show that GPC3 mRNA and protein expression in 
HCC without serum AFP elevation (≤ 20 μg/L) were 
54% and 54%, respectively, and in HCC of  diameter < 5 
cm were 56% and 69%, respectively. These findings sug-
gest that GPC3 is a sensitive marker in small HCC and 
negative-serum AFP patients not only in resection[24,25] 
but also in OLT. Vascular invasion has been consistently 
reported to be a significant factor for a poor prognosis 
after liver transplantation for HCC[15,26,27]. Interestingly, 
in the present study, vascular invasion was significantly 
related to GPC3 expression. Zhu et al[12] using in-situ hy-
bridization signals, showed that pushing HCC expressed 
significantly more GPC3 mRNA than the invading HCC. 
Their observations suggested that GPC3 may promote 
the growth of  local cancer cells, and may also inhibit tis-
sue invasion and metastasis. Their finding is different to 
ours. In addition, expression of  GPC3 was lower in well-
differentiated HCC than in moderately and poorly differ-
entiated HCC, though the difference was not statistically 
significant, a finding consistent with previous reports[17,19]. 
The present study suggests that GPC3 expression may 
facilitate the growth of  cancer cells, the degree of  malig-
nancy, and contribution to HCC progression. 

Recurrence of  HCC after transplantation remains a 
formidable problem despite refined selection criteria and 
exhaustive preoperative staging. In the present study, re-
currence-free survival was longer in patients who had tu-
mors with no evidence of  vascular invasion. Microscopic 
vascular invasion in the explant is known to be a risk fac-
tor for HCC recurrence after transplantation. In addition, 
recurrence-free survival was longer in patients who met 
the Milan criteria, though the difference was not statisti-
cally significant. This could be because (1) the sample size 
in the present study was relatively small to allow apprecia-
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Figure 4  Kaplan-Meier survival curves for recurrence-free survival after 
liver transplantation for hepatocellular carcinoma. A: with or without glypi-
can-3 mRNA overexpression (> 3.5 × 10-2) (P = 0.034, compared by log-rank 
test); B: with or without glypican-3 protein expression (P = 0.231, compared by 
log-rank test). 
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tion of  significant differences in the frequency of  HCC 
recurrence in the groups; and (2) the patients in the Milan 
group had worse pathological stages. In our previous 
study, GPC3 mRNA-expressing cells in peripheral blood 
carried no predictive value for HCC recurrence after liver 
transplantation[15]. Hence, we used liver tissue instead of  
peripheral blood to determine if  GPC3 expression in 
tumor tissues was associated with HCC recurrence after 
liver transplantation. In the present study, HCC patients 
with GPC3 mRNA overexpression had a significantly 
shorter recurrence-free survival than those with lower 
GPC3 mRNA expression after liver transplantation. This 
finding indicated that GPC3 mRNA overexpression could 
be an independent factor of  a poor prognosis in HCC. 
Thus, we hypothesized that GPC3 may have a role in pro-
moting carcinogenesis and in the development of  HCC.

In general, GPC3 has been reported to interfere with 
different pathways and growth factors, and has a tissue- 
and stage-specific role in the development and tumor 
growth[28]. Ishiguro et al[29] showed that anti-GPC3 anti-
body can be used as a potential antitumor agent for hu-
man liver cancer, and can provide a novel treatment op-
tion for liver-cancer patients with GPC3-positive tumors. 
Evaluation of  GPC3 as a diagnostic and immunothera-
peutic target may be worthwhile for the prevention and 
treatment of  HCC. Further studies must be completed to 
clarify these issues.

In conclusion, GPC3 is a valuable diagnostic marker 
sensitive and specific for HCC in liver-transplant patients. 
The most valuable finding in the present study was that 
GPC3 mRNA overexpression may act as a prognostic 
factor for recurrence-free survival in HCC after liver 
transplantation. The number of  samples used in the pres-
ent study was small. Confirmation of  the findings of  our 
study using more samples is warranted.
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Abstract
AIM: To evaluate survival and recurrence after salvage 
liver transplantation (SLT) for the treatment of hepato-
cellular carcinoma (HCC) compared with primary liver 
transplantation (PLT) using a meta-analysis.

METHODS: Literature on SLT versus PLT for the treat-
ment of HCC published between 1966 and July 2011 
was retrieved. A meta-analysis was conducted to esti-
mate pooled survival and disease-free rates. A fixed or 
random-effect model was established to collect the data.

RESULTS: The differences in overall survival and 
disease-free survival rates at 1-year, 3-year and 5-year 
survival rates were not statistically significant between 
SLT group and PLT group (P  > 0.05). After stratifying 
the various studies by donor source and Milan criteria, 
we found that: (1) Living donor liver transplantation 
recipients had significantly higher 1-year survival rate, 
lower 3-year and 5-year survival rates compared with 
deceased-donor liver transplantation (DDLT) recipients. 
And in DDLT recipients they had better 1-year and 
5-year disease-free survival rate in SLT group; and (2) 
No difference was seen in 1-year, 3-year and 5-year 

survival rates between two groups who beyond Milan 
criteria at the time of liver transplantation.

CONCLUSION: SLT can be effectively performed for 
patients with recurrence or deterioration of liver func-
tion after hepatectomy for HCC. It does not increase 
the perioperative mortality and has a similar long-term 
survival rates compared to PLT.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
In a normal liver, liver resection for hepatocellular carci-
noma (HCC) is the primary treatment of  choice. But in 
cirrhotic livers, the presence of  HCC and the limited liv-
er capacity are the two intertwined issues rendering the 
HCC unresectable. Primary liver transplantation (PLT) is 
the most effective treatment for such HCC patients, es-
pecially for those who meet Milan criteria (solitary liver 
nodule not exceeding 5 cm in maximum diameter, or 2 
or 3 tumors not exceeding 3 cm in diameter)[1]. It has 
been manifested to provide a considerable disease-free 
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survival and to be the first choice for these patients. Due 
to shortage of  available donors, long waiting times may 
harm the benefit that might be acquired from PLT. Sal-
vage liver transplantation (SLT) has been proposed and 
performed for those who undergo primary liver resec-
tion for HCC or HCC recurrence or deterioration of  liv-
er function[2]. SLT proposes liver resection as a bridge to 
prevent tumor progression in the waiting list. Although 
SLT might be an alternate choice for HCC patients as 
the preferred treatment, long-term results are difficult to 
ascertain. Moreover, few data are available on the overall 
and disease-free survival of  patients. A few researches 
concern on the comparison between the result of  SLT 
and PLT. In order to reduce research bias and difference, 
we did a meta-analysis to compare survival and recur-
rences for SLT strategy versus PLT in the treatment of  
HCC patients, in order to provide a reference for clinical 
practice.

MATERIALS AND METHODS
Literature search strategy
Search was applied to the following electronic databases: 
PubMed (1966 to July 2011), Embase (January 1996 to 
July 2011), CNKI (January 1996 to July 2011) and Co-
chrane database. The following key words were used: 
“liver resection” or “hepatectomy”; “liver transplanta-
tion” or “transplantation” or “salvage liver transplanta-
tion” or “salvage transplantation”; “hepatocellular carci-
noma” or “HCC”. The search was limited to the English 
language and humans. The relevant reference lists of  re-
views were also searched at the same time. Abstracts or 
unpublished studies were not considered. If  more than 1 
study was published by the same author using the same 
case series, only the most detailed study was included. 
And if  necessary, authors were contacted to obtain more 
data on their study.

Definitions
SLT was defined as a liver transplantation performed for 
recurrent HCC or deterioration of  liver function after 
primary liver resection.

Inclusion, exclusion criteria and quality of the studies
Inclusion criteria were as follows: (1) having definition 
of  SLT; (2) follow-up 12 mo at least; (3) case-control or 
cohort design; and (4) sufficient data were obtained to 
calculate odds ratio (OR) with confidence interval (CI). 
Reasons for exclusion were: (1) no-control; (2) duplicate; 
and (3) no useable data reported. We also excluded ar-
ticles published before 1996 because there was no defini-
tion for “SLT”.

The scoring system was adapted from Stahl, the Co-
chrane Collaboration and others[3-5]. This system suits 
not only randomized control trial (RCT) but controlled 
trial or other studies well. Questions were placed on a 3 
point scale: unclear/inadequate (0), adequate (1), good (2). 
Articles were considered for inclusion if  their summary 
score exceeded 30.

Data extraction
All data were extracted independently by 2 reviewers 
according to the selection criteria. We resolved disagree-
ment through discussion. The following data were ex-
tracted: the last name of  the first author, study design, 
publication year, definition of  SLT, the type of  popula-
tion described [adults or children (< 18 years)], country 
of  transplant center, number of  SLT cases and control 
(PLT) studies, overall survival, overall recurrence and as-
sessment of  risk factors.

Statistical analysis
Meta-analysis was performed using fixed-effect or ran-
dom-effect methods, depending on the absence or pres-
ence of  significant heterogeneity. Statistical heterogeneity 
between trials was evaluated by the Cochran χ 2 test and 
was considered significant when P < 0.10. In the absence 
of  statistically significant heterogeneity, the Mantel-
Haenszel method in the fixed-effect model was used for 
the meta-analysis. Otherwise, the DerSimonian and Laird 
method in the random-effect model was selected.

 The OR with 95% CI was used to assess treatment 
efficacy. The combined result was an average OR and 95% 
CI weighted according to the standard error of  the OR 
of  the trial. P < 0.05 was considered statistically signifi-
cant. We used funnel plots to assess the publication bias, 
and tested for funnel plot asymmetry using Egger’s test 
and Begg’s test. All analyses were performed with Review 
Manager version 5.0.23 (RevMan, Cochrane Collaboration, 
Oxford, England).

RESULTS
Studies included in the meta-analysis
There were 410 papers relevant to the search words. Via 
steps of  screening the title, abstract reviewing and article 
reviewing, 11 studies which included 141 SLT cases and 
872 PLT cases were identified to match our inclusion 
criteria[6-16]. Studies had been carried out in France, Italy, 
USA, China, Spain, Korea and Chinese Taiwan. Details 
of  studies and the methodological quality of  the studies 
assessed according to a score system described above are 
described in Table 1.
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Table 1  Details of studies included in the meta-analysis

Author Year Country Study design SLT 
(cases)

PLT 
(cases)

Score

Adam et al[6] 2003 France Case-control 17 200 32
Belghiti et al[7] 2003 France Case-control 18   70 33
Concejero et al[8] 2008 China Case-control   7   28 31
Del Gaudio et al[9] 2008 Italy Case-control 16 147 32
Facciuto et al[10] 2008 USA Case-control   5   32 30
Hwang et al[11] 2007 Korea Case-control 17 200 31
Kim et al[12] 2008 Korea Case-control 15   31 30
Margarit et al[13] 2005 Spain Case-control   5   36 31
Sapisochin et al[14] 2010 Spain Case-control 17   34 33
Shao et al[15] 2008 China Case-control 15   62 30
Vennarecci et al[16] 2007 Italy Case-control   9   37 30

SLT: Salvage liver transplantation; PLT: Primary liver transplantation.



