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INTRODUCTION World Journal of  Gastroenterology is an international, open-access, peer-reviewed, and multi-
disciplinary weekly journal that serves gastroenterologists and hepatologists. The biggest 
advantage of  the open access 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 approach that 
may achieve the ultimate goal of  the journals, i.e. the maximization of  the values of  the readers, 
the authors and the society. 

Maximization of  the value of  the readers can be comprehended in two ways. First, the journal 
publishes articles that can be directly read or downloaded free of  charge at any time, which attracts 
more readers. Second, the readers can apply the knowledge in clinical practice without delay after 
reading and understanding the information in their fields. In addition, the readers are encouraged 
to propose new ideas based on those of  the authors, or to provide viewpoints that are different 
from those of  the authors. Such discussions or debates among different schools of  thought will 
definitely boost advancements and developments in the fields. Maximization of  the value of  
the authors refers to the fact that these journals provide a platform that promotes the speed of  
propagation and communication to a maximum extent. This is also what the authors really need. 
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Abstract
This report presents a survey of current knowledge 
concerning one of the relatively frequent and severe 
complications of liver cirrhosis and associated ascites-
spontaneous bacterial peritonitis. Epidemiology, 
aetiology, pathogenesis, clinical manifestation, diagnosis 
and present possibilities of treatment are discussed.
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INTRODUCTION
Spontaneous bacterial peritonitis (SBP) is defined as an 
infection of  initially sterile ascitic fluid (AF) without a 
detectable, surgically treatable source of  infection[1]. It is 
a frequent and severe complication of  cirrhotic ascites, 
first described in the middle of  the 1960s[2]. Sometimes 
spontaneous infection of  ascites is divided into three 
subgroups: (1) Spontaneous bacterial peritonitis is 
defined as a positive bacterial finding in ascites, together 
with increased polymorphonuclear leukocytes in ascites 
(> 250 cells/mm3)[3]. Microorganisms responsible for 
SBP are isolated in 60%-70% of  cases. (2) Culture-
negative neutrocytic ascites (CNNA) - ascites is sterile, 
bacterial infection is not demonstrable by culturing, only 
an increased number of  polymorphonuclear leukocytes 
above the limit of  250 cells/mm3 is revealed. Of  course, 
it is necessary to eliminate another cause of  increased 
leukocytes in ascites, e.g. previous antibiotic therapy, 
hepatocellular carcinoma, peritoneal carcinomatosis 
or tuberculosis, pancreatitis or bleeding into ascitic 
fluid. If  the sample of  ascites contains blood, SBP 
diagnosis is made by finding more than one neutrophilic 
granulocyte per 250 erythrocytes. If  left untreated, 
about one-third of  cases can show, after some time, 
positive bacteriological findings. Both symptoms and 
mortality in patients with CNNA are similar to the 
course of  disease in patients with diagnosed SBP; 
33%-57% of  these patients also show a positive blood 
culture, which provides evidence of  a systemic bacterial 
infection. Infection is also confirmed by the fact that in 
patients with previous CNNA, there is a more frequent 
occurrence of  SBP and vice versa[4]. (3) Monomicrobial 
non-neutrocytic bacterascites (or only bacterascites) has 
rarely been described. In this disorder, positive bacterial 
cultivation is presented without increased leukocytes. It is 
usually revealed in Child-Pugh class A patients. Recovery 
from bacterascites can be spontaneous (in 60%-80%), 
or it can develop into typical SBP. Bacterascites is often 
quite asymptomatic, and antibiotics should only be used 
if  symptoms appear and cultivation finding is persistent.

As mentioned above, SBP and CNNA are identical, 
both from the clinical point of  view and the therapeutic 
approach; therefore, the consensus conference of  the 
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International Ascites Club[5] has recommended not to 
differentiate between these two entities; even in the 
case of  CNNA, SBP is spoken about, and an increased 
number of  neutrophils in ascites is sufficient for the 
diagnosis. A spontaneous infection complicating ascites 
may appear even in malignant ascites[6], however, it is 
found most often in cirrhotic ascites.

Early, mostly retrospective, studies described SBP 
in about 8% of  patients with ascites; later prospective 
trials revealed SBP in 10%-30% of  patients with ascites 
admitted to hospital[5,7,8]. SBP is found in about 5% of  
non-selected outpatients[9]. Lethality is very high. Older 
studies reported 80%-100% lethality connected with 
SBP[10], which was probably given partly by the generally 
worse therapeutic possibilities in cirrhotic patients and 
lack of  availability of  effective antibiotics, but better 
results - 20%-40% as reported in later studies[11] - are, to 
a certain extent, due to early diagnosis and treatment. 

However, lethality has not decreased over recent years[12]. 
Even the long-term prognosis in these patients has been 
unfavourable. In 40%-70% of  patients, SBP relapses within 
1 year[11]. One-year survival after previous SBP patients is 
only 30%-40%, two-year survival is 20% and in patients 
with a Child-Pugh score > 10 survival is even lower[13].

AETIOLOGY
G- bacteria are found in 65% of  positive culture results-
Escherichia coli (E. coli) and Klebsiellae are the most common 
and second most common agents, respectively[14]. The 
remaining agents are represented by G+ cocci[1,7]. There is 
a difference in bacteria responsible for SBP in hospitalised 
and non-hospitalised patients. G- bacteria prevail in the 
first group of  patients, while G+ bacteria are found in the 
latter[9]. 

Experiments modelling hepatic cirrhosis and the 
accompanying SBP in a rat resulted in discovery of  agents 
in AF that differed from those in humans. It was mainly 
Enterococcus faecalis that was isolated from AF in the rat 
affected by cirrhosis induced by tetrachloromethane and 
SBP was of  polymicrobial origin in one half  of  cases[15]. 
None of  the above findings is typical of  human patients 
suffering from SBP.

PATHOGENESIS
Bacteria participating in SBP come from the digestive 
tract. Extraintestinal bacteria such as those from the 
respiratory apparatus, urogenital tract or skin are much 
less frequent. Catheters and other equipment used during 
invasive procedures represent another possible source of  
infection. It is currently hypothesised that SBP follows 
an episode of  bacteremia during which, due to the 
constant exchange of  fluids between the peritoneal and 
intravascular space, AF gets infected[14]. The development 
of  SBP thus depends on the antibacterial capacity of  
AF (the so-called opsonin activity) which is positively 
correlated to the content of  the total protein in AF and 
the immunocompetence of  the patient. The organism 
reacts to the infection of  AF by activating neutrophilic 

granulocytes which migrate into the peritoneal cavity 
and trigger a complex cytokine cascade; the fact being 
documented, for example, by increased concentrations of  
interleukin 6 and tumour necrosis factor α in AF.

There are four key elements of  SBP pathogenesis: 
(1) small intestinal bacterial overgrowth, (2) increased 
intestinal permeability, (3) bacterial translocation, and 
(4) immunosuppression. These key elements are not 
separate, but interlinked. 

Small intestinal bacterial overgrowth (SIBO)
Considering bacteria commonly found in the gastro-
intestinal tract, only some of  them frequently participate 
in translocation. The most frequent bacteria are E. coli, 
Proteus spp., K. pneumoniae and other Enterobacteriaceae, 
Pseudomonas aeruginosa, enterococci, streptococci and staphylococci - 
i.e. organisms causing infections in immunocompromised 
individuals. Bacterial small intestinal overgrowth creates 
conditions favourable for translocation of  the above-
mentioned bacteria. Liver cirrhosis is one of  the conditions 
accompanied by SIBO. The main reasons for SIBO in 
patients affected by liver cirrhosis can be summarised as 
reduced intestinal passage, abnormalities in bile secretion, 
hypochlorhydria, abnormalities in IgA production and 
malnutrition[16]. A total of  20%-60% cirrhotic patients 
are affected by bacterial overgrowth. SBP is more often 
diagnosed in alcoholics affected by liver cirrhosis and 
SIBO as compared to patients affected in the same 
way but without SIBO[17]. Some authors are doubtful 
about the importance of  SIBO in the pathogenesis of  
SBP[18]; according to this study, SIBO is associated with 
the use of  drugs decreasing secretion of  HCl and this 
therapeutic approach can increase the risk of  SBP. Bacterial 
translocation found in a healthy individual after ingestion 
of  extremely high numbers of  microorganisms[19] can serve 
as a distant parallel of  the relationship between SIBO and 
bacterial translocation.

Increased intestinal permeability
In severely ill patients, such as those with liver cirrhosis, 
small intestinal motility is impaired, resulting in bacterial 
overgrowth and the related translocation of  microbes 
through dysfunctional mucosal barrier. The increased 
intestinal permeability and thus impaired function of  the 
intestinal barrier are mainly due to portal hypertension. The 
consequences are dilated vessels in the intestinal mucosa, 
oedema of  the lamina propria mucosae, fibromuscular 
proliferation, hypertrophy of  the lamina muscularis 
mucosae and compromised integrity of  the intestinal 
mucosa. Portal hypertension can play an important role, 
as can the toxic effects of  alcohol, bile secretion disorders, 
malnutrition, decreased secretion of  growth factors (insulin-
like growth factor Ⅰ), changes in the composition and flow 
of  bile, or higher levels of  nitric oxide. Increased intestinal 
permeability is likely to be proportional to the degree of  
portal hypertension, but independent of  the severity and 
aetiology of  liver disease[20,21]. 

Bacterial translocation
The term bacterial translocation was first used in 1979[22]. 
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Bacterial translocation is defined as either active or 
passive penetration of  living microorganisms and their 
toxic products through the mucosal epithelial layer to 
the lamina propria mucosae. From there, microbes 
migrate to mesenteric lymph nodes and/or extraintestinal 
sites. Under normal circumstances, there are only small 
numbers of  bacteria readily destroyed by the immune 
system in the lamina propria mucosae. Translocation is 
only possible if  their numbers are high, up to 108 bacteria 
in 1 g of  faeces[17].

According to clinical significance, there are four 
degrees of  bacterial translocation. Degree 0: Bacteria 
and/or their components penetrate the mucosa by various 
mechanisms: active intracellular penetration, diffusion, 
absorption, endocytosis or phagocytosis by macrophages; 
Degree 1: Bacteria and/or their components enter the 
mesenteric lymphatic system and penetrate it centripetally; 
Degree 2: Bacteria and/or their components are already 
detectable in the systemic circulation and certain organs. 
They may also pass directly into small intestinal venules 
and from there into the portal circulation. Some of  the 
bacteria are probably even capable of  intracellular passage 
through the muscularis propria into the peritoneal cavity; 
Degree 3: The organism is systemically overwhelmed 
by bacteria and/or their components, leading to a septic 
response.

Bacteria escaping both phagocytosis and destruction 
by the complement system may even get into the blood-
stream. Enterobacteria, staphylococci and enterococci are capable 
of  translocation, i.e. passing live across the intestinal epi-
thelium to the mesenteric lymph nodes, blood and other 
organs, whereas most anaerobic organisms lack this ability. 
Bacterial translocation may be confirmed by positive cul-
ture from the mesenteric lymph nodes. The main mecha-
nisms underlying the translocation are deficient local mu-
cosal immune response, lower phagocytic activity of  both 
macrophages and neutrophils, increased permeability of  
the intestinal barrier and the above-mentioned intestinal 
bacterial overgrowth[16,17].

Immunosuppression
Patients with liver cirrhosis suffer from decreased phago-
cytic activity of  neutrophilic granulocytes and the mono-
nuclear phagocytic system, deteriorated humoral immuni-
ty and decreased opsonin activity of  AF[23]. Neutrophilic 
granulocytes of  patients with hepatic cirrhosis show not 
only a decrease in the phagocytic activity, but also intra-
cellular destruction of  bacteria, deteriorated metabolic 
activities, frequent apoptosis and considerably reduced 
chemotaxis. For proper protection against bacteria, neu-
trophilic granulocytes have first to adhere to the vascular 
endothelium, then migrate to the endothelial cellular 
junctions, pass through by diapedesis and migrate further 
into the target tissue. Neutrophilic granulocytes of  cir-
rhotic patients adhere to the vascular endothelium to a 
greater extent and their transendothelial migration is thus 
decreased[24]. Neutrophilic granulocytes show decreased 
chemotaxis probably due to the presence of  inhibitors of  
chemotaxis in the blood plasma of  the cirrhotic. 

The opsonin activity of  AF correlates with the 
concentration of  immunoglobulins, complement, 
fibronectin and total protein in AF[5,25]. Patients with a 
reduced total protein content in AF are prone to the 
development of  SBP. 

CLINICAL MANIFESTATION
SBP is particularly revealed in patients with more severe 
liver functional damage (Child-Pugh classification C), 
often after bleeding from the upper gastrointestinal tract 
due to portal hypertension and often recurs. The clinical 
picture is non-specific. In a lot of  cases the infection is 
quite asymptomatic, common signs - subfebrile states, 
diffuse abdominal pain - are not very conspicuous. They 
are frequently manifested only by the occurrence or 
deepening of  symptoms that accompany the course of  
liver cirrhosis - increased ascites and failure of  diuretic 
therapy, deteriorated encephalopathy, vomiting, etc. 
Therefore, an active search for the ascites infection is 
necessary. 

Diagnostic paracentesis with leukocyte investigation 
is recommended in all patients with ascites admitted to 
hospital as well as in cirrhotics (whether in hospital or 
not) with worsened ascites, who have presented with 
signs of  abdominal or systemic infection (abdominal 
pain or tenderness, disturbed intestinal passage, fever, 
acidosis, peripheral leukocytosis) or with encephalopathy 
or worsened renal functions[5]. An active approach to the 
SBP diagnosis is extraordinarily important even from the 
prognostic point of  view. If  SBP is diagnosed at the first 
paracentesis carried out in all patients hospitalised with 
ascites, this infection has no influence on the patient’s 
prognosis. However, if  SBP appears over the course of  
studying these patients, the risk of  lethality increases two-
fold[26]. This can probably be explained by the damaged 
renal function under a longer-lasting untreated infection.

High lethality is not primarily associated with the 
severity of  the infection, and patients do not die of  sepsis. 
An infection only worsens the changes present in cirrhotic 
patients, especially blood supply and renal function[27]. 
Splanchnic vasodilatation occurring in cirrhotics is 
worsened due to endotoxemia; effective arterial blood 
volume decreases which can damage renal function and 
can cause hepatorenal syndrome. Patients who showed 
a higher level of  urea and higher portal pressure at the 
moment of  diagnosis of  an infection are threatened with 
renal failure and the associated high lethality[28].

DIAGNOSIS
Diagnosis is relatively easy. SBP is diagnosed by revealing 
polymorphonuclear leukocytes in ascites > 250 cells/mm3  
(less accurately at the increase of  all leukocytes over 
400/mm3). Reagent papers used for examining leukocytes 
in urine could be used for the immediate detection of  
leukocytes in ascites[29] although the sensitivity is not 
sufficient. A positive cultivation finding is not necessary 
for diagnosing SBP, it is usually revealed in about 30% of  
cases. Some trials have mentioned a higher bacteriological 
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detection if  ascites is inoculated on the medium at the 
bedside as it is carried out for the investigation of  blood 
culture - BactAlert test[30]- however, the advantage of  this 
test has not been demonstrated by other studies[8,31].

In the case of  diagnostic doubts, the serum procalci-
tonin level (the limit of  0.75 ng/mL has 95% sensitivity, and 
98% specificity) or the interleukin 6 level in ascites (the limit 
of  5.0 ng/mL has 100% sensitivity) may be determined[32]. 
Nowadays, examination of  the ascites pH (for the diagnosis 
of  SBP < 7.35) or arterial: ascites pH gradient (> 0.1) as 
recommended previously is no longer used.

TREATMENT
Therapy should be initiated immediately after revealing 
increased leukocytes in ascites. Empiric antibiotic therapy, 
e.g. an intravenous third-generation cephalosporin, prefer-
ably cefotaxime in a single dose of  2 g is the recommend-
ed antibiotic drug. Mostly, it is sufficient to administer 
cefotaxime every 8 h as this regimen is as effective as its 
administration every 6 h[33]. Even a shorter length of  ap-
plication is possible, cefotaxime administered every 8 h for 
5 d has the same effects as its 10 d application and from a 
practical and financial point of  view, this regimen seems to 
be the most suitable. Two 3rd generation cephalosporins 
may alternatively be used-cefonicid (2 g every 12 h) or cef-
triaxone 2 g/d[34]. In uncomplicated SBP (i.e. if  diagnosed 
during preventive examination of  ascites without clinical 
signs of  infection) a combination of  amoxicillin, clavu-
lanic acid[35], or ofloxacin 400 mg may be administered 
every 12 h for a period of  7-10 d[36]. Although more than 
10 therapeutic studies have been published since 1985, 
clear proof  of  the efficacy of  these antibiotics supported 
by evidence-based medicine is still missing, and treatment 
is based more on clinical experience[37]. Moreover, there 
are reports on increasing occurrence of  enterobacteria 
resistant to the 3rd generation cephalosporins[38], there-
fore, a large, well-designed randomised trial is necessary 
to ensure explicit demonstration of  the effectiveness of  
each antibiotic drug.

As mentioned above, the high lethality is associated 
with damaged renal function due to impaired hypovole-
mia. Therefore, the efforts of  expansion of  intravascular 
volume could be contributory, and some studies have 
demonstrated that simultaneous application of  albumin 
(as plasma expander) at a dose of  1.5 g/kg during the 
first 6 h and 1 g/kg on the 3rd d together with antibiot-
ics decreased both the occurrence of  renal damage and 
lethality[39]. This albumin replacement is recommended in 
patients with even clinical suspicion of  SBP and serum 
creatinine > 1 mg/dL, blood urea nitrogen > 30 mg/dL, 
or total bilirubin > 4 mg/dL.

Preventive treatment
Three groups of  patients are at higher risk of  SBP-
patients with gastrointestinal bleeding, patients who 
have survived an episode of  SBP and patients with low 
opsonic activity of  ascites. 

Preventive administration of  antibiotics is recom-
mended in the first two groups. Intravenous ceftriaxone 

for 7 d or norfloxacin 400 mg twice a day for 7 d 
should be administered to prevent bacterial infections 
in patients with cirrhosis and gastrointestinal bleeding. 
Patients who have survived an episode of  SBP should 
receive long-term prophylaxis with daily norfloxacin  
(400 mg once a day)[40] or trimethoprim/sulfamethoxa-
zole. In these patients, liver transplantation should be 
considered as the lethality after passed SBP is higher 
than that after liver transplantation[5,13]. If  transplanta-
tion is indicated, antibiotics should be applied until the 
operation. If  transplantation is not indicated, according 
to literature, they should be applied for the rest of  the 
patient’s life. However, in clinical practice, an individual 
approach to each patient has been recommended.

Preventive application of  antibiotics in the last group of  
patients at higher risk of  infection - patients with the ascitic 
fluid protein < 15 g/L (i.e. with low opsonin activity) has 
not been generally recommended so far[41]. Long-term use 
of  norfloxacin (or trimethoprim/sulfamethoxazole) can 
be justified in these patients if  at least one of  the following 
is present together with a low level of  protein: serum 
creatinine > 1.2 mg/dL, blood urea nitrogen > 25 mg/dL, 
serum sodium < 130 mEq/L or Child-Pugh > 9 points 
with bilirubin > 3 mg/dL[42]. 

Intraperitoneal re-infusion of  concentrated ascites 
can effectively increase the protein level and opsonic 
activity of  ascites[43]. On the other hand, it is not clear if  
just this procedure can reduce the risk of  SBP in patients 
with low ascitic fluid protein. 

Reports on possible influencing of  bacterial translo-
cation (and thus the development of  SBP) using proki-
netics[44,45] or probiotics[46] have appeared in the literature. 

CONCLUSION
Spontaneous infection of  ascites is a very frequent 
and severe complication of  ascites occurring in a high 
number of  patients admitted to hospital with ascites. 
This infection must be actively searched for. Diagnostic 
paracentesis must be performed with examination of  
polymorphonuclear leukocytes in ascites in all patients 
suffering from ascites at the moment of  their admission to 
hospital as well as in all cirrhotics with a sudden increase 
of  ascites or worsening of  their general condition.

If  the number of  polymorphonuclear leukocytes in 
ascites exceeds 250 cells/mm3, a positive bacteriological 
finding is not necessary, SBP is diagnosed and cefotaxime 
at the minimum dose of  2 g every 8 h for 5 d is admini-
stered. If  patient has no clinical symptoms and SBP 
was diagnosed during preventive examination, ofloxacin  
400 mg every 12 h for 7-10 d is an alternative. Although 
more studies are lacking, prevention of  the development 
of  simultaneous renal damage due to severe hypovolemia 
by administration of  plasma expander (albumin at a dose 
of  1.5 g/kg during the first 6 h, and 1 g/kg on the third 
day) seems to decrease lethality. 

Preventive application of  antibiotics is indicated in 
two groups of  patients with a high risk of  developing 
SBP. Norfloxacin 400 mg twice a day is recommended 
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in patients with bleeding from the upper gastrointestinal 
tract and portal hypertension. The other group involves 
patients with previous SBP. As secondary prevention, 
norfloxacin 400 mg once a day is administered. Liver 
transplantation is recommended and antibiotics are 
applied until the surgery. Long-term administration 
(lifelong according to literature) is indicated in patients 
who are not indicated for transplantation.
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Abstract
Hepatocellular carcinoma (HCC) is the commonest 
primary malignancy of the liver. It usually occurs in 
the setting of chronic liver disease and has a poor 
prognosis if untreated. Orthotopic liver transplantation 
(OLT) is a suitable therapeutic option for early, 
unresectable HCC particularly in the setting of chronic 
liver disease. Following on from disappointing initial 
results, the seminal study by Mazzaferro et al  in 1996 
established OLT as a viable treatment for HCC. In this 
study, the “Milan criteria” were applied achieving a 
4-year survival rate similar to OLT for benign disease. 
Since then various groups have attempted to expand 
these criteria whilst maintaining long term survival 
rates. The technique of living donor liver transplantation 
has evolved over the past decade, particularly in Asia, 
and published outcome data is comparable to that of 
OLT. This article will review the evidence, indications, 
and the future direction of liver transplantation for liver 
cancer.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the third most 
common cause of  cancer death and the fifth most 
prevalent cancer in the world[1]. Cirrhosis itself  is the 
major risk factor for the development of  HCC[2-6]. 
Overall, 80%-90% of  HCC develop in the context of  
liver cirrhosis[7]. Hepatitis B infection (HBV) particularly, 
can cause HCC in the absence of  cirrhosis as a result 
of  its direct carcinogenic effect[8]. Hepatitis B is the 
commonest cause of  chronic liver disease in the East, 
whereas hepatitis C (HCV) and alcohol predominate in 
the West[9]. This has resulted in widespread geographical 
variation in HCC prevalence. In particular, in Asia and 
sub-Saharan Africa the incidence is far higher than in 
North America and Europe. In our Unit in London, 
70% of  patients with HCC on the background of  liver 
disease have underlying chronic viral hepatitis; 40% 
have HCV, 30% HBV and a minority have a combined 
etiology including viral, steatohepatitis and/or alcoholic 
chronic liver disease.

The incidence of  HCC is increasing in many parts of  
the world[10]. In the United States, for example, the rate 
of  HCC has increased by 80% over the past 20 years[11]. 
This may be partly due to the fact that screening for 
HCC in patients with cirrhosis has become established 
practice. However, in our Unit over the past 5 years, only 
55% of  patients with HCC had their cancer detected as 
part of  a screening program. Another likely reason for 
rising HCC incidence is the increasing burden of  chronic 
viral hepatitis. In addition to HBV and HCV, both fatty 
liver disease and alcohol-related liver disease continue to 
rise. As a result, it is predicted that HCC prevalence will 
increase further over the coming decades. 

Without specific treatment the prognosis is poor 
with median survival of  early and advanced HCC being 
6-9 mo and 1-2 mo, respectively[12]. Tumor resection 
in the context of  cirrhosis and portal hypertension 
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leaves a residual cirrhotic liver which remains at risk 
of  developing new lesions and a liver which is at risk 
of  decompensation. Recurrence rates of  50%-70% 
have been reported after resection of  HCC[13]. Many 
patients have advanced cirrhosis at presentation and 
are not eligible for resection. In addition, HCC is often 
multifocal and thus resection is not feasible.

EvOlUTION
The initial liver transplants were performed by Starlz in 
1963[14]. Four years elapsed before there was a long term 
survivor[15]. Over the subsequent decades advances in 
organ preservation and particularly prevention of  organ 
rejection led to a steady rise in both transplant numbers 
and outcomes. With the widespread acceptance of  OLT, 
transplantation for HCC was attempted. Unfortunately, 
the initial results of  OLT for HCC showed disappointing 
short and long term survival rates and high levels of  
tumor recurrence[16]. 

Given the huge demand for organs, transplantation 
needed to be limited to those with a good prognosis, and 
liver transplantation continued to flourish as the definitive 
treatment of  end stage liver disease. A change in thinking 
arose from the following two observations. Firstly, finding 
small unexpected HCC in explanted livers did not affect 
the outcome of  OLT[17]. Secondly, there was no significant 
difference in terms of  overall survival between liver 
transplantation and resection in cirrhotic patients with 
hepatocellular carcinoma[18]. Furthermore, in small tumors, 
< 3 cm, whether uni- or bi-nodular, transplantation 
resulted in better survival than resection. This culminated 
in the development of  the “Milan criteria” which has 
cemented OLT as an effective treatment for HCC.

MIlaN CRITERIa
The seminal study by Mazzaferro et al[19] in 1996 es-
tablished OLT as a viable treatment for HCC. In this 
study in Milan, Italy, 48 patients with HCC and cir-
rhosis were followed and transplanted. Twenty eight 
patients had preoperative therapy, mainly transarterial 
chemoembolization (TACE). All patients fulfilled the 
following restrictive radiographic criteria: single lesion ≤  
5 cm, up to 3 separate lesions all less than 3 cm, no 
evidence of  vascular invasion, no nodal or distant me-
tastases. The aim of  the criteria was to achieve a good 
prognosis in those who fulfilled them, avoiding a poor 
prognosis in those who exceeded them. The overall ac-
tuarial survival after 26 mo was 75% and recurrence-free 
survival was 83%. Patients who fulfilled these criteria on 
the basis of  explant pathology had actuarial survival of  
85% and recurrence-free survival of  92%. These rates 
are not dissimilar to the outcome of  patients undergoing 
OLT without HCC. These criteria have become known 
as the “Milan criteria” and these results have been con-
firmed throughout the world. 

ExpaNDED CRITERIa
Since the acceptance of  OLT for the treatment of  HCC, 

excellent post-transplant survival has been reported 
in many centers. With increasing experience of  OLT 
many centers have recognized that many explanted 
livers have had HCC beyond the size described in the 
“Milan criteria”. These transplanted patients have been 
followed over time and many have had excellent 1- and 
5-year survival. Also, advances in imaging have occurred 
in the past decade since these criteria were originally 
published. As a result several groups have attempted 
to broaden the restrictive limits. A group from the 
University of  California at San Francisco (UCSF) have 
reported a 5-year survival of  75% using less restrictive 
criteria derived by retrospectively analyzing 2000 patients 
undergoing OLT[20]. This was achieved by using the 
following criteria: a maximum tumor size 6.5 cm or 2 
lesions < 4.5 cm diameter with a total tumor diameter 
< 8 cm. The same group validated the ‘San Francisco 
criteria’ on 168 patients based on preoperative imaging 
assessments[21]. Various other groups have published 
expanded criteria with results not dissimilar to the 
original “Milan criteria”[22-28]. The same group in Milan 
has recently published retrospective data regarding 
outcome in 1112 patients exceeding the original Milan 
criteria[29]. In this study, a 71.2% 5-year overall survival 
could be achieved using the “up-to-7” criteria (HCC with 
7 as the sum of  the largest tumor (cm) and the number 
of  tumors). It is clear that the larger the tumor size and 
number, the worse the outcome. Tumor understaging, 
by preoperative imaging of  patients has been one of  the 
major concerns for liberalizing the “Milan criteria”[30-32]. 
Also, there can be significant tumor progression during 
the waiting time to transplantation[33]. At the present 
time, the “Milan criteria” remains the only universally 
accepted and recurrently validated criteria.

COMpaRIsON Of OlT TO OThER 
TREaTMENT sTRaTEgIEs
Various treatment options are available for HCC 
including the surgical options as outlined above, and 
local ablative techniques such as radiofrequency ablation 
(RFA), transarterial chemoembolization (TACE), 
and percutaneous ethanol injection (PEI). Systemic 
chemotherapy has been unsuccessful in the studies thus 
far[34]. The local ablative treatments themselves are used 
as a palliative procedure or as a bridge to resection or 
transplantation. The only curative treatments are that of  
hepatic resection or transplantation.

The published observational studies to date 
suggest survival following OLT is at least as good as 
following resection in patients with adequate hepatic 
reserve[18]. Liver resection can leave residual liver which 
is of  insufficient size to provide adequate function and 
as stated before, has the possibility of  developing further 
lesions. In patients with well-compensated cirrhosis 
(Child Pugh A) and HCC, the decision whether to resect 
or transplant remains controversial. However, in the 
current realm of  organ shortage and long waiting times, 
the decision to resect in this group appears attractive. 
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If  tumor recurrence were to recur than salvage 
transplantation can be performed. This strategy has 
been retrospectively analyzed by different groups with 
conflicting outcome data. One retrospective study has 
shown no difference in either outcome or disease-free 
survival when comparing primary OLT to resection and 
salvage OLT[35]. In contrast, an observational series has 
shown primary OLT to have lower operative mortality, 
recurrence rates and survival rates[36].

REqUIREMENTs fOR lIsTINg
The United Network for Organ Sharing (UNOS) ad-
ministers the allocation of  organs for transplantation 
in the United States. UNOS provides a set of  specific 
requirements[37] for listing patients with HCC: (1) Rough 
evaluation of  the number and size of  tumors and to 
rule out extra-hepatic spread by ultrasound, computed 
tomography (CT) or magnetic resonance imaging (MRI) 
plus CT of  the chest; (2) Prelisting biopsy is not man-
datory, however patients must have one of  the follow-
ing: (a) a biopsy confirming HCC; (b) a vascular blush 
corresponding to the area of  suspected HCC; (c) an α 
fetoprotein (AFP) > 200 mg/mL; (d) an arteriogram 
confirming a tumor; (e) a history of  local ablative ther-
apy (TACE, RFA, PEI); (3) Patients with chronic liver 
disease and a rising AFP > 500 mg/dL can also be listed 
even in the absence of  discrete tumor on imaging stud-
ies; (4) The patient must not be a resection candidate; 
(5) Reimaging by CT or MRI every 3 mo is required to 
ensure continued eligibility for OLT.

BRIDgINg ThERapy
The “dropout” due to tumor progression whilst waiting 
for OLT is reported to be at least 20%[20]. This problem 
has furthered the use of  local-regional adjuvant therapy 
(LAT) whilst awaiting transplantation such as TACE, 
RFA, and PEI. Unfortunately no randomized, controlled 
trials have been conducted to assess this approach[38]. 
As a result, there is no universal consensus as to the 
optimum bridging therapy prior to transplantation. 

The ultimate aim of  LAT is to provide complete 
tumor necrosis in an attempt to halt tumor progression. 
Analyses of  explant specimens subjected to RFA and 
TACE have shown complete tumor necrosis rates 
of  47%-66% and 16%-27%, respectively[30,39,40]. A 
retrospective study looking at tumor necrosis in 61 
patients did not find any particular modality of  LAT to 
be superior[41].