Meta-analysis
1-year survival after SLT and PLT: A total of  1013 pa-
tients were included in 11 articles. According to χ 2 test of  
heterogeneity (P = 0.78), a fixed-effect model was used. 
No difference between SLT group (82.3%) and PLT 
group (85.7%) were seen in the 1-year survival rate (OR: 

0.74, 95% CI: 0.46-1.21, P = 0.23, Figure 1A). 

3-year survival after SLT and PLT: A total of  967 pa-
tients were included in 10 articles. According to χ 2 test of  
heterogeneity (P = 0.40), a fixed-effect model was used. 
No difference between SLT group (72.2%) and PLT 
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Review: SLT vs  PLT; Comparison: SLT vs  PLT; Outcome: 1-year survival rates
SLT PLT Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight % M-H, fixed, 95% CI M-H, fixed, 95% CI

Adam et al [6]   12   17 156 195   20.9 0.60 (0.20, 1.80)
Belghiti et al [7]   15   18   64   70   12.4 0.47 (0.11, 2.09)
Concejero et al [8]     7     7   27   28     2.1   0.82 (0.03, 22.20)
Del Gaudio et al [9]   15   16 129 147     4.5   2.09 (0.26, 16.81)
Facciuto et al [10]     5     5   28   32     2.1   1.74 (0.08, 37.08)
Hwang et al [11]   15   17 175 200     9.2 1.07 (0.23, 4.97)
Kim et al [12]   13   15   26   31     6.4 1.25 (0.21, 7.34)
Margarit et al [13]     4     5   28   36     3.9   1.14 (0.11, 11.72)
Sapisochin et al [14]   10   17   29   34   22.6 0.25 (0.06, 0.95)
Shao et al [15]   12   15   56   62   12.4 0.43 (0.09, 1.96)
Vennarecci et al [16]     8     9   29   37     3.6   2.21 (0.24, 20.35)
Total (95% CI) 141 872 100.0 0.74 (0.46, 1.21)
Total events 116 747
Heterogeneity: χ 2 = 6.42, df = 10 (P  = 0.78), I 2 = 0%
Test for overall effect: Z  = 1.20 (P  = 0.23) 

0.01        0.1           1            10          100
Favours experimental  Favours control

Review: SLT vs  PLT; Comparison: SLT vs  PLT; Outcome: 3-year survival rates
SLT PLT Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight % M-H, fixed, 95% CI M-H, fixed, 95% CI

Adam et al [6]   9  17 133 195   22.9 0.52 (0.19, 1.42)
Belghiti et al [7] 14  18   53   70 11 1.12 (0.33, 3.87)
Concejero et al [8]   7    7   27   28     1.7   0.82 (0.03, 22.20)
Del Gaudio et al [9] 13  16 119 147 10 1.02 (0.27, 3.82)
Facciuto et al [10]   5    5   22   32     1.3     5.13 (0.26, 101.70)
Hwang et al [11] 11  17 156 200    19.7 0.52 (0.18, 1.48)
Margarit et al [13]   3    5   22   36     4.9 0.95 (0.14, 6.45)
Sapisochin et al [14]   9  17   26   34    18.6 0.35 (0.10, 1.19)
Shao et al [15] 12  15   42   62     7.5 1.90 (0.48, 7.52)
Vennarecci et al [16]   8    9   23   37     2.3   4.87 (0.55, 43.18)
Total (95% CI) 126 841 100.0 0.89 (0.58, 1.37)
Total events 91 623
Heterogeneity: χ 2 = 9.37, df = 9 (P  = 0.40), I 2 = 4%
Test for overall effect: Z  = 0.51 (P  = 0.61) 0.01         0.1            1            10          100

 Favours experimental    Favours control

Review: SLT vs  PLT; Comparison: SLT vs  PLT; Outcome: 5-year survival rates
SLT PLT Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight % M-H, fixed, 95% CI M-H, fixed, 95% CI

Adam et al [6]   7   17 119 195  23.8 0.45 (0.16, 1.22)
Belghiti et al [7] 10   18   37   70  14.3 1.11 (0.39, 3.16)
Concejero et al [8]   7     7   25   28    1.5   2.06 (0.10, 44.48)
Del Gaudio et al [9] 10   16 107 147  16.7 0.62 (0.21, 1.83)
Hwang et al [11]   9   17 144 200   22.5 0.44 (0.16, 1.19)
Margarit et al [13]   1     5   11   36    4.5 0.57 (0.06, 5.69)
Sapisochin et al [14]   9   17   22   34   14.6 0.61 (0.19, 2.00)
Vennarecci et al [16]   8     9   23   37     2.1   4.87 (0.55, 43.18)
Total (95% CI) 106 747 100.0 0.72 (0.46, 1.11)
Total events 61 488
Heterogeneity: χ 2 = 6.05, df = 7 (P  = 0.53), I 2 = 0%
Test for overall effect: Z  = 1.50 (P  = 0.13) 0.01         0.1            1            10           100

 Favours experimental    Favours control

Figure 1  Fixed-effect model of odds ratio for 1-year survival rates (A), 3-year survival rates (B) and 5-year survival rates (C) after salvage liver transplanta-
tion and primary liver transplantation (Experimental: Salvage liver transplantation; Control: Primary liver transplantation). SLT: Salvage liver transplantation; 
PLT: Primary liver transplantation.
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and PLT group (83.4%) were seen in the 1-year disease-
free survival rate (OR: 0.56, 95% CI: 0.31-1.00, P = 0.05, 
Figure 2A).

 3-year disease-free survival after SLT and PLT: A 
total of  620 patients were included in 8 articles. Accord-
ing to χ 2 test of  heterogeneity (P = 0.0001), a random-
effect model was used. No difference between SLT group 
(67.8%) and PLT group (67.6%) were seen in the 3-year 
disease-free survival rate (OR: 0.98, 95% CI: 0.27-3.47, P 
= 0.97, Figure 2B).

5-year disease-free survival after SLT and PLT: A to-
tal of  506 patients were included in 6 articles. According 

group (74.1%) were seen in the 3-year survival rate (OR: 
0.89, 95% CI: 0.58-1.37, P = 0.61, Figure 1B).

5-year survival after SLT and PLT: A total of  853 pa-
tients were included in 8 articles. According to χ 2 test of  
heterogeneity (P = 0.53), a fixed-effect model was used. 
No difference between SLT group (57.5%) and PLT 
group (65.3%) were seen in the 5-year survival rate (OR: 
0.72, 95% CI: 0.46-1.11, P = 0.13, Figure 1C).

1-year disease-free survival after SLT and PLT: A to-
tal of  620 patients were included in 8 articles. According 
to χ 2 test of  heterogeneity (P = 0.60), a fixed-effect mod-
el was used. No difference between SLT group (80.0%) 

Review: SLT vs  PLT; Comparison: SLT vs  PLT; Outcome: 1-year disease-free survival rates
SLT PLT Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight % M-H, fixed, 95% CI M-H, fixed, 95% CI

Adam et al [6]   8 17 148 195   45.8 0.28 (0.10, 0.77)
Concejero et al [8]   7   7   27   28     2.7   0.82 (0.03, 22.20)
Del Gaudio et al [9] 13 16 125 147   16.8 0.76 (0.20, 2.90)
Facciuto et al [10]   5   5   28   32     2.7   1.74 (0.08, 37.08)
Margarit et al [13]   4   5   28   36  5   1.14 (0.11, 11.72)
Sapisochin et al [14] 14 17   33   34    14.2 0.14 (0.01, 1.48)
Shao et al [15] 13 15   54   62    10.2 0.96 (0.18, 5.08)
Vennarecci et al [16]   8   8   33   37     2.6   2.28 (0.11, 46.66)
Total (95% CI) 90 571 100.0 0.56 (0.31, 1.00)
Total events 72 476
Heterogeneity: χ 2 = 5.48, df = 7 (P  = 0.60), I 2 = 0%
Test for overall effect: Z  = 1.95 (P  = 0.05) 0.001            0.1        1       10              1000

Favours experimental     Favours control

Review: SLT vs  PLT; Comparison: SLT vs  PLT; Outcome: 3-year disease-free survival rates
SLT PLT Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight % M-H, random, 95% CI M-H, random, 95% CI

Adam et al [6]   5 17 125 195  15.8 0.23 (0.08, 0.69)
Concejero et al [8]   7   7   27   28    8.1   0.82 (0.03, 22.20)
Del Gaudio et al [9] 10 16 115 147  15.8 0.46 (0.16, 1.37)
Facciuto et al [10]   4   5   23   32  11.2   1.57 (0.15, 15.97)
Margarit et al [13]   3   5   22   36  12.7 0.95 (0.14, 6.45)
Sapisochin et al [14] 11 17   32   34  13.4 0.11 (0.02, 0.65)
Shao et al [15] 13 15   15   62  13.9   20.37 (4.12, 100.69)
Vennarecci et al [16]   8   8   27   37    9.1     6.49 (0.34, 122.71)
Total (95% CI) 90 571 100.0  0.98 (0.27, 3.47)
Total events 61 386
Heterogeneity: Tau2 = 2.34; χ 2 = 29.43, df = 7 (P  = 0.0001), I 2 = 76%
Test for overall effect: Z  = 0.04 (P  = 0.97)

0.01        0.1          1           10         100
Favours experimental  Favours control

Review: SLT vs  PLT; Comparison: SLT vs  PLT; Outcome: 5-year disease-free survival rates
SLT PLT Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight % M-H, random, 95% CI M-H, random, 95% CI

Adam et al [6] 12 17 113 195   25.5 1.74 (0.59, 5.14)
Concejero et al [8]   7   7   25   28     7.7 2.06 (0.10, 44.48)
Del Gaudio et al [9]   8 16 104 147   26.1 0.41 (0.15, 1.17)
Margarit et al [13]   1   5   11   36   11.9 0.57 (0.06, 5.69)
Sapisochin et al [14] 10 17   30   34   20.6 0.19 (0.05, 0.79)
Vennarecci et al [16]   8   8   27   37     8.3     6.49 (0.34, 122.71)
Total(95% CI) 70 477 100.0 0.75 (0.29, 1.96)
Total events 46 310
Heterogeneity: Tau2 = 0.63; χ 2 = 9.81, df = 5 (P  = 0.08), I 2 = 49%
Test for overall effect: Z  = 0.59 (P  = 0.56) 0.001            0.1       1        10             1000

Favours experimental   Favours control

Figure 2  Fixed-effect model of odds ratio for 1-year disease-free survival rates (A); random-effect model of odds ratio for 3-year disease-free survival rates 
(B) and 5-year disease-free survival rates (C) after salvage liver transplantation and primary liver transplantation (Experimental: Salvage liver transplanta-
tion; Control: Primary liver transplantation). SLT: Salvage liver transplantation; PLT: Primary liver transplantation.
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to χ 2 test of  heterogeneity (P = 0.08), a random-effect 
model was used. No difference between SLT group 
(65.7%) and PLT group (65.0%) were seen in the 5-year 
disease-free survival rate (OR: 0.75, 95% CI: 0.29-1.96, P 
= 0.56, Figure 2C).

When stratifying for the donor source, compared with 
deceased-donor liver transplantation (DDLT) recipients, 
we found that living-donor liver transplantation (LDLT) 
recipients had significantly higher 1-year survival rate (OR: 
1.02, 95% CI: 0.26-4.10, P = 0.97), lower 3-year survival 
rate (OR: 0.54, 95% CI: 0.20-1.47, P = 0.23) and lower 
5-year survival rate (OR: 0.54, 95% CI: 0.21-1.35, P = 0.19). 
DDLT recipients had significantly lower 1-year survival 
rate (OR: 0.66, 95% CI: 0.38-1.15, P = 0.14), higher 3-year 
survival rate (OR: 0.99, 95% CI: 0.62-1.59, P = 0.97) and 
higher 5-year survival rate (OR: 0.77, 95% CI: 0.47-1.26, P 
= 0.30). No useable data about disease-free survival rates 
can be extracted from LDLT researches. And in DDLT 
recipients they had better 1-year disease-free survival rate 
(OR: 0.53, 95% CI: 0.29-0.95, P = 0.03, Figure 3A) and 
better 5-year disease-free survival rate (OR: 0.42, 95% CI: 
0.23-0.74, P = 0.003, Figure 3B) in SLT group. No dif-
ference between SLT group and PLT group were seen in 
the 3-year disease-free survival rate (OR: 0.95, 95% CI: 
0.26-3.52, P = 0.94).

When stratifying for Milan criteria, we found that no 
difference was seen in 1-year survival rates (OR: 0.26, 
95% CI: 0.01-4.94, P = 0.37), 3-year survival rates (OR: 

0.41, 95% CI: 0.01-24.54, P = 0.67) and 5-year survival 
rates (OR: 0.55, 95% CI: 0.07-4.48, P = 0.57) between 
SLT group and PLT group who beyond Milan criteria at 
the time of  liver transplantation (LT). No usable data for 
patients who met Milan criteria at the time of  LT.

Publication bias
Publication bias may exist when no significant findings 
remain unpublished, thus artificially inflating the apparent 
magnitude of  an effect. Funnel plots of  our study results 
are shown in Figure 4. The funnel plots on survival and 
disease-free survival following SLT or PLT for the treat-
ment of  HCC showed basic symmetry, which suggested 
no publication bias. 

DISCUSSION
As one of  the radical treatments for HCC, LT is nowa-
days limited by organ shortage. Due to the prolonged 
waiting times before transplantation, tumor progression 
and deterioration of  liver function may counteract its 
benefit[2]. The outcome of  liver resection is mainly influ-
enced by a high rate of  recurrence that limits long-term 
survival rates. But previous research noted that most of  
patients with recurrence after primary liver resection were 
still eligible for LT[2]. Hence, hepatectomy and LT should 
be considered as complementary, not competitive, treat-
ments for HCC in cirrhotic patients with well-preserved 

Review: SLT vs  PLT; Comparison: SLT vs  PLT; Outcome: 1-year disease-free survival rates for DDLT recipients
SLT PLT Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight % M-H, fixed, 95% CI M-H, fixed, 95% CI

Adam et al [6]   8 17 148 195   45.9 0.28 (0.10, 0.77)
Del Gaudio et al [9] 13 16 125 147   16.8 0.76 (0.20, 2.90)
Facciuto et al [10]   5   5   28   32    2.7  1.74 (0.08, 37.08)
Margarit et al [13]   4   5   28   36 5  1.14 (0.11, 11.72)
Sapisochin et al [14] 14 17   33   34  14.2 0.14 (0.01, 1.48)
Shao et al [15] 13 15   54   62   10.2 0.96 (0.18, 5.08)
Vennarecci et al [16]   8   9   33   37    5.2 0.97 (0.09, 9.90)
Total (95% CI) 84 543 100.0 0.53 (0.29, 0.95)
Total events 65 449
Heterogeneity: χ 2 = 4.76, df = 6 (P  = 0.58), I 2 = 0%
Test for overall effect: Z  = 2.12 (P  = 0.03) 0.01        0.1           1          10          100

Favours experimental   Favours control

Review: SLT vs  PLT; Comparison: SLT vs  PLT; Outcome: 5-year disease-free survival rates for DDLT recipients
SLT PLT Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight % M-H, fixed, 95% CI M-H, fixed, 95% CI

Adam et al [6]   5 17 113 195 37 0.30 (0.10, 0.89)
Del Gaudio et al [9]   8 16 104 147   29.5 0.41 (0.15, 1.17)
Margarit et al [13]   1   5   11   36     6.2 0.57 (0.06, 5.69)
Sapisochin et al [14] 10 17   30   34   23.8 0.19 (0.05, 0.79)
Vennarecci et al [16]   8   9   27   37     3.4    2.96 (0.33, 26.79)
Total (95% CI) 64 449 100.0 0.42 (0.23, 0.74)
Total events 32 285
Heterogeneity: χ 2 = 4.62, df = 4 (P  = 0.33), I 2 = 13%
Test for overall effect: Z  = 2.96 (P  = 0.003) 0.01         0.1            1            10          100

Favours experimental      Favours control

Figure 3  Fixed-effect model of odds ratio for 1-year (A) and 5-year (B) disease-free survival rates for deceased-donor liver transplantation recipients after 
salvage liver transplantation and primary liver transplantation (Experimental: Salvage liver transplantation; Control: Primary liver transplantation). DDLT: 
Deceased-donor liver transplantation; SLT: Salvage liver transplantation; PLT: Primary liver transplantation.
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liver function. Resection of  the liver tumor is an optional 
bridge treatment[17-19]. SLT was proposed in order to re-
duce the impact of  a long waiting times, donor shortage 
and tumor recurrence after resection in HCC patients. 

The increased technical difficulty during SLT and the 
risk for impaired posttransplant survival worried most 
of  surgeons. Heavy adhesions and portal hypertension 
are often encountered after prior liver resection. Inatten-
tive dissection of  perihepatic adhesions could result in 
uncontrollable bleeding at the dissection surface. Also 
due to heavy adhesions, the relationship between hepatic 
vein and inferior vena cava are hard to identify. Hwang et 
al[11] found that SLT did not increase the operative risks 
or postoperative complications. The two major techni-

cal concerns-bleeding and reconstruction of  the hepatic 
vein outflow can be solved successfully by steady and 
meticulous sharp dissection and sufficient dissection of  
the recipient inferior vena cava. Kim et al[12] showed that 
end-to-end anastomosis for bile ducts and hepatic artery 
was feasible, too. Our study showed that SLT had no 
bad effect on overall survival and disease-free survival in 
comparison with PLT. 

 Considering different surgical methods may have an 
effect on survival rates, the whole patients were stratified 
to LDLT recipients and DDLT recipients. In each sub-
group, no difference between SLT group and PLT group 
were seen in 1-year survival rates, 3-year survival rates 
and 5-year survival rates. But LDLT recipients may have 
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Figure 4  Funnel plot. A: 11 articles in the meta-analysis of 1-year survival after treatment; B: 10 articles in the meta-analysis of 3-years survival after treatment; C: 
8 articles in the meta-analysis of 5-years survival after treatment; D: 8 articles in the meta-analysis of 1-year disease-free survival after treatment; E: 8 articles in the 
meta-analysis of 3-year disease-free survival after treatment; F: 6 articles in the meta-analysis of 5-year disease-free survival after treatment. SE: Standard error; OR: 
Odds ratio.
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a significant higher 1-year survival rates than DDLT 
recipients, while a significant lower 3-year survival 
rates and 5-year survival rates. This may be a result of  
improvement of  surgical technique and perioperative 
management. However, because of  a relatively higher 
incidence (up to 30%) of  biliary complication after 
LDLT[20-23], LDLT recipients may have a lower long-term 
survival rates than DDLT recipients. Different results in 
DDLT recipients’ disease-free survival rates seem hard 
to explain. We consider a better tumor stage at the time 
of  transplantation (meet Milan criteria) may contribute 
to better 1-year disease-free survival rates and 5-year 
disease-free survival rates. A lager sample and more ran-
domized controlled studies may resolve this conflict and 
draw a right conclusion. 

The tumors’ stage at the time of  resection and LT is 
another risk factor for postoperative overall survival and 
disease-free survival. Some studies were theoretical and 
assessed the salvage transplantability according to the pat-
tern of  recurrence after resection for HCC within Milan 
criteria and found that 76% to 87% of  recurrences were 
considered eligible for SLT on imaging grounds[2,12,24,25]. 
For HCC patients not meeting Milan criteria, SLT could 
be applied for those cases with less aggressiveness, name-
ly tumor size less than 6 cm and pathological well dif-
ferentiation. For those cases meeting Milan criteria, PLT 
seems to be the first option. SLT could be performed 
for those patients with recurrence within Milan criteria 
after primary resection and without delay before recur-
rence with advanced disease manifestations. But there is 
no consensus about the survival rates for patients with 
recurrence beyond Milan criteria. Our result reveals that 
SLT group has similar survival rates compared with PLT 
group beyond Milan criteria at the time of  LT. Unfortu-
nately, data extracted from our including studies are not 
enough to do further meta-analysis on patients’ survival 
rates meeting Milan criteria at the time of  LT and the 
corresponding disease-free survival rates. 

Moreover, in countries with a higher incidence of  
HCC, a higher proportion of  HCC patients on the wait-
ing list and/or a longer median time-to-transplant, SLT 
could offer a gain in life-expectancy to the remaining 
waiting-list patients[26].

 This review has some limitations. Although funnel 
plots may be suggestive of  publication bias with lack 
of  negative small RCTs, a firm conclusion about bias is 
difficult to make as the asymmetry of  the funnel plots 
is minimal. And funnel plots can show asymmetry for 
other reasons. Therefore, our pooled OR might be an 
overestimate of  the true effect. Due to data constraints, 
this meta-analysis could not analyze the quality of  life 
score and was unable to carry out stratified analyses of  
other possible confounding factors. The method need to 
be more effective. Larger samples and randomized con-
trolled studies with longer follow-up are required. Our 
conclusions also need more detailed data to confirm the 
results. The search language was limited. The integrity of  
the data was affected to a certain extent.

In conclusion, this new strategy SLT can be effective-
ly performed for patients with recurrence or deteriora-
tion of  liver function after hepatectomy for HCC. It does 
not increase the perioperative mortality and has a similar 
long-term survival rates compared to PLT. When surgical 
technique is no longer a problem for SLT, more patients 
will benefit from it.
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Abstract
AIM: To investigate the expression of Popeye domain 
containing 3 (Popdc3) and its correlation with clinico-
pathological features and prognosis of gastric cancer.

METHODS: The method of immunohistochemistry 
was used to investigate the expression of Popdc3 in 
306 cases of human gastric cancer and 84 noncancer-
ous gastric tissues. Simultaneously, the relationship 
between Popdc3 expression and the survival of the pa-
tients was retrospectively analyzed.

RESULTS: Popdc3 was detected in 72 (85.71%) of 84 
human nontumor mucosa. High expression of Popdc3 

protein was detected in 78 (25.49%) of 306 human 
gastric cancer cases, and low expression was detected 
in 228 (74.51%). Low expression of Popdc3 corre-
lated with depth of invasion (P  < 0.0001), regional 
lymph nodes (P  < 0.0001) and distant metastasis (P  = 
0.02), and tumor, nodes, metastasis (TNM) stages (P  
< 0.0001). On multivariate analysis, only the patient’s 
gender, regional lymph node metastasis, distant metas-
tasis, TNM stages, and the expression of Popdc3 were 
independent prognostic factors in patients with gastric 
cancer. The Kaplan-Meier plot showed that low Popdc3 
expression had a much more significant effect on the 
survival of those patients with early-stage tumors (χ 2 = 
104.741, P  < 0.0001), with a > 51.9% reduction in the 
three-year survival compared with high Popdc3 expres-
sion. In late stages, the difference was also significant 
(χ 2 = 5.930, P  = 0.015), with a 32.6% reduction in the 
three-year survival.