Retrospective analyses have shown that multi-
modality local treatment is associated with a modest 
survival benefit[42,43]. As a result most units offer dual 
as well as single modality ablative treatments, in an 
attempt to reduce tumor progression and recurrence 
rates. Hepatic resection has also been used as a bridge 
to transplantation[44]. This is in contrast to the traditional 
view of  resection and transplantation being opposing 
strategies. Unlike LAT which has been shown in studies 
to achieve only partial tumor necrosis, resection should 

achieve the best tumor control. Resection also allows a 
thorough intra-operative assessment of  liver status and 
tumor burden. A detailed histological analysis can be 
made of  the resected specimen and can give invaluable 
information about the natural history of  the tumor 
and the presence of  microvascular invasion. Resection, 
however, is associated with increased risk and, as stated 
earlier, should only be attempted in well-compensated 
cirrhotic patients.

pROgNOsTIC faCTORs
Conforming to the “Milan criteria”, in terms of  tumor 
size and tumor burden, gives rise to 3-4-year recurrence-
free survival rates of  up to 92%[45-47]. Multivariate analysis 
has shown these to be the only independent variables 
predicting patient survival and tumor recurrence. Other 
biological factors such as tumor grading, microvascular 
invasion and microsatellites appear to play a role, 
but within the constraints of  the size and number 
burden. These biological factors can only be accurately 
assessed post-transplantation or post-resection. The 
histological grade of  the tumor can be assessed by 
lesional biopsy and several authors have recommended 
this approach[48-50]. Lesional biopsy does however carry 
the risk of  tumor seeding which has been estimated 
at approximately 2%[51]. Furthermore, significant 
histological heterogeneity has been described in large 
tumors, which limits the utility of  needle biopsy[52].

A scoring system incorporating tumor differentiation 
in addition to tumor size and number has been validated 
in a 2007 French multicenter study[53]. In this study, tumor 
histology improved the Milan criteria in predicting post-
transplant outcome. These results conflict with a more 
recent 100 patient study in which tumor differentiation 
did not predict HCC recurrence[54].

lIvINg DONOR TRaNsplaNTaTION
Living donor liver transplantation (LDLT) has evolved 
over the past decade, mainly in response to the scarcity 
of  donor livers. Deceased liver donation is particularly 
scarce in Asia, where organ donation rates are less than 
5 donors per million population compared to 10-35 per 
million in Western countries[55]. This is also compounded 
by the fact that in most Asian countries HCC is the 
most common cancer and a frequent indication for 
OLT. LDLT, in particular right liver transplantation, has 
dramatically increased the number of  potential donors. 
This can eliminate the problem of  long waiting times 
and ‘dropout’ whilst waiting for an organ because of  
disease progression. Furthermore, as there is no direct 
‘competition’ from other potential transplant recipients 
the restrictive criteria on tumor burden can be relaxed 
somewhat.

The results from LDLT appear to show good long 
term survival rates with retrospective studies showing 
comparable rates to OLT[56-58]. There are, however, 
published retrospective studies which show a higher rate 
of  tumor recurrence than with conventional OLT[59-61]. 
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The reason for this is not entirely evident. It has been 
postulated that many candidates are not transplanted 
because of  tumor progression whilst waiting for OLT; 
these patients, with more aggressive tumor biology, are 
then removed from the outcome analysis. In LDLT there 
is no protracted waiting time and hence the patients with 
aggressive tumors are transplanted.

LDLT has been performed, in some centers, in 
patients who have a tumor load beyond the Milan criteria 
with the consent of  both the donor and recipient[62]. 
In addition, LDLT carries a risk to the donor during 
hepatectomy with morbidity and mortality rates of  
14%-21% and 0.25%-1%, respectively[63]. This highlights 
the need for a universal consensus on the use of  LDLT.

Akin to the published “expanded criteria” in OLT, 
several groups have attempted to determine an “expanded 
criteria” in LDLT. Using a scoring system including the 
measurement of  “protein induced by vitamin K absence 
or antagonist-Ⅱ” (PIVKA-Ⅱ), a Japanese group have 
achieved a 5-year recurrence rate of  only 4.9%[24,64]. 
PIVKA-Ⅱ, also known as des-carboxyprothrombin, is 
an abnormal prothrombin protein found in the serum 
of  patients with HCC and in patients with vitamin K 
deficiency or on warfarin therapy. It has been suggested 
as an alternative marker to AFP for the surveillance 
of  HCC, but is not currently used as standard practice 
internationally. This study reported an 86.7% survival 
rate in patients with ≤ 10 tumors, all ≤ 5 cm (on pre-
transplant imaging) and with PIVKA-Ⅱ values ≤  
400 mAU/mL. Without the application of  PIVKA-Ⅱ, 
patients with ≤ 10 tumors, all ≤ 5 cm had similar 5-year 
recurrence rates as those conforming to the Milan criteria 
(7.3% vs 9.7%)[24,64].

CONClUsION
Liver transplantation remains the definitive treatment for 
HCC complicating cirrhosis. Since the publication of  the 
“Milan criteria”, OLT has progressed into a universally 
accepted treatment for HCC. The results of  OLT for 
HCC continue to improve with time. The retrospective 
studies to date suggest outcome for OLT for HCC is 
only marginally worse than for end stage liver disease 
itself. Over the past decade LDLT has evolved but at 
present needs more stringent universal guidance on its 
usage. However, the results of  LDLT for HCC seem 
slightly worse than for OLT but this may be a result of  
selection bias. The use of  single or combined local abla-
tive therapy in the period prior to OLT appears to be 
accepted. As operative techniques have improved, resec-
tion as a bridge to transplantation now appears a viable 
option in compensated cirrhotic patients. Resection also 
offers the ability to gain invaluable information about 
the tumor.

Undoubtedly further work will be published on 
expanded criteria for transplantation. The various studies 
to date have shown that acceptable long term outcomes 
are possible with OLT for HCC outside the “Milan 
criteria”. With time a new universal consensus will be 
required to standardize these ‘expanded’ criteria.
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Abstract
This article reviews the literature concerning rheu-
matic manifestations of inflammatory bowel disease 
(IBD), including common immune-mediated pathways, 
frequency, clinical course and therapy. Musculoskel-
etal complications are frequent and well-recognized 
manifestations in IBD, and affect up to 33% of pa-
tients with IBD. The strong link between the bowel 
and the osteo-articular system is suggested by many 
clinical and experimental observations, notably in 
HLA-B27 transgenic rats. The autoimmune pathogenic 
mechanisms shared by IBD and spondyloarthropathies 
include genetic susceptibility to abnormal antigen pre-
sentation, aberrant recognition of self, the presence of 
autoantibodies against specific antigens shared by the 
colon and other extra-colonic tissues, and increased 
intestinal permeability. The response against microor-
ganisms may have an important role through molecu-
lar mimicry and other mechanisms. Rheumatic mani-
festations of IBD have been divided into peripheral 
arthritis, and axial involvement, including sacroiliitis, 
with or without spondylitis, similar to idiopathic anky-
losing spondylitis. Other periarticular features can oc-
cur, including enthesopathy, tendonitis, clubbing, peri-
ostitis, and granulomatous lesions of joints and bones. 

Osteoporosis and osteomalacia secondary to IBD and 
iatrogenic complications can also occur. The manage-
ment of the rheumatic manifestations of IBD consists 
of physical therapy in combination with local injection 
of corticosteroids and nonsteroidal anti-inflammatory 
drugs; caution is in order however, because of their 
possible harmful effects on intestinal integrity, perme-
ability, and even on gut inflammation. Sulfasalazine, 
methotrexate, azathioprine, cyclosporine and lefluno-
mide should be used for selected indications. In some 
cases, tumor necrosis factor-α blocking agents should 
be considered as first-line therapy.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
The association between arthritis and inflammatory bowel 
disease (IBD) was originally described in 1929[1], but it was 
not until the 1950s when peripheral arthritis associated with 
IBD was distinguished from rheumatoid arthritis, and in 
the 1960s, the concept of  spondyloarthropathy (SpA) was 
established[2-4]. Here, we present a review of  all pertinent 
literature from Medline regarding rheumatic complications 
of  IBD. We include original and review articles, as well as 
relevant case reports published from 1929 to 2009.

With time, clinical and experimental evidence of  the 
close relationship between IBD and some rheumatic 
diseases, particularly seronegative SpAs, has grown. In 
fact, IBD is considered part of  the concept of  SpA[5].

Some studies have shown that up to 70% of  patients 
with SpA have inflammatory intestinal lesions, and up to 
26% of  patients with SpA who undergo ileocolonoscopy 
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have intestinal abnormalities compatible with Crohn’s  
disease (CD). In fact, 6%-10% of  patients with SpA 
develop IBD on follow-up; besides, studies with serial 
ileocolonoscopy have shown strong correlation between 
the presence of  gut and joint inflammation in SpA[6-10]. 
Therefore, some authors have suggested that joint 
abnormalities are the initial manifestation of  IBD, and 
after several years, these patients later may develop 
florid intestinal abnormalities. On the other hand, some 
studies that have evaluated extraintestinal manifestations 
of  patients with IBD have shown that 36%-46% of  
patients have at least one extraintestinal manifestation, 
and rheumatic abnormalities are the most frequent 
(22%-33%)[11,12]. Besides, rheumatic manifestations are 
significantly more common in patients with disease 
confined to the colon. For instance, some patient series 
with ulcerative colitis (UC) have reported a prevalence of  
joint involvement of  62%[13]. Several studies have evaluated 
the prevalence of  seronegative SpA in patients with IBD: 
18%-45% of  patients with IBD fulfill the criteria for 
SpA; 3%-9.9% fulfill diagnostic criteria for ankylosing 
spondylitis (AS); around 14% develop one or more 
clinical manifestations of  SpA without fulfilling diagnostic 
criteria, and some of  these patients (up to 24%) have 
asymptomatic sacroiliitis[14-18]. 

IMMUNOPATHOGENESIS OF GUT AND 
JOINT INFLAMMATION
Immunologic alterations shared by patients with IBD 
and SpA
There have been interesting studies about the immu-
nopathogenesis of  IBD and SpA, which have shown 
alterations in key molecules that regulate the immune 
response in the gut of  patients with SpA, and some of  
them are almost the same as those found in CD[19]. For 
instance E-cadherin, a transmembrane glycoprotein that 
mediates the intercellular adhesion of  epithelial cells is 
expressed highly in the gut of  patients with IBD[20] and 
in patients with SpA[21], and subclinical acute and chronic 
gut inflammation, even in those without macroscopic 
lesions, which indicates that the alteration in the regula-
tion of  these proteins may be an early event in the de-
velopment of  gut inflammation. Besides, E-cadherin is 
a ligand of  α4β7 integrin in intraepithelial T cells. Two 
studies have shown increased expression of  this integrin 
in T cell cultures from the gut mucosa of  patients with 
AS[22] and CD[23]. Increased expression of  this integrin 
has been found in patients without histological signs of  
gut inflammation, which suggests that there are common 
abnormalities in patients with SpA and IBD that precede 
clinical inflammation.

Other alterations that are common in both groups of  
diseases are those described in CD4+ T cells. Currently, 
four types of  CD4+ T cells have been described: Th1 
cells are identified as interferon γ (IFN-γ) producers; 
Th2 cells produce primarily interleukin (IL)-4, IL-5, 
IL-10 and IL-13; Th17 cells produce mainly IL-17A and 

they also produce IL-17F, IL-21, IL-22, granulocyte-
monocyte colony-stimulator factor (GM-CSF), CCL-20, 
and potentially tumor necrosis factor (TNF) and IL-6. 
These cytokines have pro-inflammatory properties 
and they act on a broad range of  cell types to induce 
the expression of  several cytokines (TNF, IL-1β, IL-6, 
GM-CSF, G-CSF), chemokines (CXCL1, CXCL8, 
CXCL10), and metalloproteinases. On the other hand, 
regulatory T cells (Tregs) have a suppressor function; 
they influence the immune system by cell-to-cell contact 
and also via regulatory mechanisms that are still not fully 
elucidated. It is known that they are able to produce 
IL-10 and transforming growth factor (TGF)-β, and it is 
interesting that Th17 and Treg developmental programs 
are reciprocally interconnected. Upon T-cell receptor 
stimulation, a naïve T cell can be driven to express Foxp3 
and become a Treg cell in the presence of  TGF-β, but 
in the presence of  TGF-β plus IL-6 or IL-21, the Treg 
developmental pathway is abrogated, and instead, T cells 
develop into Th17 cells[24]. Initial studies have shown 
Th1 predominance in intestinal mucosa of  patients with 
IBD and SpA, however, recent studies have suggested 
that, in both groups of  patients, Th17 cells may have 
an important role in initiation and perpetuation of  
autoimmune inflammation. One study that involved 499 
patients with CD and 216 with UC has shown increased 
IL-17F mRNA expression in intestinal biopsies of  patients 
compared to controls[25]. A recent study has shown an 
increased proportion of  Th17 cells in patients with SpA[26] 
and increased IL-17, IL-6, TGF-β and IFN-γ levels in 
synovial fluid of  patients with SpA, when compared with 
patients with rheumatoid arthritis[27]. Also, some authors 
have suggested that dysfunction of  Tregs participates in 
the immunopathogenesis of  these diseases, and they have 
proposed their use as therapeutic agents in IBD[24,28].

TNF-α is a pro-inflammatory cytokine that is produced 
mainly by macrophages and activated T cells. It is a key 
molecule in chronic inflammation of  SpA and IBD. In 
the latter, the interaction between antigen-presenting cells 
(APCs) and intestinal bacterial flora contributes to the 
development of  uncontrolled CD4+ cell activation, which 
leads to the release of  pro-inflammatory cytokines such 
as TNF-α, IL-6, IL-12, IL-23 and IL-17. In SpA, models 
of  transgenic rats and clinical observations have suggested 
that pathogenic microorganisms and their interaction 
with APCs also have a crucial role in the initiation and 
perpetuation of  the altered immune response that leads 
to joint and enthesis inflammation. Additionally, increased 
intestinal permeability has been found in patients with 
SpA and IBD. This fact could alter the innate immune 
response to bacterial antigens[29]. These discoveries have 
had important therapeutic implications for these groups of  
patients.

Other relevant molecules involved in the pathogenesis 
of  both groups of  diseases are the toll-like receptors 
(TLRs) that play an important role in the innate immune 
response against pathogenic microorganisms. Several 
studies have shown increased expression of  TLR-4 and 
TLR-2 in APCs of  patients with SpA[30,31] and in intestinal 
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biopsies of  patients with UC and CD[32-34]. The alterations 
in function and regulation of  these molecules may have 
an important role in the initiation and perpetuation of  
chronic inflammation in these diseases[35]. There are 
studies that have correlated several mutations and genetic 
variations of  these receptors with susceptibility for these 
diseases. The results are controversial, probably due to the 
heterogeneity of  the patients and the ethnic groups that 
have been included in the studies[36-39]. 

Other immunopathogenic abnormalities in IBD and SpA
Abnormal responses to certain microorganisms have 
been described in patients with IBD or SpA; for instance, 
increased levels of  the same serotypes of  Klebsiella 
pneumoniae have been found more frequently in patients 
with IBD and SpA, compared with healthy controls and 
controls with celiac disease[40]. Besides, several studies 
have shown increased levels of  antibodies against Klebsiella 
antigens, and against collagens type Ⅰ, Ⅲ, Ⅳ and Ⅴ in 
patients with CD or AS. There are molecular similarities 
between Klebsiella nitrogenase and HLA-B27 genetic 
markers and between Klebsiella pullulanase and collagen 
fibers types Ⅰ, Ⅲ and Ⅳ. Therefore, several authors have 
proposed that there may be molecular mimicry between 
Klebsiella and human molecules that could participate in 
the initiation and perpetuation of  these diseases[41], i.e. 
anti-Klebsiella IgA cross-reacts with HLA-B27 antigen, and 
antibodies to enteric bacteria are able to lyse lymphocytes 
from HLA-B27 patients with AS.

The participation of  the HLA-B27 molecule in the 
immunopathogenesis of  SpA has been well known since 
1973 when Brewerton and Schlosstein detected its high 
prevalence in patients with AS, psoriatic arthritis (PsA), 
reactive arthritis and anterior uveitis[42]. Its functional 
relevance was demonstrated elegantly in 1990 by Hammer 
et al[43]; their group developed a transgenic rat with the 
human HLA-B27 molecule. These rats developed a 
multisystemic inflammatory disease that had several clinical 
and histopathological similarities to SpA and IBD[43]. An 
important finding was that these rats did not develop 
joint or gut inflammation when they were in a bacteria-
free environment, which supports the theory of  the 
participation of  microorganisms in the pathogenesis of  
these diseases[44]. Some studies involving patients with IBD 
have shown an association of  HLA-B27 molecule with the 
presence of  sacroiliitis, spondylitis, enthesitis, peripheral 
arthritis, erythema nodosum, uveitis and oral ulcers[14].

Other genes have been associated with the clinical 
presentation of  several arthropathies associated with 
IBD[45]. The Oxford Group has found an association 
of  type 1 arthropathy (pauci-articular, self  limited, with 
relapses) with HLA-DRB1*0103, HLA-B35 and HLA-B24, 
while type 2 arthropathy (polyarticular, progressive) is 
associated with HLA-B44 in British patients[46]. One study 
that evaluated Spanish patients has found an association 
of  the mini-haplotype TNF a6B5 with the presence of  
joint manifestations in patients with UC[47]. Another study 
has found that a polymorphism of  the gene CARD15 
is associated with the presence of  gut inflammation in 

patients with SpA, and the same polymorphism is over-
represented  in patients with CD[48].

On the other hand, there is evidence to suggest that, 
for patients with IBD, tobacco use and history of  appen-
dectomy are risk factors for developing extraintestinal 
manifestations, particularly seronegative SpA and derma-
tological manifestations such as erythema nodosum and 
pyoderma gangrenosum[49].

In summary, the autoimmune pathogenic mechanisms 
shared by IBD and SpA include genetic susceptibility 
to abnormal antigen presentation, aberrant recognition 
of  self, the presence of  autoantibodies against specific 
antigens shared by the colon and other extra-colonic 
tissues, and increased intestinal permeability. The response 
against microorganisms may have an important role 
through molecular mimicry and other mechanisms.

CLINICAL PRESENTATION OF THE 
RHEUMATIC MANIFESTATIONS OF IBD
The rheumatic manifestations of  IBD have been divided 
into peripheral arthritis, and axial involvement, includ-
ing sacroiliitis, with or without spondylitis, similar to the 
presentation of  classic AS. There may be other periar-
ticular manifestations such as enthesopathy, which is the 
involvement of  tendinous insertions, tendonitis, perios-
titis, clubbing and granulomatous lesions in joints and 
bones. There may also be osteoporosis and osteomalacia 
secondary to IBD and to its treatment[50].

Peripheral arthritis
The frequency of  peripheral arthritis in IBD ranges 
from 17% to 20%, and it is more common in CD[51]. In a 
retrospective study that included 1459 patients with IBD, 
peripheral arthritis was present in 6% of  patients with UC 
and in 10% of  patients with CD[52]. Another study has 
shown arthritis in 10%, enthesitis in 7%, and a history of  
arthritis in 29% in a group of  patients with IBD[53].

The Oxford Group[52] has classified the peripheral 
arthritis associated with IBD (also called peripheral 
enteropathic arthropathy) without axial involvement, as 
pauci-articular or polyarticular arthropathy (Table 1). In 
the pauci-articular form, joint symptoms are usually acute 
and self-limited; the joint involvement is asymmetric and 
migratory, with participation of  both large and small 
joints, and lower limbs are more affected. Many episodes 
last from 6 to 10 wk but relapses are frequent and they 
tend to coexist with IBD relapses; these patients have 
high frequencies of  other extraintestinal manifestations 
such as erythema nodosum and uveitis. It is interesting 
that in 31% of  these patients the arthropathy may appear 
even 3 years before the diagnosis of  IBD is made. On the 
other hand, the polyarticular form tends to have a chronic 
course and it may be destructive; its course is independent 
of  IBD exacerbations and the coexistence of  other 
extraintestinal manifestations is rare, except for uveitis[50,54]. 
Enthesopathy, particularly affecting the Achilles tendon or 
plantar fascia insertion are common manifestations.
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In most of  the cases, intestinal symptoms precede or 
coexist with joint manifestations, but in some patients, 
arthritis precedes the gut manifestations, even by several 
years. In a prospective study that included 123 patients 
with SpA, 6% of  the patients developed CD from 2 to 
9 years after the first joint symptom. For UC, some studies 
have described a temporal relationship between arthritis 
and gut inflammation relapses[50]; there have been case 
reports of  patients that have developed arthritis at the 
same time as ileal pouchitis after total proctocolectomy 
for UC activity. However, other studies have shown that 
colectomy has almost no effect on joint inflammation[50,55]. 
The most consistent finding is that colon involvement 
increases the susceptibility to peripheral arthritis.

There have been isolated case reports about patients 
that have presented with progressive, destructive mono-
arthritis with granulomatous synovial inflammation, and 
CD has been diagnosed when extension studies have 
been carried out as part of  the diagnostic workup[56].

AS and other forms of axial involvement
Axial involvement is part of  CD and UC, although it is 
more common in CD (5%-22%) than in UC (2%-6%), 
and in general, the prevalence is 10%-20% for sacroiliitis 
and 7%-12% for AS[51,57,58]. A study that included 
patients from a referral center has shown that 30% of  
the patients with IBD had inflammatory low back pain, 
33% had abnormal Shober index, and 30% had unilateral 
or bilateral grade I or II sacroiliitis. In fact, 35% of  the 
patients fulfilled the European Spondyloarthropathy Study 
Group criteria for SpA[53,59], and 10% fulfilled the criteria 
for AS. Other studies from referral centers have shown 
similar results and higher prevalence than for population 

studies, which probably reflects referral bias[13,17,53,58,60] 
(Table 2). 

The clinical picture is virtually the same as the one for 
patients with AS without extra-articular manifestations. 
Axial symptoms usually precede gut symptoms; clinical 
course is totally independent of  the intestinal manifesta-
tions and intestinal surgery does not alter the course of  
SpA. Ankylosing spondylitis associated with IBD can 
develop at any age, whereas idiopathic AS usually starts 
before 40 years of  age. In idiopathic AS, males are more 
affected than females (ratio 2.5:1), while in AS associated 
with IBD, the male to female ratio is 1:1[61].

LABORATORY AND OTHER DIAGNOSTIC 
WORKUP
The most common laboratory abnormalities are: anemia 
due to chronic inflammation and intestinal bleeding, 
leukocytosis, thrombocytosis, elevated acute phase reactants 
such as C reactive protein, and erythrocyte sedimentation 
rate. Perinuclear anti-neutrophil cytoplasm antibodies are 
found in up to 60% of  patients with UC and in some 
patients with CD, and they seem to be directed against 
lactoferrin autoantigens[62]. Antinuclear antibodies and 
rheumatoid factor are usually absent. Synovial fluid may be 
inflammatory but sterile.

Anti-Saccharomyces cerevisiae antibodies (ASCAs) were 
first described in patients with CD (both IgG and IgA 
isotypes). Several studies have confirmed their relevance 
as markers of  CD. One multicenter study has shown that 
their presence in patients with IBD, who are negative for 
ANCA, has a positive predictive value of  94.2% for CD, 

Table 2  AS prevalence studies in patients with IBD

Author and reference 

number

n Origin of patients Diagnostic 

criteria

Prevalence (%)

AS SpA Sacroiliitis 
(Rx or MRI)

Inflammatory 
low back pain

Articular 
manifestations

de Vlam et al[53] 103 Referral center ESSG 10 35 30 30 39
Scarpa et al[13]   79 Referral center New York 25 18 43
Salvarani et al[17] 160 Open population ESSG    2 (CD)    18.1    32.5

5.1 (UC)
Palm et al[58] 654 Open population ESSG    6 (CD) 22   2 19

2.6 (UC)
3.7 Total

Wordsworth et al[60]   42 Referral center ESSG  25 (CD) 36

Rx: Radiography; MRI: Magnetic resonance image; ESSG: European Spondyloarthropathy Study Group.

 Table 1  Classification of peripheral arthropathy associated with IBD

Type 1 (Pauci-articular) Type 2 (Polyarticular)

Less than five joints Five or more joints
Asymmetric involvement Persistent inflammation for months or even years
Lower limbs more affected May be erosive
Self limited episodes that last < 10 wk Affects both large and small joints
Usually concomitant IBD relapse It can be symmetric or asymmetric
High frequency of other extraintestinal manifestations Clinical course is independent of IBD activity

Associated with uveitis

IBD: Inflammatory bowel disease.
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and it is associated with severe clinical manifestations 
of  this disease[63]. Another recent study has shown that 
the prevalence of  ASCAs in patients with CD is 80.6%, 
and they have a sensitivity of  81%, specificity of  78%, 
positive predictive value of  45.5%, and negative predictive 
value of  95% when used as a single marker in patients 
with IBD[64]. One study that evaluated 87 SpA patients 
positive for HLA-B27 has found increased levels of  IgA 
but not IgG ASCAs, particularly in patients with AS; 
although patients with increased levels of  the antibody 
had no gastrointestinal symptoms. It remains unclear if  
these antibodies are associated with the development of  
IBD in patients with SpA, but this finding supports the 
etiopathogenic association of  AS with IBD[65].

Sacroiliitis and spondylitis in IBD are associated with 
the presence of  HLA-B27, although in lower frequencies 
than in AS (33% vs 71%). Besides, patients with AS 
without HLA-B27 have a higher risk of  developing IBD 
than those with HLA-B27[53]. The Oxford study[52] has 
shown an association of  pauci-articular arthritis with 
the presence of  HLA-B27 (27% vs 7% in controls), 
HLA-B35 (32% vs 15%) and HLA-DRB1*0103 (33% 
vs 3%), while the polyarticular form was associated with 
HLA-B44 (62% vs 30%)[45]. Another study has shown 
that the presence of  the shared epitope is associated with 
synovitis in patients with IBD without sacroiliitis[50,66].

Radiological studies of  peripheral joints have shown 
changes of  acute arthritis such as increased volume of  
soft tissue. Erosions are uncommon in patients with self-
limited arthritis. Patients with persistent arthritis may 
develop joint erosion and, if  the hips are affected, there 
may be also loss of  joint space. Axial radiographs show 
typical AS changes, although some studies have suggested 
that asymmetric sacroiliitis frequency may be higher[67].

OTHER RHEUMATIC MANIFESTATIONS 
ASSOCIATED WITH IBD
Less frequently, IBD has been associated with Sjögren’s  
syndrome[68], rheumatoid arthritis[69], inflammatory 
myopathy and Takayasu arteritis[70,71], although these come 
from isolated case reports and no confirmed clinical 
or pathophysiological association can be made. There 
has been one study that has evaluated the prevalence 
of  fibromyalgia and spread of  musculoskeletal pain in 
patients with IBD, which has found equal frequencies 
to those in the general population[72]. In addition, it is 
advisable to evaluate IBD patients for osteoporosis if  they 
have received high-dose steroids for long periods, and to 
implement prophylactic measures such as calcium and 
vitamin D supplements[73].

TREATMENT OF RHEUMATIC 
MANIFESTATIONS OF IBD
Treatment depends on the severity of  the clinical pic-
ture. Patients with mild oligoarthritis usually respond to 
relative rest, physiotherapy and intra-articular steroid in-

jections[74]. Most of  the patients respond to nonsteroidal 
anti-inflammatory drugs because they control the symp-
toms and joint and enthesis inflammation, but they do 
not stop joint destruction, and they may have important 
side effects including exacerbation of  IBD[75,76] and pro-
duce small intestine and colon ulcers[77]. Hence, they are 
recommended for patients with mild exacerbations, to 
control symptoms in arthritis flares, but their use must 
be limited to the minimal effective dose and time.

Sulfasalazine and 5-aminosalicylic acid are often rec-
ognized as useful for IBD, and are efficacious for moder-
ate peripheral arthritis in SpA and IBD-associated arthri-
tis, particularly in UC[78,79]. Their usefulness in CD is less 
clear. Some studies have shown promising results, others, 
no benefit at all, to control CD-associated arthritis[80-82]. 
These drugs have no effect in the progression of  aggres-
sive arthritis and their utility in axial involvement is mar-
ginal; also, they do not prevent the appearance of  IBD 
in patients with SpA[83]. Their beneficial effect may be 
explained by their anti-inflammatory effects in the intes-
tinal wall, by normalizing its permeability and preventing 
antigen entrance through an abnormal intestinal wall[84].

Immunosuppression with methotrexate, azathioprine, 
6-mercaptopurine, cyclosporine and leflunomide has 
been successful in some patients with peripheral arthritis 
and other extraintestinal manifestations, although there 
are no controlled studies that have demonstrated their 
efficacy[74,85-88], and the evidence of  their efficacy comes 
from uncontrolled studies or case reports.

The description of  the pathogenic mechanisms of  
SpAs and IBD have relevant therapeutic implications 
for both groups of  diseases. The initial observation 
that intestinal manifestations of  patients with both SpA 
and IBD improve with TNF-α blocking agents has led 
to the use of  these medications in patients with IBD, 
with favorable results, particularly with infliximab and 
adalimumab in CD[89]. Currently, infliximab is a first-line 
treatment for patients with active AS associated with IBD, 
and other TNF-α blocking agents such as certolizumab 
that have shown good results for patients with IBD, are 
promising[90,91].

Also, considering the pathogenic relationship 
between gut and joint inflammation in SpA, there are 
other agents with potential benefits in both diseases. 
Some of  these include IL-10, IL-11, IL-6, intercellular 
adhesion molecule 1, mitogen-activated protein kinase 
and integrin (α4 and α4β7) blockade, as well as TLR 
modulation[92-95].

Some groups have proposed the use of  probiotics 
for the treatment of  patients with IBD and arthritis or 
AS. Their use is based on modulation of  intestinal flora 
by bacteria and their products. The objective is to treat 
patients with persistent arthralgia in the early phases 
of  the disease, before chronic damage is established, to 
improve the quality of  life and have a positive influence 
on the natural course of  the disease. Some interesting 
studies have demonstrated that these compounds improve 
experimental colitis in murine models and in patients 
with IBD. One of  these models has shown that the anti-
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inflammatory effect depends on the probiotic DNA, in an 
IFN-mediated response induced by TLR9. Further studies 
should evaluate these and other mechanisms in animal 
models[96,97].

CONCLUSION
Rheumatic manifestations of  IBD include peripheral 
arthritis, enthesitis and axial involvement, and they are 
present in up to 62% of  patients with IBD. There is an 
important immunopathogenic relationship between gut 
and joint abnormalities in patients with IBD. TLR vari-
ants and abnormalities, altered function and balance of  
T-cell subpopulations and their production of  pro-in-
flammatory cytokines, as well as integrin and E-cadherin 
dysfunction are partially responsible for such a rela-
tionship, and research in these areas will help to clarify 
the pathogenesis of  these complex diseases. Medical 
treatment of  rheumatic manifestations of  IBD includes 
sulfasalazine and mesalamine, immunomodulators and 
TNF-α inhibitors. New treatments for IBD directed 
against pro-inflammatory cytokines and the regulation 
of  the immune response may have long-term benefits 
for rheumatic manifestations.
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Abstract
AIM: To investigate the diagnostic accuracy of 
acoustic radiation force impulse (ARFI) imaging as a 
noninvasive method for the assessment of liver fibrosis 
in chronic hepatitis C (CHC) patients.

METHODS: We performed a prospective blind com-
parison of ARFI elastography, APRI index and FibroMax 
in a consecutive series of patients who underwent liver 
biopsy for CHC in University Hospital Bucharest. His-
topathological staging of liver fibrosis according to the 
METAVIR scoring system served as the reference. A to-
tal of 74 patients underwent ARFI elastography, APRI 
index, FibroMax and successful liver biopsy. 