CONCLUSION: Reduced expression of Popdc3 may 
play a significant role in the carcinogenesis and pro-
gression of gastric cancer. Popdc3 may be an indepen-
dent prognostic factor. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Gastric cancer is the second leading cause of  cancer-re-
lated deaths worldwide because advanced or metastatic 
gastric cancer constitutes the majority of  patients in clini-
cal practice[1]. The incidence of  gastric cancer has been 
falling globally in terms of  both incidence and mortality 
rates since World War Ⅱ. In the United States in 2009, 21 
130 new diagnoses of  gastric cancer were estimated and 
10  620 deaths expected[2]. Although there has been a no-
ticeable decrease in gastric cancer mortality rate, there is 
a higher prevalence of  gastric cancer in China than in the 
Western countries[3-7]. The prognosis of  advanced gastric 
cancer is apparently poor, and the 5-year survival rate is 
less than 30% in the patients after surgery[8,9]. Therefore, 
it is of  great clinical value to further understand the mo-
lecular mechanisms involved in gastric cancer and to find 
valuable diagnostic markers as well as novel therapeutic 
strategies.

The Popeye domain containing (Popdc) gene family 
consists of  Bves/Popdc1, Popdc2 and Popdc3[10]. They 
were discovered in 1999 by two independent laboratories 
using screens to identify novel genes that were highly 
expressed in the developing heart[11,12]. Several studies 
have illuminated that within one species, Bves was 24% 
and 28% identical to Popdc2 and Popdc3, respectively, 
while Popdc2 and Popdc3 were approximately 50% iden-
tical[13-15]. In 2004, the expression pattern of  Popdc2 in 
the heart of  chick was reported, but no study had been 
conducted to test the function of  this protein[14]. Until 
now, Bves is still the most studied member of  the Popdc 
family[10]. After that, Kim et al[16] found that frequent si-
lencing of  Popdc3 was associated with promoter hyper-
methylation in gastric cancer. Although questions about 
Popdc3 remain unanswered, general trends are beginning 
to emerge. Previous studies have led us to the hypothesis 
that Popdc3 may play a role in cell adhesion, cell motil-
ity, DNA methylation and tumorigenesis. Nevertheless, 
further work is required to elucidate its molecular mecha-
nisms in the biology of  cancer. 

As far as we know, no report is available on the actual 
expression level of  Popdc3 and the correlation between 
clinicopathologic features and prognosis of  gastric cancer 
patients. Therefore, in this study, we investigated the Pop-
dc3 protein expression profile in 306 primary gastric can-
cer patients, and found that Popdc3 was lowly expressed 
in 228 (74.51%) of  306 human gastric cancer cases, sug-
gesting that the low expression level of  Popdc3 may be a 
reliable indicator for the poor prognosis of  gastric cancer 
patients. 

MATERIALS AND METHODS
Patients and tissue samples
A total of  306 patients with primary gastric cancer, who un-
derwent routine surgery at the Department of  Surgery, the 
Second Affiliated Hospital of  Kunming Medical University 
from February 1996 to March 2007, were enrolled in this 

study. The study was approved by the hospital’s ethics com-
mittee. Patient diagnosis was established pathologically, 
and no patient had received any treatment before admis-
sion. All patients had follow-up records for over 5 years. 
The follow-up deadline was April 2011. The survival time 
was counted from the date of  surgery to the end of  the 
follow-up or date of  death, which was mostly caused by 
recurrence or metastasis. According to the tumor, nodes, 
metastasis (TNM)-7th edition 2009 (UICC/AJCC) and 
Japanese Classification 2010 in Gastric Cancer[17,18], there 
were 8 papillary adenocarcinomas, 209 tubular adenocar-
cinomas, 52 mucinous adenocarcinomas, 37 signet ring 
cell carcinomas, and 17 highly differentiated adenocar-
cinomas; 100 were classified as well or moderately dif-
ferentiated adenocarcinomas, 177 as poorly differentiated 
adenocarcinomas, and 12 as undifferentiated adenocarci-
nomas or others. Seventy-three cases were categorized as 
stage Ⅰ, 109 were stage Ⅱ, 92 were stage Ⅲ, and 32 were 
stage Ⅳ. Eighty-four cases of  noncancerous human gas-
tric tissues were obtained from gastrectomies of  adjacent 
gastric cancer margins greater than 5 cm and served as 
controls. 

Immunohistochemistry
Immunohistochemical analysis was undertaken to study 
altered protein expression in 84 cases of  noncancerous 
human gastric tissues and 306 cases of  human gastric 
cancer tissues[19,20]. According to the protocol for immu-
nohistochemistry on paraffin-embedded tissue sections, 
slides were baked at 60 ℃ for 2 h followed by depar-
affinization with xylene and rehydrated. The sections 
were submerged into ethylene diamine tetraacetic acid 
antigenic retrieval buffer and microwaved for antigenic 
retrieval, after which they were treated with 3% hydrogen 
peroxide in methanol to block endogenous peroxidase 
activity, followed by incubation with 1% bovine serum 
albumin to block nonspecific binding. Sections were 
incubated with rabbit anti-Popdc3 polyclonal antibody 
(ProteinTech Group, Chicago IL) overnight at 4 ℃. Nor-
mal goat serum was used as a negative control. After rins-
ing twice for 5 min with Tris buffered saline tween-20, 
tissue sections were treated with secondary antibody in 
Tris buffered saline solution for 1 h at room temperature, 
developed with chromogen at room temperature, and 
observed under microscope. After that, all tissue sections 
were counterstained with hematoxylin, dehydrated and 
mounted. The cytoplasm with strong Popdc3 expression 
was stained as buffy, whereas weak expression was associ-
ated with cell membranes.

Assessment of Popdc3 staining in the tissue sections
The degree of  immunostaining was reviewed and scored 
independently by at least two observers based on the 
proportion of  positively stained tumor cells and intensity 
of  staining[21,22]. Tumor cell proportion was scored as fol-
lows: 0 (≤ 5% positive tumor cells), 1 (6%-25% positive 
tumor cells), 2 (26%-50% positive tumor cells), and 3 (> 
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51% positive tumor cells). Staining intensity was graded 
according to the following criteria: 0 (no staining), 1 
(weak staining, light yellow), 2 (moderate staining, yellow 
brown), and 3 (strong staining, brown). Staining index 
was calculated as the staining intensity score and the 
proportion of  positive tumor cells. Using this method of  
assessment, we evaluated Popdc3 expression in benign 
gastric epithelia and malignant lesions by determining the 
staining index with scores of  0, 1, 2, 3, 4, 6, or 9. The cut-
off  value for high and low expression levels was chosen 
based on the heterogeneity measured using the log-rank 
test with respect to overall survival. An optimal cutoff  
value was identified as follows: a staining index score of  
≥ 4 was used to define tumors with high Popdc3 expres-
sion, and a staining index score of  ≤ 3 was used to indi-
cate low expression.

Statistical analysis
All statistical analyses were performed using the SPSS 
17.0 software. Correlation of  Popdc3 expression with 
immunohistochemistry and clinicopathologic parameters 
was evaluated by χ 2 test or Fisher’s exact probability test. 
Overall survival rate was calculated by the Kaplan-Meier 
method and the difference in survival curves was analyzed 
by the log-rank test. The follow-up time was calculated 
from the date of  surgery to the date of  death, or the last 
known follow-up. Independent prognostic factors were 
analyzed by the Cox proportional hazards regression 
model. P < 0.05 was considered statistically significant.

RESULTS
Expression of Popdc3 in gastric cancer and 
noncancerous mucosa
In our current study, immunohistochemical analysis was 
done to examine the Popdc3 expression in 306 gastric 
cancer lesions and 84 noncancerous tissues. Popdc3 was 
detected in 72 (85.71%) cases of  84 human nontumor 
mucosa. High expression of  Popdc3 protein was detected 
in 78 (25.49%) cases of  306 human gastric cancer, and 
low expression was detected in 228 (74.51%). Popdc3 
staining was detected mainly in the majority of  normal 
cells, especially in chief  cells and smooth muscle. Besides, 
we also found Popdc3 expression in intestinal metaplasia. 
However, Popdc3 was mainly localized in the cytoplasm 
of  tumor cells and its weak staining in cell membranes. 
The differences of  Popdc3 expression between gastric 
cancer and noncancerous mucosa were also statistically 
significant (χ 2 = 1.010E2, P < 0.0001, Figure 1).

Reduced Popdc3 expression and clinicopathologic 
features
Reduced expression of  Popdc3 correlated with depth of  
invasion, regional lymph node and distant metastasis, and 
TNM stages (P < 0.05). Popdc3 expression did not cor-
relate with age, gender, location of  tumor, size of  tumor, 
histologic type and histologic differentiation (P > 0.05, 
Table 1). The factors for possible prognostic effects in 
gastric cancer were analyzed by Cox regression analysis. 
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Figure 1  Immunohistochemical staining for Popeye domain containing 3 in gastric cancer lesions and noncancerous tissues. A: Popeye domain containing 
3 (Popdc3) was highly expressed in noncancerous tissues, × 400; B: Popdc3 was highly expressed in intestinal metaplasia cells, × 400; C, D: Popdc3 was lowly ex-
pressed in tubular adenocarcinoma, × 200 and × 400, respectively. 
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21.201-24.799). For patients with low Popdc3 protein 
expression, 1- and 3-year survival rates were 76.75% and 
16.7%, respectively, which were significantly lower than 
in patients with high Popdc3 expression (88.46%, 84.6%, 
respectively, χ 2 = 145.095, P < 0.0001). Based on this re-
sult, we suggested that diminished expression of  Popdc3 
is a prognostic indicator of  poor survival for patients 
with gastric cancer. In addition, we further compared 
the survival between the patients in early TNM stage 
(stages Ⅰ and Ⅱ) or late stages (stages Ⅲ and Ⅳ) with 
different Popdc3 expression. The results showed that low 
Popdc3 expression had a much more significant effect 
on the survival of  the patients with early stage tumors 
(χ 2 = 104.741, P < 0.0001), with a > 51.9% reduction in 
the 3-year survival compared with that of  patients with 
high Popdc3 expression. In late stages, the difference 
was also significant (χ 2 = 5.930, P = 0.015), with a 32.6% 
reduction in the 3-year survival. Therefore, these data 
suggested that Popdc3 expression was as an independent 
prognostic variable for gastric cancer in early stage and 
late stage (Figure 2 and Table 3).

DISCUSSION
The cause of  cancer remains elusive and may be multifac-

The multivariate analysis suggested that the patient’s 
gender (P = 0.016), regional lymph node metastasis (P < 
0.0001), distant metastasis (P < 0.0001), TNM stages (P = 
0.002), and the expression of  Popdc3 (P < 0.0001) were 
independent prognostic factors in patients with gastric 
carcinoma. However, patient’s age, tumor location, size of  
tumor, histologic type, histologic differentiation and depth 
of  invasion had no prognostic value (Table 2).