RESULTS: The noninvasive tests had a good correlation 
with the liver biopsy results. The most powerful test 
in predicting fibrosis was ARFI elastography. The 
diagnostic accuracy of ARFI elastography, expressed 

as area under receiver operating characteristic curve 
(AUROC) had a validity of 90.2% (95% CI AUROC = 
0.831-0.972, P  < 0.001) for the diagnosis of significant 
fibrosis (F ≥ 2). ARFI sonoelastography predicted even 
better F3 or F4 fibrosis (AUROC = 0.993, 95% CI = 
0.979-1).

CONCLUSION: ARFI elastography had very good 
accuracy for the assessment of liver fibrosis and was 
superior to other noninvasive methods (APRI Index, 
FibroMax) for staging liver fibrosis.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
The prognosis and clinical management of  chronic 
liver diseases are highly dependent on the extent of  
liver fibrosis. This is particularly true in patients with 
chronic hepatitis C (CHC), which is the leading cause of  
cirrhosis in many countries. CHC progresses to cirrhosis 
through a sequence of  morphological changes that 
reflect increasing fibrosis and architectural distortion[1]. 
Staging systems of  varying complexity based on these 
morphological changes have been used in patient 
management as a guide to prognosis, and in clinical 
investigations as an estimate of  natural history and 
response to therapy. 
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Liver biopsy is the current reference examination 
for the assessment of  liver fibrosis. It is important to 
remember that a needle biopsy is merely a sample of  the 
entire liver, and that scarring in chronic liver disease is 
typically irregularly distributed in the liver. Needle liver 
biopsy removes only about 1/50 000th of  the liver and 
carries substantial interpreter errors[2]. Liver biopsy is an 
invasive procedure with certain unavoidable risks and 
complications. Therefore, the development of  noninva-
sive tests to assess hepatic inflammation and fibrosis has 
been an active area of  research. Furthermore, as new 
antifibrotic therapies are studied, there is a growing need 
to develop noninvasive tests for fibrosis for use in clini-
cal trials.

Several noninvasive methods have been proposed 
to stage liver fibrosis, including biochemical tests and 
imaging techniques. The biochemical tests consist of  
sophisticated indices and scores, or a large number of  
serological markers of  liver fibrosis. However, the value 
of  these diagnostic methods remains debated. 

Among the imaging methods, transient elastography 
is a new technique that rapidly and noninvasively mea-
sures mean tissue stiffness. It is largely accepted that 
hepatic stiffness is related to the degree of  fibrosis. Most 
clinical studies have been performed with FibroScan. 
Recently, acoustic radiation force impulse (ARFI) imag-
ing sonoelastography has been proposed as an alterna-
tive method to assess liver elasticity. To the best of  our 
knowledge, no study has compared ARFI sonoelastog-
raphy and biochemical tests (APRI index, FibroMax) for 
the assessment of  liver fibrosis.

The aim of  our study was to evaluate the value of  
ARFI elastography for the diagnosis of  liver fibrosis and 
to compare the accuracy of  ARFI elastography, APRI 
index and FibroMax for staging liver fibrosis in patients 
who underwent liver biopsy for CHC.

MATERIALS AND METHODS
Study population
The study was a single-centered, prospective, blind 
comparison of  ARFI sonoelastography, APRI index and 
FibroMax in 100 patients with CHC who underwent 
liver biopsy at the University Hospital Bucharest between 
January 2007 and June 2008. Patients with CHC were 
selected out of  215 patients who attended the University 
Hospital Bucharest for hepatic cytolysis. 

Inclusion criteria were the presence of  HCV RNA in 
serum without previous antiviral treatment and hepatic 
cytolysis [alanine aminotransferase (ALT) > 1.5 × 
normal]. Patients with other forms of  chronic liver disease 
and those with ascites were excluded from the study.

Hepatitis C virus (HCV) infection was defined by 
the presence in the serum of  anti-HCV antibodies 
using the third generation ELISA. HCV infection was 
confirmed by performing the COBAS TaqMan HCV test 
(Roche Molecular Systems, Inc., NJ, USA). This test is 
an in vitro amplification of  the HCV nucleic acid, which 

uses the High Pure System Viral nucleic acid kit (Roche 
Diagnostics Corp, IN, USA) for manual preparation and 
the COBAS TaqMan 48 analyzer (Roche Diagnostics 
Corp, IN, USA) for automatic amplification and detection. 
The RNA titer was expressed in IU/mL. The detection 
limit was > 15 IU/mL with a positive rate of  95%.

Patients who fulfilled the inclusion criteria were 
enrolled and underwent blood tests for APRI, FibroMax 
measurement, and ultrasound elastography on the day 
before the liver biopsy.

The study was approved by the local ethics committees 
and all individuals provided written informed consent 
prior to enrollment in the study.

Biochemical evaluation of the liver
Liver function tests were performed prior to the liver 
biopsy. Blood samples were obtained under fasting 
conditions and routine liver function tests [ALT and 
aspartate transaminase (AST), total proteins, serum 
albumin and γ globulins, γ-glutamyl transferase (GGT), 
total bilirubin, alkaline phosphatase, international 
normalized ratio of  prothrombin time] were performed. 
All were measured using Dade Behring reactants and the 
Dimension RXL analyzer (Dade Behring, FL, USA). 

APRI index
AST levels and platelet counts were measured with a 
Dimension RXL analyzer and a Hematology System 
analyzer (Beckman-Coulter, Inc., CA, USA). The APRI 
index was calculated as follows: AST (/Upper Limit 
of  Normal) × 100/platelet count (109/L). The upper 
normal limit of  AST was considered as 38 U/L.

FibroMax
FibroMax (Biopredictive, France) is a new noninvasive 
panel of  markers reported to predict advanced fibrosis. 
It contains five tests: FibroTest (to assess the degree 
of  fibrosis); ActiTest (to assess the degree of  activity, 
inflammation and necrosis); SteatoTest (to diagnose 
hepatic steatosis); NashTest (to diagnose nonalcoholic 
steatohepatitis); and AshTest (to diagnose severe alcoholic 
steatohepatitis). FibroMax combines the measurement of  
10 indirect parameters adjusted for age, sex, weight and 
height: α2-macroglobulin, haptoglobin, apolipoprotein 
A1, total bilirubin, GGT, ALT, AST, fasting glucose, 
triglycerides and total cholesterol. 

FibroMax serum samples were taken on the day before 
biopsy from patients in the fasting state. Biochemical 
parameters were measured using Dade Behring reactants 
and the Dimension RXL analyzer. Specific proteins, α2-
macroglobulin, haptoglobin and apolipoprotein A1, were 
measured by immunonephelometry using the BN Pro-
Spect Dade Behring system.Using FibroMax, fibrosis was 
staged on a scale of  0-4 with respect to the METAVIR 
fibrosis staging. For FibroTest, 0-0.21 fibrosis was staged 
as F0, 0.22-0.27 as F0-F1, 0.28-0.31 as F1, 0.32-0.48 as 
F1-F2, 0.49-0.58 as F2, 0.59-0.72 as F3, 0.73-0.74 as 
F3-F4, and 0.75-1 as F4.
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Ultrasound elastography
ARFI imaging is a new tissue strain imaging technology 
that utilizes sound waves to interrogate the mechanical 
stiffness properties of  tissues. Virtual Touch tissue 
imaging and Virtual Touch tissue quantification (Siemens 
AG, Germany) are the first available applications to 
implement this technology. Unlike conventional B-mode 
sonography, which provides anatomical details based on 
differences in acoustic impedance, Virtual Touch imaging 
describes relative physical tissue stiffness properties. 
In complement, Virtual Touch™ tissue quantification 
provides accurate numerical measurements related to 
tissue stiffness at user-defined anatomical locations.

Conventional elastography, however, requires manual 
compression of  the tissues in order to provide relative 
displacement between the mass and the surrounding 
structures and therefore an assessment of  strain. This 
can be difficult to apply to abdominal structures because 
of  the presence of  the ribs and abdominal wall. ARFI 
technology quantifies stiffness without manual compres-
sion. Using the Virtual Touch application, the tissue is 
compressed by acoustic energy. Virtual Touch tissue 
quantification is a quantitative assessment of  tissue stiff-
ness, through measurement of  shear wave speed. Shear 
waves are generated by displacement of  tissue and at-
tenuate approximately 10 000 times more rapidly than 
conventional ultrasound waves. 

Prior to liver biopsy, the patients underwent liver 
ultrasonographic elastography, under fasting conditions, 
using ARFI imaging [Acuson S2000 (Siemens AG, 
Germany] with Virtual Touch tissue quantification 
software). The system uses a standard ultrasonographic 
probe and offers elastography with a flexible metering 
box of  1 cm at variable depths. An acoustic push pulse 
transmitted by the transducer (3.5 MHz) toward the tissue 
induces an elastic shear wave that propagates through the 
tissue. The propagation of  the shear wave is followed by 
detection pulses that are used to measure the velocity of  
shear wave propagation, which is directly related to tissue 
stiffness: speed increases with stiffness. 

Liver stiffness was assessed by the same physician 
blinded to clinical and biological data. The measurements 
were performed on the right lobe of  the liver through the 
intercostal spaces, with the patient lying in the decubitus 
dorsal position, with the right hand under the head and 
the head turned toward the left. The tip of  the probe 
was covered with coupling gel and placed on the skin 
between the ribs at the level of  the right lobe of  the 
liver. The operator positioned the probe over the area 
of  interest: segment eight of  the right lobe, away from 
motion and portal/hepatic vessels, about 2 cm from the 
liver capsula, at a depth between 3.8 and 5.5 cm. When 
the target area had been located after optimizing the 
B-mode image, the operator pressed the button Virtual 
Touch tissue quantification, and asked the patient to stop 
breathing for a moment. Then, we observed the velocity 
of  shear wave on screen. We used this protocol because 
we saw that, when the right lobe was scanned through the 
intercostal spaces with normal breathing, the variance of  

measurement was low. A total of  12 valid measurements 
per patient were performed. In difficult patients, to 
obtain better access to the liver without excessive pushing 
or breath holding, the measurements were performed 
on patients lying in the left lateral decubitus position, or 
using a subcostal approach to the left lobe. The results 
of  ARFI ultrasonographic elastography were expressed 
as liver propagation velocity (m/s). The success rate of  
liver elasticity measurements was calculated as the ratio 
between validated and total measurements. Results were 
expressed as the median value of  the total measurements 
(12 measurements per patient) in m/s, with values ranging 
from 0.8 to 3.7 m/s. Only procedures with a success rate 
of  at least 60%, and with the interquartile range of  all 
validated measurements < 30% of  the median value, were 
considered reliable.

Histological assessment
Percutaneous liver biopsy was performed by senior 
operators using the Menghini technique with a 1.4-mm-
diameter needle (Hepafix; B Braun Melsungen AG, 
Germany). After biopsy, the liver samples were fixed 
in formalin, paraffin embedded, and stained with 
hematoxylin-eosin and Masson’s trichrome. All biopsy 
specimens were analyzed by an expert pathologist blinded 
to the biological and clinical data and to the results of  
ultrasound elastography. The length of  each liver biopsy 
was established in millimeters and the number of  portal 
tracts was counted. 

Liver fibrosis and necroinflammatory activity were 
evaluated by the METAVIR scoring system. Fibrosis was 
staged on a four-point scale according to this score: F0 
represented no fibrosis; F1, portal fibrosis without septa; 
F2, portal fibrosis and a few septa; F3, numerous septa 
without cirrhosis; and F4, cirrhosis. Necroinflammatory 
activity was also graded on a four point scale: A0, none; 
A1, mild; A2, moderate; A3, severe.

Steatosis was assessed according to the number of  
hepatocytes with degeneration, as follows: 0, none; 1, 
steatosis in 1%-10% of  hepatocytes; 2, steatosis in 11%-33% 
of  hepatocytes; 3, steatosis in 34%-66% and 4, 67%-100% 
of  hepatocytes[3].

Statistical analysis
Results are presented as the mean ± SD, counts and 
percentages. The results are illustrated as the median and 
25th- to 75th-percentile values. The correlation between 
the noninvasive tests and liver biopsy was tested using the 
non-parametric Spearman’s correlation coefficient. The 
overall validity was measured using area under the receiver 
operating characteristic curve (AUROC) with 95% CI. 
Cutoff  values that defined prediction regions for each 
fibrosis stage were defined by a common optimization 
step that maximized the sum of  the sensitivities in 
predicting the single stages. Finally, sensitivity, specificity, 
and positive (PPV) and negative predictive value (NPV) 
were calculated. The optimal cutoff  was chosen at the 
highest left point on the curve. For all tests, significance 
was achieved at P < 0.05. 

Fierbinteanu-Braticevici C et al . ARFI sonoelastography for liver fibrosis                                                         5527



www.wjgnet.com

RESULTS
Patient characteristics
A total of  100 patients underwent liver biopsy for CHC. 
The patients were selected out of  215 patients who 
attended the University Hospital Bucharest for hepatic 
cytolisis. Ten patients refused to participate and six were 
excluded: three had hepatitis B virus coinfection, and 
three had a current daily alcohol intake of  at least 60 g/d. 
In 10 patients, liver biopsy was unsuitable for fibrosis 
staging with the length of  sample < 15 mm.

Seventy-four patients underwent ARFI elastography, 
APRI index, FibroMax and successful liver biopsy (Figure 1).  
Demographic, clinical and biochemical characteristics of  
the patients included in the study are shown in Table 1.

Histological characteristics
The median biopsy length was 20 mm (range: 15-25 mm); 
the number of  portal tracts was 12 ± 4 (range: 8-16). 
Patient distribution according to METAVIR fibrosis stage 
and activity grade and steatosis are presented in Table 2.

Relationship between liver elasticity and histological 
stages
Figure 2 shows the median value (95% CI) of  liver 
elasticity compared with fibrosis stages according to 
METAVIR score. A high correlation of  increasing liver 
stiffness with increasing stage of  fibrosis was observed. 
The Spearman’s correlation coefficient between the liver 

stiffness and the histological fibrosis stages was highly 
significant with a value of  0.919 (P < 0.001). Steatosis is 
a frequent occurrence in CHC[4]. According to ANOVA 
test, no influence of  the degree of  activity or steatosis 
on elasticity values was observed in this study. 

To determine the cutoffs that predicted each degree 
of  fibrosis, we used the ROC curve method (Figure 3). 
ARFI elastography could predict fibrosis F2 or more, 
with a validity of  90.2% (95% CI AUROC = 0.831-0.972, 
P < 0.001). The optimal cutoff  point between F1 and 
F2 was 1.215. At this value, ARFI elastography had a 
sensitivity of  89.4% and a specificity of  100%.

ARFI sonoelastography predicted even better F3 
or F4 fibrosis (AUROC = 99.3%, 95% CI = 0.979-1). 
The optimal cutoff  between F3 and F4 was 1.54, with 
sensitivity and specificity of  97% and 100%, respectively. 
The specificity of  100% shows that all study patients who 
presented with a value of  ≥ 1.54 upon sonoelastography 
had liver fibrosis F3 or more (confirmed by liver biopsy).

The same high validity was maintained as in predicting 
cirrhosis: (AUROC = 99.3%, 95% CI = 0.989-1).

The optimal cutoff  in predicting cirrhosis was 1.94 
with a sensitivity of  100% and a specificity of  98.1%. 
In other words, every patient in this study that had a 
sonoelastography result with a value < 1.94 did not have 
cirrhosis. 

The most discriminative cutoff  values of  ARFI 
elastography are presented in Figure 4. 

Table 1  Patient characteristics

Characteristics Patients included (n  = 74)

Sex (male/female) 32/42
Age (yr)     55.32 ± 9.6 (31-72)
BMI (kg/m2)             25.59 ± 4.03 (17.23-33.29)
AST (IU/L)   50.06 ± 32.36 (18-188)
ALT (IU/L)   67.06 ± 26.79 (20-147)
INR         1.12 ± 0.15 (0.9-1.74)
Bilirubin (mg/dL)           0.69 ± 0.32 (0.29-2.08)
Albumin (g/dL)         3.9 ± 0.55 (2.6-4.9)
Cholesterol (mg/dL)   192.36 ± 46.58 (120-311)
Triglycerides (mg/dL) 123.24 ± 73.33 (48-467)

Table 2  Patient distribution according to fibrosis stage, 
activity grade and steatosis

      Fibrosis Activity Steatosis

Stage n  (%) Grade n  (%) Grade n  (%)

0 1 (1.3) 0 1 (1.3) 0 24 (32.4)
1   9 (12.1) 1 32 (43.2) 1   23 (31.08)
2 25 (33.7) 2 29 (39.1) 2 12 (16.2)
3 19 (25.6) 3 12 (16.2) 3 11 (14.8)
4   20 (27.02) 4   4 (5.40)
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The corresponding sensitivity, specificity, PPV and 
NPV are shown in Table 3.

Relationship between APRI index and FibroMax and 
histological stages
A high correlation of  increasing noninvasive measurements 
with increasing stage of  fibrosis was observed. The 

Spearman’s correlation coefficient between APRI index and 
FibroMax and the histological fibrosis stages was highly 
significant: 0.712 for APRI index and 0.674 for FibroMax. 
Table 4 shows the correlation between noninvasive tests 
and liver histology.

The correlation between two noninvasive tests should 
be better than with histological assessments for a correct 
prediction of  liver fibrosis stage. The inter-test correlation 
coefficients, ARFI elastography/APRI index, and ARFI 
elastography/FibroMax were 0.712 and 0.718, respectively. 
All noninvasive tests used (Elastography ARFI, APRI 
index and FibroMax) were highly correlated with each 
other.

DISCUSSION
In chronic viral hepatitis, the knowledge of  the stage 
of  liver fibrosis is important for prognosis and for 
decisions about antiviral treatment[5]. Significant fibrosis 
(≥ F2) in these patients is an indicator for antiviral 
treatment, hence the great therapeutic value of  a highly 
accurate diagnostic test. At present, liver biopsy is used 
as the reference standard for the assessment of  liver 
fibrosis[2]. However, liver biopsy is becoming increasingly 
useless in the management of  HCV-related chronic 
liver disease because of  large sampling error, consistent 
inter-observer disagreement, unavoidable risks and 
complications, and the fact that it is a snapshot of  a 
process that is everything but a static one. Replacement 
of  liver biopsy in the assessment of  chronic liver disease 
is the goal of  any noninvasive technique. Therefore, a 
test with diagnostic performance for precise estimation 

Table 3  Most discriminative cutoff values of ARFI elastography

≥ F1 ≥ F2 ≥ F3 F4

Cutoff (m/s)     1.185     1.215   1.54        1.94
Sensitivity (95% CI) 89% (79-95) 100% (91-100)   97% (86-100) 100% (83-100)
Specificity (95% CI) 87% (47-99) 71% (53-85) 100% (90-100) 98% (90-99)
PPV (95% CI) 98% (91-99) 79% (65-89) 100% (90-100)   95% (76-100)
NPV (95% CI) 50% (23-76) 100% (86-100)   97% (85-100) 100% (93-100)
Positive likelihood ratio 7.1 3.5 3.5 54

Table 4  Noninvasive tests and their correlations with liver 
pathology

Noninvasive test Correlation 
(Spearman 
coefficient)

95% CI P

Liver 
biopsy

Elastography ARFI 0.919 0.872-0.949 < 0.001
APRI index 0.712 0.572-0.811 < 0.001
FibroMax 0.674 0.521-0.784 < 0.001
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of  the degree of  liver fibrosis is of  great therapeutic 
value. Previous studies have reported that transient 
elastography (FibroScan) can detect liver fibrosis and 
accurately predict significant fibrosis[5-11]. In the present 
study, we showed that APRI elastography should be 
taken into consideration as a noninvasive sonographical 
method for evaluation of  liver fibrosis. A significant 
positive correlation between liver stiffness and the stages 
of  fibrosis was noticed in patients with CHC. Significant 
AUROC for fibrosis F2 or more had a validity of  90.2% 
(95% CI AUROC = 0.831-0.972, P < 0.001). 

ARFI proved to be an even better predictor of  F3 or 
F4 fibrosis (AUROC = 99.3%, 95% CI = 0.979-1). Early 
and rapid detection of  significant fibrosis using this 
noninvasive procedure is essential since patients with 
significant fibrosis are at a high risk of  developing com-
plications, such as portal hypertension or hepatocellular 
carcinoma, and consequently need specific follow-up. 

We considered ascites as one of  the exclusion criteria 
from our study since ARFI, similar to Fibro-Scan, is 
performed in close contact with the liver. Nevertheless, 
ascites indicates the presence of  cirrhosis, which makes 
noninvasive staging of  fibrosis unnecessary[5]. 

Liver elastometry with FibroScan is unsuccessful 
in patients with narrow intercostal spaces and in those 
with morbid obesity[7,8]. These are the major limitations 
of  FibroScan measurements[12]. In the present study, 
patients with a body mass index (BMI) of  up to 30 
were enrolled, and ARFI elastography was performed 
successfully in all included patients. For the majority of  
the patients, the measurements were performed through 
a right intercostal space, and patients did not need to 
hold their breath during the examination. In difficult 
patients with narrow intercostal spaces, the examination 
was improved because of  the subcostal approach to 
the left liver lobe. Elastography of  the left liver lobe 
is especially helpful in obese patients. Rifai et al[13] have 
found recently that ARFI results of  the right and left 
liver lobe were comparable (n = 26, r = 0.44, P < 0.03). 
Furthermore, ARFI elastography is less time consuming 
than FibroScan. The new software allows one to do 12 

measurements in under 1 min, as compared to FibroScan 
that does 10 measurements in under at least 4 min[9].

The current study confirmed that, in CHC, no influ-
ence of  steatosis or activity grade on correlation between 
elasticity values and fibrosis stages was observed. Accord-
ing to ANOVA test, the elasticity values were not affected 
by steatosis or activity grade. Similar results have been re-
ported from studies analyzing transient elastography with 
FibroScan[7-9].

Three noninvasive tests were performed. The tests had 
a good correlation with the liver biopsy results. The most 
powerful test in predicting fibrosis was ARFI elastography, 
with a non-parametric correlation coefficient of  0.919 (95% 
CI = 0.872-0.949, P < 0.001). Other correlation coeffi-
cients were: 0.712 (95% CI = 0.572-0.811, P < 0.001) for 
APRI index, and 0.674 (95% CI = 0.521-0.784, P < 0.001). 

In the present study, we found highly significant 
positive correlations between liver propagation velocity 
obtained with ARFI elastography and the METAVIR 
fibrosis stage. The correlation coefficients showed a linear 
relationship between ARFI elastography and liver biopsy 
fibrosis, but to determine the cutoffs that predicted each 
degree of  fibrosis, we used the ROC curve method. 

An AUC value of  0.902 (0.831-0.972) was obtained 
using ARFI elastography for the diagnosis of  significant 
fibrosis (≥ F2), with a cutoff  value of  1.215 m/s. In 
comparison, three recent studies that analyzed the non-
invasive assessment of  liver fibrosis with FibroScan have 
revealed AUCs between 0.75 and 0.84 for the diagnosis 
of  significant fibrosis (≥ F2)[7-9]. The ARFI sonoelastog-
raphy predicted even better F3 or F4 fibrosis (AUROC = 
99.3%, 95% CI = 0.979-1).

Considering the increased values of  sensitivity and 
specificity, ARFI sonoelastography was shown to be a 
valuable investigative technique that could be of  great 
help in the evaluation and follow-up of  liver fibrosis. 

At present, it is difficult to determine the real impact 
of  ARFI elastometry in the early diagnosis of  fibrosis in 
patients with CHC. Figure 5 clearly indicates an overlap 
observed between F0-F1 and F2. The increase in liver 
propagation velocity was more important between stages 
F2 (1.21 m/s) and F3 (1.54 m/s) than between stages F1 
(1.18 m/s) and F2 (1.21 m/s). This is consistent with the 
fact that the increase in fibrous tissue is more important 
between stages F2 and F3 than between stages F1 and F2.

This limit of  ARFI elastography (reduced discrimi-
natory value between F1 and F2) was overcome by the 
fact that significant fibrosis (≥ F2) is considered a hall-
mark of  progressive liver disease. Studies have shown 
that antiviral treatment of  patients with CHC prolongs 
life, improves quality of  life, and is cost-effective[14,15]. 
However, treatment may be associated with severe side 
effects and the decision for treatment needs to be made 
on an individual basis. Patients with fibrosis stage F2 are 
at increased risk for developing cirrhosis with its com-
plications (ascites, encephalopathy, or portal hyperten-
sion). Therefore, patients with fibrosis stage ≥ F2 have 
a stronger indication for treatment as compared with 
patients with no or mild fibrosis (F1)[16,17].

Figure 5  Correlation between METAVIR and ARFI elastography. Cor-
relation between METAVIR and ARFI elastography showed that the overlap 
between stages F1 and F2  fibrosis limits the discriminatory value of the test 
in this context.
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Compared with fibrosis biomarkers, the disadvantage 
of  liver elastometry is the absence of  a large control 
group to assess the limit of  normal values[14-18]. In studies 
using liver biopsy as a reference method, as in our study, 
the number of  patients without fibrosis (F0) is very small.

Liver biopsy was considered the gold standard in our 
study because it is the only reference method available 
at present[1,19]. However, this technique is an invasive 
procedure that is known to have serious limitations. Various 
studies have shown that a single-needle liver biopsy can 
miss the diagnosis of  cirrhosis in 20%-50% of  patients[19]. 
To maximize the diagnostic yield of  liver biopsy, we 
selected only the patients with a biopsy length > 15 mm 
and histological sections with at least eight portal tracts. 
The major advantage of  ARFI liver elastography compared 
with liver biopsy is that it is painless, rapid, has no risk 
of  complications, is very well tolerated and it is more 
representative of  the entire liver parenchyma than is liver 
biopsy (1/50 000 of  the total liver mass)[2].

To assess the performance of  ARFI elastography, 
we have compared the liver propagation velocity with 
predictive blood tests (FibroMax) and APRI index in 
the same population. Our results showed that the most 
powerful test in predicting fibrosis was ARFI elastography. 
The high correlation between these three noninvasive tests 
suggests a sequential combination of  them in algorithms 
used for staging liver fibrosis in patients with CHC. 

In conclusion, our study showed that ARFI sonoelas-
tography stands out on account of  its very good correla-
tion with liver biopsy (gold standard for evaluating liver 
fibrosis), good sensitivity and excellent specificity. It has 
proved to be a noninvasive imaging method, which is far 
superior to other methods investigated (APRI and Fib-
roMax), for staging liver fibrosis. Further investigations 
on a larger number of  patients are necessary to validate 
ARFI elastography as a noninvasive method of  diagnos-
ing liver fibrosis.

COMMENTS
Background
Liver biopsy is an invasive procedure with certain unavoidable risks and 
complications. Therefore, the development of noninvasive tests to assess 
hepatic inflammation and fibrosis has been an active area of research. Several 
noninvasive methods have been proposed to stage liver fibrosis, including 
biochemical tests and imaging techniques. The biochemical tests consist of 
sophisticated indices and scores, or a large number of serological markers of 
liver fibrosis. However, the value of these diagnostic methods remains debatable. 
Among the imaging methods, transient elastography, based on ultrasound, is a 
new technique that rapidly and noninvasively measures mean tissue stiffness.
Research frontiers
Transient elastography is a noninvasive method with performance equivalent 
to that of serum markers for the diagnosis of significant fibrosis in patients with 
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Abstract
AIM: To investigate the possible use of the multiple 
cytokine production modulator, Y-40138, as a novel 
immunotherapy in the rat nonalcoholic steatohepatitis 
(NASH) model. 

METHODS: We allocated 6-wk-old male F344 rats to 
choline-supplemented, L-amino acid-defined (CSAA) 
diet (control group), CSAA diet + Y-40138 (control + 
Y-40138 group), choline-deficient, L-amino acid-defined 
(CDAA) diet (NASH group), or CDAA diet + Y-40138 
(NASH + Y-40138 group). In each group, we measured 
the plasma alanine aminotransferase (ALT) levels, and 
the plasma and liver levels of tumor necrosis factor-α 
(TNF-α), interferon-γ (IFN-γ), and interleukin-10 
(IL-10). Tissue specimens of phosphate buffered 
saline-perfused liver were subjected to hematoxylin 
and eosin staining, Azan staining, Sirius red staining, 
and immunohistochemical staining (for Kupffer cells 
and TNF-α). We then extracted Kupffer cells from the 
collagenase-perfused livers using the Percoll gradient 
centrifugation method, and measured the TNF-α levels 
in the supernatant (in vitro  TNF-α production by Kupffer 
cells) using an enzyme-linked immunosorbent assay kit.

RESULTS: In comparison to the NASH group, serum 

ALT elevation was mild, production of serum and liver 
TNF-α and IFN-γ was inhibited, and IL-10 production was 
increased in the NASH + Y-40138 group. Amelioration 
of liver histology was also noted in the NASH + Y-40138 
group. Kupffer cell immunohistochemical staining 
revealed no differences between groups, whereas TNF-α 
immunohistochemical staining showed fewer stained 
cells in the NASH + Y-40138 group than in the NASH 
group. The TNF-α levels in the in-vitro  Kupffer cell 
culture supernatant were lower in the NASH + Y-40138 
group than in the NASH group.

CONCLUSION: Administration of Y-40138 to NASH 
model rats reduced hepatic inflammation and suppressed 
fibrosis. These results indicate that the multiple cytokine 
production modulator, Y-40138, is promising as a novel 
treatment for NASH.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
In recent years, nonalcoholic steatohepatitis (NASH) as-
sociated with obesity and diabetes mellitus has attracted 
a great deal of  attention. Despite no history of  alcohol 
intake, the histological findings of  NASH are similar to 
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those of  alcoholic hepatitis, and it is a progressive condi-
tion. A 2-component theory has been proposed for the 
etiology of  NASH, the underlying condition being simple 
steatosis, with a first component of  fatty degeneration 
as a result of  insulin resistance, followed by a second 
component of  aggravating factors such as inflammatory 
cytokines, including tumour necrosis factor α (TNF-α), 
oxidative stress and endotoxins[1]. Kupffer cells, part of  
the innate immune system, produce various cytokines and 
are known to play a role in pathologies of  the liver[2,3]. 
Abnormally functioning Kupffer cells are suspected 
to be involved in NASH[4]. Although the etiological 
mechanisms of  NASH have not been fully elucidated, 
similar histopathological findings in NASH and alcoholic 
hepatitis suggest the existence of  a common underlying 
mechanism. One possible mechanism is that increased 
endotoxin levels cause activation of  Kupffer cells through 
surface Toll-like receptor-4 (TLR4), leading to increased 
expression of  TNF-α and increased levels of  reactive 
oxygen species (ROS)[5]. These induce inflammation and 
fibrosis, progressing to NASH.

It is known that the choline-deficient L-amino acid-de-
fined (CDAA) fed rat model shows fatty accumulation and 
fibrosis, and after 16 wk the liver shows cirrhotic changes, 
and nodules appear as in hepatocellular carcinoma[6]. 
Although this model lacks obesity and insulin resistance, 
the 2 major characteristics of  NASH in humans, the 
possible relation of  Kupffer cells with inflammation, 
steatosis, and fibrosis may resemble human NASH[7].

In this study, we administered Y-40138, which is a 
reciprocal cytokine production modulator, inhibiting 
production of  TNF-α and interferon γ (IFN-γ), and 
promoting production of  interleukin-10 (IL-10)[8,9], to a 
CDAA-fed rat NASH model, to investigate its possible 
use as a novel immunotherapy for NASH.

MATERIALS AND METHODS
Animals and induction of NASH model
Male F344 rats (6-wk-old, weighing 180-200 g) were 
purchased from Japan SLC Inc. (Hamamatsu, Japan). The 
animals were housed in stainless steel mesh cages under 
controlled temperature (23 ± 3℃) and relative humidity 
(50% ± 20%) conditions with 10 to 15 air changes per 
hour, and light illumination for 12 h a day. They were 
allowed access to tap water ad libitum throughout the 
duration of  the study. CDAA and choline-supplemented 
L-amino acid-defined (CSAA) feeds were purchased from 
CLEA Japan Inc. (Tokyo, Japan). The details of  both diets 
are described elsewhere[10].

The study groups were fed a CDAA diet for 8 wk to 
produce NASH. After 8 wk, the control group rats (CSAA 
diet, n = 5), control + Y-40138 group rats (CSAA +  
Y-40138 diet, n = 5), NASH group rats (CDAA diet, 
n = 5), and NASH + Y-40138 group rats (CDAA diet +  
Y-40138, n = 5) were killed and bled from the portal 
vein. Plasma was obtained by centrifugation at 3000 g  
for 15 min, and stored at -20℃. Liver tissues were 
excised after perfusion with phosphate buffered saline 

via the portal vein. All procedures were approved by our 
Institutional Animal Care Committee, and conducted in 
accordance with the Nara Medical University Guidelines 
for the Care and Use of  Laboratory Animals.

Compounds
Y-40138 was obtained from Tanabe Mitsubishi Pharma 
Co. (Osaka, Japan), and dissolved in 0.5% hydroxypropyl
methylcellulose solution. Y-40138 was orally administered 
to rats (10 mg/kg per day) for 8 wk.

Plasma alanine aminotransferase (ALT)
The plasma ALT levels were measured in samples from 
rats of  each group. The blood samples were centrifuged, 
and the plasma was collected and stored at -30˚C until 
used for ALT determination. The plasma ALT levels 
were measured using a 7170 Clinical Analyzer (Hitachi 
High-Technologies, Tokyo, Japan).

Plasma TNF-α, IFN-γ and IL-10
TNF-α, IFN-γ and IL-10 concentrations were measured 
in plasma samples (50 μL) from rats from each group 
using an enzyme-linked immunosorbent assay (ELISA) 
kit (BioSource International, Camarillo, CA, USA).

Liver TNF-α, IFN-γ and IL-10
Liver tissue samples were frozen in liquid nitrogen, 
powdered, and 30 mg samples were homogenized in 1 
mL of  lysis buffer. TNF-α, IFN-γ, IL-10 levels in the 
supernatant (50 μL) were measured using an ELISA kit 
(BioSource International).

Histological examination
Liver tissue samples were fixed in 10% formalin, embedded 
in paraffin, and 5 μm thick sections were cut from the 
paraffin blocks for staining with hematoxylin and eosin, 
Azan, and Sirius red. Histological grading and staging were 
performed using a modified scoring system based on the 
classifications of  Matteoni et al[11] and Brunt et al[12].

Immunohistochemistry
Kupffer cell dynamics were analyzed by comparing cell 
counts in each group using immunohistochemical staining 
with anti-rat macrophage/dendritic cell monoclonal 
antibody (RM-4: Trans Genic Inc., Kobe, Japan), Vectastain 
ABC Elite Kit (Vector Laboratories, Burlingame, CA, 
USA), and DAB peroxidase substrate solution (Vector 
Laboratories), with counterstaining by Hematoxylin Mayer. 
The stained areas were analyzed and compared using NIH 
image software (Version 1.61, U. S. National Institute of  
Health, Bethesda, MD, USA).

TNF-α immunohistochemical staining was performed 
on the paraffin sections using an anti-rat TNF-α/
TNFSF1A antibody (R&D Systems, Minneapolis, MN, 
USA). We then used Vectastain ABC Elite Kit, and DAB 
peroxidase substrate solution, with counterstaining by 
Hematoxylin Mayer. The stained areas were analyzed 
using NIH image software.
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Isolation and culture of Kupffer cells
Kupffer cells were harvested from the liver using 
isolation buffers according to a previously described 
procedure[13,14]. The livers were perfused in situ with Ca2+-
free minimum essential medium (Sigma, St. Louis, MI, 
USA), followed by 0.3% pronase (Roche Diagnostics 
Co., Indianapolis, IN, USA) and 0.05% collagenase 
type Ⅳ (Wako, Osaka, Japan) in Dulbecco’s modified 
Eagle’s medium/F-12 (Sigma) at a rate of  10 mL/min 
through the portal vein. The liver was carefully removed 
and minced using scissors. The minced livers were 
further incubated in a shaker water bath with 0.035% 
pronase and 62.5 U/mL DNase (Sigma) in Dulbecco’s  
modified Eagle’s medium/F-12 at 37℃ for 20 min. The 
samples were then filtered through gauze mesh, and 
the parenchymal cells were removed using low-speed 
centrifugation. Percoll (GE Healthcare, Little Chalfont, 
UK) was used for density gradient centrifugation of  
the cells. Kupffer cells were collected from the layer 
between 1.04 and 1.06, and cultured in RPMI 1640 
supplemented with 10% fetal bovine serum and SAG 
(50 μg/mL streptomycin, 50 μg/mL ampicillin, 0.3 g/L 
L-glutamine). The viability of  the cultured Kupffer cells 
was determined using trypan blue exclusion. Kupffer 
cells were seeded at a density of  5×105 cells/mL on 
12-well plastic plates with RPMI-1640 medium. For the 
lipopolysaccharide (LPS)-stimulated group, Kupffer cells 
were then exposed to 1 μg/mL of  LPS (Sigma-Aldrich 
Corp.) and incubated for 4.5 h at 37℃ in 50 mL/L CO2-
humidified air. Cells not treated with LPS were used as a 
control. TNF-α levels in the supernatant were measured 
using an ELISA kit.

The purity of  the isolated Kupffer cells was over 
98%, as examined by the uptake of  1 μm latex beads[15], 
and the viability was over 97% using the trypan blue dye 
exclusion test.

Statistical analysis
All results are expressed as mean ± SD. Analyses were 
conducted using Statview software (version 5.0, SAS 
Institute, Cary, NC, USA). The statistical differences 
between groups were evaluated using the paired t-test. A 
P-value < 0.05 was considered statistically significant.

RESULTS
Plasma ALT levels
The mean plasma ALT level was 35.8 ± 4.7 IU/L in 
the control group, 38.3 ± 6.7 IU/L in the control + 
Y-40138 group, 279.0 ± 32.8 IU/L in the NASH group, 
and 171.3 ± 28.5 IU/L in the NASH + Y-40138 group. 
The NASH group showed a statistically significant 
elevation in the plasma ALT level in comparison to the 
control group (P < 0.01). The plasma ALT levels were 
significantly decreased in the NASH + Y-40138 group in 
comparison to the NASH group (P < 0.01) (Figure 1).

Plasma TNF-α, IFN-γ and IL-10 levels
In comparison to the control group, the plasma TNF-α 

levels were significantly elevated in the NASH group (5.1 ±  
1.4 pg/mL vs 35.2 ± 7.3 pg/mL, P < 0.01). The plasma 
TNF-α levels were significantly lower in the NASH + 
Y-40138 group (9.6 ± 3.6 pg/mL) than in the NASH 
group (P < 0.01). The plasma IFN-γ levels in the NASH 
group (62.4 ± 11.0 pg/mL, P < 0.01) were significantly 
elevated in comparison to the control group (12.3 ± 
2.3 pg/mL). The plasma IFN-γ levels in the NASH + 
Y-40138 group (12.8 ± 6.3 pg/mL) were significantly 
decreased in comparison to the NASH group (P < 0.01). 
The plasma IL-10 levels in the control + Y-40138 group 
(2860 ± 350 pg/mL, P < 0.01) and the NASH group 
(1360 ± 380 pg/mL, P < 0.01) were significantly elevated 
in comparison to the control group (520 ± 96 pg/mL). 
The plasma IL-10 levels in the NASH + Y-40138 group 
(3820 ± 480 pg/mL) were significantly increased in 
comparison to the NASH group (P < 0.01) (Figure 2A).

Liver TNF-α, IFN-γ and IL-10 levels
The liver TNF-α level in the NASH group was 39.1 ± 
6.2 pg/μg protein, significantly higher than that in the 
control group (15.8 ± 3.6 pg/μg protein, P < 0.01). The 
liver TNF-α level in the NASH + Y-40138 group (12.4 ± 
4.1 pg/μg protein) was significantly lower than that in 
the NASH group (P < 0.01). The liver IFN-γ level in the 
NASH group was 136 ± 39 pg/μg protein, significantly 
higher than that in the control group (36.3 ± 5.6 pg/μg 
protein, P < 0.01). The liver IFN-γ level in the NASH +  
Y-40138 group (45.6 ± 18.5 pg/μg protein) was 
significantly lower than that in the NASH group (P < 
0.01). The liver IL-10 level in the control + Y-40138 
group (24.7 ± 5.3 pg/μg protein) and the NASH group 
(19.3 ± 4.1 pg/μg protein) were significantly elevated 
in comparison to the control group (10.4 ± 2.5 pg/μg 
protein). The liver IL-10 level in the NASH + Y-40138 
group (34.5 ± 4.3 pg/μg protein) was significantly higher 
than that in the NASH group (P < 0.01) (Figure 2B).

Histological findings
In contrast to the control group, marked inflammation, 
fat deposition, and fibrosis were seen in the NASH 

Figure 1  The plasma alanine aminotransferase (ALT) levels in the 
nonalcoholic steatohepatitis (NASH) group were significantly elevated 
in comparison to the control group. The plasma ALT levels in the NASH + 
Y-40138 group were significantly decreased in comparison to the NASH group 
(each group n = 5). bP < 0.01.
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group, corresponding to Matteoni’s type 4 and grade 3/
stage 3 of  Brunt’s NASH classification. The NASH + 
Y-40138 group findings corresponded to Matteoni’s type 3 
and Brunt’s grade 2/stage 2, and showed amelioration of  
inflammation and fibrosis in comparison to the NASH 
group (Figure 3).

Immunohistochemical findings
Kupffer cell immunohistochemical staining showed no 
significant difference in the number of  stained cells 
per field between groups (Figure 4A and B). Moreover, 
quantitative analysis using NIH Image analysis software 
showed no significant difference between groups 
(Figure 4C).

The TNF-α immunoreactivity in the liver tissue 
samples from the NASH group rats was increased in 
comparison to the control group rats. Moreover, the 

immunopositive areas in those animals were localized 
either to the periphery of  fatty spots or to the non-
parenchymal cells (Figure 5A). Semiquantitative analysis 
of  TNF-α staining revealed significantly increased 
immunoreactivity in the livers of  the NASH group 
rats (3250 ± 390) in comparison to the control group 
rats (260 ± 80) (P < 0.01). Semiquantitative analysis 
of  TNF-α staining revealed significantly decreased 
immunoreactivity in the livers of  the NASH + Y-40138 
group rats (820 ± 350) in comparison to the NASH 
group rats (P < 0.01) (Figure 5B).

In-vitro TNF-α production by Kupffer cells
The viability of  the cultured Kupffer cells was over 
98% as determined by trypan blue exclusion. The basal 
TNF-α production by Kupffer cells isolated from the 
NASH group (26.6 ± 3.4 pg/mL) was equal to that 

Figure 2  Tumor necrosis factor-α (TNF-α), interferon-γ (IFN-γ), and interleukin-10 (IL-10) levels in the plasma and liver (ELISA method) in each group 
(n = 5). A: The plasma TNF-α and IFN-γ levels were significantly elevated in the NASH group, and the increase was attenuated in the NASH + Y-40138 group. The 
IL-10 levels were increased in the NASH group and further increased in the NASH + Y-40138 group rats. bP < 0.01; B: The liver TNF-α, IFN-γ and IL-10 levels were 
significantly elevated in the livers of the NASH group rats. TNF-α and IFN-γ levels were attenuated in the NASH + Y-40138 group. The IL-10 levels further increased 
in NASH + Y-40138 group rats. bP < 0.01.
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from the control group (23.4 ± 4.8 pg/mL). After LPS 
stimulation, TNF-α production in the control group (48.9 ± 
7.5 pg/mL) was significantly higher than the basal control 
level, and that in the NASH group (73.8 ± 8.4 pg/mL) 
was significantly higher than that in the control group 
(P < 0.01). TNF-α production in the NASH + Y-40138 

group (57.2 ± 10.3 pg/mL) was significantly lower than 
that in the NASH group (P < 0.05) (Figure 6).

DISCUSSION
Kupffer cells located in the hepatic sinusoids are important 

C

A

B

Control                                    Control + Y40138                                         NASH                                      NASH + Y40138

Figure 3  Histological analysis of liver sections. A: Hematoxylin and eosin stain (× 100); B: Azan stain (× 100); C: Sirius red stain (× 100). Histological findings of 
liver tissue from the NASH group rats corresponded to Matteoni’s type 4 and grade 3/stage 3 of Brunt’s NASH classification. Sirius red staining revealed abundant 
collagen. NASH + Y-40138 group findings corresponded to Matteoni’s type 3 and Brunt’s grade 2/stage 2, and showed amelioration of inflammation and fibrosis in 
comparison to the NASH group (n = 5).
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Figure 4  Kupffer cell immunohistochemical staining, Kupffer cell number and semiquantification in the liver. A: Kupffer cell immunohistochemical staining 
(× 200). Brown-stained cells are positive; B: No significant differences were seen between groups in the stained cell counts per field; C: Quantitative analysis revealed 
no significant differences between groups (n = 5). HRF: High rise filed.

A

Control                                    Control + Y40138                                         NASH                                      NASH + Y40138

Tsujimoto T et al . Therapeutic administration of Y-40138 for NASH                                                                5537



www.wjgnet.com

hepatic cells that possess phagocytic activity, antigen 
presenting activity, and produce inflammatory cytokines, 
making them responsible for the hepatic innate immunity. 
Inflammatory cytokines, in particular TNF-α, are report-
edly involved in the etiology and progression of  alcoholic 
hepatitis[16]. The histopathological findings in NASH are 
similar to those detected in alcoholic hepatitis, suggesting 
the existence of  a common underlying mechanism. A 
possible mechanism is that increased endotoxin levels 
cause activation of  Kupffer cells through TLR4, leading 
to increased expression of  TNF-α and increased levels 
of  ROS. These induce inflammation and fibrosis, pro-
gressing to NASH. The elevation in the hepatic tissue 
and plasma levels of  TNF-α noticed in NASH[2] has 
been attributed to a combination of  secretion by fat cells 
associated with obesity, and secretion by Kupffer cells 
activated by endotoxins[17].

Once the trigger of  TLR4 signal transmission has 
been initiated, Kupffer cells produce inflammatory 
cytokines including TNF-α, IL-1β, and IL-6, as well as 
the anti-inflammatory cytokine IL-10[18]. Kupffer cells also 
induce the inflammatory response through production of  
transforming growth factor-1, matrix metalloproteinase, 
platelet-derived growth factor, and ROS[19]. NASH is 
characterized by fatty deposition in the hepatocytes, 
inflammatory cell infiltration, with consequent liver 
fibrosis[20].

Methionine/choline deficient (MCD) and CDAA 
diets are widely used to produce NASH animal models[4]. 
Although these animals models lack obesity and insulin 
resistance, 2 of  the major characteristics of  NASH in 
humans, the possible relation of  Kupffer cells with 
inflammation, steatosis, and fibrosis may resemble 
the human NASH[7]. We also demonstrated decreased 
Kupffer cell phagocytic activity in this model[4]. Increased 
sensitivity to LPS, the TLR4 ligand, occurs in MCD and 
CDAA-induced NASH, triggering the production of  
inflammatory cytokines[3].

TNF-α is a cytokine widely involved in biodefence 
and immune mechanisms based on inflammation, and 
continued overproduction is harmful to the organisms, 
with potentially serious toxicity, resulting in various 
morbidities[21]. Anti-cytokine antibodies such as infliximab 
are now widely used clinically as pharmacotherapy for 
inflammatory diseases[19].

In contrast, IL-10 is produced by macrophages and 
T-cells and has anti-inflammatory properties, inhibiting the 
production of  inflammatory cytokines such as TNF-α, 
IL-1β, IL-6, and IL-8[22]. Therefore, IL-10 has shown 
efficacy in models of  sepsis and rheumatoid arthritis[23] 
and clinically useful therapeutic effects have been reported 
for IL-10 in the treatment of  steroid-resistant Crohn’s 
disease[24].

The chemical name of  the new synthetic compound 
Y-40138 is N-[1-(4-[4-(pyrimidin-2-yl) piperazin-1-yl] 

Figure 5  TNF-α immunohistochemical staining and semiquantification. A: TNF-α immunohistochemical staining (× 200). Brown-stained cells are positive; B: 
TNF-α immunoreactivities in the tissue samples from the NASH group were increased in comparison to the control group. The TNF-α immunoreactivities in the NASH 
+ Y-40138 group were decreased in comparison to the NASH group (n = 5). bP < 0.01.
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significantly decreased in comparison to the NASH group (n = 5). aP < 0.05.
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methylphenyl) cyclopropyl] acetamide/hydrochloride. 
Its molecular formula is C20H25N5O/HCl, its molecular 
weight is 387.91 (free base: 351.45). Although the site 
of  action of  Y-40138 has not yet been elucidated, it is 
known to have reciprocal actions in inhibiting production 
of  TNF-α and IFN-γ, and increasing production of  
IL-10, as well as inhibiting production of  chemokines 
and inflammatory cell chemotaxis, mechanisms not seen 
in any other agents[8,9]. Previous studies on Y-40138 have 
demonstrated improved survival rates in a D-galactos-
amine/LPS-induced mouse fulminant hepatic failure 
model[25,26] and a LPS-stimulated mouse sepsis model[27], 
and reduced ALT levels in a concanavalin A-induced 
mouse hepatitis model[28].

In this study using the rat NASH model, we detected 
increased plasma levels of  ALT and TNF-α, and 
confirmed increased TNF-α levels in the liver using 
ELISA and immunohistochemical staining. These results 
indicate that TNF-α is involved in this NASH model, as 
in alcoholic hepatitis. Administration of  Y-40138 to these 
same model rats reduced the plasma levels of  ALT and 
TNF-α, and also decreased the TNF-α levels in the liver. 
We detected increased levels of  IL-10 in the peripheral 
blood and liver. The TNF-α production by the isolated 
Kupffer cells was similar in the control and NASH 
rats. Kupffer cells from the control rats were sensitive 
to LPS stimulation. Furthermore, those from NASH 
were more sensitive to LPS stimulation, suggesting that 
continuous inflammation leads to up-regulation of  the 
LPS-induced TNF-α production by the activated Kupffer 
cells. Administration of  Y-40138 to the same model rats 
decreased LPS-induced TNF-α production in vitro. We 
presume that IL-10 restrains the production of  TNF-α 
and IFN-γ via inhibition of  the activation of  Kupffer cells 
through STAT3 (signal transducer and activator of  tran-
scription 3).

In conclusion, the multiple cytokine production 
modulator Y-40138 ameliorated hepatic inflammation 
and inhibited fibrotic changes in the liver. These results 
indicate that Y-40138 is promising as a novel treatment 
for NASH. Y-40138 may have a role in suppressing the 
progress of  hepatitis and prolonging the lives of  patients 
with liver damage such as NASH in which cytokines 
and/or chemokines are involved.
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COMMENTS
Background
Kupffer cells, part of the innate immune system, produce various cytokines and 
are known to play a role in pathologies of the liver. Abnormally functioning Kupffer 
cells are thought to be involved in nonalcoholic steatohepatitis (NASH). Although 
the etiological mechanisms of NASH have not been fully elucidated yet, observing 
similar histopathological findings in NASH and alcoholic hepatitis suggests 
the existence of a common underlying mechanism. In this study, the authors 
administered the multiple cytokine production modulator, Y-40138, to NASH 
model rats, to investigate its possible use as a novel immunotherapy for NASH.

Research frontiers
Administration of Y-40138 to NASH model rats reduced hepatic inflammation 
and suppressed fibrosis. These results indicate that the multiple cytokine 
production modulator, Y-40138, is promising as a novel treatment for NASH. 
Therefore, Y-40138 may contribute to suppressing the progress of hepatitis and 
prolonging the life of patients with liver damage such as NASH.
Applications
The present study is an experimental research using the rat NASH model, 
which was made by feeding a choline-deficient L-amino-acid-defined diet to 
rats, to examine their innate immunity. The authors believe that Y-40138 is a 
useful immunotherapy for NASH. 
Terminology
The chemical name of the new synthetic compound Y-40138 is N-[1-(4-
[4-(pyrimidin-2-yl) piperazin-1-yl] methylphenyl) cyclopropyl] acetamide/
hydrochloride. Although the mechanism of action of Y-40138 has not been fully 
elucidated yet, it is known to have reciprocal actions in inhibiting the production 
of tumour necrosis factor-α and interferon-γ, and increasing the production of 
IL-10, as well as inhibiting the production of chemokines and inflammatory cell 
chemotaxis, and no other agents are known to have such mechanisms.
Peer review
This is an interesting study on the use of a cytokine modulator in the treatment 
of an experimental NASH model. The paper is well written and the research is 
well designed and executed.
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Abstract
AIM: To investigate the effects of macrophage migration 
inhibitory factor (MIF) on proliferation of human gastric 
cancer MGC-803 cells and expression of cyclin D1 and 
p27Kip1 in them, and further determine whether the 
effects are related to the PI3K/Akt signal transduction 
pathway. 

METHODS: Gastric cancer MGC-803 cells were cultured 
and then treated with 50 μg/L recombinant human MIF 
(rhMIF) with and without a PI3K inhibitor, LY294002 
(25 μmol/L). MTT assay was used to detect the prolifer-
ation of MGC-803 cells. Cell cycle was detected by flow 
cytometry. Expression of cyclin D1 and p27Kip1 mRNA 
was by reverse transcription-polymerase chain reaction. 
Protein expression of phosphorylated Akt (p-Akt), Akt, 
cyclin D1 and p27Kip1 was examined by immunocyto-
chemistry and Western blotting. 

RESULTS: rhMIF significantly stimulated the prolifera-
tion of MGC-803 cells and cell cycle progression from 
G1 phase to S phase in a concentration- and time-de-
pendent manner. After the MGC-803 cells were treated 
with rhMIF for 24 h, the expression of cyclin D1 was 
significantly up-regulated compared with the cells not 
treated with rhMIF at both mRNA and protein levels 

(0.97 ± 0.02 vs  0.74 ± 0.01, P  = 0.002; 0.98 ± 0.05 
vs  0.69 ± 0.04, P  = 0.003). The p27Kip1 was down-
regulated but only statistically significant at the protein 
level. rhMIF significantly increased the expression of 
p-Akt, which reached the peak at 30 min, but did not 
affect the expression of Akt. However, LY294002 inhib-
ited all the effects of rhMIF.

CONCLUSION: Macrophage MIF increases the prolifer-
ation of gastric cancer cells, induces the expression of 
cyclin D1 at the transcriptional level and inhibits the 
expression of p27Kip1 at the post-transcriptional level via  
the PI3K/Akt pathway. 

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Gastric cancer is the most common gastroenterological 
malignancy worldwide, with its incidence rate being the 
fourth among all cancers[1,2]. There are approximately 
934 000 new cases, and 700 000 patients die of  gastric 
cancer each year. Gastric cancer is the second leading 
cause of  cancer-related death worldwide[3-5], and remains 
a disease of  poor prognosis. The 5-year survival rate of  
gastric cancer patients is generally below 20%. The cur-
rent major therapies for gastric cancer include surgery, 
chemotherapy combined with or without radiotherapy, 
but their efficacy is not satisfactory. It is, therefore, 
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necessary to explore and investigate the tumorigenesis 
of  gastric cancer and its novel therapy targets[6]. 

Macrophage migration inhibitory factor (MIF) is a 
multi-functional cytokine, which is associated with inflam-
mation and tumorigenesis[7,8]. Recent studies have shown 
that MIF is related to the initiation and progression of  
gastric cancer, but its underlying mechanism is not very 
clear[9-11]. 

It has been reported that the effect of  MIF on cell 
proliferation is relevant to cell cycle factors[12]. Cyclin Dl 
and 27Kip1 belong to the family of  cyclin proteins and 
cyclin-dependent kinase inhibitors (CDKI), which regu-
lates cell cycle progression from the G1 phase to the  
S phase[13,14]. Over-expression of  cyclin D1 and aberrant 
expression of  p27Kip can lead to the loss of  control of  cell 
proliferation and differentiation, thus promoting tumori-
genesis[15].

The phosphoinositol-3-kinases (PI3K)/Akt pathway 
has been considered an important signaling pathway that is 
involved in the regulation of  cell proliferation and differ-
entiation[16]. It has been reported that NF-κB activates the 
transcription target, via PI3K/Akt signaling, to promote 
gastric tumorigenesis[17]. In a recent study with a gastric 
cancer cell line, AGS, Kim et al[18] reported that inhibition 
of  the PI3K/Akt/PKB pathway could enhance the mito-
chondrial death pathway. Another recent study indicates 
that anti-cancer effects of  celecoxib on gastric cancer cells 
are partly mediated by down-regulation of  Akt signaling[19]. 

The aims of  the present study were to investigate 
the effects of  recombinant human MIF (rhMIF) on cell 
proliferation of  human gastric cancer MGC-803 cells 
and cell cycle. Activity of  Akt and expression of  cyclin 
D1 and p27kip1 were examined. Whether the PI3K/Akt 
pathway is involved in the effects of  rhMIF was further 
investigated, using a PI3K/Akt inhibitor, LY294002. 

MATERIALS AND METHODS
Chemicals
rhMIF and P13K specific inhibitor, LY294002, were 
purchased from PROSPEC (Rehovot, Israel) and Cell 
Signaling (Danvers, MA, USA), respectively. Primers for 
GAPDH, cyclin D1 and p27 were produced by Shanghai 
Sangon Biological Engineering Technology & Service 
Company, Ltd. (Shanghai, China). Mouse anti-human 
β-actin primary antibody was bought from Beyotime In-
stitute of  Biotechnology (Shanghai, China). Rabbit anti-
human cyclin D1 primary antibody was purchased from 
Epitomics (Burlingame, CA, USA), and rabbit anti-hu-
man p27, rabbit anti-human phosphorylated Akt (p-Akt) 
and Akt primary antibodies were bought from Santa Cruz 
Biotechnology (CA, USA). Goat anti-mouse and goat 
anti-rabbit secondary antibodies were purchased from 
Beyotime Institute of  Biotechnology (Shanghai, China)  
and BioDev-Tech (BioDev, Beijing, China), respectively. 
Epics-XL II flow cytometer was purchased from Beck-
man Coulter (Beckman, Fullerton, CA, USA).

Cell culture
Gastric cancer cell line, MGC-803, was provided by the 

Institute of  Cancer Research, Nanhua University (China), 
and cultured in RPMI 1640 medium supplemented with 
10% fetal bovine serum (FBS), 100 μg/mL streptomycin 
and 100 μ/mL penicillin, and maintained at 37℃ in a hu-
midified atmosphere containing 5% CO2. The cultured cells 
were then used in different experiments as described below. 

Cell proliferation assay (MTT assay)
Approximately 2 × 103 cells/well were grown in 96-well 
microtiter plates and incubated overnight in 100 μL of  
the culture medium. Cells were starved without FBS for 
24 h at 70%-80% confluence and then treated with rhMIF 
at different concentrations (25, 50 and 100 μg/L) with or 
without 1-h pretreatment with LY294002 (25 μmol/L), for 
12, 24 and 48 h, respectively. Cells without any treatment 
were used as controls. Twenty microliters of  5 mg/mL 
MTT (Sigma, St Louis, MO) labeling reagent was added to 
the designated well, and cells were incubated at 37℃ for 4 h. 
The supernatant was removed, and then 150 μL dimethyl 
sulfoxide (DMSO) was added to the designated well. After 
the plate was incubated at 37℃ for 15 min, the absorbency 
was measured with a micro ELISA reader (Bio-Tek, Win-
ooski, VT, USA) at a wavelength of  570 nm.

Flow cytometry
Cells were harvested after treated with rhMIF, with or 
without 1-h pretreatment with LY294002 for 24 h as 
described earlier, and fixed with 75% cold alcohol at 4℃ 
overnight. After washed with phosphate buffered saline 
(PBS), propidium iodide (PI) was added and cells were 
incubated at 4℃ for 30 min. Cell cycle distribution was 
detected with an Epics-XL II flow cytometer (Beckman 
Coulter, Inc., Fullerton, CA, USA).

Reverse transcriptase polymerase chain reaction (RT-PCR)
Cells were harvested after treated with rhMIF, with or 
without 1-h pretreatment with LY294002 for 24 h as 
described earlier. Total RNA was extracted from cells 
with a total RNA kit (BioDev, Beijing, China). One mi-
crogram of  RNA was reversely transcribed to cDNA 
with thermoscript RT system reagent (MBI Fermentas, 
Glen Burnie, USA) according to its manufacturer’s in-
structions. The primer sequences are as follows: cyclin 
D1, forward: 5'-CGTCCATGCGGAAGATC-3', reverse: 
5'-CAGAGGGCAACGAAGGT-3' (406 bp); p27Kip1, 
forward: 5'-CGCAAGTGGAATTTCGATTT-3', re-
verse: 5'-ATGCGTGTCCTCAGAGTTAGC-3' (215 bp); 
GAPDH, forward: 5'-CGGAGTCAACGGATTTG-
GTCGTAT-3', reverse: 5'-AGCCTTCTCCATGGTG-
GTGAAGAC-3' (306 bp). PCR was performed accord-
ing to the following conditions: denaturation at 94℃ for  
3 min, 40 cycles of  denaturation at 94℃ for 30 s, an-
nealing at 57℃ for 30 s and extension at 72℃ for 2 min, 
followed by a final extension at 72℃ for 10 min. Five mi-
crolitres of  PCR product was used for agarose gel electro-
phoresis and analyzed using Alphalmager 2200 (Imaging 
System, CA, USA).

Western blotting
Whole cell lysates were prepared from cells with RIPA 
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lysis buffer containing protease inhibitors (Beyotime, 
Shanghai, China). Protein concentration was measured 
with a BCA protein assay kit (Beyotime, Shanghai, China). 
An aliquot of  40 μg protein of  each sample was subjected 
to sodium dodecyl sulfate polyacrylamide gel electropho-
resis. Then, the protein was transferred to a PVDF mem-
brane (Millipore, Billerica, MA). Non-specific binding was 
blocked with 5% non-fat milk for 2 h at 37℃. The mem-
brane was immunodetected with anti-cyclin D1 (1:500), 
anti-p27kip1 (1:500), anti-p-Akt (1:500), anti-Akt (1:500), 
anti-β-actin (1:1000) primary antibodies overnight at 4℃, 
and then with corresponding HRP-conjugated secondary 
antibodies (1:2000). Antigen-antibody complexes were 
visualized with a luminol reagent (Santa Cruz, CA, USA), 
and the results were analyzed with Alphalmager 2200. 
β-actin was detected as the loading control.

Immunocytochemistry
Cells were grown on slides at a concentration of  1.0 ×  
106 cells/mL, treated with rhMIF (50 μg/L) with or 
without 1-h pretreatment with LY294002 (25 μmol/L) 
for 24 h at 70%-80% confluence. Cells without any treat-
ment were used as controls. The treated and control cells 
were fixed with 75% cold alcohol at 4℃ overnight and 
then subjected to immunostaining using the streptavidin-
peroxidase technique. In brief, endogenous peroxidase was 
blocked with 3% H2O2 in PBS, and then with a normal 
goat serum blocking solution for 20 min at room tempera-
ture. The slides were incubated with anti-p-Akt, anti-cyclin 
D1 and anti-p27kip1 primary antibodies (1:200 diluted with  
0.01 mol/L PBS), respectively, for 60 min at room tempera-
ture. Slides that were incubated with PBS instead of  prima-
ry antibodies were used as negative controls. After washed 
with PBS, the slides were incubated with corresponding 
HRP-conjugated secondary antibodies for 30 min. The 
color of  immunostaining was developed with a diamino-
benzidine solution and counterstained with hematoxylin.