Correlation between Popdc3 expression and patient 
prognosis
In stages Ⅰ and Ⅱ, the 3-year survival rate of  patients 
with a low expression of  Popdc3 was significantly lower 
than in patients with high Popdc3 expression. The sur-
vival estimates showed a dramatic difference in median 
survival between the high and low Popdc3 expression: 
the former averaged 55 mo [95% confidence interval 
(CI): 53.515-56.485], whereas the latter 23 mo (95% CI: 

Table 1  Patient characteristics and Popeye domain containing 
3 expression in gastric cancer  n  (%)

Clinical parameters Popdc3

n Low High χ 2 P  value

Age (yr)
   < 50 105    72 (68.6)    33 (31.4)
   ≥ 50 201  156 (77.6)    45 (22.4)   2.968   0.085
Gender
   Male 199  148 (74.4)    51 (25.6)
   Female 107    80 (74.8)    27 (25.2)   0.006   0.940
Size (cm)
   < 5 154  120 (77.9)    34 (22.1)
   ≥ 5 152  108 (71.1)    44 (28.9)   1.901   0.168
Histology
   Papillary adenocarcinoma     8      5 (62.5)      3 (37.5)
   Tubular adenocarcinoma 209  151 (72.2)    58 (27.8)
   Mucinous adenocarcinoma   52    42 (80.8)    10 (19.2)
   Signet ring cell carcinoma   37    30 (81.1)      7 (18.9)   3.084   0.379
Histologic differentiation
   Well   17    13 (76.5)      4 (23.5)
   Moderate 100 67 (67) 33 (33)
   Poor 177  140 (79.1)    37 (20.9)
   Undifferentiated   12      8 (66.7)      4 (33.3)   4.439   0.109
Invasion depth
   T1   24    10 (41.7)    14 (58.3)
   T2   63    32 (50.8)    31 (49.2)
   T3 181  149 (82.3)    32 (17.7)
   T4a   28    24 (85.7)      4 (14.3)
   T4b   10      7 (70.0)      3 (30.0) 48.566 < 0.0001
Regional lymph nodes
   N0 163    94 (57.7)    69 (42.3)
   N1   41    39 (95.1)    2 (4.9)
   N2   54    49 (90.7)    5 (9.3)
   N3a   20    14 (70.0)      6 (30.0)
   N3b   27    19 (70.4)      8 (29.6) 52.504 < 0.0001
Distant metastasis
   M0 274  197 (71.9)    77 (28.1)
   M1   32    31 (96.9)    1 (3.1) 9.412   0.002
TNM stages
   Ⅰ   73    30 (41.1)    43 (58.9)
   Ⅱ 109    81 (74.3)    28 (25.7)
   Ⅲ   92    86 (93.5)    6 (6.5)
   Ⅳ   32    31 (96.9)    1 (3.1) 70.624 < 0.0001

TNM: Tumor, nodes, metastasis; Popdc3: Popeye domain containing 3.
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Figure 2  Kaplan-Meier curves with univariate analyses (log-rank) for pa-
tients with low Popeye domain containing 3 expression vs high Popeye 
domain containing 3 expression tumors in all gastric cancer. The cumula-
tive and 3-year survival rates were 88.46% and 84.6%, respectively in the high 
Popeye domain containing 3 (Popdc3) protein expression group, but was only 
76.75% and 16.7% in the low expression group (χ 2 = 145.095, P < 0.0001).

Table 2  Multivariate analysis for disease-related deaths (Cox 
regression model)

Variables P  value Hazard ratio 95% CI

Popdc3 < 0.0001   0.193 0.133-0.282
Gender   0.016   1.388 1.063-1.814
Regional lymph nodes < 0.0001   1.344 1.156-1.564
Distant metastasis < 0.0001 11.591   6.131-21.915
TNM stages  0.002   1.486 1.159-1.905

CI: Confidence interval; TNM: Tumor, nodes, metastasis; Popdc3: Popeye 
domain containing 3.
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torial[23,24]. Work by many researchers has illuminated that 
epigenetic alterations, like mutations and chromosomal 
abnormalities, can be causally involved in carcinogen-
esis[25,26]. Previous publications discovered that aberrant 
DNA methylation was more frequently present in cancers 
than mutations[27,28]. 

As a prototypical member of  the Popdc family, Bves 
is mostly studied over the past several decades. Many re-
ports have shown that Bves is highly conserved and has 
been identified in a wide variety of  vertebrates and inver-
tebrates[29,30]. Both mRNA and protein of  Bves are highly 
expressed in striated and smooth muscles and in various 
forms of  epithelial cell types in the embryo and adult[31,32]. 
It seems that Bves plays a critical role in cell-cell adhesion 
and in maintaining epithelial integrity, suggesting that loss 
of  Bves function could result in abnormal cell behavior 
and disease[33-35]. In 2008, Feng et al[36] used MethyLight 
assays to analyze DNA methylation status of  27 genes 
on 49 paired cancerous and noncancerous tissue samples 
from non-small cell lung cancer (NSCLC) patients and 
found that Bves were methylated significantly more fre-
quently in tumor tissues than in noncancerous tissues. 
Methylation of  Bves was present in 80% of  NSCLC tis-
sues but only in 14% of  noncancerous tissues. It is, so 
far, the first report of  a modification of  Bves in cancer.

In 2010, Kim et al[16] conducted the first detailed re-
search on the Popdc family and discovered that frequent 
silencing of  Bves and Popdc3 was associated with pro-
moter hypermethylation in gastric cancer. Expression 
of  Bves and Popdc3 was downregulated in 73% of  the 
gastric cancer cell lines and in 69% (Bves) and 87% (Pop-
dc3) of  the gastric cancer tissues. Bves and Popdc3 were 
hypermethylated in 69% (Bves) and 64% (Popdc3) of  
the gastric cancer tissues. They also found that combined 
treatment with a DNA methylation inhibitor and a histone 
deacetylase inhibitor strongly induced Bves and Popdc3 
expression. These observations suggested that frequent 
methylation and inactivation of  Bves and Popdc3 in early-
stage gastric cancer might predispose cells to other critical 
changes that cause cancer metastasis. 

These results are similar to our study. However, the 
clinical impact of  Popdc3 expression or the prognos-
tic value for gastric cancer was not completely clarified 
because the number of  gastric cancer patients was too 
small. Actually, it is the first study to explore the correla-
tion between Popdc3 expression and clinical and prog-
nostic factors in gastric cancer. Our study demonstrated 

that Popdc3 was frequently downregulated in gastric 
cancer tissues in comparison with those in normal gastric 
tissues. We examined the relationship between Popdc3 
expression and clinicopathological factors in gastric can-
cer. As a result, reduced level of  Popdc3 protein expres-
sion in gastric cancer lesions was found mainly associ-
ated with depth of  invasion, regional lymph node and 
distant metastasis, and TNM stages. Bves is required for 
maintenance of  E-cadherin in the membrane and plays 
an important role in cell adhesion and in maintaining 
epithelial integrity[32]. In development of  tumor tissues or 
diseases, downregulation or mislocalization of  E-cadherin 
is associated with epithelial-mesenchymal transition 
(EMT)[37]. EMT is considered to be essential for proper 
development and underlies embryonic processes such as 
chick gastrulation and coronary vasculature formation[38]. 
When spontaneously or aberrantly induced in the adult, 
however, EMT as a hallmark of  cancer, may result in loss 
of  epithelial organization and cell tumor tissues invasion 
of  previously normal tissues[39]. Therefore, interfering 
with E-cadherin function, loss of  Bves could result in 
abnormal cell behavior and disease by promoting EMT 
programs[40]. Bves was 28% identical to Popdc3 among 
Popeye family members[12], indicating that Popdc3 may 
play a role in tumor suppression and interact with Bves. 

In this study, multivariate analysis revealed that pa-
tient’s gender, regional lymph node and distant metas-
tasis, TNM stages, and the expression of  Popdc3 were 
independent prognostic factors for the disease. Although 
abnormal expression of  Popdc3 in gastric cancer might 
play an important role in the process of  tumorigenesis, 
its biochemical mechanism and potential impact on pa-
tient’s survival is unknown. So we further analyzed and 
assessed the impact of  expression of  Popdc3 on patient’
s survival. The result indicated that low levels of  Popdc3 
protein were closely correlated with the prognosis of  gas-
tric cancer. A survival curve plotted by the Kaplan-Meier 
method showed that in patients with low Popdc3 protein 
expression, the 1- and 3-year survival rates were 76.75% 
and 16.7%, respectively, which were significantly lower 
than in patients with high Popdc3 expression (88.46% 
and 84.6%, respectively). Besides, we further compared 
the survival between the patients with Popdc3 expression 
in early TNM stage (stages Ⅰ and Ⅱ) or late stage (stages 
Ⅲ and Ⅳ). We found that low Popdc3 expression had 
a much more significant effect on the survival of  those 
patients with early stage tumors, with a > 51.9% reduc-

Table 3  Survival estimates and 95% confidence intervals for disease-related deaths

Groups Median survival (mo) 1-yr survival rate (%) 3-yr survival rate (%) χ 2 P  value

Low Popdc3 expression 23 (21.20-24.79) 175 (76.75) 38 (16.7)
High Popdc3 expression 55 (53.51-56.48)   69 (88.46) 66 (84.6) 145.095 < 0.0001
Stage Ⅰ-Ⅱ with low Popdc3 expression 29 (21.00-38.00)   97 (87.39)   44 (39.64)
Stage Ⅰ-Ⅱ with  high Popdc3 expression 55 (45.00-61.00)   65 (91.55)   65 (91.55) 104.741 < 0.0001
Stage Ⅲ-Ⅳ with low Popdc3 expression 15 (10.00-21.50)   78 (66.67)   12 (10.26)
Stage Ⅲ-Ⅳ with high Popdc3 expression 30 (12.00-44.00)     4 (57.14)     3 (42.86)   5.93   0.015
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tion in the 3-year survival as compared with high Popdc3 
expression. In late stages, the difference was also signifi-
cant, with a 32.6% reduction in 3-year survival. These 
results suggested Popdc3 expression is an independent 
prognostic variable for gastric cancer in early stage and 
late stage. In this regard, routine detection of  methylation 
of  Popdc3 in blood might be useful in monitoring and 
detecting tumor recurrence in early-stage gastric cancer 
after curative surgical resection.

In conclusion, our study suggests that degradation of  
Popdc3 is a common feature in gastric cancer that might 
play an important role in the progression and metastases 
of  gastric cancer. In addition, the potentially important 
consequence of  our work is that Popdc3 may be an at-
tractive therapeutic candidate for gastric cancer. Thus, we 
believe that more researches on Popdc3 will further pro-
vide a basis for the development of  potential biomarkers 
for the diagnosis and prognosis of  gastric cancer.
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Abstract
The case of a 52-year-old woman with a past history of 
thymoma resection who presented with chronic diar-
rhea and generalized edema is the focal point of this 
article. A diagnosis of Giardia lamblia  infection was 
established, which was complicated by protein-losing 
enteropathy and severely low serum protein level in a 
patient with no urinary protein loss and normal liver 
function. After anti-helmintic treatment, there was re-
covery from hypoalbuminemia, though immunoglobu-
lins persisted at low serum levels leading to the hypoth-
esis of an immune system disorder. Good’s syndrome is 
a rare cause of immunodeficiency characterized by the 
association of hypogammaglobulinemia and thymoma. 
This primary immune disorder may be complicated by 
severe infectious diarrhea secondary to disabled hu-

moral and cellular immune response. This is the first 
description in the literature of an adult patient with 
an immunodeficiency syndrome who presented with 
protein-losing enteropathy secondary to giardiasis.
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Key words: Chronic diarrhea; Giardiasis; Protein-losing 
enteropathy; Immunodeficiency

Peer reviewer: Greger Lindberg, MD, PhD, Department of Gas-
troenterology and Hepatology, Karolinska University Hospital, 
K63, Stockholm, SE-14186, Sweden

Furtado AK, Cabral VLR, Santos TN, Mansour E, Nagasako 
CK, Lorena SL, Pereira-Filho RA. Giardia infection: Protein-
losing enteropathy in an adult with immunodeficiency. World J 
Gastroenterol 2012; 18(19): 2430-2433  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v18/i19/2430.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v18.i19.2430

INTRODUCTION
Protein-losing enteropathy (PLE) is a rare syndrome of  
gastrointestinal protein loss that may complicate a variety 
of  diseases. The diagnosis of  PLE should be considered 
in patients with hypoproteinemia, especially hypoalbu-
minemia, after other causes have been excluded, such as 
malnutrition, proteinuria, and impaired protein synthesis. 
The diagnosis is most commonly based on the determi-
nation of  fecal α-1 antitrypsin clearance, though scintig-
raphy (technetium-99m-labeled human serum albumin 
scan-99mTc-HSA) aids in localizing the site and quantify-
ing enteric protein loss[1].  

The pathogenic mechanism can be divided into ero-
sive gastrointestinal disorders, nonerosive gastrointestinal 
disorders, and disorders involving increased central ve-
nous pressure or mesenteric lymphatic obstruction[1]. Al-
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though not extensively studied, certain enteric infections 
(Salmonella, Shigella, Rotavirus, and Giardia lamblia) can also 
damage the intestinal mucosa leading to excessive protein 
loss, particularly in an immunocompromised host[2,3].

Giardia lamblia is a protozoan that frequently infects 
the gut and plays an important role in the public health 
of  developing countries, such as Brazil[4]. Transmission 
occurs through oral-fecal contact or intake of  contami-
nated water and food by the infecting forms (cysts or 
oocysts). Although normally presenting with mild symp-
toms, such as cramps and chronic diarrhea, more severe 
complications can take place and malabsorptive syn-
drome may develop[5]. In this case report, severe giardia-
sis is illustrated in an adult patient with a past history of  
thymoma who developed PLE, a rare complication that 
particularly affects infants.

CASE REPORT
A 52-year-old black woman was referred to our hospital 
because of  chronic diarrhea and generalized edema. She 
had gained 10 kg over the last year because of  peripheral 
edema, and complained about asthenia and fatigue. She 
had no abdominal pain, fever or stool bleeding. Two 
years before the event, while under investigation for 
chronic cough and chest pain, the diagnosis of  a type AB 
thymoma was made according to World Health Organi-
zation classification and she underwent a sternal thymec-
tomy. Anatomopathological analysis showed no signs of  
capsular, vascular or lymphatic invasion. 

The patient presented mild steatorrhea on a semi-
quantitative stool analysis, negative proctoparasitologic 
examination and severe hypoproteinemia on serum 
protein electrophoresis (Figure 1A). A hepatic cause of  
hypoproteinemia was ruled out by clinical and laboratory 
parameters and urinary sedimentary analysis was normal 
with no proteinuria. There was altered coagulation testing 
related to vitamin K deficiency, normocytic normochro-
mic anemia, and normal leucocyte and platelet count. 

She was submitted to 99mTc-HSA which demonstrated 
mild protein loss from the small bowel though no spe-
cific site was able to be localized. She had a normal colo-
noscopy and an upper digestive endoscopy that showed 
moderate duodenitis. On duodenal biopsy, there were 
structures identified as Giardia lamblia, moderate non-spe-
cific active chronic duodenitis, and preserved villi:crypt 
ratio. Giardiasis was not attributed at first to be the cause 
of  the enteric protein loss. In subsequent investigations, 
anterograde enteroscopy was undergone, demonstrating 
only non-specific duodenal and jejunal lesions. No re-
markable findings were verified on histological samples. 

Nevertheless, after anti-helmintic treatment with oral 
metronidazole, she ended up recovering from diarrhea 
and edema. No signs of  enteric protein loss were veri-
fied by scintigraphy and serum albumin level normalized, 
though hypogammaglobulinemia persisted (Figure 1B).  

On evaluation of  intermittent asthma and rhinitis 
since childhood and recurrent pneumonia, antibody de-

ficiency was diagnosed, including immunoglobulins IgA, 
IgE, IgG and IgM. Cytometry analysis of  peripheral 
blood lymphocytes revealed a marked decrease in CD19+ 
B-cells. Bone marrow biopsy demonstrated a chromo-
some 9 inversion with chromosome 16 deletion [46,X
X,inv(9),del(16)(q22)] with unknown significance and no 
additional important findings. Based on previous his-
tory of  thymoma and current hypogammaglobulinemia, 
the diagnosis of  Good’s syndrome (GS) was made even 
though no evidence of  cell-mediated immune defects 
was verified.

DISCUSSION
Giardia lamblia is a flagellated intestinal protozoan with 
oral-fecal transmission. Infection takes place in the proxi-
mal small gut, especially duodenum, where motile tro-
phozoites live adhered to enterocytes[5]. 

Examination of  concentrated, iodine-stained wet stool 
preparations and modified-trichrome-stained permanent 
smears has been the conventional approach to the diag-
nosis. Despite three negative stool samples, the diagnosis 
of  giardiasis could be made by duodenal biopsy in this 
case report. In fact, cysts and trophozoites are present 
only intermittently in feces, offering a low sensitivity of  
approximately 50%, even with examination of  multiple 
specimens. Identification of  trophozoites within small 
intestinal biopsy specimens requires careful examina-
tion of  multiple microscope fields to ensure accuracy[6], 
although on direct sampling of  duodenal contents (e.g., 
duodenal aspiration or the “string test”), sensitivity can 
be improved to approximately 80%. Therefore molecular 
tests based on enzyme linked immunosorbent assay or di-
rect immunofluorescent antibody microscopy should be 
the first diagnostic test to be performed because of  high 
accuracy, with sensitivities greater than 90% and specifici-
ties approaching 100%. 

Worldwide, Giardia affects infants more commonly 
than adults and has different pathogenicity in experimen-
tal human infections. Infected patients, especially those 
immunocompromised, may present malabsorptive diar-
rhea of  yet unknown mechanism. Trophozoites adhere 
(perhaps by suction) to the epithelium of  the upper small 
intestine, using a disk structure located on their ventral 
surface. There is no evidence that trophozoites invade the 
mucosa. On biopsy, pathologic changes range from an 
entirely normal-appearing duodenal mucosa (except for 
adherent trophozoites) to severe villous atrophy with a 
mononuclear cell infiltrate that resembles celiac sprue[7]. 

The severity of  diarrhea appears to correlate with the 
severity of  the pathologic change[6]. In fact, the host im-
mune response plays a critical role in limiting the severity 
of  giardiasis; this is mediated by humoral immune re-
sponse, both systemic (IgM and IgG) and mucosal (IgA). 
Certain populations, including children younger than 2 
years of  age and patients with hypogammaglobulinemia, 
are more likely to develop serious disease. When infected 
with Giardia, individuals with common variable immuno-
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deficiency develop severe, protracted diarrhea and malab-
sorption with sprue-like pathologic changes that resolve 
with treatment[3] such as immunoglobulin replacement[6]. 
The importance of  a cellular immune response is yet to 
be determined. On immune reconstitution, severe inflam-
matory changes and villous atrophy develop in the intes-
tine, suggesting that the immune response to infection 
may contribute to pathology, although severe infections 
that are resistant to treatment or an increased frequency 
of  giardiasis have been noted only rarely in patients with 
acquired immune deficiency syndrome[7]. 

PLE is a rare complication associated with Giardia in-
fection, as formerly described in infants[1-3]. As illustrated 
in this article, this infection may cause severe enteric mu-
cosal damage that leads to an inflammatory process and 
exudative protein loss. Sometimes, especially when there 
is associated lymph leakage, secondary immunodeficiency 
may develop as decreases in serum lymphocytes and hy-
pogammaglobulinemia occur[1]. 

As previously mentioned, although PLE is better di-
agnosed by the determination of  fecal α-1 antitrypsin 
clearance because of  high accuracy of  the method, scin-
tigraphy was the option chosen for the diagnosis in this 
case and it could localize protein loss from the small gut 
at non-specific sites. 99mTc-HSA scan possesses high sen-
sitivity and specificity; it may demonstrate the site and 
semi-quantify protein loss, despite some false positives 
resulting from active gastrointestinal bleeding and in vivo 
breakdown of  99mTc-HSA, yielding free pertechnetate 
from radiolabeling[8]. The former is easily excluded by 
fecal occult blood examination and the latter by the ab-
sence of  stomach or thyroid visualization.

At first, the hypothesis of  hypogammaglobulinemia 
secondary to gut protein loss was put forward for this 
patient since severe universal hypoproteinemia was veri-
fied in pre-treatment serum protein electrophoresis. Nev-
ertheless, after metronidazole was instituted, every serum 
protein fraction increased but gammaglobulin remained 
very low. This led to the belief  that she possessed an 

immune disorder, which could explain the advanced en-
teropathy caused by Giardia infection and the persistent 
hypogammaglobulinemia in spite of  medical treatment. 

Patients with thymoma may suffer from specific types 
of  paraneoplastic syndrome or remote effects of  cancer 
which have underlying autoimmunity origins. They include 
myasthenia gravis, pure red cell aplasia, and hypogam-
maglobulinemia (Good’s syndrome), with approximate 
occurrence of  30%, from 1.6% to 5%, and from 3% to 
6%, respectively. Autoimmunity to B lymphocyte lineage 
causes severe deficiency in B lymphocytes and hypogam-
maglobulinemia, resulting in acquired immunodeficiency 
vulnerable especially to bacterial infection. Although 
most paraneoplastic syndromes have been documented 
to recover after tumor resection, some previous case 
reports seem to indicate that hypogammaglobulinemia 
without improvement can last even after tumor resection 
for as long as 9 years[9].

GS is a rare association of  thymoma and immuno-
deficiency first described more than 50 years ago by Dr. 
Good. The diagnosis of  thymoma usually precedes the 
diagnosis of  hypogammaglobulinemia and other clinical 
manifestations, such as infection or diarrhea, in almost 
half  of  the cases. Recurrent sinopulmonary infection is 
commonly the first clinical manifestation followed by 
chronic diarrhea, the mechanism of  which is not identi-
fied in the majority of  cases, although bacteria, such as 
Salmonella spp., and other pathogens, like cytomegalovirus 
and Giardia lamblia might the etiological factor[9,10].