Statistical analysis
Data were analyzed using SPSS 16.0 software. The results 
were expressed as mean ± SD. Student t-test was used to 
determine the difference in numeric parameters between 
different groups. P < 0.05 was considered statistically 
significant.

RESULTS
Effects of rhMIF and LY294002 on the proliferation of 
MGC-803 cells
The MTT assay showed that treatment with rhMIF sig-
nificantly increased the proliferation of  MGC-803 cells 
in a dose- and time-dependent manner compared with 
the controls (P < 0.05). The proliferation of  MGC-803 
cells reached its peak (1.823 ± 0.04/0.647 ± 0.02, 282%) 
when they were treated with 50 μg/L rhMIF for 48 h  
(Figure 1A), which was significantly inhibited after 1-h 
pretreatment with 25 μmol/L LY294002 (P < 0.05,  
Figure 1B). DMSO (the menstruum of  LY294002, less than 
0.1%) had little effect on the proliferation of  MGC-803 
cells.

Effects of rhMIF and LY294002 on the cell cycle of 
MGC-803 cells
The effect of  rhMIF on cell cycle distribution is shown 
in Figure 2. rhMIF (50 μg/L) significantly induced the 
progression of  MGC-803 cells from G1 phase to S phase 
(P < 0.05), thus increasing the accumulation of  cells in S 
phase. However, the cells treated with LY294002 were ac-
cumulated in G1 phase, namely G1 arrest, irrespective of  
rhMIF treatment (P < 0.05). DMSO had little impact on 
the rhMIF effect (Figure 2).

Effects of rhMIF and LY294002 on the mRNA and protein 
expression of cyclin D1 and p27kip1 in MGC-803 cells
After treatment with 50 μg/L rhMIF for 24 h, the mRNA 
level of  cyclin D1 was increased significantly (P < 0.05). 
However, 1-h pre-treatment with LY294002 reduced the 
mRNA expression irrespective of  subsequent rhMIF 
treatment (P < 0.05, Figure 3A). DMSO had little impact 
on the rhMIF effect. Treatment with rhMIF or LY294002 
had no effect on the mRNA level of  p27kip1 (Figure 3A). 

Western blotting showed that after treatment with  
50 μg/L rhMIF for 24 h, the expression of  cyclin D1 
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protein was significantly up-regulated, but the expres-
sion of  p27kip1 protein was down-regulated (P < 0.05, 
Figure 3B). However, 1-h pretreatment with LY294002 
prior to rhMIF treatment abrogated the effects of  rh-
MIF on the expression of  cyclin D1 and p27kip1 proteins 
(P < 0.05). Again, DMSO had little impact on the rhMIF 
effect (Figure 3B). 

Immunocytochemistry demonstrated that the positive 
expression of  cyclin D1 and p27kip1, in yellow or brown, 
was mostly located in the nuclei of  MGC-803 cells, but 
rarely in the cytoplasm. rhMIF increased the expression 
of  cyclin D1, but decreased the expression of  p27kip1  

(Figure 4). However, 1-h pretreatment with LY294002 
down-regulated the expression of  cyclin D1 (Figure 4A), 
but up-regulated the expression of  p27kip1 (Figure 4B), 
which was consistent with the results obtained by Western 
blotting. 

Effects of rhMIF on the expression of p-Akt and Akt in 
MGC-803 cells
Western-blotting showed that after treatment with 
different concentrations of  rhMIF (25, 50, 100 μg/L) for 
30 min, the expression of  p-Akt in MGC-803 cells was 
up-regulated in a dose-dependent manner (Figure 5A,  
P < 0.05). In addition, the cells treated with 50 μg/L rh-
MIF for different periods of  time (5, 15, 30 and 60 min) 
showed that the expression of  activated Akt in MGC-803 
cells started to increase at 5 min, reached its peak at 30 
min, then decreased but remained at a level higher than 
that in the untreated control cells (P < 0.05, Figure 5B). 
Pretreatment with LY294002 prior to rhMIF treatment, 
however, inhibited the expression of  p-Akt irrespective of  

rhMIF treatment (Figure 5C). DMSO had little impact on 
the rhMIF effect. Both rhMIF and LY294002 had no ef-
fect on the expression of  Akt (Figure 5A and C).

Immunocytochemistry showed that p-Akt was posi-
tively expressed in cytoplasm of  the cells. rhMIF in-
creased the expression of  p-Akt. However, pre-treatment 
with LY294002 down-regulated the expression of  p-Akt 
(Figure 5D).

DISCUSSION
MIF has multiple biological functions and plays an im-
portant role in inflammation as well as in carcinogenesis 
as a cytokine[20,21]. Increased expression of  MIF has been 
reported in pre-cancerous, cancerous and metastatic tu-
mors[10,22]. It has been shown that MIF-modulated cancer 
progress is associated with the ERK/MAPK, PI3K/Akt, 
and Rb-E2F pathways[22-25]. However, its detailed mecha-
nism underlying inflammatory and malignant trans-
formation as well as tumorigenesis needs to be further 
investigated. 

In our study, rhMIF increased the MGC-803 cell 
proliferation in a dose- and time-dependent manner, and 
induced progression from G1 phase to S phase, leading 
to S phase arrest. It has been demonstrated that cyclin, 
cyclin-dependent kinase (CDK) and CDK inhibitor 
(CDKI) play a critical role in the orderly progression 
of  cell cycle during the transition from G1 phase to S 
phase[26,27]. Since cyclin D1 is an important regulator of  
cell cycle progression, its increased expression contributes 
significantly to tumor development and malignant trans-
formation[13,28]. p27Kip1, an inhibitor of  CDK, functions as 
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an integral brake of  the cell cycle, thus also playing an 
important role in tumor suppression[29]. For example, 
deregulation of  p27Kip1 has a profound effect on tumor 
progression in colorectal cancer and is suggested to 
be an accurate and independent prognostic marker[30]. 
Moreover, p27Kip1 may be a central target for growth 
regulation of  the normal endometrium and for the 
pathogenesis of  endometrial carcinoma[31]. In our study, 
rhMIF increased cyclin D1 mRNA expression, but had 
no effect on p27Kip1 mRNA expression. However, immu-
nocytochemistry showed that rhMIF increased the ex-
pression of  cyclin D1 protein and decreased the expres-

sion of  p27Kip1 protein. These results were identified fur-
ther by Western blotting. Therefore, our results indicate 
that rhMIF affects the cell cycle by inducing cyclin D1 
and inhibiting p27Kip1, thus promoting the proliferation 
of  MGC-803 cells. In addition, rhMIF up-regulates the 
transcriptional cyclin D1, which is in contrast with the 
posttranscriptional protein reduction of  p27Kip1 in cells. 
This phenomenon may be related to the degradation by 
its ubiquitin ligase[32,33]. 

The PI3K/Akt pathway is crucial in tumorigenesis 
because the p-Akt can regulate the cell proliferation, 
apoptosis, angiogenesis and cell cycle by activating the 
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downstream cell receptors or effectors[34-36]. Cinti et al[37] 

studied 50 cases of  advanced gastric carcinoma using 
immunohistochemistry, showing a statistically significant 
direct correlation between p-Akt expression and depth 
of  infiltration of  the tumor, between the number of  infil-
trated lymph nodes and p34/cdc2 expression, and between 
prevalently nuclear p-Akt and cyclin D1 and cyclin E, but 

an inverse correlation between nuclear pAkt and apoptotic 
index, and between cytoplasmatic and nuclear pAkt and 
patient survival, suggesting that p-Akt may be consid-
ered an indicator of  tumor progression and a prognostic 
factor for the survival of  gastric cancer patients. Liang  
et al[38] reported that cellular prion protein up-regulates cy-
clin D1 at both mRNA and protein levels, thus promoting 
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cell proliferation and transition from G1 phase to S phase 
in gastric cancer GC7901 and AGS cells, at least partially 
by activating the PI3K/Akt pathway. Moreover, a PI3K 
specific inhibitor, LY294002, can significantly suppress 
the effects of  cellular prion protein. In the present study, 
immunocytochemistry showed that rhMIF increased the 
p-Akt expression, activated p-Akt in a dose- and time-
dependent manner, and induced the maximum Akt phos-
phorylation at 30 min. However, the total expression level 
of  Akt remained unchanged, indicating that rhMIF affects 
specifically the activated Akt, namely the p-Akt. To further 
validate the involved Akt pathway in the effect of  rhMIF on 
MGC-803 cells, the cells were pretreated with a PI3K spe-
cific inhibitor, LY294002, showing that LY294002 reversed 
or abolished all the effects induced by rhMIF, including the 
increased proliferation, cell cycle S arrest, up-regulation of  
cyclin D1 and p-Akt, down-regulation of  p27Kip1, suggest-
ing that rhMIF can induce the proliferation and cell cycle 
progression of  MGC-803 cells via the PI3K/Akt pathway.

In conclusion, MIF increases the proliferation of  
gastric cancer cells, induces the expression of  cyclin D1 
at the transcriptional level and inhibits the expression of  
p27Kip1 at the post-transcriptional level via the PI3K/Akt 
pathway. Further investigation is required to reveal wheth-
er macrophage MIF is a novel potential therapeutic target 
for the treatment of  gastric cancer. 
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Abstract
AIM: To investigate the effect of short-chain fatty ac-
ids (SCFAs) on production of prostaglandin E2 (PGE2), 
cytokines and chemokines in human monocytes.

METHODS: Human neutrophils and monocytes were 
isolated from human whole blood by using 1-Step 
Polymorph and RosetteSep Human Monocyte Enrich-
ment Cocktail, respectively. Human GPR41 and GPR43 
mRNA expression was examined by quantitative real-
time polymerase chain reaction. The calcium flux assay 
was used to examine the biological activities of SCFAs 
in human neutrophils and monocytes. The effect of 

SCFAs on human monocytes and peripheral blood 
mononuclear cells (PBMC) was studied by measuring 
PGE2, cytokines and chemokines in the supernatant. 
The effect of SCFAs in vivo  was examined by intraplan-
tar injection into rat paws.

RESULTS: Human GPR43 is highly expressed in hu-
man neutrophils and monocytes. SCFAs induce robust 
calcium flux in human neutrophils, but not in human 
monocytes. In this study, we show that SCFAs can in-
duce human monocyte release of PGE2 and that this 
effect can be enhanced in the presence of lipopolysac-
charide (LPS). In addition, we demonstrate that PGE2 
production induced by SCFA was inhibited by pertussis 
toxin, suggesting the involvement of a receptor-medi-
ated mechanism. Furthermore, SCFAs can specifically 
inhibit constitutive monocyte chemotactic protein-1 
(MCP-1) production and LPS-induced interleukin-10 
(IL-10) production in human monocytes without affect-
ing the secretion of other cytokines and chemokines 
examined. Similar activities were observed in human 
PBMC for the release of PGE2, MCP-1 and IL-10 after 
SCFA treatment. In addition, SCFAs inhibit LPS-induced 
production of tumor necrosis factor-α and interferon-γ 
in human PBMC. Finally, we show that SCFAs and LPS 
can induce PGE2 production in vivo  by intraplantar in-
jection into rat paws (P  < 0.01). 

CONCLUSION: SCFAs can have distinct antiinflamma-
tory activities due to their regulation of PGE2, cytokine 
and chemokine release from human immune cells.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
The receptors for free fatty acids, including GPR40, 
GPR41, GPR42 and GPR43, constitute a subfamily 
of  recently deorphanized G-protein-coupled receptors 
(GPCRs) that are clustered on human chromosome 
19q13.1[1]. They exhibit 30%-40% homology to one 
another and have diverse tissue distributions, yet all are 
activated by various free fatty acids, which function as 
intercellular lipid mediators through GPCRs[2,3]. 

The free fatty acid receptors are functionally involved 
in both metabolism and the immune system. In contrast 
to GPR40 which is activated by medium- and long-chain 
fatty acids and abundantly expressed in the pancreatic is-
lets[4-7], GPR41 and GPR43 are functionally activated by 
short-chain fatty acids (SCFAs), including acetate, pro-
pionate and butyrate[8-10]. Although both receptors are 
activated by SCFAs, they have distinct tissue distribution 
profiles. GPR41 is preferentially expressed in adipose 
tissue, while GPR43 is highly expressed in hematopoietic 
tissues (such as spleen and bone marrow) and immune 
cells (particularly monocytes and neutrophils). Interest-
ingly, the murine ortholog of  GPR43 was initially identi-
fied as leukocyte-specific STAT-induced GPCR (LSSIG). 
It was reported that expression of  both murine LSSIG 
and human GPR43 is induced during the differentiation 
of  leukocyte progenitor cells to monocytes or neutro-
phils, suggesting their involvement in leukocyte function 
and host defense[11].

SCFAs have long been known to modulate the im-
mune response. Acetate, propionate and butyrate rep-
resent the most often described SCFAs that are capable 
of  immune activation. SCFAs affect neutrophil function 
and migration[12-15], and inhibit tumor necrosis factor-α 
(TNF-α) or interleukin-1β (IL-1β)-induced vascular cell 
adhesion molecule-1 (and intercellular adhesion mol-
ecule-1) surface expression[16]. In addition, SCFAs reduce 
adherence of  monocytes or lymphocytes to cytokine-
stimulated human umbilical vein endothelial cells[17], 
and inhibit interferon-γ (IFN-γ) signaling[18,19], a possible 
regulator of  inflammation in inflammatory bowel disease 
(IBD). Although the molecular mechanisms of  the ef-
fects of  SCFAs remain to be elucidated, evidence in the 
literature indicates that SCFA-induced biological effects 
involve G-protein-mediated signaling[12,20]. GPR43, which 
is highly expressed in immune cells, could be the poten-
tial missing GPCR activated by SCFAs. GPR41 is also 
expressed in immune cells, but at lower levels compared 
to GPR43 and thus may play a lesser role[8-10]. As there 
are no well-validated specific drugs that can be used as 
tools to investigate the receptor, the emerging biology of  
these receptors is dependent on expression profiling. It is 

believed that GPR43 is likely the main receptor contrib-
uting to the effect of  SCFAs in immune cells. In human 
neutrophils, it was reported that SCFAs induced calcium 
flux and chemotaxis possibly through GPR43[9]. None-
theless, the precise role of  GPR43 in the effect of  SCFAs 
in neutrophils needs to be established with the generation 
of  a knockout model and specific small molecules. In ad-
dition, GPR43 is also highly expressed in monocytes and 
peripheral blood mononuclear cells (PBMC)[9], and the 
effects of  SCFAs in these important immune cells are of  
high interest, but are largely unknown. 

SCFAs are produced by microbial anaerobic fermenta-
tion in the hindgut in millimolar (mmol/L) concentrations; 
therefore, the physiological site of  GPR43 activation may 
be in the gut. Within the human colon, concentrations of  
acetate, propionate and butyrate were reported to be in the 
range of  20-43 mmol/L, 6-13 mmol/L and 6-15 mmol/L, 
respectively[21]. GPR43 has been reported to be expressed 
in human, mouse and rat colons[22-24]. Induction of  anti-
inflammatory activities by SCFAs in the colon may con-
tribute to the bacterial evasion of  the immune system[25]. 
GPR43-mediated activation may provide a link between 
the intestinal bacteria and the immune response in physi-
ological and pathophysiological conditions.

We report the identification of  new functional roles 
of  SCFAs in production of  prostaglandin E2 (PGE2), 
cytokines and chemokines in human monocytes and 
in PBMC. We speculate that the effect of  SCFAs is 
most likely through activation of  GPR43, a potential 
therapeutic target for the development of  an innovative 
treatment for colitis. 

MATERIALS AND METHODS
Isolation of human neutrophils, monocytes and PBMCs
Human neutrophils were isolated from human whole 
blood by using 1-Step Polymorph (Accurate Chemical 
& Scientific Corp., Westbury, NY) according to the 
manufacturer’s instructions. Human monocytes were 
isolated by RosetteSep Human Monocyte Enrichment 
Cocktail (StemCell Technologies, London, UK). 
Human PBMC were prepared by the Ficoll-Hypaque 
centrifugation method.

For the calcium flux assay, both human neutrophils 
and monocytes were treated with formate, acetate and 
propionate (Sigma, St. Louis, MO, USA) for 5-10 min. 
For measurement of  PGE2, cytokines and chemokines, 
human monocytes and PBMC cells were incubated with 
formate, acetate, propionate and butyrate (Sigma, St. 
Louis, MO, USA) overnight.

Quantitative real-time polymerase chain reaction (PCR) 
analysis
TaqMan primers and probes were designed with Primer 
Express software and purchased from ABI (Applied 
Biosystems, Foster City, CA, USA). The sequences of  
the human primers and probes for GPR41 and GPR43 
are shown in Table 1. Quantitative real-time PCR was 
carried out with an ABI Prism 7900HT Sequence 
Detection System. The PCR reactions were prepared 

5550    ISSN 1007-9327    CN 14-1219/R     World J Gastroenterol    November 28, 2009    Volume 15    Number 44



www.wjgnet.com

using the components from the iScript Custom One-
Step RT-PCR Kit with ROX and assembled according 
to the manufacturer’s instructions (Bio-Rad, Hercules, 
CA, USA). The final concentrations of  the primers 
and probe in the PCR reactions were 200 nmol/L and 
100 nmol/L, respectively. The fluorogenic probes were 
labeled with 6-carboxyfluorescein as the reporter and 
6-carboxy-4,7,2,7’-tetramethylrhodamine as a quencher. 
Each 10 μL PCR reaction contained 10 ng of  total RNA. 
The RT-PCR reactions were performed in triplicate in a 
384-well plate according to the following protocol: one 
cycle for 10 min at 50℃, followed by one 5 min cycle 
at 95℃, followed by 40 cycles at 95℃ for 15 s and 60℃ 
for 1 min. A eukaryotic 18S rRNA endogenous control 
probe/primer set (ABI) was used as an internal control 
for RNA quality.

The PCR data were quantified, based on a 12-point 
standard curve generated using 4-fold serial dilutions 
of  a cDNA containing the gene of  interest. The 4-fold 
dilutions began at 20 000 fg. This procedure provides an 
absolute quantification of  the amounts of  GPR41 and 
GPR43 mRNA in a given sample. 

Calcium flux assay
Intracellular Ca2+ assays were carried out as previously 
described with modifications[26]. Freshly isolated human 
neutrophils were resuspended at 1 × 106 cells/mL in cell 
culture medium (RPMI 1640 with 2 mmol/L GlutaMAX 
and 5% fetal bovine serum) and incubated at 37℃,  
50 mL/L CO2, for 1 h. Cells were spun and resuspended 
at 1 × 106 cells/mL in a 1:1 mixture of  cell culture medium 
and Calcium-4 no wash dye (Molecular Devices, Sunnyvale, 
CA, USA) containing a final concentration of  5 mmol/L 
probenecid (Sigma). The cells were seeded (50 000/well) 
into poly-D-lysine-coated 384-well, black-wall, clear 
bottom microtiter plates (Becton Dickinson). Cells were 
sedimented in plates by spinning down briefly at low speed 
with no brake then incubated at 37℃, 50 mL/L CO2, for 
1 h before assaying on a FLIPR-384 (Molecular Devices). 
Freshly isolated human monocytes were resuspended at 
1 × 109 cells/L in a 1:1 mixture of  cell culture medium and 
Calcium-3 no wash dye containing a final concentration of  
2.5 mmol/L probenecid. The cells were seeded (50 000/
well) into poly-D-lysine coated 384-well plates. Cells were 
dye loaded for 45 min at 37℃, 50 mL/L CO2, before 
assaying on a FLIPR-384.

Formate, acetate, propionate and butyrate (Sigma) were 
prepared in Hank’s balanced salt solution, 25 mmol/L 
Hepes, and 0.1% bovine serum albumin. The maximum 
change in fluorescence over baseline was used to determine 
agonist response. The dose-response curves and EC50 
values were obtained by nonlinear regression (Prism 4; 
Graph Pad Software, San Diego, CA, USA).

Measurement of PGE2, cytokines and chemokines
PGE2 was measured by ELISA kit from Assay Designs 
(Ann Arbor, MI, USA). Cytokines and chemokines were 
measured by MesoScale ELISA (MesoScale Discovery, 
Gaithersburg, MD, USA) according to the manufacturer’s  
instructions. To generate the conditioned media, 1 ×  
106 cells per mL were resuspended in RPMI 1640 medium 
supplemented with 10% fetal bovine serum, 1 mmol/L 
L-glutamine, 10 mmol/L Hepes, 50 000 U/L penicillin and 
50 μg/mL streptomycin.; and seeded in 24-well plates for 
stimulation with SCFAs and/or incubation with selective 
inhibitors (Cayman Chemical, Ann Arbor, MI, USA), 
including MLnFP (methyl α-linolenyl fluorophosphonate), 
a phospholipase inhibitor; 1400W, a selective iNOS 
inhibitor; SC-560, a selective cyclooxygenase-1 (COX-1) 
inhibitor; CAY10404, a selective COX-2 inhibitor; 
PTX, pertussis toxin. The tested concentrations of  each 
inhibitor (except PTX) was chosen to be about 100 times 
of  its IC50 as reported in the data sheet provided by the 
manufacturer.

Intraplantar injection of SCFAs into rat paws
Sprague-Dawley male rats from Charles River Laborato-
ries, 4 per group and approximately 200 g body weight, 
were anesthetized with isoflurane gas and the subplantar 
space of  the paw injected with 0.1 mL of  100 mmol/L 
solutions of  the SCFAs, either formate, acetate, propio-
nate or butyrate prepared fresh in 0.9% saline. Lipopoly-
saccharide (LPS), Escherichia coli 0127:B8 (Sigma) was also 
injected at 3 μg in saline either alone or in combination 
with 0.1 mL of  200 mmol/L sodium butyrate. Rats in the 
normal group were not injected. At 3 h post-injection, 
the rats were humanely euthanized and a uniform punch 
biopsy of  the injected site was taken from each rat. The 
punch biopsies were immediately placed in PMSF (phenyl-
methanesulphonyl fluoride) buffer containing 10 g/L of  
indomethacin and frozen at -20℃. The tissues were ho-
mogenized in this collection buffer and assayed for PGE2. 

All statistical analysis was performed by Mann-Whit-
ney U test using GraphPad Instat version 3.06 for Win-
dows XP (GraphPad Software, San Diego, CA, USA). All 
studies in animals were performed in accordance with the 
regulations specified by the National Institutes of  Health 
Principles of  Laboratory Animal Care (1985 revised ver-
sion) and the Schering-Plough Research Institute Animal 
Care and Use Committee.

RESULTS
GPR43 is highly expressed in human neutrophils and 
monocytes
Both GPR43 and GPR41 are activated by SCFAs and 

Table 1  Real-time polymerase chain reaction primers and probes designed for the detection and quantification of human GPR41 
and GPR43

Gene RefSeq ID Forward primer Reverse primer Probe

GPR41 NM_005304 GCTTTGGGCCCTACAACGT CCATGCCGGGCTTTCA TCCCATGTCGTGGGCTATATCTGCG
GPR43  NM_005306 GGCTTTCCCCGTGCAGTAC ACCAGAGCTGCAATCACTCCAT AGCTCTCCCGCCGGCCTCTG
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reported to be expressed in immune cells. To examine 
the role of  GPR43 and GPR41 in human immune cells, 
we initially quantified their expression levels in human 
neutrophils and monocytes by Taqman analysis. Hu-
man neutrophils and monocytes were each isolated 
from human donors to 95% purity. Some of  them were 
stimulated with LPS. RNAs were isolated and analyzed 
for GPR43 and GPR41 expression by Taqman. Figure 1 
shows that GPR43 is expressed in both human neutro-
phils and monocytes at a much higher level than GPR41. 
It also appears that LPS stimulation did not affect their 
expression levels. 

SCFAs induce robust calcium flux in human neutrophils, 
but not in human monocytes
To investigate the biological activities of  SCFAs, both 
purified human neutrophils and monocytes were exposed 
to various concentrations of  SCFAs (formate, acetate 
and propionate) in a calcium flux assay. Formate was 
used as a negative control for the SCFAs. In addition, 
IL-8 was included as a positive control for neutrophil 
activation, while monocyte chemotactic protein-1 
(MCP-1) and ATP were used as the positive controls 
for monocyte activation. Since GPR41 couples to Gi/o 

only, SCFAs should not cause a calcium flux through 
this receptor, which was confirmed in a recombinant 
cell line expressing GPR41 (data not shown). Indeed, 
the agonist potency profile of  the calcium response in 
human neutrophils (Figure 2A) was consistent with the 
GPR43 receptor response that has been described[9]. 
From 8 human donors, acetate had an average EC50 of  
58.25 ± 12.44 μmol/L (n = 8), and propionate had an 
EC50 of  200.6 ± 42.42 μmol/L (n = 8). Formate was 
inactive and IL-8 had an EC50 about 1-2 nmol/L in 
human neutrophils. Acetate and propionate achieved 
the same maximal activation response as IL-8 in human 
neutrophils using this calcium flux assay. 

On the other hand, Figure 2B shows that acetate and 
propionate, up to 100 mmol/L, did not induce significant 
calcium flux in human monocytes, while MCP-1 and ATP 
were able to induce robust calcium flux in the human 
monocyte preparation. It appears that the response of  
GPR43 to SCFAs for calcium flux is dependent either 
on cell type or on the state of  differentiation of  the cells. 
Indeed, it has been reported that propionic acid induced 
calcium mobilization in human neutrophils, but not in 
monocytes, platelets and lymphocytes[12].

SCFAs strongly induce PGE2 production in human 
monocytes and the effect is receptor-mediated
To further explore the biological effects of  SCFAs, 
human monocytes were isolated and incubated overnight 
with various concentrations of  SCFAs in the presence 
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Figure 1  GPR43 is highly expressed in human neutrophils and monocytes. 
Human neutrophils and monocytes were isolated from human whole blood as 
described in Materials and Methods. Isolated human neutrophils or monocytes 
were stimulated with 100 ng/mL of lipopolysaccharide (LPS) for 3 h. RNAs were 
isolated and evaluated by Taqman analysis for absolute quantities of GPR43 and 
GPR41 mRNA molecules.

Figure 2  Short-chain fatty acids (SCFAs) induce robust calcium flux in 
human neutrophils, but not in human monocytes. Human neutrophils (A) 
and monocytes (B) were isolated and exposed to the indicated concentrations 
of formate, acetate and propionate for a calcium flux assay as described in 
Materials and Methods. Interleukin-8 (IL-8) is included as a positive control for 
human neutrophils, and monocyte chemotactic protein-1 (MCP-1) and ATP for 
human monocytes. The dose-response curves and EC50 values were obtained 
by nonlinear regression using Graph Pad Prism 4 software.
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or absence of  LPS (100 ng/mL) as a proinflammatory 
stimulus. The supernatants were assayed for lipid 
mediators such as PGE2, proinflammatory cytokines and 
chemokines by either ELISA or Meso Scale Multi-Spot 
Discovery Technology. Dexamethasone was included in 
the experiment as a positive control for the induction of  
inhibition. Figure 3A shows that SCFAs alone strongly 
enhanced PGE2 production in human monocytes 
across a panel of  10 human donors in a concentration-
dependent manner. Furthermore, SCFAs synergistically 
enhanced the PGE2 production induced by LPS in human 
monocytes (10 human donors), as shown in Figure 3B. 
The rank order of  potency was butyrate > propionate > 
acetate, while formate was inactive. Dexamethasone at  
100 nmol/L potently inhibited basal PGE2 and LPS-
induced PGE2 production (Figure 3A and B). Similar 
results were obtained from 10 human donors. The culture 
supernatants were also assayed for PGI2, leukotriene 
B4 (LTB4) and thromboxane B2 (TXB2). SCFAs had no 
significant effect on these lipid mediators (data not shown), 
suggesting its effect on PGE2 production is specific. 

To examine possible mechanisms of  PGE2 production 
induced by SCFAs, human monocytes were preincubated 
with several inhibitors and then added to culture with 
butyrate and/or LPS. Figure 3C and D show that the 

PGE2 production induced by butyrate is inhibited by 
pretreatment with PTX, COX-1 and phospholipase 
inhibitors either in the absence or presence of  LPS. In 
contrast, COX-2 and iNOS inhibitors had no effect on 
PGE2 production induced by butyrate. The sensitivity to 
PTX suggests PGE2 production induced by butyrate is 
receptor-mediated.

SCFAs specifically inhibit LPS-induced IL-10 production 
and constitutive MCP-1 expression in human monocytes
The same culture supernatants described above were also 
analyzed for 8 proinflammatory cytokines including 
IL-1β, IL-2, IL-6, IL-8, IL-10, IL-12p70, IFN-γ, TNF-α 
(Meso Scale Multi-Spot Discovery Technology). In the 
absence of  LPS, SCFAs had no effect on the level of  any 
of  the 8 cytokines including IL-10, as shown in Figure 4A. 
In contrast, SCFAs specifically inhibited IL-10 production 
stimulated with LPS (Figure 4B), but had no effect on the 
other 7 cytokines with LPS stimulation (including LPS-
induced production of  IL-1β and TNF-α. The effect of  
dexamethasone on the cytokine profile is consistent with 
what has been previously described; briefly, it inhibited 
LPS-induced production of  IL-1β, IL-10 and TNF-α.

It is consistently observed that isolated human 
monocytes produce high levels of  MCP-1 in the culture 

6

5

4

3

2

1

0

(SCFA)
0 mmol/L
0.2 mmol/L
2 mmol/L
20 mmol/L

(DEX)
100 nmol/LPG

E2
 (

ng
/m

L)

Formate   Acetate  Propionate  Butyrate       Dex

No LPS

Formate   Acetate  Propionate  Butyrate       Dex

250

200

150

100

50

0

PG
E2

 (
ng

/m
L)

(SCFA)
0 mmol/L
0.2 mmol/L
2 mmol/L
20 mmol/L

(DEX)
100 nmol/L

100 ng/mL LPS

16

14

12

10

8

6

4

2

0

14
00

W
 (7

00
 nm

ol/
L)

CA
Y1

04
04

 (1
00

 nm
ol/

L)

PT
X 

(1
00

 ng
/m

L)

SC
-5

60
 (9

00
 nm

ol/
L)

Med
ia

DMSO

MLn
FP

 (5
0 μ

mol/
L)

(Butyrate)
0 mmol/L
2 mmol/L

PG
E2

 (
ng

/m
L)

No LPS

120

100

80

60

40

20

0

PG
E2

 (
ng

/m
L)

100 ng/mL LPS

14
00

W
 (7

00
 nm

ol/
L)

CA
Y1

04
04

 (1
00

 nm
ol/

L)

PT
X 

(1
00

 ng
/m

L)

SC
-5

60
 (9

00
 nm

ol/
L)

Med
ia

DMSO

MLn
FP

 (5
0 μ

mol/
L)

(Butyrate)
0 mmol/L
2 mmol/L

DC

BA

Figure 3  SCFAs strongly induce PGE2 production in human monocytes and the effect is receptor-mediated. Freshly isolated human monocytes (1 × 109 cells/L) 
were incubated with the indicated concentrations of SCFAs or 100 nmol/L dexamethasone (Dex), and then cultured for 22 h without (A) or with (B) 100 ng/mL LPS. In 
a separate experiment (C, D), human monocytes were incubated with the indicated concentrations (in the parentheses) of inhibitors (described below) for 30 min, then 
with or without 2 mmol/L butyrate for another 30 min, and finally cultured for 22 h without (C) or with (D) 100 ng/mL LPS. The media and DMSO samples were used as 
controls with no inhibitors. All culture supernatants were assayed for PGE2 by ELISA. MLnFP (methyl α-linolenyl fluorophosphonate): Phospholipase inhibitor; 1400W: 
Selective iNOS inhibitor; SC-560: Selective cyclooxygenase-1 (COX-1) inhibitor; CAY10404: Selective COX-2 inhibitor; PTX: Pertussis toxin. (Cayman Chemical, 
Ann Arbor, MI). The tested concentrations of each inhibitor (except PTX) were chosen to be about 100 times its IC50 as reported in the data sheet provided by the 
manufacturer.
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supernatants without stimulation. Figure 4C and D show 
that SCFAs inhibited this constitutive MCP-1 produc-
tion in a concentration-dependent manner either in the 
absence or presence of  LPS. SCFAs did not inhibit the 
constitutive high levels of  eotaxin-3, macrophage-de-
rived chemokine and macrophage inflammatory protein-
3β in the cultures, suggesting that the effect of  SCFAs 
on MCP-1 production is specific. In this experiment, 
20 mmol/L formate showed some inhibition, which is 
likely the result of  a nonspecific effect.