GS, in contrast to other primary immunodeficiency 
disorders such as common variable immunodeficiency 
disease, usually affects adults in the fourth or fifth decade 
of  life, equally male and female, and almost always asso-
ciated with hypogammaglobulinemia. Although there are 
no formal diagnostic criteria for this disorder, GS is char-
acterized by low to absent B cells in the peripheral blood, 
hypogammaglobulinemia, and variable defects in cell-me-
diated immunity; with a CD4 lymphopenia, an inverted 
CD4/CD8+ T-cell ratio and reduced T-cell mitogen pro-
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liferative responses[4]. In clinical practice, as illustrated in 
this report, serum flow lymphocytometry shows absence 
of  B lymphocytes, discrete low CD4 T lymphocyte count 
and inverted CD4/CD8 ratio[9-11].

It has long been known that giardiasis is a frequent 
infection of  the gastrointestinal tract, especially in in-
fants and in developing countries, typically manifesting 
as chronic diarrhea, abdominal cramps and fatigue. The 
diagnosis may be challenging as conventional methods of  
stool examination can lack sensitivity. In cases of  strong 
clinical suspicion, serum serology is of  great value when 
available, though upper digestive endoscopy is a reliable 
tool to demonstrate degree of  duodenal damage and di-
rect diagnosis can be made through histological sample. 
As far as we know, this is the first time in the literature 
that Giardia infection complicated with PLE has been 
reported in an adult patient. In fact, whenever severe 
giardiasis occurs in adulthood, immunodeficiency should 
always be kept in mind because of  humoral IgA-mediat-
ed immunological pathogenicity, and clinical investigation 
should be directed towards this suspicion, even though 
rare in cause.
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Abstract
Enteropathy-associated T-cell lymphoma (EATL) is a 
rare peripheral T-cell lymphoma classified into 2 types, 
with or without celiac disease, based on histology. Type 
2 EATL is less commonly associated with celiac disease, 
in which cells are characterized by being monomorphic 
and small- to medium-sized. Cells are characterized by 
CD8 and CD56 expression and c-MYC oncogene locus 
gain. We present an atypical case of type 2 EATL in the 
jejunum, with human T-lymphotropic virus-1 that was 
CD4- CD8+ CD56- CD30- CD25- TIA-1+ and granzyme 
B+ on immunohistological staining. It also displayed 
translocation of chromosome 8p24 (c-MYC), as de-
termined by fluorescent in situ  hybridization. Mucosal 

spreading and intraepithelial invasion by lymphoma 
with villous atrophy were detected adjacent to the 
mucosal layer. The lymphoma may be derived from in-
traepithelial CD8+ T cells, similar to celiac disease.

© 2012 Baishideng. All rights reserved.

Key words: Enteropathy-associated T-cell lymphoma; 
Celiac disease; Human T-lymphotropic virus-1; Fluores-
cent in situ hybridization; Chromosome 8p24

Peer reviewer: Mitsunori Yamakawa, Professor, Department of 
Pathological Diagnostics, Yamagata University, Faculty of Medi-
cine, 2-2-2 Iida-Nishi, Yamagata 990-9585, Japan

Okumura K, Ikebe M, Shimokama T, Takeshita M, Kinjo N, Sug-
imachi K, Higashi H. An unusual enteropathy-associated T-cell 
lymphoma with MYC translocation arising in a Japanese patient: 
A case report. World J Gastroenterol 2012; 18(19): 2434-2437  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i19/2434.htm  DOI: http://dx.doi.org/10.3748/wjg.v18.i19.
2434

INTRODUCTION
Gastrointestinal lymphomas account for 4%-20% of  all 
non-Hodgkin’s lymphomas. Enteropathy-associated T-cell 
lymphoma (EATL) is a primary extranodal T-cell lympho-
ma arising in the gastrointestinal tract, a rare subtype of  
peripheral T-cell lymphoma, and accounts for less than 1% 
of  all non-Hodgkin’s lymphomas[1-3]. There are two dif-
ferent sub-classifications: type 1 EATL (with) and type 2 
EATL (without) celiac disease[1,4]. The disease is seen with 
greater frequency in areas with a high prevalence of  celiac 
disease, but it is rare in Japan[5]. Type 2 EATL accounts 
for 10%-20% of  cases, and is less commonly associated 
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with celiac disease[1,4]. The tumor cells are monomorphic 
and small- to medium-sized, with infiltration of  the in-
testinal crypt epithelium without inflammation[1,4]. Type 
2 EATL often occurs without a history of  celiac disease 
and shows strong expression of  CD56 (> 90%) and 
CD8 (80%) based on immunohistochemical staining[1]. 

EATL generally has a poor prognosis because it is often 
diagnosed late, has spread, and is therefore refractory to 
treatment. We report a case with human T-lymphotropic 
virus-1 (HTLV-1) in which a type 2 EATL was CD8+, 
CD56-, T cell restricted intracellular antigen-1 (TIA-1)+ 
on immunohistological staining, and possessed a unique 
chromosomal change as determined by fluorescent in situ 
hybridization (FISH).

CASE REPORT
A 66-year-old woman with a past medical history of  hy-
pertension presented to the emergency department with 
a sudden onset of  severe abdominal pain. Her weight 
was 43.5 kg and body mass was 19.7 kg/m2. A physi-
cal examination revealed a high fever (39  ℃) with chills; 
diffuse, severe, constant abdominal pain; and muscular 
guarding. She had experienced abdominal distension for 
a month, but did not have diarrhea, weight loss, a his-
tory of  malnutrition, or a food intolerance. We could not 
detect any palpable peripheral lymph nodes. The labora-
tory data on admission showed mild leukocytosis (white 
blood cell count of  10  400/mm3) and hypoproteinemia 
(total protein 5.4 g/dL). Persistent hypoproteinemia was 
recognized at 4 mo prior, based on previous medical 
records. No atypical lymphocytes were detected in the 
peripheral blood. A computed tomography showed free 
air and wall thickening in the pseudo-aneurysmally dilated 
small bowel within the pelvic area, with a defect of  the 
intestinal wall (Figure 1). Laparotomy was performed and 
showed a pseudo-aneurysmally dilated and perforated 
jejunum 80 cm from the ligament of  Treitz, with mas-
sive purulent ascites fluid. We performed a segmental 
resection of  the lesion and a side-to-side anastomosis. 
The resected jejunum was generally thickened and there 
was diffuse transmural infiltration by monomorphic and 
medium-sized atypical lymphoid cells, with villous atro-
phy of  the intestinal glands (Figure 2A). Intramucosal 
spreading of  lymphoma was found in an adjacent muco-
sal layer, and many atypical intraepithelial lymphocytes 
were detected (Figure 2B and C). Immunohistochemical 
staining was positive for CD3, CD7, CD8, TIA-1 gran-
zyme B, c-MYC and Ki-67, and negative for CD4, CD5, 
CD20, CD25, CD30, CD56, and CCR4 (Figure 2D and 
E). FISH analysis revealed translocation of  chromosome 
8q24 (c-MYC) (Figure 2F). Polymerase chain reaction 
analysis of  TCRγ  gene rearrangements were performed 
using the BIOMED-2 procedure[5]. Rearrangement bands 
were detected in 4 VγIf, Vγ9, Vγ10, Vγ11, and Jγ1.1/2.1, 
and Jγ1.3/2.3 consensus primers. 

Based on these findings, we made a diagnosis of  
type 2 EATL. On postoperative day 10, the patient was 

discharged without any complications. After the diag-
nosis, we performed additional laboratory tests. Serum 
soluble interleukin-2 receptor was elevated (822 U/mL), 
and serum HTLV-1 antibodies were positive. 67 Gallium 
scintigraphy and fluorodeoxyglucose positron-emission 
tomography did not show any site of  involvement. Bone 
marrow biopsy did not reveal malignant cells. Based on 
these results, we diagnosed clinical stage 2E. The patient 
received high-dose chemotherapy with autologous hema-
topoietic cells 6 mo after surgery. 

DISCUSSION
EATL is a rare subtype of  peripheral T-cell lymphoma, 
with an incidence of  0.25% of  all lymphomas in Japan[3,6]. 
Since gluten allergy is uncommon in Japan, it is extremely 
rare for celiac disease to be a basal disorder, and type 
2 EATL is more common than type 1 EATL[5]. EATL 
most commonly arises in the proximal jejunum, and typi-
cally presents with abdominal pain. It is often associated 
with intestinal obstruction, perforation, or bleeding, and 
is diagnosed by histology tests. Type 2 EATL consists of  
monomorphic and small- to medium-sized tumor cells 
that frequently express CD8 and CD56[3]. The prognosis 
of  EATL is usually poor based on results of  conven-
tional combination chemotherapy, although high-dose 
chemotherapy with autologous hematopoietic cell trans-
plantation may have longer survival rates[2,7]. 

The pathological findings of  this case showed mono-
morphic, small- to medium-sized tumor cells with villous 
atrophy of  the mucosa. Combined with the mucosal 
spreading and increased intraepithelial lymphocytes (IELs), 
we made a diagnosis of  type 2 EATL. Type 2 EATL is 
usually positive for CD8 and CD56 (> 90%), but this 
patient was CD56 negative[3]. Several studies have sug-
gested that the Epstein-Barr virus plays an etiological 
role in EATL pathogenesis, but this is still a subject of  
debate. In this case, Epstein-Barr encoded RNAs and 
latent membrane proteins were not expressed, suggesting 
that Epstein-Barr virus was not involved in tumor prolif-
eration. Test results showed HTLV-1 infection based on 
serological antibodies, but the tumor cells were different 
from adult T cell lymphoma/leukemia immunopheno-
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Figure 1 Computed tomography scan of the dilated and perforated small 
bowel. 



type features with respect to CD4, CD8, CD25, CCR4 
and cytotoxic proteins[8]. FISH analysis, however, showed 
gene translocation at 8q24, which is the c-MYC oncogene 
locus. It has been suggested that c-MYC protein plays a 
role in lymphoid proliferation and the apoptotic pathway 
in malignant lymphomas[9]. In type 2 EATL pathogenesis, 
about 70% of  cases show a gain of  8q24, suggesting 
c-MYC is an important transcription factor in EATL[4]. 
We present here the first EATL case with translocation of  
chromosome 8q24 (c-MYC region). 

Some studies suggested chronic inflammation might 
contribute to the development of  neoplastic lymphocyte 
growth in EATL[4,10]. Celiac disease is characterized by 
villous atrophy, crypt hyperplasia, and an increased inva-
sion of  CD8+ IEL. Celiac disease may progress to type 1 
EATL[10], especially in patients with refractory celiac dis-
ease, in which IELs have aberrant phenotypes and genetic 
alterations due to persistent inflammation[4,10]. This is sup-
ported by the fact that refractory celiac disease and type 1 
EATL rarely show aberrant CD8 expression[4,10]. This case 
showed protein-losing enteropathy and lymphoma cells 
with IEL-like features in the mucosa, and villous atrophy. 
We considered the possibility of  persistent enteropathy, 
which is consistent with hypoproteinemia 4 mo before the 
surgery. Celiac-like enteropathy, rare in Japan, is consistent 
with the clinical symptoms, and in this case, persistent 
enteropathy might cause CD8+ IELs to transform to 
neoplastic cells via c-MYC. The immunophenotype of  this 

case was different from typical type 2 EATL cases, regard-
ing CD3+ CD4- CD8+ CD30- CD56-.