SCFAs inhibit LPS-induced production of TNF-α and 
IFN-γ in human PBMCs in a concentration-dependent 
manner
To further confirm the effect of  SCFAs, human PBMC 
were isolated by Ficoll-Hypaque centrifugation procedure 
and incubated with SCFAs and/or LPS. The culture 
supernatants were analyzed as before for PGE2, cytokines 
and chemokines. The effects of  SCFAs on PGE2, MCP-1 
and IL-10 production were similar to that observed in 
the isolated human monocytes. However, as shown in 
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Figure 4  SCFAs specifically inhibit LPS-induced IL-10 production and constitutive MCP-1 expression in human monocytes. The culture supernatants as in 
Figure 3A and B were analyzed for 8 proinflammatory cytokines (including IL-1β, IL-2, IL-6, IL-8, IL-10, IL-12p70, IFN-γ, TNF-α) or 9 proinflammatory chemokines 
(including MCP-1, MCP-4, eotaxin, eotaxin-3, IL-8, IFN-γ inducible protein-10, macrophage inflammatory protein-1β, macrophage-derived chemokine, thymus and 
activation-regulated chemokine) by Meso Scale Multi-Spot Discovery Technology. Only the data for IL-10 (A, B) and MCP-1 (C, D) are shown here. Similar results 
were obtained from 10 human donors.
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Figure 5  SCFAs inhibit LPS-induced production of TNF-α and IFN-γ in human peripheral blood mononuclear cells (PBMC) in a dose-dependent manner. 
Human PBMC isolated by Ficoll-Hypaque centrifugation procedure (1 × 106 cells/mL) were incubated with the indicated concentrations of short-chain fatty acids (SCFA) 
or 100 nmol/L dexamethasone (Dex), and then cultured for 22 h with or without 100 ng/mL LPS. Culture supernatants were analyzed for 8 proinflammatory cytokines 
including IL-1β, IL-2, IL-6, IL-8, IL-10, IL-12p70, IFN-γ, TNF-α by Meso Scale Multi-Spot Discovery Technology. The data for TNF-α (A) and IFN-γ (B) with LPS 
stimulation are shown here. 
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Figure 5, SCFAs inhibited LPS-induced production of  
TNF-α and IFN-γ in human PBMC in a concentration-
dependent manner, an effect not observed in isolated 
human monocytes where IFN-γ production was low and 
not stimulated by LPS addition. In the human PBMC 
experiment, dexamethasone inhibited LPS-induced 
production of  IL-1β, IL-10, IFN-γ and TNF-α.

SCFAs induce PGE2 production by intraplantar injection 
into rat paws
To demonstrate the effect of  SCFAs in vivo, SCFAs and 
LPS alone or in combination were injected by the in-
traplantar route into a rat paw. This was done to initiate 
an inflammatory response and determine what effect 
the butyrate would have on lipid mediator and cytokine 
induction. In the representative experiment shown in 
Figure 6, acetate, propionate and butyrate alone could in-
duce PGE2 production in rat paw. Formate was inactive 
and the level of  PGE2 was equivalent to that extracted 
from a normal (not injected) paw. In addition, subopti-
mal LPS also induced PGE2 production and the com-
bination of  LPS and butyrate strongly enhanced PGE2 
production in a synergistic manner (P < 0.01). These 
in vivo data, although preliminary in nature, support the 
effects of  SCFAs on PGE2 production observed in hu-
man monocytes and PBMC. Cytokine analysis was per-
formed on the tissue homogenates but no clear pattern 
emerged that was similar to that obtained in the human 
monocytes and PBMC in vitro experiments. Sodium bu-
tyrate is extremely labile with a very high diffusion rate. 
Maintenance of  a sufficient concentration in the paw 
subcutaneous space was a significant problem in these 
experiments.

DISCUSSION
In this study, we have shown that SCFAs can induce 
either robust PGE2 production alone or in synergy 
with LPS in human monocytes and PBMC. Since LPS 
stimulation did not affect the mRNA level of  GPR43 
and GPR41, the synergy is likely from 2 independent 
signaling pathways. This effect on PGE2 production is 
specific, since other lipid mediators including PGI2, LTB4 
and TXB2, were not affected by SCFAs. Furthermore, 
this effect is receptor-mediated since it is sensitive to 
PTX. 

Interestingly, we showed that SCFAs induced robust 
calcium flux in human neutrophils, but not in human 
monocytes. Our finding is consistent with the previous 
report that propionic acid induced calcium mobilization 
in human neutrophils, but not in monocytes, platelets 
and lymphocytes[12]. It is likely that SCFAs activate 
neutrophils and monocytes for the immune response 
through different signaling pathways that would be 
consistent with the different temporal roles of  these cells 
in an inflammatory response. SCFAs induce calcium flux 
and chemotaxis in neutrophils which arrive early in an 
inflammatory response, while they regulate production 
of  PGE2, cytokines and chemokines in monocytes which 
are also present in the inflammatory site but mature into 
macrophages during extravasation and remain at the site 
of  inflammation until resolution.

This in vitro effect of  SCFAs on human monocytes may 
have relevance to human diseases that target the intestinal 
tract. Among various prostanoids, PGE2, in particular, 
seems to play a critical role in inflammatory bowel disease 
(IBD) via the EP4 receptor, one of  the four PGE2 receptor 
subtypes(EP1-4)[27-31]. Among 8 prostanoid receptor-
deficient mice, only EP4-deficient mice developed severe 
colitis with 3% dextran sodium sulphate (DSS) treatment. 
It is suggested that EP4 maintains intestinal homeostasis 
by maintaining mucosal integrity and downregulating the 
immune response[32]. Therefore, it is possible that SCFAs 
induce production of  PGE2 and play a protective role via 
the GPR43-expressing cells of  the colon. Furthermore, we 
demonstrate that PGE2 production induced by SCFAs was 
inhibited by a COX-1 inhibitor, but not a COX-2 inhibitor. 
This is consistent with the notion that in DSS-induced 
colitis, the significant reduction in PGE2 resulted from 
decreased expression of  COX-1, but not COX-2[33].

In human monocytes, SCFAs specifically inhibited 
constitutive MCP-1 production and LPS-induced IL-10 
production out of  the total 16 cytokines and chemokines 
examined. The activities of  SCFAs in our human mono-
cyte cultures were all confirmed in human PBMC, which 
contain both monocytes and lymphocytes. We made the 
additional observation in these PBMC cultures that SC-
FAs would inhibit LPS-induced TNF-α and IFN-γ pro-
duction. 

This unique effect of  SCFAs on the production of  
cytokines and chemokines in monocytes and PBMC is 
relevant to the design of  new therapies for colitis. Intesti-
nal inflammation present in inflammatory bowel disease 
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Figure 6  SCFAs induce PGE2 production by intraplantar injection into 
rat paws. The paw of male Sprague-Dawley rats was injected intraplantarly 
with 0.1 mL of 100 mmol/L formate, acetate, propionate or butyrate. Three 
micrograms of LPS in saline was also injected alone or in combination with 0.1 mL 
of 200 mmol/L butyrate. There were 4 rats per group. The normal group was 
not injected. Three hours post injection, rat paws were punched and fluids were 
collected in phenylmethanesulphonyl fluoride buffer with indomethacin. All punch 
fluids were assayed for PGE2 by ELISA. P < 0.01 for butyrate + LPS group vs 
normal group, Mann-Whitney U test.
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is driven by the production of  cytokines, chemokines and 
growth factors that draw in immune cells to the mucosa. 
It has been shown that MCP-1, IL-10, IFN-γ and TNF-α 
were significantly upregulated in experimental colitis 
models[34,35]. Furthermore, the increased production of  
SCFAs from dietary fiber supplementation or probiotics 
administration inhibited the production of  proinflamma-
tory mediators and recovered damaged colonic mucosa in 
colitic animals[36,37]. These experiments show that SCFAs 
can inhibit multiple inflammatory mediators which may 
control intestinal inflammation. Clinical trial evidence for 
this use of  SCFAs is still not widely available or accepted 
as a mainstream therapy.

We tried to design a model system in vivo to duplicate 
our in vitro findings. We present the results of  a model 
system using the intraplantar space in the rat paw, a space 
from which there was limited diffusion of  the injected 
SCFAs. We had previously tried injecting SCFAs into 
the pleural cavity and into the peritoneal cavity to induce 
an inflammatory response with and without suboptimal 
inflammatory stimuli such as LPS. However, SCFAs 
are extremely labile with a very high diffusion rate and 
require high concentrations to achieve their effect in vivo. 
Maintenance of  a sufficient concentration of  SCFAs at 
a local site or tissue space (such as the colon) has been 
a major challenge to obtain clear cytokine profiles and 
in vivo efficacy. Therefore, better pharmacological tools, 
such as GPR43 specific small molecules[38], are needed to 
confirm our in vitro findings and further elucidate their 
biology. We were able to utilize the intraplantar space of  
the paw to illustrate the ability of  SCFAs to synergize 
with LPS and induce mediator production but there was 
significant variability in this response.

The present findings of  antiinflammatory activities 
of  SCFAs in immune cells expand the database on these 
fatty acids as lipid mediators and may help explain the 
known beneficial effects of  SCFAs in the colon and 
on colitis. Future studies are needed in knockout mice 
and with specific small molecules (both agonists and 
antagonists) to prove the exact molecular target for these 
effects of  SCFAs.
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Abstract
AIM: To investigate a genetic polymorphism of the 
monocyte chemotactic protein-1  (MCP-1 ) gene in 
patients with spontaneous bacterial peritonitis (SBP).

METHODS: MCP-1 genotyping was performed in 23 
patients with SBP and 83 cirrhotic control patients with 
non-infected ascites.

RESULTS: The frequency of carriers of the G-allele 
was lower in SBP patients but this difference did not 
reach statistical significance. However, in the subgroup 
of patients with alcoholic cirrhosis (n  = 80), carriers 
of the G-allele were significantly less frequent in SBP-
patients (38.1%) than in cirrhotic controls (67.8%, P  = 
0.021). 

CONCLUSION: In patients with alcoholic liver cirrhosis, 
the -2518 MCP-1 genotype AA is a risk factor for the 
development of SBP. 
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INTRODUCTION
Spontaneous bacterial peritonitis (SBP) is a common and 
potentially life-threatening complication in patients with 
cirrhosis. It is a prototypical infective disease in cirrhotic 
patients characterized by peritoneal neutrophil infiltration, 
which also serves as a diagnostic criterion for SBP (e.g. an 
ascites neutrophil count greater than 250/mm3)[1].

Factors influencing the development of  SBP in pa-
tients with liver cirrhosis are poorly understood. Previous 
studies have indicated that peritoneal macrophages of  
cirrhotic patients might contribute to the control of  SBP 
or influence its associated pathology in human cirrhosis 
by producing high quantities of  angiogenic peptides and 
nitric oxide[2-5]. Accordingly, elevated concentrations 
of  proinflammatory cytokines are found in ascites of  
patients[6,7].

Therefore, it is of  particular interest to identify mecha-
nisms underlying the recruitment and activation of  mac-
rophages/monocytes that infiltrate the ascites of  cirrhotic 
patients. Chemotactic cytokines are known to be critical 
mediators of  inflammatory cell trafficking into sites of  
injury and are crucial for the modulation of  tissue injury, 
inflammation, and repair.

Monocyte chemotactic protein-1 (MCP-1) is one of  
the most potent chemokines for monocytes/macrophages 
and activated lymphocytes during infections[8]. In addition, 
several studies have shown that neutrophil infiltration is 
affected either directly or indirectly via MCP-1[9,10].
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Several lines of  evidence indicate that MCP-1 might 
play a role in the recruitment and maintenance of  
the inflammatory infiltrate during liver injury. MCP-1 
secretion is up-regulated during chronic hepatitis and 
correlates with the severity of  hepatic inflammation[11-13]. 

Furthermore, a previous study showed elevated 
MCP-1 levels in ascites of  cirrhotic patients as compared 
to controls[14]. Moreover, during SBP, even higher MCP-1 
levels were measured in ascites suggesting that this 
potent chemokine plays a pathophysiological role during 
the development and course of  SBP.

Recently, a mutation in the distal regulatory region 
of  the MCP-1 gene at position -2518 relatively to the 
transcription start site (based on the published sequence, 
Gene Bank accession number D26087) was identified 
(A-2518G)[15]. In vitro stimulated monocytes from in-
dividuals carrying a G-allele at -2518 produced more 
MCP-1 than cells from A/A homozygous subjects[15]. 
Several further studies have confirmed the functional ef-
fect of  this single nucleotide polymorphism (SNP)[13,16-18].

The prevalence of  high MCP-1 producing genotypes 
has been shown to be associated with increased suscepti-
bility and severity of  several diseases, including bronchial 
asthma[19], premature kidney graft failure[20], Crohn’s dis-
ease[21], cutaneous vasculitis[22], and tuberculosis[16]. Fur-
thermore, this genetic polymorphism has been shown 
to be a risk factor for the progression of  chronic viral 
hepatitis C infection[13].

The aim of  this study was to analyze the association 
of  this functional promoter SNP of  the MCP-1 gene 
with SBP.

MATERIALS AND METHODS
Patients and controls
We studied 106 patients with liver cirrhosis and ascites. 
Clinical charts of  patients diagnosed with chronic liver 
disease at the medical department of  the University of  
Regensburg during the period 2001-2007 were studied 
retrospectively. Based on the availability of  DNA samples 
in an established tissue bank, patients were included in the 
study. Liver carcinoma, other neoplasms or HIV-infection 
were exclusion criteria. Clinical charts revealed diagnosis 
of  SBP in 23 cases, while no SBP had ever occurred in 83 
patients. In the majority of  patients, chronic alcohol abuse 
was the cause of  the underlying liver disease (Table 1). 
In the other patients, chronic hepatitis B or C infection 
and hemochromatosis were the cause of  cirrhosis. 
Patients were considered to have alcohol related cirrhosis 
if  alcohol intake had been in excess of  100 g/d for more 
than 10 years and if  tests for viral, metabolic, and immune 
etiologies were negative. Patient characteristics are 
summarized in Table 1.

As an additional control group, 118 heavy drinkers 
without evidence of  liver damage (90 male, 28 female; 
mean age: 42.5 ± 9.1 years) were analyzed. These 
unrelated individuals of  German descent were recruited 
from an in-patient abstention program at the Department 
of  Psychiatry of  the University of  Regensburg. Each 

subject met the criteria of  alcohol dependence according 
to ICD-10 alcohol dependence according to DSM-IV 
(American Psychiatric Association, 1994) and ICD-10 
(World Health Organization, 1992).

At the day of  admission, several serum parameters 
were analyzed, including transaminases (alanine amino-
transferase, aspartate aminotransferase, γ glutamyltrans-
ferase), and anti hepatitis B virus (HCV)- and hepatitis B 
virus (HBV)-antibodies. Previous and current drinking 
habits, family history of  non-alcoholic liver diseases, 
and potential previous complications of  advanced liver 
damages, such as ascites or esophageal varices, were 
examined. Furthermore, within 14 d after admission a 
clinical and ultrasound examination of  the abdomen 
was performed. Only alcohol-dependent subjects with 
an alcohol consumption of  at least 100 g/d for more 
than 5 years were included. Furthermore, clinical or so-
nomorphological indications for advanced liver damage 
and serological evidence of  HBV or HCV infection were 
exclusion criteria.

Patients and controls were Caucasians and their 
geographical origin was Southern Germany. Informed 
consent was obtained from all patients and the study was 
approved by the local ethics committee.

DNA isolation and MCP-1 genotyping
DNA isolation and MCP-1 genotyping were performed 
as described previously[13,23]. Briefly, genomic DNA 
specimens were prepared from 200 μL blood using 
the QIAamp blood kit, following the manufacturer’s  
instructions (Qiagen, Hilden, Germany). The G to A 
polymorphisms at position -2518 of  the MCP-1 gene was 
analyzed by performing PCR and restriction fragment 
length polymorphism analysis. PCR was performed under 
standard conditions (35 cycles, annealing temperature: 
55℃) in a total reaction volume of  50 μL containing 2 μL 
of  diluted genomic DNA, using the following pair of  
primers: forward: 5'-CCGAGATGTTCCCAGCACAG-3' 
and reverse: 5'-CTGCTTTGCTTGTGCCTCTT-3'. 
PCR products were digested by PvuⅡ, and the resulting 
fragments were separated by electrophoresis in a 2% 
agarose gel and visualized by ethidium bromide staining. 
With the -2518 A polymorphic base, the recognition 
sequence 5'-CAG/CTG-3' is modified to 5'-CAG/
CTA-3', which is not cut by PvuⅡ.

Table 1  Characteristics of cirrhotic patients with SBP and 
cirrhotic control patients with ascites (mean ± SD)

Control cirrhotic 
patients (n  = 83)

Cirrhotic patients 
with SBP (n  = 23)

Age (yr) 55.8 ± 10.5 58.7 ± 8.6
Male gender (%) 75.9 78.3
Albumin (g/dL) 3.0 ± 0.6   3.0 ± 0.6
Prothrombin activity (%) 63.8 ± 22.1   54.9 ± 20.8
Bilirubin (mg/dL) 4.9 ± 6.3   4.9 ± 5.9
Chronic alcohol abuse as 
etiology of cirrhosis (%)

71.1 91.3

SBP: Spontaneous bacterial peritonitis.
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Statistical analysis
Results are expressed as mean ± SD (range) or, when 
indicated, as absolute number and percent. Genotype 
frequencies are reported with their group percentages. 
Contingency table analysis and two-sided Fisher’s exact 
tests were used for comparison of  qualitative variables. 
P < 0.05 was considered statistically significant.

RESULTS
Characteristics of the study population
The clinical and epidemiological characteristics of  SBP 
patients and cirrhotic control patients are summarized 
in Table 1. There was no statistical difference between 
patients with SBP and non-infected cirrhotic patients 
with ascites with respect to age, distribution of  sexes, and 
serum laboratory findings, such as albumin, bilirubin, 
or prothrombin activity. However, the percentage of  
patients with chronic excessive alcohol abuse as the cause 
of  liver cirrhosis was significantly higher in the SBP 
group (91.3% vs 71.1% in the cirrhosis group, P = 0.046), 
which agreed with previous studies that showed greater 
susceptibility to infections, especially SBP, in alcohol-
induced liver cirrhosis[24].

Frequency of the -2518 MCP-1 polymorphism in patients 
and controls
The frequencies of  the different MCP-1 genotypes in 
our cohort of  patients with liver cirrhosis and ascites are 
summarized in Table 2. In addition, genotype distribution 
in the subgroup of  patients with chronic excessive 
alcohol consumption as an underlying cause of  liver 
disease and cirrhosis is depicted. Furthermore, MCP-1 
genotypes were analyzed in heavy drinkers without 
evidence of  liver damage.

The frequency of  individual genotypes in the group 
of  heavy drinkers without cirrhosis was similar to those 
previously reported in other Caucasian control popula-
tions[19,20,22,25]. Genotype distribution did not differ sig-
nificantly between the whole group of  cirrhotic patients 
with ascites and the subgroup of  patients with alcohol 
related cirrhosis. However, irrespective of  the underlying 
cause of  liver disease, the genotype AA was less frequent 
in cirrhotic patients with and without ascites (40.0% and 
42.5%, respectively) as compared to heavy drinkers with-
out evidence of  liver damage (54.2%) although these 
differences did not reach statistical significance (P = 0.084 
and P = 0.060, respectively).

Most previous in vitro and epidemiological studies 
reported functional and disease-related differences between 

-2518 MCP-1 genotypes AA and non-AA (i.e. carriers 
of  the G-allele: genotypes AG and GG ); therefore, we 
continued this differentiation throughout the following 
analysis and focused on the comparison of  patients with 
no G-allele (AA-homozygotes) and carriers of  the G-allele 
(genotypes AG and GG).

Frequency of the -2518 MCP-1 polymorphism in patients 
with and without SBP
In our cohort of  106 patients with ascites, SBP has been 
diagnosed in 23 individuals (21.7%), while in 83 cirrhotic 
patients (78.3%), despite mostly long lasting episodes of  
ascites, no SBP had occurred. The frequency of  carriers 
of  the G-allele was lower in the SBP group but this dif-
ference did not reach statistical significance [9/23 (39.1%) 
vs 52/83 (62.7%), P = 0.057, Table 3]. Also, in the sub-
group of  patients with alcoholic cirrhosis (n = 80), car-
riers of  the G-allele were less frequent in SBP-patients 
compared to patients without SBP, and in this case, the 
difference reached statistical significance [8/21 (38.1%) 
vs 40/59 (67.8%), P = 0.021, Table 3].

DISCUSSION
The aim of  this study was to analyze the association of  
the functional MCP-1 promoter polymorphism (A-2518G) 
with SBP. Interestingly, in patients with alcoholic liver 
cirrhosis, the genotype AA was significantly more 
frequent in SBP-patients than in cirrhotic control patients 
with ascites only. Previously, this MCP-1 genotype has 
been shown to be associated with reduced MCP-1 release 
of  monocytes in vitro and MCP-1 tissue levels in vivo, 
respectively[13,16]. 

Furthermore, in a previous study[14], MCP-1 levels in 
ascites were significantly higher when compared with their 
levels in serum, suggesting a chemotactic gradient towards 
the peritoneal cavity, even in the absence of  infection. 
This chemotactic gradient could be operative in the 
chemotaxis of  monocytes/macrophages. Antigenic stimuli 
drive these cells to synthesize further proinflammatory 
cytokines and chemokines, and thus might also modify 
the systemic response to the infection. Furthermore, the 
chemotactic MCP-1 gradient might directly or indirectly 
favor leukocyte migration towards the peritoneal cavity, 
even in the absence of  infection. We could speculate 
that in patients with SBP, higher MCP-1 ascites fluid 
levels are implicated in the infiltration of  the peritoneal 
cavity. Furthermore, in several experimental models of  
acute peritonitis, high concentrations of  MCP-1 have 

Table 2  Frequencies of -2518 MCP-1 genotypes  n  (%)

-2518 MCP-1 
genotype

Cirrhotic patients 
with ascites 
(n = 106)

Patients with 
alcoholic cirrhosis 

and ascites (n = 80)

Heavy drinkers 
w/o cirrhosis 
(n  = 118)

A/A   45 (42.5) 32 (40.0) 64 (54.2)
A/G   51 (48.1) 39 (48.8) 47 (39.8)
G/G 10 (9.4)   9 (11.3) 7 (5.9)

Table 3  Frequencies of carriers of the G-allele of the -2518 
MCP-1 promoter polymorphism in patients with SBP and 
cirrhotic control patients with ascites  n  (%)

-2518 MCP-1 
genotype

Whole cohort (n = 106) Alcoholic cirrhosis (n = 80)

No SBP 
(n = 83)

 SBP 
(n = 23)

  No SBP 
  (n = 59)

SBP 
(n = 21)

A/G or G/G 52 (62.7)   9 (39.1)    40 (67.8)   8 (38.1)
A/A 31 (37.3) 14 (60.9)    19 (32.2) 13 (61.9)

5560    ISSN 1007-9327    CN 14-1219/R     World J Gastroenterol    November 28, 2009    Volume 15    Number 44



www.wjgnet.com

been shown to have beneficial effects by recruiting 
macrophages and neutrophils to the site of  infection[26-28]. 
Taken together these data indicate that, in patients with 
alcoholic liver cirrhosis, the -2518 MCP-1 genotype AA 
is a risk factor for the development of  SBP, possibly via 
reduced MCP-1 ascites levels as compared to patients 
carrying the G-allele.

Interestingly, only in the subgroup of  patients with 
chronic excessive alcohol abuse as the underlying cause 
of  liver cirrhosis was the association between MCP-1 
genotype and SBP found. In a previous study, patients 
with alcohol induced cirrhosis and patients with other 
hepatopathies showed similar MCP-1 serum and ascitic 
fluid levels[14].

Notably, carriers of  the G-allele of  the MCP-1 poly-
morphism were more frequent in patients with alcohol 
induced cirrhosis than in heavy drinkers without evidence 
of  liver damage. This difference did not reach statistical 
significance, but taken together with our previous finding 
that carrying the -2518 MCP-1 G-allele is a risk factor for 
disease progression in patients with chronic hepatitis C 
infection[13], these data indicate that this functional SNP 
also affects fibrosis progression in patients with alcoholic 
liver disease. Thus, the same SNP appears to affect two 
related pathophysiological mechanisms (namely devel-
opment of  cirrhosis and SBP) but to different extents, 
depending on the underlying liver disease. Inflammatory 
and immune responses are altered in cirrhotic patients in 
general[29,30]; however, it has to be considered that there 
are differences between the underlying liver diseases 
leading to liver cirrhosis. This might be one explanation 
why it is more difficult to identify an association with the 
functional MCP-1 polymorphism and SBP in patients 
with liver disease other than alcoholic liver disease. Fur-
thermore, in patients with alcoholic cirrhosis, the mean 
endotoxin concentration was significantly higher than 
in patients with non-alcoholic cirrhosis[31], and bacterial 
translocation and endotoxin concentration have been 
shown to play an important role in the pathophysiology 
of  SBP development[32]. In addition, it has been shown 
that LPS downregulates the specific MCP-1 receptor, 
CCR2, and abolishes macrophage infiltration in an animal 
model of  acute infection[33]. Therefore, we speculate that 
higher LPS levels in patients with alcoholic liver disease 
are the reason why an association between the -2518 
MCP-1 polymorphism and SBP was found only in the 
subgroup of  patients with this underlying liver disease.

Finally, as in most genetic association studies, it has 
to be considered that the SNP investigated is in linkage 
disequilibrium to a different disease-associated genetic 
variation. Theoretically, this potential genetic variation 
might particularly affect the pathophysiology of  alcoholic 
but not viral or other liver diseases. However, the high 
levels of  MCP-1 in ascites in patients suffering from 
SBP and the functional relevance of  the -2518 MCP-1 
polymorphism demonstrated in several studies, argue 
against this hypothesis.

In summary, this is one of  the first genetic association 
studies in patients with SBP. Our data indicate that 
the -2518 MCP-1 genotype AA is a risk factor for the 

development of  SBP in patients with alcoholic cirrhosis. 
Of  course, our results have to be confirmed in a larger 
cohort of  patients with independent and prospective 
studies. However, it is intriguing to speculate that 
genotyping might be helpful to identify cirrhotic patients 
with a higher risk of  developing this life threatening 
complication and to apply prophylactic treatment 
specifically to this subset of  patients. 
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Abstract
AIM: To compare the sensitivity and specificity of two 
imaging techniques, endoscopic ultrasound (EUS) and 
magnetic resonance imaging (MRI), in patients with 
rectal cancer after neoadjuvant chemoradiation therapy. 
And we compared EUS and MRI data with histological 
findings from surgical specimens. 

METHODS: Thirty-nine consecutive patients (51.3% 
Male; mean age: 68.2 ± 8.9 years) with histologically 
confirmed distal rectal cancer were examined for stag-
ing. All patients underwent EUS and MRI imaging be-
fore and after neoadjuvant chemoradiation therapy. 

RESULTS: After neoadjuvant chemoradiation, EUS and 
MRI correctly classified 46% (18/39) and 44% (17/39) 
of patients, respectively, in line with their histological 
T stage (P  > 0.05). These proportions were higher for 
both techniques when nodal involvement was consid-
ered: 69% (27/39) and 62% (24/39). When patients 
were sorted into T and N subgroups, the diagnostic 
accuracy of EUS was better than MRI for patients with 

T0-T2 (44% vs 33%, P  > 0.05) and N0 disease (87% 
vs 52%, P  = 0.013). However, MRI was more accurate 
than EUS in T and N staging for patients with more ad-
vanced disease after radiotherapy, though these differ-
ences did not reach statistical significance. 

CONCLUSION: EUS and MRI are accurate imaging 
techniques for staging rectal cancer. However, after 
neoadjuvant RT-CT, the role of both methods in the as-
sessment of residual rectal tumors remains uncertain. 

Key words: Endoscopic ultrasound; Magnetic resonance 
imaging; Rectal cancer; Neoadjuvant chemoradiation 
therapy; Diagnostic accuracy 
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INTRODUCTION
Endoscopic ultrasound (EUS) is the most accurate imag-
ing technique for evaluating local invasion of  rectal can-
cer and perirectal lymph nodes. Its overall accuracy for T 
staging before radiation therapy (RT) ranges from 73% 
to 94%, and from 70% to 80% for N staging[1]. The find-
ings of  rectal EUS serve to decide the type of  treatment: 
surgery or preoperative chemoradiation (RT-CT)[2]. The 
response to neoadjuvant therapy must also be assessed 
accurately in patients with rectal cancer. 

The benefits of  this treatment have been reported in 
different studies, reporting lower local recurrence rates in 
patients with locally advanced rectal tumors. Rectal EUS 
helps select a group with advanced locoregional disease 
(stage T3 or T4) in whom this preoperative treatment 
offers most benefit[3-5]. 

The accuracy of  EUS in staging rectal cancer ranges 
from 80% to 95% compared to 65%-75% for computed 
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tomography (CT) and 75%-85% for magnetic resonance 
imaging (MRI)[6-9]. There is still debate about the role 
of  cross-sectional imaging to restage rectal cancer after 
RT-CT, and data are scanty on accuracy, sensitivity, and 
specificity rates, suggesting that these modalities are not 
efficient enough for restaging. 

The aim of  this prospective study was to evaluate 
the diagnostic accuracy of  two imaging techniques, EUS 
and MRI, in patients with rectal cancer, before and after 
neoadjuvant RT-CT. We compared the EUS and MRI 
data with histological findings on surgical specimens. 

MATERIALS AND METHODS
Over a 2-year period (January 2007 to January 2009), 50 
patients with histologically confirmed distal rectal cancer 
were referred to our Unit for rectal endosonography to 
stage the disease. Out of  these, thirty-nine consecutive 
cases (51.3% Male; mean age: 68.2 ± 8.9 years) were 
enrolled (drop-out from the study: 11 patients).

Both examinations were done, in random order, 
by two experienced endosonographers (> 300 rectal 
examinations/year) and an expert radiologist, before 
and after RT. The second examiner was blind to the first 
one’s conclusions. Patients were included in the study if  
they had rectal cancer shown by either EUS or MRI, and 
were scheduled for neoadjuvant RT. 

Usually, 30-40 d after termination of  the RT protocol, 
patients were re-assessed by either EUS or MRI, followed 
by surgical excision during the same week. All patients 
gave informed consent. 

Subjects with a history of  rectal surgery, recurrent 
rectal cancer, or severe systemic illness were excluded 
from the study. Ten patients had neoplastic sub-stenosis 
of  the lumen; therefore, it was not possible to evaluate 
their iliac lymph nodes by EUS. 

These two subgroups were formed to see whether 
the diagnostic accuracy of  EUS or MRI was related to 
the tumor T stage after RT. 

EUS protocol: Rectal EUS was performed using an 
oblique-forward viewing echo-endoscope (Pentax: FG-
G36UX, FG-38UX, EG-3630U). All examinations were 
done with the patient lying on the left side under con-
scious sedation (midazolam i.v.). Patients were prepared 
with colonic lavage before EUS. The echo-endoscope 
was inserted and advanced beyond the lesion, under 
direct vision, to the rectosigmoid junction, high enough 
to detect iliac vessels on the EUS picture. Tumors were 
targeted to determine the depth of  infiltration into or 
through the rectal wall. Frequencies commonly em-
ployed ranged from 7.5 to 10 MHz (Figure 1). 

MRI protocol: All MRI examinations were performed 
on a 1.5T MRI scanner (Gyroscan Intera, Philips, The 
Nederlands). Iron contrast medium rectal distension 
and IM hypotonizing medication were performed. MRI 
examinations were performed before and after iv con-
trast media infusion (0.2 mL/kg). Multiplanar TSE T2 
weighted sequences (TR: 4450, TE: 120, matrix: 512 × 
344, NSA: 6, FOV: 240) were performed in order to local 

stage rectal cancer; axial TSE T2 weighted sequences (TR: 
3950, TE: 80, matrix: 528 × 372, NSA: 3, FOV: 370) were 
performed to analyze the presence of  pathological lymph 
nodes (N). Axial FFE T1 weighted sequences (TR: 196, 
TE: 4.6, matrix: 320 × 216, NSA: 4, FOV: 250) with and 
without Fat Saturation, before and after contrast medium 
and sagittal FFE T1 weighted sequences (TR: 196, TE: 
4.6, matrix: 320 × 216, NSA: 4, FOV: 250) with Fat Satu-
ration, after contrast medium, were also performed. The 
MRI protocol used in our hospital is very similar to that 
commonly reported in the literature. Our Institute can be 
considered a medium-high flow hospital for rectal cancer 
staging; in fact, we performed at least 50 rectal contrast 
enhanced MRI in 1 year (Figure 2).
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Figure 1  Rectal EUS. A: Before neoadjuvant chemoradiation treatment: 
evidence of perirectal fat tissue invasion, with fat speculation; B: After neoadjuvant 
chemoradiation treatment: reduction of tumor size and perirectal fat invasion.

A

B

Figure 2  Rectal RMI. A: Before neoadjuvant chemoradiation treatment: 
evidence of perirectal fat tissue invasion, with fat spiculation, and enlarged 
mesorectal lymph nodes; B: After neoadjuvant chemoradiation treatment: 
reduction of tumor size, perirectal fat invasion, enlarged lymph nodes; non-
homogeneous mesorectal fat tissue.

A B
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Neoadjuvant chemoradiation treatment: Chemora-
diotherapy consisted of  administration of  Oxaliplatin 
100 mg/m2 every 2 wk for three courses plus continuous 
infusion of  5-FU 200 mg/m2/die for six consecutive 
weeks. Concomitant hyperfractionated radiotherapy at 
a total dose of  45 Gy (1.25 Gy twice daily for 5 d every 
week with a four-field box technique, with 6-18 MeV 
photons) was started the same day as the second course 
of  Oxaliplatin. EUS and pelvic MRI were repeated just 
before surgery to establish the clinical response.

Surgical treatment: Laparoscopic or laparotomic nerve 
sparing surgical resection (either low anterior or abdom-
ino-perineal resection) with total mesorectal excision 
(TME) was scheduled 6-8 wk after completion of  neoad-
juvant treatment. Criteria for sphincter preservation were 
acceptable sphincter function, assessed with preoperative 
rectal manometry; and absence of  direct invasion of  the 
sphincter apparatus. These criteria remained unchanged 
throughout the treatment period. Creation of  temporary 
loop ileostomy or colostomy was performed in selected 
cases as judged necessary by the surgeon.

Rectal cancer staging 
Rectal tumors were staged using the tumor-node-metas-
tasis system (TNM)[10].

Statistical analysis 
Pre-operative EUS and MRI findings were compared 
to assess the concordance between the two methods. 
κ-statistics were used to check how well EUS and MRI 
classified subjects in the T and N stage groups. The 
degree of  agreement was quantified by weighted κ, which 
assumes the categories (Tl, T2, etc.) are ordered and 
accounts for how far apart EUS and MRI are in classifying 
them. 

EUS and MRI were repeated after RT, and the find-
ings were compared with the T and N stages established 
on the basis of  histological examination of  surgical spec-
imens. The proportions of  concordant results between 
each method and histology were compared using the χ2 

test (2 × 2 table). Patients were considered all together 
and sorted into two subgroups according to their histo-
logical T stage: the first group had T0-T2 stage cancer 
and the second T3-T4. 

RESULTS
After neoadjuvant chemoradiation therapy, histological ex-
amination of  surgical specimens was done for all patients, 
with the following results: 9 T0; 1 Tl; 8 T2; 21 T3. Nodal 
involvement was N0 in 23; N1 in 14; N2 in 2. There were 
18 patients with T0-T2 disease, 21 T3 (no T4), 23 without 
nodal metastasis (N0 disease) and 16 with N1-N2 disease. 
EUS and MRI correctly classified patients in line with 
their histological T stage in 46% (18/39) and 44% (17/39) 
(NS) of  cases, respectively. These proportions were higher 
for both techniques when nodal involvement was consid-
ered: staging was correct in 69% (27/39) and 62% (24/39). 
Interestingly, when patients were sorted into T and N 
subgroups, the diagnostic accuracy of  EUS was better 
than MRI for patients with T0-T2 (44% vs 33%, NS) and 
N0 disease (87% vs 52%, P = 0.013). However, MRI was 
more accurate for patients with more advanced disease 
(both T and N) after RT, though these differences did not 
reach statistical significance (Tables 1 and 2). 

DISCUSSION
The prognosis for rectal cancer strongly correlates with 
the histopathological stage at diagnosis. Many imaging 
techniques are available, but each one differs in accuracy 
and applicability[11-13]. Accurate staging is important for 
planning surgery and deciding on adjuvant treatment. 

ERUS (endorectal ultrasound) and MRI are considered 
to be the most accurate modalities for determining local 
tumor stage. Two recent meta-analyses have compared 
EUS, CT and MRI for rectal cancer staging. Bipat et al[14] 
found that ERUS was the most accurate modality when 
compared with CT and MRI for the evaluation of  the T 
stage in rectal cancer. For lymph node involvement, the 
results of  ERUS, CT and MRI were comparable. However, 
the T-staging system does not discriminate between T3 
tumors with close or involved circumferential resection 
clearance. In this meta-analysis, the distance of  the tumor 
from the rectal fascia or the anticipated circumferential 
resection clearance was not evaluated. Lahaye et al[15] 
conducted another meta-analysis regarding the accuracy 
of  preoperative imaging for predicting the two most 
important risk factors that they recognized for local 
recurrence in rectal cancer; the circumferential resection 
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Table 1  Post-treatment stage: imaging diagnosis vs  surgical 
specimens

Stage EUS MRI

T0N0 6 4
T0N1 0 0
T0N2 0 0
T1N0 1 0
T1N1 0 0
T1N2 0 0
T2N0 0 0
T2N1 0 1
T2N2 0 0
T3N0 2 2
T3N1 4 6
T3N2 0 0
T4N0 0 0
T4N1 0 0
T4N2 0 0

Table 2  Diagnostic accuracy (T and N-stage)

All T T0-T2 T3-T4 All N N0 N 1-2

n 39 18 21 39 23 16
MRI 44% 33% 52% 62% 52% 75%
EUS 46% 44% 48% 69% 87% 44%

MRI: Magnetic resonance imaging; EUS: Endoscopic ultrasound.
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clearance and the lymph node status. Major progress has 
been made in the preoperative staging in rectal tumors 
by MRI and several authors have indicated that a tumor-
free circumferential clearance of  more than 1 mm can  
be predicted using this method. For nodal status, ERUS 
was slightly, but not significantly, better than MRI.

The introduction of  trans-rectal EUS has made it 
easier to see the pattern of  the layers of  the rectal wall, 
improving treatment allocation by establishing the depth 
of  tumor invasion more accurately[16-18]. EUS is the 
most accurate tool for evaluating local invasion of  rectal 
cancer and perirectal lymph nodes. Its overall accuracy 
before radiation ranges from 73% to 94% in T staging, 
and from 70% to 80% in N staging. Comparative studies 
found EUS very accurate in staging rectal cancer from 
80% to 95%, compared to 65% to 75% for CT and 75% 
to 85% for MRI[6-9]. 

CT and MRI have proved disappointing for detecting 
small neoplastic lesions. MRI is not significantly superior 
to CT because of  the limited resolution of  conventional 
MRI techniques. It has, however, been reported useful in 
determining the status of  the circumferential resection 
margin (meso-rectum), which is important for assessing 
the risk of  local recurrence[19]. 

Recent data suggest that EUS staging of  rectal cancer 
after RT-CT is inaccurate[1], while MRI seems to be cost-
effective in selecting appropriate patients for neoadjuvant 
therapy and its use is justified for local staging. After 
RT-CT, EUS and MRI might be useful to demonstrate 
tumor shrinkage and down-staging in responsive tumors, 
which might occasionally disappear completely[17,18,20-23]. 
Increasing reflectivity and signal changes indicate fibrosis, 
but unless significant tumor bulk remains, neither modality 
seems to be able to exclude the persistence of  tumor cells 
within fibrosis[24-28]. 

Finally, EUS-FNA (endoscopic ultrasound-guided 
fine-needle aspiration) was proposed for N staging of  
rectal cancer following neoadjuvant chemoradiation[29].

This study compared rectal EUS and MRI for staging 
rectal cancer before and, in particular, after neoadjuvant 
RT-CT. As reported in other studies, at the first staging 
examination after the diagnosis of  rectal cancer, EUS 
and MRI offer similar accuracies. However, if  we con-
sider the degree of  agreement between the two proce-
dures in rectal cancer, EUS (without lymph node biopsy) 
and MRI give concordant results in T and N staging 
only in 64% and 54% of  patients. Moreover, they only 
give concordant results for both T and N stages in one 
third of  patients. The strength of  agreement between 
EUS and MRI in staging advanced rectal cancer was very 
poor, implying that each method has limitations. 

After RT, both EUS and MRI offered poor diagnostic 
performance in the assessment of  T and N stages com-
pared to the “gold standard”, i.e. histological examination 
of  surgical specimens. In the present study, compared to 
MRI, EUS offered significantly superior diagnostic accu-
racy in assessing nodal involvement after RT, giving much 
better results in patients with N0 disease. A higher pro-
portion of  false-positive results of  MRI in patients without 

nodal metastasis are probably due to the effects of  RT 
on perirectal tissues (edema, inflammation, and fibrosis), 
which renders MRI unreliable for excluding nodal disease. 
Both methods were weak in restaging the persistence 
and degree of  tumor invasion of  the rectal wall, and this 
might be mainly due to microscopic persistence (under-
staging) in the wall or to inflammatory and scar changes 
in perirectal fat (over-staging). These might explain the 
lower sensitivity and accuracy of  both methods in re-
staging after RT. 

The recent development of  elastosonography, a new 
real-time EUS modality that gives a fairly qualitative im-
age of  tissue elasticity, might improve the accuracy and 
sensitivity of  EUS in this setting. In a preliminary report, 
we showed that adding elastosonography to real-time 
EUS boosted the accuracy in T staging of  the disease[30]. 
The ability of  elastosonography to distinguish tissues 
with different levels of  elasticity means it can detect 
inflammatory (soft) tissues and tumor (hard) separately, 
particularly when the real-time modality does not ex-
clude the suspicion of  perirectal invasion (Figure 3).

Therefore, in the modern era of  GI-oncology it 
seems that patients benefit mostly from interdisciplinary 
approaches. In considering the value of  a diagnostic 
technique, based on its ability to influence the therapeutic 
choices by allowing a better selection of  patients, we be-
lieve that in this situation these two modalities are com-
plementary. 

In conclusion, EUS and MRI are both accurate for 
staging rectal cancer. In particular, in pre-therapy staging, 
EUS is a good modality for T staging while MRI obtains 
other information, including the clearance. However, 
after RT-CT, neither method is reliable for establishing 
the T stage. EUS seems significantly better than MRI for 
assessing the N stage, but until significant improvements 
in both methods are achieved, their use in this setting 
should be considered only in controlled trials. 

COMMENTS
Background
Endoscopic ultrasound (EUS) and magnetic resonance imaging (MRI) are both 
accurate for staging rectal cancer. However, after radiation therapy-computed 
tomography (RT-CT), neither method is reliable for establishing the T stage. EUS 
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Figure 3  Rectal EUS and elastosonography before neoadjuvant chemor
adiation treatment. Elastography showing hard tissue inside the lesion.
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seems significantly better than MRI for assessing the N stage but until significant 
improvements in both methods are achieved, their use in this setting should be 
considered only in controlled trials. 
Innovations and breakthroughs
This study compared rectal EUS and MRI for staging rectal cancer after neoad-
juvant RT-CT. 
Peer review
This study compared rectal EUS and MRI for staging rectal cancer after 
neoadjuvant RT-CT and provides a good basis for selecting the best surgical or 
medical strategy in patients with rectal cancer.
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Abstract
AIM: To evaluate routine modified D2 lymphadenec
tomy in gastric cancer, based on immunohistochemically 
detected skip micrometastases in level Ⅱ lymph nodes. 

METHODS: Among 95 gastric cancer patients who 
were routinely submitted to curative modified D2 
lymphadenectomy, from January 2004 to December 
2008, 32 were classified as pN0. All level Ⅰ lymph 
nodes of these 32 patients were submitted to im
munohistochemistry for micrometastases detection. 
Patients in whom micrometastases were detected in 
the level Ⅰ lymph node stations (n  = 4) were excluded 
from further analysis. The level Ⅱ lymph nodes of the 
remaining 28 patients were studied immunohistochem
ically for micrometastases detection and constitute the 
material of the present study.

RESULTS: Skip micrometastases in the level Ⅱ lymph 
nodes were detected in 14% (4 out of 28) of the patients. 
The incidence was further increased to 17% (4 out of 

24) in the subgroup of T12 gastric cancer patients. All 
micrometastases were detected in the No. 7 lymph node 
station. Thus, the disease was upstaged from stage ⅠA 
to ⅠB in one patient and from stage ⅠB to Ⅱ in three 
patients. 

CONCLUSION: In gastric cancer, true R0 resection may 
not be achieved without modified D2 lymphadenectomy. 
Until D2+/D3 lymphadenectomy becomes standard, 
modified D2 lymphadenectomy should be performed 
routinely.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
The lymphatic stream from a gastric tumor is wide and 
complicated, thus the exact pattern of  lymphatic drain-
age remains obscure and poorly understood. However, 
histologically confirmed metastatic infiltration of  peri-
gastric and extragastric lymph nodes has been defined as 
the strongest independent dismal prognostic factor for 
both early[1] and large[2] gastric cancer patients. 

Micrometastases and/or isolated tumor cells have 
been reported as immunohistochemically detectable in 
10% of  early gastric cancer patients[3], in 52.6% of  T2N0 
patients[4], and in 21%[5] to 49%[6] of  all node-negative 
gastric cancer patients. 

Skip metastases are defined as the detection of  meta-
statically infiltrated extragastric lymph nodes (level Ⅱ), in 
the absence of  perigastric lymph node (level Ⅰ) involve-
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ment[7]. Particularly in the subgroup of  level Ⅰ lymph 
node negative patients, the incidence of  histologically de-
tected metastases in the level Ⅱ lymph nodes (skip metas-
tases) ranges between 2.8% in cases of  early[7] and 5%[8] 
to 17.4%[9] in all other gastric cancers. Moreover, even in 
patients with histologically classified level Ⅰ lymph node 
negative early gastric cancer, micrometastatically infil-
trated level Ⅱ lymph nodes are immunohistochemically 
detected in 10% of  them[10].

Most authors[11-13] agree that, except for early gastric 
cancer patients[3], patients with immunohistochemically 
detected micrometastases have significantly worse 5-year 
survival rates compared to patients with undetectable 
micrometastases. However, the incidence, clinical impli-
cations and clinical significance of  skip micrometastases 
in level Ⅱ extragastric lymph nodes in patients with gas-
tric cancer have not been properly studied.

The aim of  the present study was to evaluate retro-
spectively the necessity for routine modified D2 lym-
phadenectomy in all gastric cancer patients, (as a prereq-
uisite for R0 resection for locoregional control of  the 
disease), based on the immunohistochemical detection 
of  micrometastases in level Ⅱ lymph node stations in 
patients who had been classified histologically and im-
munohistochemically as level Ⅰ lymph node negative and 
histologically as level Ⅱ lymph node negative.

MATERIALS AND METHODS
Between January 2004 and December 2008, 207 patients 
with a preoperative diagnosis of  gastric adenocarcinoma 
were subjected to surgery with curative intent, in our 
department. None of  them had undergone preoperative 
chemotherapy or radiotherapy. In 95 patients, a modi-
fied D2 lymphadenectomy was offered as the standard 
surgical procedure. Postoperatively, the standard his-
tological examination by hematoxylin and eosin (HE) 
staining disclosed metastatic infiltration of  at least one 
lymph node in the level Ⅰ or Ⅱ lymph node stations 
in 63 of  these patients. Thirty-two patients were clas-
sified as pN0, since standard histology did not disclose 
any evidence of  metastatic infiltration of  level Ⅰ and 
level Ⅱ peri- and extragastric lymph node stations. All 
level Ⅰ lymph nodes of  these 32 patients were submitted 
to immunohistochemistry for micrometastases detection. 
Patients in whom micrometastases were detected in the 
level Ⅰ lymph node stations (n = 4) were excluded from 
further analysis. 

The level Ⅱ lymph nodes of  the remaining 28 
patients were studied immunohistochemically for mic-
rometastases detection and constituted the material of  
the present study.
	
Surgical	technique
The proximal resection margin of  the stomach was 
calculated according to the location of  the primary tumor. 
At least a 6-cm tumor-free (based on the frozen section 
result) proximal resection margin from the most proximal 
macroscopic border[14] was achieved in all cases. The 
dissection of  the regional lymph nodes was based on the 

Japanese Classification of  Gastric Carcinoma[15]. Thus, 
for D1 lymphadenectomy, the appropriate (depending 
on the location of  the primary tumor) nos. 1-6 lymph 
node stations were included in the gastrectomy specimen, 
whereas in the modified D2 lymphadenectomy, the nos. 
7, 8a, 9, 11p, 11d and 12a lymph node stations, were 
routinely dissected. The level Ⅱ lymph node stations 
were recognizable as they had been sent separately to the 
Pathology Department with special indices demonstrating 
their exact location. Dissection of  the No. 10 lymph 
node station, splenectomy or distal pancreatectomy was 
not performed in any of  the patients. For staging of  the 
tumors, the TNM classification system according to the 
AJCC Staging Manual, 6th edition, was used[16].

Histopathology	and	immunohistochemistry
Primary tumors and lymph nodes were fixed in formalin 
and embedded in paraffin. The presence or absence of  
lymph node metastasis was examined routinely by HE 
staining by using a representative cut section through the 
largest diameter of  the lymph nodes. 

One additional section of  4-μm thickness from each 
node was prepared for immunohistochemical stain-
ing with a monoclonal anti-cytokeratin (CK) antibody 
cocktail (AE1/AE3; Dako, Glostrup, Denmark) that 
reacts with a broad spectrum of  human CKs, to de-
tect micrometastases and/or clusters of  isolated tumor 
cells. Briefly, for AE1/AE3 immunostaining, paraffin-
embedded sections were deparaffinized in xylene and 
rehydrated through graduated ethanol to water. Endog-
enous peroxidase activity was blocked by incubation for 
30 min with a solution of  1% hydrogen peroxide, and 
antigen retrieval was performed by autoclaving sections 
in 0.01 mol/L citrate buffer, pH 6.0 for 20 min at 800 W. 
A monoclonal mouse anti-human CK antibody (clone 
AE1/AE3) was applied at a dilution of  1:50. The Dako 
Real Envision kit was then used. Diaminobenzidine was 
used as a chromogen. Lymphoid tissue was used as an 
internal negative control, while additional sections from 
the primary tumors were used as positive controls. 

Based on the 6th TNM classification[16], micrometas-
tasis (N1mi) was defined as metastatic focus > 0.2 mm 
but ≤ 2 mm, and cluster of  tumor cells [N0 (i+)] was 
defined as cluster < 0.2 mm according to previously ac-
cepted conventions.

RESULTS
Pathologic review did not detect patients with previously 
missed evidence of  lymph node metastasis on conven-
tional HE staining.

In four patients, micrometastases were detected in 
the level Ⅰ lymph node stations. These patients were 
excluded from further analysis.

The remaining 28 patients were 16 men with a 
median age of  72.5 years (IR 69-75) and 12 women with 
a median age of  66.5 years (IR 58-69.5) (Table 1). Skip 
micrometastases in the level Ⅱ lymph node stations 
were immunohistochemically detected in four patients 
(n = 4). All micrometastases were detected in the No. 7 
lymph node station.
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The profiles of  these patients are presented in Table 2.  
There were three female and one male patients, with T1 
(n = 1), T2a (n = 2) and T2b (n = 1) tumors, located in 
the lower third (n = 2) or middle third (n = 2) of  the 
stomach. Thus, following micrometastases detection, 
the disease was upstaged from stage ⅠA to ⅠB in one 
patient and from stage ⅠB to Ⅱ in three patients.

Based on the above, the overall incidence of  micro-
metastases detection was 25% (8 out of  32 patients), 
while skip micrometastases in the level Ⅱ lymph nodes 
were detected in 14% (4 out of  28) of  gastric cancer 
patients, who had been classified histologically and imm-
unohistochemically as level Ⅰ lymph node negative. 
Furthermore, the incidence of  skip micrometastases was 
increased to 17% (4 out of  24) in the subgroup of  T1-2 
gastric cancer patients.

DISCUSSION
The present study disclosed that skip micrometastases in the 
level Ⅱ lymph node stations were detected in 14% (4 out 
of  28) of  the patients, who had been classified histologically 
and immunohistochemically as level Ⅰ negative. This 
incidence was further increased to 17% (4 out of  24 
patients) in the subgroup of  T1-2 gastric cancer tumors.

Despite AJCC/UICC guidelines, which require the 
pathological examination of  at least 15 lymph nodes for 
accurate gastric cancer staging[16], only 29% of  gastric can-
cer patients had more than 15 lymph nodes retrieved[17]. 
However, D2 lymphadenectomy clearly offers the mean 
number of  the required lymph nodes for pathological ex-
amination, independently to the pathologist[18].

Although D2 lymphadenectomy is recommended 
by the Japanese Surgical Society as the surgical option 
for gastric cancer treatment[19], its performance has not 
gained popularity worldwide, since prospective random-
ized studies[20-24] and meta-analysis[25] have revealed sig-
nificantly higher postoperative morbidity and mortality 

rates and no 5- and 11-year survival benefit compared to 
D1 lymphadenectomy.

D2 lymphadenectomy increases the long-term sur-
vival of  gastric cancer patients with lymph node metas-
tases, however, it has been proposed as unnecessary for 
patients without lymph node metastases[9]. On the other 
hand, D2 lymphadenectomy improves survival even in 
node-negative early gastric cancer patients, probably due 
to the resection of  the coexisting micrometastases[26].

Thus, the favorable overall survival rates which were 
published following the Japanese-type, compared to the 
Western-type gastric cancer surgery, indicate that, with 
more extended lymph node dissections, more R0 resections 
are achieved[27]. This probably leads to locoregional control 
of  the disease, better outcome and increased survival[28].

Three methods have been used for the identification 
of  micrometastasis, serial sectioning, immunohisto-
chemical staining, and reverse-transcriptase polymerase 
chain reaction (RT-PCR). Serial sectioning constitutes a 
histological method, which can detect lymph node me-
tastasis previously missed by the conventional technique, 
but it may still fail to identify isolated tumor deposits[13]. 
RT-PCR has been reported as highly sensitive[29], but it is 
compromised by false-positive results caused by biologi-
cal contamination[30]. Positive RT-PCR results indicate 
the presence of  tumor DNA, however, they may not in-
dicate the presence of  viable tumor cells[31]. Thus, immu-
nohistochemistry with human anti-CK antibodies rep-
resents the most accurate method for micrometastasis 
detection[32] and the most frequently applied technique in 
research[3]. One limitation of  the method is CK expres-
sion by some dendritic cells in the lymph nodes[33].

Based on the results of  studies in colorectal[34] and 
non-small cell lung cancer[35], it has been proposed that 
N1(-)/N2(+) patients represent a subgroup of  pN2 
disease with more favorable prognosis[35]. However, the 
clinical significance of  skip metastases in gastric cancer 
patients remains controversial. The controversies are 
related mainly to the small number of  patients enrolled 
in skip metastasis studies[26], the probably different prog-
nosis of  patients with histologically vs micrometastati-
cally detected skip metastases[32], and the concern that 
patients with histologically detected skip metastases may 
represent cases of  overlooked histological metastasis or 
micrometastasis in level Ⅰ lymph nodes, thus being mis-
classified as patients with skip metastasis[36].

Saito et al[36] have reported 5-year survival rates of  
70.2%, 62.0% and 31.2% in patients with skip metasta-
ses, metastases in level Ⅰ lymph nodes and metastases 
in level Ⅱ lymph nodes, respectively. The prognosis of  
patients with metastases in the level Ⅱ lymph nodes was 
significantly worse than that of  the patients with either 
skip metastases or metastases in the level Ⅰ lymph nodes. 
The authors have indicated that the clinicopathological 
characteristics and the prognosis of  patients with skip 
metastases were similar to patients with level Ⅰ lymph 
node metastases, but not to the patients with level Ⅱ 
lymph node metastases. On the other hand, Li et al[9] 
have concluded that the cumulative survival rate is not 
statistically different between gastric cancer patients 
with solitary skip lymph node metastases, compared to 

www.wjgnet.com

Table 1  Characteristics of the study population

Parameter n

Sex 16
Males 12
Females   0
Age (yr) (median + IR) 70.5 (63.5–74)
Tumor location
   Upper third   0
   Middle third   6
   Lower third 22
Histological type (WHO classification) 
   Enteric type 19
   Diffuse type   5
   Mixed type   4
Differentiation
   High   4
   Moderate 19
   Low   5
T
   T1   4
   T2 20
   T3   4
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patients with solitary level Ⅰ lymph node metastases. 
Moreover, Park et al[26] have reported that, in patients 
with positive nodes extending into the level Ⅱ lymph 
nodes, the survival curves did not show significant dif-
ferences between skip(+) and skip(-) groups of  patients, 
which further supports the theory that the number but 
not the level of  lymph node metastases has prognostic 
significance. 

The result of  the present study, that all skip microme-
tastases were detected in the left gastric artery lymph 
node station, probably indicates that the clinical applica-
tion of  the sentinel node biopsy technique in selected 
cases might be useful, and lead to selective lymphadenec-
tomy. Although the method has been reported as highly 
accurate (< 10% false-negative results) in breast cancer 
surgery[37], similar findings have not been confirmed in 
gastric cancer surgery, since 20%-36% of  positive lymph 
nodes were located outside of  the sentinel lymph node 
basin[38]. Thus, the method is recommended currently to 
be used in conjunction with D2 lymphadenectomy[39].

It has been suggested that the most likely route for 
para-aortic lymph node metastases is from the left gastric 
artery nodes, passing by the celiac artery[40]. Other com-
mon sites of  skip metastasis are the 8a and 9 lymph nodes 
(around the celiac artery). Thus, these lymph nodes should 
always be evaluated, regardless of  the mode of  operation, 
even in the case of  minimally invasive surgery. Moreover, 
Yanagita et al[41] have investigated the clinical significance 
of  morphological distribution of  metastatic foci (metas-
tasis, micrometastasis or isolated tumor cells) in sentinel 
lymph nodes with gastric cancer, and have concluded that, 
in patients with non-marginal sinus type sentinel node 
metastasis, attention should be paid to the possibility of  
non-sentinel node or even pN2 metastases. Thus, if  the 
sentinel node cannot be identified in the perigastric lymph 
nodes, those around the celiac artery lymph nodes should 
be explored to reduce the likelihood of  false-negative re-
sults in sentinel node mapping[7].

In conclusion, the present study addressed the fact 
that, in up to 17% of  T1-2 gastric cancer patients, true 
R0 resection may not be achieved without modified 
D2 lymphadenectomy. Thus, until D2+ or even D3 
lymphadenectomy becomes the standard surgical option, 
modified D2 lymphadenectomy should be considered as 
the surgical option of  choice in gastric cancer patients.
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Abstract
AIM: To compare the results of the anoscope of 
the PPH kit and a modified anoscope during stapled 
haemorrhoidopexy.

METHODS: The hospital records of 37 patients who 
underwent stapled haemorrhoidopexy between 2001 and 
2006 were reviewed. The purse-string suture anoscope 
in the PPH kit was used on 15 patients (Group 1), 
and the modified anoscope was used on 22 patients 
(Group 2). Demographic characteristics of the patients, 
operation time, surgeon’s performance, analgesic 
requirement, and complications were compared.

RESULTS: Operation time was significantly longer in 
Group 1 (42.0 ± 8.4 min vs  27.7 ± 8.0 min, P  = 0.039). 
The surgeons reported their operative performance 
as significantly better in Group 2 (the results of the 
assessments were poor in ten, medium in four and 
good in one in Group 1, while good in all patients in 
Group 2, P  < 0.001). The need for haemostatic sutures 
was significantly higher in Group 1 (six cases) and was 
needed in two cases in Group 2 (P  = 0.034).

CONCLUSION: Operation time decreased and the 

surgeon’s satisfaction increased with use of the modified 
anoscope, and fewer haemostatic sutures were required 
if the surgeon waited longer before and after firing the 
stapler.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Stapled haemorrhoidopexy is not only a safe method 
that can be compared with conventional haemorrhoid-
ectomy procedures, but also has advantages such as 
reduced postoperative pain and early return to work[1,2]. 
Moreover, some studies suggest the applicability of  
stapled haemorrhoidopexy as a day case procedure[3]. 
However, some complications were noted after stapled 
haemorrhoidopexy, such as rectal perforation, intra-
abdominal haemorrhage, recto-vaginal fistula, and peri-
rectal haematoma. These complications are not observed 
after conventional haemorrhoidectomy. In addition, 
although stapled haemorrhoidopexy is the most recent 
surgical method for the treatment of  haemorrhoidal dis-
ease, the number of  patients that developed pelvic sepsis 
after this surgical technique has reached the same num-
ber as after conventional haemorrhoidectomy[4-8]. It was 
suggested that these serious complications could be due 
to technical errors and could be avoided by eliminating 
the bite of  the suture in deep layers of  the rectum[9].

The ideal purse-string suture must enable removal 
of  a ring of  the desired thickness from the most ap-
propriate part of  the rectum. One major obstacle to the 
surgeon during the operation is blockage of  vision due 
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to internal haemorrhoids. If  these internal haemorrhoids 
can be eliminated, then optimal purse-string suture can 
be performed[10]. Some studies suggest that after modifi-
cation of  the anoscope of  the PPH stapler kit (Ethicon 
Endo-Surgery, Cincinnati, OH, USA), purse-string suture 
applications have been performed with relative ease[10-12]. 

We first performed the stapled haemorrhoidopexy 
procedure in our clinic in 2001. We noticed the need for 
a modification of  the anoscope of  the PPH kit due to 
difficulties during the placement of  the purse-string su-
ture[10,11]. Subsequently, we tried several modifications of  
the anoscope and using the modified anoscope, purse-
string sutures were performed with ease, and stapled 
haemorrhoidopexy was completed effectively.

In this study, the surgical findings and early postoper-
ative results of  patients in whom the purse-string suture 
anoscope of  the PPH kit was used were compared with 
those of  patients in whom the modified anoscope was 
used during stapled haemorrhoidopexy.