In summary, we report the unique case of  a 66-year-
old HTLV-1 woman diagnosed with type 2 EATL, which 
was CD3+ CD4- CD8+ CD30- CD56- on immunostain-
ing, and displayed translocation of  the c-MYC region.
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lymphocytes; B: Mucosal and submucosal invasion by lymphoma cells; C: Lymphoma cells with the characteristics of intraepithelial lymphocytes; D: Expression of 
CD8 by intraepithelial lymphocytes; E: Expression of T cell restricted intracellular antigen-1 by intraepithelial lymphocytes; F: Examination of chromosome 8q24 (c-MYC 
region) using break point rearrangement probe by in situ hybridization. 
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Abstract
Spontaneous hematomas are rare and most occur 
secondary to hematologic disorders or during anticoa-
gulant therapy. Most spontaneous hematomas occur 
above the sigmoid colon, and rarely in the rectum. 
Herein we present the case of a patient with a spon-
taneous perforating hematoma of the rectum who 
presented with severe abdominal pain after a bloody 
stool. The hemoglobin level decreased by 33 g/L within 
20 h. An abdominal sonogram showed a hydrops in 
the lower abdomen with a maximum depth of 7.0 cm. 
A hematoma, 8 cm × 6 cm × 5 cm in size, was noted 
intra-operatively in the rectosigmoid junction, with a 
1.5-cm perforation in the hematoma and active hemor-
rhage. Thus, a partial rectectomy and sigmoidostomy 
were performed. Three months later, a second opera-
tive procedure to re-establish intestinal continuity was 
performed. The patient is in good condition 12 mo after 
the last surgery. In addition to this case, the causes of 
spontaneous perforating hematomas and the treatment 
are discussed.

© 2012 Baishideng. All rights reserved.

Key words: Rectum; Hematoma; Complications; Pro-

thrombin time; Diagnosis; Therapy

Peer reviewers: Dr. Paulino Martínez Hernández Magro, Depart-
ment of Colon and Rectal Surgery, Hospital San José de Celaya, 
Eje Vial Norponiente No 200-509, Colonia Villas de la Hacienda, 
38010 Celaya, Mexico; Damian Casadesus Rodriguez, MD, PhD, 
Calixto Garcia University Hospital, J and University, Vedado, 
Havana City 999075, Cuba

Li ZL, Wang ZJ, Han JG. Spontaneous perforation of an intra-
mural rectal hematoma: Report of a case. World J Gastroenterol 
2012; 18(19): 2438-2440  Available from: URL: http://www.wjg-
net.com/1007-9327/full/v18/i19/2438.htm  DOI: http://dx.doi.
org/10.3748/wjg.v18.i19.2438

INTRODUCTION
Intramural hematomas may occur in every portion of  
the alimentary tract from the esophagus to the sigmoid 
colon, but rarely occur in the rectum. Intramural hemato-
mas most often result from blunt trauma[1]. Non-traumat-
ic spontaneous hematomas usually reflect an underlying 
blood dyscrasia, anticoagulant therapy, and hematologic 
diseases[2]. Spontaneous rectal hematomas have rarely 
been reported. Herein we present this unusual case of  a 
spontaneous perforating hematoma. 

CASE REPORT
A 52-year-old male was admitted to our hospital with 
a 20-h history of  severe abdominal pain after passing a 
small amount of  bloody stool. The patient had no history 
of  trauma before admission and clearly related the acute 
onset of  pain with straining to have a bowel movement. 
The patient had 5-year history of  oral warfarin sodium 
use after mitral valve replacement and coronary stent 
implantation. The physical examination revealed diffuse 
abdominal tenderness, rebound tenderness, widespread 
perianal ecchymosis, and muscular tension without na-
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usea and vomiting (Figure 1). There was a persistent 
drop in hemoglobin from 94 g/L to 61 g/L over a 20-h 
interval. The prothrombin time was prolonged (44.40 s; 
approximately four times the normal prothrombin time). 
An abdominal sonogram showed a large hydrops in the 
lower abdomen with a maximum depth of  7.0 cm. After 
admission, active resistance to shock treatment was given, 
and the abdominal symptoms did not remit, thus emer-
gent surgery was performed. A palpable hematoma, 8 
cm × 6 cm × 5 cm in size, was noted in the rectosigmoid 
junction intra-operatively (Figure 2). Furthermore, there 
was a perforation in the hematoma, 1.5 cm in diameter, 
and active hemorrhage. After confirming that the per-
forating hematoma of  the rectum was the cause of  the 
generalized peritonitis and the extensive oozing of  blood 
could not be stopped, a partial rectectomy and sigmoid-
ostomy were performed. A histopathologic examination 
of  the removed specimen revealed extensive oozing of  
blood in the muscular layer of  the rectum and fibrinoid 
necrosis within the vascular wall (Figure 3). The patient 
recovered without complications and was discharged 
on the 8th post-operative day. Three months later, the 
patient returned for re-establishment of  intestinal conti-
nuity. The patient was in good health and completely as-
ymptomatic during the 12-mo follow-up period after the 
second surgical procedure.

DISCUSSION
Intramural hematomas of  the alimentary tract are un-
usual. Intramural hematomas mainly occur above the 
sigmoid colon, and rarely in the rectum. The duodenum 
is the most common site for intramural hematomas[1]. In 
a review of  the medical literature, most rectal intramural 
hematomas occur following blunt trauma. Spontaneous 
perforating hematomas of  the rectum have rarely been 
reported[3].

Of  all intramural hematomas, 15%-36% are sponta-
neous in patients with underlying hematologic diseases or 
on anticoagulant therapy[2]. As shown in the current case, 
the patient had a long history of  oral warfarin sodium 
use, and the prothrombin time was prolonged to 44.40 s, 
which is approximately four times the normal prothrom-
bin time. Anticoagulation-induced intramural hematomas 
can occur in patients with therapeutic prothrombin times, 
but the majority of  intramural hematomas occur in pa-
tients with abnormally prolonged prothrombin times[2]. 
Thus, anticoagulant therapy was thought to be closely 
related with the hematoma in this patient. In addition, 
increased abdominal pressure during straining may play 
an important role in hematoma formation. Specifically, 
when a patient strains to have a bowel movement, the 
abdominal pressure increases and the rectum contracts. 
The contracted rectum increases the intramural pres-
sure which leads to decreased vascular compliance, and 
even rupture, thus causing a rectal intramural hematoma. 
When the pressure of  the intramural hematoma is greater 
than the capacity of  the hematoma wall, the hematoma 
breaks and clinical symptoms appear. 

Most patients with intramural hematomas present 
with signs of  intestinal obstruction[3]. Conservative ther-
apy is usually sufficient because the hematomas will un-
dergo spontaneous resorption[4], but treatment decisions 
depend on the symptoms and clinical findings[4,5]. Relief  
of  the tamponade effect during conservative therapy 
could lead to further bleeding[1]. In patients in whom the 
cause of  obstruction is not known, or in patients with 
complete obstruction or who have failed medical man-
agement, surgical intervention is required[6]. Draining the 
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Figure 1  Pre-operative photograph of the perineum (knee-chest position) 
revealing widespread perianal ecchymosis (marked with black arrows). 

Figure 2  Intra-operative photograph of a large intramural hematoma aris-
ing beneath the rectosigmoid junction. 

Figure 3  Extensive oozing of blood in the muscular layer of the resected 
rectal and fibrinoid necrosis within the vascular wall (hematoxylin and eo-
sion stain, × 20). 



hematoma might increase the risk of  serious infection, as 
reported previously[7]. According to the decreasing hemo-
globin concentration and failed conservative therapy, we 
performed a partial rectectomy and sigmoidostomy. The 
patient recovered without complications.

Therefore, testing prothrombin times regularly and 
avoiding severe abdominal pressure in a patient who has 
a long-term oral anticoagulant drug history might help 
prevent complications associated with intramural hema-
tomas, such as perforation.
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Abstract
To present problems that might severely impact the 
conclusions drawn by the authors of an article on 
antioxidant treatment in chronic pancreatitis (World 
J Gastroenterol  2010; 16: 4066-4071). We analyzed 
and discussed this paper by Shah et al , and found that 
promising as it is, this study has some methodological 
shortcomings, such as: cross-sectional nature of the 
study, lack of initial evaluations of quality of life and 
regular follow-ups to determine the dynamics and real 
directions of changes in quality of life. We therefore 
concluded that the results of the study by Shah et al 
are biased and, although very promising, should not be 
considered as scientifically relevant.
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TO THE EDITOR
We have read with great interest an article by Shah et al[1] 
(World J Gastroenterol 2010; 16: 4066-4071). Exciting news 
about the clinical use of  antioxidant therapy seem to open 
an entirely new chapter in treatment of  chronic pancreati-
tis. We have already published information on possibilities 
concerning the role of  oxygen free radicals in experimental 
acute pancreatitis as well as the potential role of  antioxi-
dants in treatment the disease[2]. As a team of  scientists 
and clinicians intensively involved in the treatment of  pan-
creatic chronic pain, we have found the study presented by 
Shah et al[1] very promising.

Unfortunately, despite very good rationale and bioche-
mical background, the manuscript cannot be considered 
as free of  significant bias, that most probably severely 
impacts the final conclusions. The pain and quality of  
life (QoL) scores were obtained only after a 6-mo period 
of  follow-up, there was no initial score at the beginning 
of  the therapy. Moreover, the authors presented only 
measurement of  pain and QoL, which does not seem 
to be sufficient in context of  complexity of  interactions 
(such as social and emotional) that chronic pancreatitis 
patients may experience[3,4]. In that circumstances, we 
would recommend that follow-up measurements should 
be made every month, as presented in other studies on 
pain in chronic pancreatitis and/or pancreatic cancer[3,4]. 
Lack of  initial information, randomization and pain and 
QoL dynamics assessment leaves a suspicion that the 
patients treated with antioxidants suffered from less pain, 
had better QoL and consumed less opioids from the very 
beginning of  this doubtlessly non-prospective, uncontrol-

LETTERS TO THE EDITOR 

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v18.i19.2441

2441 May 21, 2012|Volume 18|Issue 19|WJG|www.wjgnet.com

World J Gastroenterol  2012 May 21; 18(19): 2441-2442
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2012 Baishideng. All rights reserved.



led trial. Significant differences in almost every variable of  
QLQ-C30 seem to confirm our point of  view. It is diff-
icult to explain in any psychological paradigm or bioche-
mical formulae, what possible influence could antioxidant 
therapy exert on cognitive or emotional functioning or, 
most interestingly on body image, alcohol-related guilt or 
even financial problems.

To sum up, we believe that antioxidants may offer a very 
interesting and promising supplementation to the treatment 
of  chronic pancreatitis, but unfortunately, methodological 
problems presented in the article of  Shah et al[1] completely 
disqualify the conclusions of  the authors. We would be 
most happy to see a randomized prospective trial with 
dynamic evaluations that would confirm the results pre-
sented in this article.
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GENERAL INFORMATION
World Journal of  Gastroenterology (World J Gastroenterol, WJG, print 
ISSN 1007-9327, online ISSN 2219-2840, DOI: 10.3748) is a 
weekly, open-access (OA), peer-reviewed journal supported by an 
editorial board of  1352 experts in gastroenterology and hepatol-
ogy from 64 countries.

The biggest advantage of  the OA model is that it provides 
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 
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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, 
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Text
For articles of  these sections, original articles and brief  arti-
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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-
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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 
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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-
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