MATERIALS AND METHODS
Hospital and follow-up records of  patients with grade 
Ⅲ and Ⅳ haemorrhoidal disease who underwent 
stapled haemorrhoidopexy in our clinic between 2001 
and 2006 were reviewed retrospectively. Gender, de-
gree of  haemorrhoidal disease, preoperative treatment, 
operation time, performance of  the surgeon, analgesic 
requirement, haemostatic sutures, histopathological ex-
amination of  the excised ring, postoperative complica-
tions, and hospital stay were evaluated. Patients with as-
sociated proctological diseases such as anal abscess, anal 
fissure and fistula were excluded from the study. The 
patients were informed about the details of  the proce-
dure and written informed consent was obtained. The 
patients were grouped as: (1) the patients on whom the 
purse-string suture anoscope in the PPH kit was used 
(PA group), and (2) the patients on whom the modified 
anoscope was used (MA group). The modified anoscope 
was sterilized by ethylene oxide before use in each pa-
tient. The purse-string suture technique which has been 
described previously, was used in the MA group[10,11]. 
Stapled haemorrhoidopexy was completed using the 
stapler in the PPH (Ethicon Endo-Surgery, Cincinnati, 
OH, USA) kit in both groups. In the PA group, the 
surgeon waited for 30 s with the stapler closed after fir-
ing the stapler to ensure haemostasis. In the MA group, 
the surgeon waited for a total of  3 min, 90 s before and 
90 s after firing the stapler. In the MA group, some of  
the operations were performed by inexperienced sur-
geons under the supervision of  an experienced surgeon, 
whereas in the PA group an experienced surgeon per-
formed the operations. The procedures were performed 
by six general surgeons, three of  which were experien-
ced. Diclofenac sodium 75 mg, IM was administered on 
demand after surgery, and pethidine HCl 50 mg, IM was 
given if  diclofenac was insufficient. Patient age, gender, 
degree of  haemorrhoidal disease, previous medical or 
surgical treatments, previous blood transfusions, histo-

pathological evaluation of  the excised ring, the perfor-
mance of  the surgeons, postoperative analgesic require-
ment, early (during the first 30 d) or late (after the first 
30 d) complications in both groups were investigated, 
and the differences between the groups were analyzed 
statistically. 

In the first few postoperative hours, the surgeons 
were asked two questions in order to evaluate the proce-
dure: Was the anoscope simple to use during the mani-
pulation, and how would you evaluate your performance 
during the procedure? The surgeons who performed the 
operations were asked to evaluate their performances as 
good, moderate, or poor. The surgeons who performed 
operations in both groups evaluated their performances 
by making comparisons with their earlier experiences, 
however, the surgeons who performed operations only 
in Group 2 made their decisions without comparisons.

Statistical analysis
SPSS 10.0 was used for statistical analysis. Considering 
numerical values, Student’s t test was used for parametric 
measurements, and Mann Whitney U test for non-
parametric measurements. Considering categoric values, 
Pearson’s Chi-Square test was applied for parametric 
measurements and Fisher’s exact correct test for non-
parametric measurements. A P value less than 0.05 was 
considered statistically significant.

RESULTS
The records of  37 patients, who underwent stapled 
haemorrhoidopexy for the treatment of  haemorrhoidal 
disease were investigated. Two types of  anoscopes were 
used to aid purse-string suture application: the purse-
string anoscope in the PPH kit was used on 15 patients 
(40.5) between September 2001 and March 2004, and 
the modified anoscope was used on 22 patients (59.5) 
between December 2003 and May 2006. 

Mean age of  the patients was 47.9 ± 15.2 years (range, 
27-78 years), and 49.0 ± 11.9 years (range, 30-70 years) for 
the PA group and the MA group, respectively. There were 
11 male and four female patients in the PA group and 17 
male and five female patients in the MA group. There 
were no statistically significant differences between the 
two groups with respect to age (P = 0.802) and gender  
(P = 0.541). Mean duration of  complaints was 94.8 ± 
83.5 mo (range, 6 mo-20 years) for the PA group, and 
112.1 ± 98.5 mo (range, 6 mo-30 years) for the MA 
group. Mean postoperative follow up time was 46.1 ± 
8.7 mo (range, 36-66 mo) in the PA group and 21.9 ± 
9.9 mo (range, 10-39 mo) in the MA group.

When the disease stage was considered, nine patients 
had third degree, and six patients had fourth degree 
haemorrhoidal disease in the PA group, whereas; 17 
patients had third degree, and five patients had fourth 
degree haemorrhoidal disease in the MA group. There 
were no statistically significant differences between the 
two groups with respect to stage of  the disease (P = 
0.222). 
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When previous treatment modalities (medical, 
blood transfusion, surgery) were considered, there 
were no statistically significant differences between the 
two groups (P = 0.564). General characteristics of  the 
patients, intraoperative findings, and the differences 
between the two groups are shown in Table 1.

Mean duration of  surgery was 42.0 ± 8.4 min (range, 
30-60 min) for the PA group, and 27.7 ± 8.0 min (range, 
18-45 min) for the MA group, and the difference was 
statistically significant (P = 0.039) (Table 2). Additional 
haemostatic suture application after removal of  the sta-
pler was required in six cases (40.0) in the PA group and 
in two cases (9.1) in the MA group; and the difference 
was statistically significant (P = 0.034). When the need 
for analgesics was considered, mean diclofenac sodium 
usage was 1.9 ± 1.5 times (range, 0-6 times) in the PA 
group, and 1.5 ± 1.1 times (range, 0-4 times) in the MA 
group. Mean pethidine HCL administration was 0.8 ± 
1.1 times (range, 0-3 times) in the PA group, and 0.3 ± 
0.6 times (range, 0-2 times) in the MA group. These 
differences between the groups were not statistically 
significant (P = 0.284, and P = 0.070, for diclofenac and 
pethidine, respectively) (Table 2). Urinary retention de-
veloped as an early complication in one patient in each 
group, and was relieved by urinary catheterization. Anal 
prolapse developed in one patient due to straining 8 h 
after the operation. Digital rectal examination revealed 
that the staple line was intact. Prolapsed mucosa was 

reduced, and gauze sponges were applied to avoid recur-
rence. Gauze sponges were removed 12 h later and the 
patient was warned about straining. The patient was free 
of  complaints 24 h later. Anal prolapse did not recur 
and the patient had normal bowel movements. Bleed-
ing occurred in five patients (33.3) in the PA group and 
in seven patients (31.8) in the MA group. Bleeding was 
minor in all cases and no additional treatment was re-
quired. Bleeding ceased spontaneously within 24 h in 
five patients in each group, and after 48 h in two patients 
in the MA group. No delayed haemorrhage occurred. 
When early complications were considered, there were 
no statistically significant differences between the two 
groups (P = 0.685). The mean hospitalization period 
was 1.7 ± 1.1 d (range, 1-3 d) in the PA group, and 1.5 ± 
0.7 d (range, 1-3 d) in the MA group, and the difference 
was not statistically significant (P = 0.449) (Table 2). The 
surgeons ranked their performance as poor (n = 10), 
moderate (n = 4), and good (n = 1) in the PA group, and 
as good in all 22 operations in the MA group. The dif-
ference was statistically significant (P < 0.001). An anal 
fissure developed 6 mo after surgery in one patient in 
the PA group, and treatment with lateral internal sphinc-
terotomy was unsuccessful. Thrombosed external haem-
orrhoids developed 1 mo after surgery in one patient in 
the MA group, and excision of  the piles was performed 
under local anesthesia. A skin tag excision was per-
formed in one patient in the MA group 7 mo postopera-
tively. When late complications in the two groups were 
considered, the difference was not statistically significant 
(P = 0.418). Histopathological evaluation of  the donuts 
showed that the specimens from 13 patients in the PA 
group included only mucosa and submucosa. Addition-
ally, a mucosal adenoma was reported in one patient, 
and muscularis propria in another patient in this group. 
In the MA group, 19 donuts included only mucosa and 
submucosa, two donuts also included muscularis pro-
pria, and one included a mucosal adenoma. There were 
no statistically significant differences between the two 
groups (P = 0.933).

DISCUSSION
Achieving a perfect purse-string may be difficult in stapled 
haemorrhoidopexy, even after meticulous application of  
the technique[1]. The surgeon starts by placing the purse-
string suture at a distance of  3-4 cm above the dentate line 

Table 1  General characteristics of the patients, operative 
findings, and the differences between the two groups  n  (%)

Group 1 
(PA)

Group 2 
(MA)

P  value

Number of patients  15 (40.5)  22 (59.5)
Gender
   Male  11 (73.3)  17 (77.3)    0.541
The degree of haemorrhoidal disease    0.222
   Ⅲ    9 (60.0)  17 (77.3)
   Ⅳ    6 (40.0)    5 (22.7)
Preoperative treatment    0.564
   Medical  14 (93.3)  17 (77.3)
   Blood transfusion -  1 (4.5)
   Surgery -  1 (4.5)
   Not required  1 (6.7)    3 (13.6)
Haemostatic suture    0.034
   Required 6 (40)  2 (9.1)
Early complication    0.683
   Bleeding    5 (33.3)    7 (31.8)
   Urinary retention  1 (6.7)  1 (4.5)
   Anal prolapse -  1 (4.5)
Late complication    0.418
   Anal fissure  1 (6.7) -
   External pile -  1 (4.5)
   Thrombosis of haemorrhoids -  1 (4.5)
Histopathology of the donut    0.933
   Normal  13 (86.7)  19 (86.4)
   Smooth muscle  1 (6.7)  2 (9.1)
   Adenoma  1 (6.7)  1 (4.5)
Evaluation of the performance of the 
surgeon 

< 0.001

   Poor  10 (66.7) -
   Medium    4 (26.7) -
   Good  1 (6.7) 22 (100)

Table 2  Operation time, need for analgesics, and length of 
hospital stay of the patients, and the differences between the 
two groups (mean ± SD)

Group 1 
(PA)

Group 2 
(MA)

P  value

Operation time (min) 42.0 ± 8.4 27.7 ± 8.0 0.039
Needs for analgesics (average dose)
   Diclofenac sodium   1.9 ± 1.5   1.5 ± 1.1 0.284
   Pethidine HCl   0.8 ± 1.1   0.3 ± 0.6 0.070
Hospital stay (d)   1.7 ± 1.1   1.5 ± 0.7 0.449
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and just deep enough to take the mucosa and submucosa, 
however, if  internal haemorrhoids obscure the surgical 
field and if  the tip of  the needle causes bleeding while 
passing through the mucosa, further bites of  the suture 
may not pass at the same distance and at the same 
depth[10,13,14]. This may result in an uneven purse-string 
suture which is closer to the dentate line, goes through 
deeper tissues, or which skips the mucosa in some parts. 
Consequently, some parts of  the stapler line may be closer 
to the dentate line, or some parts of  the donut may be 
thicker, or it may not be intact[4,5,14]. A stapler line close 
to the dentate line may cause acute or persistent pain, 
or bring about a risk of  incontinence[15,16]. It has been 
reported that patients with a stapler line uniformly  
22 mm above the dentate line needed fewer postoperative 
narcotic analgesics and returned to work earlier[1]. In the 
case of  an incomplete donut or a donut with thin parts, 
this may increase the risk of  bleeding during the early 
postoperative period or recurrence in the late period[17]. 

Various modifications of  the purse-string anoscope 
have been used for easier application of  the suture and 
a new anoscope has been designed[10-12,18,19]. Yamamoto 
et al[12] indicated that they have been using their modified 
anoscope over the last 2 years. We have been using our 
modified anoscope since 2003.

This is the first study to compare the conventional 
anoscope, and a modified anoscope used during stapled 
haemorrhoidopexy. Although this study is limited by its 
retrospective nature, the two groups of  patients were 
statistically comparable in terms of  age, gender, stage of  
haemorrhoidal disease and previous treatment modalities.

Median operation time for stapled haemorrhoidopexy 
has been reported to be between 15 and 38 min (range, 
5-150 min)[13,20-23]. Median operation time for the PA 
group in our study was higher than that reported in 
the literature; however, the range in operation time was 
similar. When the MA group is considered, both median 
operation time and median range were in accordance with 
the literature. There may be a number of  explanations 
for the difference in operation time between the two 
groups in the present study. First of  all, the PA group 
covered a time period where the surgeons who applied 
this method were less experienced. In addition, the purse-
string suture had to be repeated several times in some 
patients in this group, and the number of  patients who 
required haemostatic sutures was higher in this group. We 
propose that all of  these factors prolonged the operation 
time. One explanation for the shorter operation time in 
the MA group may be that the application of  the purse-
string suture with the modified anoscope was much 
easier. It can also be said that the surgeons performed 
the operation in a shorter time, as they had gained more 
experience with the procedure. However, it should be 
emphasized that inexperienced surgeons performed 
some of  the operations under the supervision of  an 
experienced surgeon in this group. Moreover, the purse-
string suture was possible on the first attempt in most 
patients, and haemostatic sutures were required in a 
smaller percentage of  patients in this group (9.1% in the 

MA group, and 40% in the PA group). The necessity for 
haemostatic sutures was reported to be 84% in a study 
in which the time elapsed before and after firing the 
stapler was not noted[21]. Nahas et al[22] reported that they 
waited 30 s after firing the stapler and the necessity for 
haemostatic sutures was 20%. Racalbuto et al[20], in their 
study in which one min elapsed before and after firing the 
stapler, did not refer to the rate of  haemostatic sutures, 
but reported the rate of  bleeding as 6%. The PA group 
consisted of  the initial patients who underwent haemorr-
hoidopexy surgery. Initially we paused for 30 s after firing 
the stapler for haemostasis. After the team gained some 
experience we increased the time before and after firing 
to 180 s considering that more efficient haemostasis 
could be achieved by longer compression on the vessels 
at the surgical site. When the two groups in the present 
study were compared with respect to the application of  
haemostatic sutures, it was observed that the number of  
patients who required additional sutures was significantly 
less in the MA group than in the PA group. This was an 
extra finding, and was not due to the features of  the vid-
eoanoscope. A 3 min pause after closing the stapler may 
be tedious, but it is better than trying to apply additional 
haemostatic sutures if  bleeding occurs after the stapler is 
removed. The haemostatic efficacy of  keeping the stapler 
closed needs to be investigated by prospective controlled 
studies.

The rate of  bleeding reportedly ranges between 5% 
and 85%[9,13,17,22]. The rates of  bleeding in the PA group 
and in the MA group in the present study were 33.3% 
and 31.8%, respectively. Bleeding was minor in all cases 
and stopped in most patients within 48 h without any 
need for additional interventions. Urine retention rates 
observed in the PA and MA groups were in accordance 
with the literature[21]. We could not find a similar 
complication in the literature to the anal prolapse that we 
observed in one patient in the MA group. It did not seem 
to be due to anastomotic dehiscence because the stapler 
line was intact. The reasons for anal prolapse as an early 
postoperative complication may be due to excessive 
venous congestion and edema of  internal haemorrhoids. 
Improvement of  the clinical picture after reduction of  
the haemorrhoids confirmed this hypothesis.

The need for analgesics in each group was consistent 
with that reported in the literature[1,23]. None of  the 
patients suffered from persistent pain. Hospital stay, 
reported in the literature as 0-2 d was similar to that in the 
present study[20]. When the two groups were compared 
in terms of  late complications, there were no significant 
differences, also consistent with the literature[17,20,21,24]. 
Results of  the histopathological examination of  the 
specimens obtained in this study were similar to those 
reported in the literature, and no significant differences 
between the two groups in this study were noted[15].

Satisfaction of  the surgeons regarding technical 
performance during surgery was significantly higher 
in the MA group than in the PA group. As this was a 
retrospective study, it was difficult for the surgeons to 
remember their initial operations and commented so. 
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The decisions made by the surgeons were based on a 
comparison of  the two anoscopes as they performed 
surgery in both groups, and they described their operative 
performances as better with the modified anoscope. 
In the MA group, the surgeons who performed the 
procedure for the first time did not have the chance to 
compare the anoscopes, but they too described their 
operative performance as good or sufficient. As all the 
surgeons noted that they would prefer to use the modified 
anoscope in future operations, we have been using only 
the modified anoscope for 4 years. These results need to 
be supported by prospective randomized studies. 

In conclusion, with the help of  our modified ano-
scope, the purse-string suture is easy to perform, the op-
eration is completed in a shorter time, and the surgeons 
were more satisfied with their operative performances. 
Additionally, by waiting a total of  3 min, 90 s before and 
after firing the stapler, fewer haemostatic sutures were 
required. Using the modified anoscope, optimum ap-
plication of  the purse-string suture is achieved during 
stapled haemorrhoidopexy.
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Abstract
AIM: To clarify the significance of JC virus (JCV) T-antigen 
(T-Ag) expression in human gastric cancer. 

METHODS: We investigated the relationship between 
T-Ag detected by immunohistochemistry and Epstein-
Barr virus (EBV) infection, microsatellite instability 
(MSI), and genetic and epigenetic alterations in gastric 
cancers. Mutations in the p53, β-catenin , KRAS, BRAF, 
PIK3CA genes were analyzed by polymerase chain 
reaction (PCR)-single strand conformation polymorphism 
and DNA sequencing. Allelic losses were determined by 
PCR at 7 microsatellite loci. Aberrant DNA methylation 
was analyzed by MethyLight assay. 

RESULTS: JCV T-Ag protein expression was found in 
49% of 90 gastric cancer tissues. T-Ag positivity was 
not correlated with clinicopathological characteristics. 
T-Ag expression was detected in a similar percentage 
of EBV positive cancers (4 of 9, 44%) and EBV negative 

cancers (35 of 73, 48%). T-Ag expression was detected 
in a significantly lower percentage of MSI-H cancers 
(14%) than in non MSI-H cancers (55%, P  = 0.005). 
T-Ag expression was detected in a significantly higher 
percentage of cancers with nuclear/cytoplasmic 
localization of β-catenin (15 of 21, 71%) than in cancers 
without (42%, P  = 0.018). p53 mutations were detected 
in a significantly lower percentage of T-Ag positive 
cancers (32%) than in T-Ag negative cancers (57%, P = 
0.018). T-Ag positive gastric cancers showed a significant 
increase in the allelic losses and aberrant methylation 
compared with T-Ag negative gastric cancers (P  = 0.008 
and P  = 0.003). 

CONCLUSION: The results suggest that JCV T-Ag is 
involved in gastric carcinogenesis through multiple 
mechanisms of genetic and epigenetic alterations. 

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Viruses have been proposed to play an etiologic role in 
human cancers. JC virus (JCV) is a polyomavirus that 
ubiquitously infects humans worldwide, and more than 
80% of  the adult population carries antibodies against 
the virus[1]. JCV has been implicated in various types 
of  human cancers[2-9]. It has been reported that JCV 
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sequences are frequently present throughout the normal 
human gastrointestinal tract and in colorectal and gastric 
cancers[2-9]. 

JCV encodes a transforming gene, T-antigen (T-Ag), 
which is believed to mediate the oncogenic potential of  
the virus. T-Ag protein expression was specifically pres-
ent in the nuclei of  colon cancer cells, but not in any 
adjacent normal colonic epithelium[8]. Previous studies 
have identified multiple pathways including p53, pRb, 
IRS, NF1/NF2 and β-catenin, which may be dysregu-
lated by T-Ag[4,10,11]. T-Ag can bind and inactivate p53, 
pRb, and the spindle assembly checkpoint protein Bub1, 
resulting in disruption of  chromosomal integrity and 
cell cycle checkpoints[12,13]. T-Ag can also bind and stabi-
lize β-catenin[4,11]. T-Ag protein expression, rather than 
the simple presence of  JCV DNA sequences, has been 
significantly associated with chromosomal instability 
(CIN) and the methylator phenotype in colorectal can-
cers[8]. The possible involvement in aberrant methylation 
is thought to provide a secondary link to microsatellite 
instability (MSI) in colorectal cancers[8]. Therefore, it has 
been suggested that JCV is involved in colorectal cancers 
through multiple mechanisms of  genetic and epigenetic 
alterations[8]. Bhattacharyya et al[14] recently reported the 
interplay between β-catenin and Rac1 that is initiated 
by T-Ag and results in stabilization of  β-catenin and its 
presence in cell membrane ruffles. T-Ag and β-catenin 
synergistically activate Rac1, an event that can trigger 
several oncogenic factors[14].

The association between T-Ag expression and aberrant 
promoter methylation in colorectal cancers suggests that 
this viral oncogene induces the methylator phenotype[8]. 
Genomic methylation is a host defense mechanism that 
silences the transcription of  transposons and retroviruses 
that have accumulated in the mammalian genome[8,15,16]. 
Methylation of  host cell genes is not unique to JCV and 
occurs with other oncogenic viruses. It has been suggested 
that the key protein triggering methylation events for 
the polyomavirus SV40 is T-Ag, which mediates cellular 
transformation of  cultured epithelial cells by regulating 
the activities of  key de novo DNA methyltransferases, such 
as DNMT3b[8,17]. 

A significant correlation has been found between 
Epstein-Barr virus (EBV) and methylation of  multiple 
genes in gastric cancers[18,19]. A mutually negative 
association between EBV and MSI has been reported in 
gastric cancers[20]. T-Ag protein expression was found in 
9 (39%) of  23 gastric cancers, whereas no expression was 
observed in any of  the non-cancer tissues[9]. In contrast 
to colorectal cancers[8], however, little is known about the 
significance of  T-Ag expression in gastric cancers. In the 
current study, we investigated the relationship between 
T-Ag protein expression and EBV infection, MSI, and 
genetic and epigenetic alterations in gastric cancers.

MATERIALS AND METHODS
Tissue samples
A total of  90 paired specimens of  gastric adenocarcinoma 
and adjacent noncarcinoma tissue were obtained from 
Japanese patients who had undergone surgical treatment. 

Informed consent was obtained from each patient. The 
tumor-node-metastasis (TNM) system of  the American 
Joint Committee on Cancer and the International Union 
against Cancer was used for the pathologic diagnosis 
and classification of  variables. Clinicopathological 
characteristics were as follows: age (69 ± 10 years), gender 
(59 male and 31 female), Lauren histology (44 intestinal 
and 46 diffuse), and pTNM stages (stage Ⅰ, 23; stage Ⅱ, 
16; stage Ⅲ, 30; stage Ⅳ, 21).

Immunohistochemistry and in situ hybridization
Immunohistochemistry using a mouse monoclonal an-
tibody against SV40 large T-Ag (clone PAb416, 1:100 
dilution; Oncogene Research Products, San Diego, CA, 
USA), which cross-reacts with T-Ag of  JCV, was per-
formed as described previously[8]. Immunohistochemis-
try with an anti-human β-catenin monoclonal antibody 
(BD Transduction Laboratories, San Jose, CA, USA) was 
done as described previously[21]. Cancer cases were cat-
egorized into the following 4 groups corresponding to 
immunostaining patterns of  β-catenin as described pre-
viously[21]: membranous, membranous staining pattern 
similar to that in normal epithelium; weak, no staining 
or weaker staining than normal epithelium; cytoplasmic, 
diffuse staining in the cytoplasm as well as at the cell 
membrane; accumulated, strong staining in the nucleus 
and cytoplasm. EBV infection was analyzed by in situ hy-
bridization for EBER-1[20].

MSI analysis
MSI was analyzed by polymerase chain reaction (PCR) 
using the mononucleotide (BAT26 and BAT25) and 
dinucleotide markers (D2S123, D5S346, and D17S250) 
proposed by the NCI workshop[22]. Based on the number 
of  markers showing instability per cancer, cancers were 
divided into 3 groups; those with 2 or more of  the 5 
markers displaying instability (MSI-H), those with 1 of  
5 markers displaying instability (MSI-low; MSI-L), and 
those with no instability (microsatellite stable; MSS).

Mutation analysis
Mutations in exons 2-9 of  p53, exon 3 of  β -catenin, codons 
12 and 13 of  KRAS, codon 600 of  BRAF, exons 9 and 
20 of  PIK3CA genes were analyzed by PCR-single strand 
conformation polymorphism and DNA sequencing as 
described previously[23-25]. Interstitial deletions spanning 
exon 3 of  β -catenin was analyzed as described previously[24,25]. 

LOH analysis 
LOH was analyzed as described previously[26]. Seven 
sets of  microsatellite loci that are linked to tumor 
suppressor genes were used to identify significant allelic 
losses in gastric cancers. DNA was amplified by PCR 
at microsatellite loci linked to the APC locus on 5q21 
(D5S505), possible tumor suppressor/senescence gene 
locus on 10p15 (D10S501 and D10S602), p53 locus 
on 17p13 (TP53), BRCA1 locus on 17q21 (D17S855), 
and DCC locus on 18q21 (D18S58 and D18S61)[26]. 
Assessment of  LOH was assigned when a tumor allele 
showed at least a 50% reduction in the relative intensity 
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of  1 allele in cancer tissue compared with the matched 
non-cancer DNA as described previously[26]. 

Quantitative DNA methylation analysis by real-time PCR 
(MethyLight assay)
Sodium bisulfite treatment of  genomic DNA and Methy-
Light assay were performed as described previously[25,27-30]. 
We analyzed six promoters: calcium channel, voltage 
dependent, T type a-1G subunit (CACNA1G), cellular 
retinoic acid binding protein 1 (CRABP1), neurogenin 1 
(NEUROG1), CDKN2A (p16), RUNX3, and SOCS1. 
Primers, probes, and percentage of  methylated reference 
(PMR, i.e. degree of  methylation) were described previ-
ously[29,30]. The cutoff  value of  4 (except for 6 in CRABP1) 
was based on previously validated data[28]. 

Statistical analysis
The results were assessed for associations with clinico-
pathological parameters, using the following statistical 
tests: Student’s t test for age, the Mann-Whitney test for 
depth of  invasion, lymph node metastasis, and pTNM 
stage, and the chi-square test or Fisher’s exact test for 
the remaining parameters. P < 0.05 was considered sig-
nificant. A P value between 0.05 and 0.10 was considered 
as a trend toward an association.

RESULTS
T-Ag protein expression in gastric cancers
T-Ag protein expression was found in 44 (48.9%) of  90 
gastric cancers, whereas no expression was observed in 

adjacent normal gastric epithelial cells or stromal cells 
(Figure 1 and data not shown). T-Ag positivity was not 
correlated with clinicopathological characteristics (data 
not shown).

EBV infection
EBER-1 expression was found in 9 (11.0%) of  82 gastric 
cancers, whereas no expression was observed in any of  
the non-cancer tissues (Figure 2). EBV infection was 
detected more frequently in diffuse type (7 of  44, 16%) 
than intestinal type (2 of  38, 5%), although this did not 
reach statistical significance. T-Ag expression was detected 
in a similar percentage of  EBV positive cancers (4 of  9, 
44%) and EBV negative cancers (35 of  73, 48%). The 
results for T-Ag protein expression and EBV infection 
were summarized in a Figure 3.

MSI status
Following the NCI criteria, a total of  90 gastric cancers 
was classified as follows: 14 (16%) MSI-H, 10 (11%) 
MSI-L, and 66 (73%) MSS (Figure 4). T-Ag expression 
was detected in a significantly lower percentage of  MSI-H 
cancers (14%) than in non MSI-H cancers (55%, P = 
0.005). None of  the MSI-H tumors were EBV positive. 

Alterations of β-catenin
Figure 5 shows representative results of  immunohis-
tochemistry for β-catenin in gastric cancer tissues. In 
normal gastric epithelium cells, β-catenin was moder-
ately stained in a membranous distribution (Figure 5A), 
whereas fibroblasts, endothelial cells, and smooth muscle 

B

A

Figure 1  Immunohistochemistry for JCV T-Ag in gastric cancer tissues. 
A: Gastric adenocarcinoma positive for JCV T-Ag; B: Gastric adenocarcinoma 
negative for JCV T-Ag. Original magnification, × 200.

B

A

Figure 2  In situ hybridization for EBER-1 in gastric cancer tissues. A: 
Gastric adenocarcinoma positive for EBER-1; B: Gastric adenocarcinoma 
negative for EBER-1. Original magnification, × 200.
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cells were negative. Membranous, weak, cytoplasmic, and 
accumulated pattern was observed in 36 (40%), 33 (37%), 
11 (12%), and 10 (11%), respectively. Neither point mu-
tations nor interstitial deletions in exon 3 were detected 
(data not shown). T-Ag expression was detected in a sig-
nificantly higher percentage of  cancers with nuclear/cy-
toplasmic localization of  β-catenin (15 of  21, 71%) than 
in cancers without (42%, P = 0.018). 

Mutations of the p53, KRAS, BRAF, PIK3CA genes in 
gastric cancer tissues
p53 mutations were detected in 40 (44%) of  90 gastric 
cancer tissues. p53 mutations were detected in a signifi-
cantly lower percentage of  T-Ag positive cancers (32%) 
than in T-Ag negative cancers (57%, P = 0.018). p53 muta-
tions were detected in a significantly lower percentage of  
MSI-H cancers (14%) than in MSI-L cancers (60%, P = 
0.028) or in MSS cancers (48%, P = 0.021). KRAS muta-
tions were detected in only 5 (6%) of  90 gastric cancers. 
BRAF mutations were not detected. PIK3CA mutations 
were detected in 4 (4%) of  90 cancers. The exact muta-
tions and their frequencies were described in a Table 1.

LOH analysis
Overall, 62 (69%) of  90 cancers had at least 1 LOH, with 
most frequent chromosomal losses observed on 17p 
(43%), followed by 18q (33%), 10p (27%), 5q (24%), and 
17q (12%) (Figure 6A and B). Of  62 cancers with LOH, 4 

(6%) were also MSI-H. The data were expressed in terms 
of  an allelic loss index (ALI), which reflects the number 
of  chromosomal losses per the number of  chromosomal 
loci showing heterozygosity but not MSI in each cancer 
specimen. T-Ag positive gastric cancers showed a significant 
increase in the ALI compared with T-Ag negative gastric 
cancers (0.41 ± 0.12 vs 0.21 ± 0.09, P = 0.008).

Methylation analysis
The results were summarized based on each individual 
marker (Figure 7A and B). The data were expressed in 
terms of  a methylation index (MI), which reflects the 
number of  abnormally methylated promoters per cancer 
specimen within the subsets of  cancers. T-Ag positive 
gastric cancers showed a significant increase in the MI 
compared with T-Ag negative gastric cancers (3.01 ± 0.92 
vs 1.51 ± 0.71, P = 0.003).

DISCUSSION
In the current study, T-Ag protein expression was 
positive in 44 (49%) of  90 gastric cancer tissues and it 
was observed specifically in gastric cancer cells but not in 

JCV (+), EBV (+)

JCV (+), EBV (-)

JCV (-), EBV (+)

JCV (-), EBV (-)

0            10           20           30           40           50
Frequency (%)

Figure 3  Classification of 90 gastric cancer tissues based on T-Ag protein 
expression and EBV infection.

Table 1  The exact mutations and their frequencies in gastric cancer tissues

p53 n n n KRAS n BRAF PIK3CA n
44% (40/90) 6% (5/90) 0% (0/90) 4% (4/90)

G524A (R175H) 3  G469T (V157F) 2   G733A (G245S) 2 G35A (G12D) 3    A3140G (H1047R) 3
C742T (R248W) 2  G743A (R248Q) 2    C817T (R273C) 2 G35T (G12V) 2 G1624A (E542K) 1
G818A (R273H) 2    C844T (R282W) 2 C200G (P67R) 1
G313T (G105C) 1  G422A (C141Y) 1    G461T (G154V) 1
G473A (R158H) 1  C489G (Y163X) 1    G524T (R175L) 1
C574T (Q192X) 1  A578G (H193R) 1    G586T (R196X) 1
G587C (R196P) 1  A614G (Y205C) 1    C637T (R213X) 1
G638A (R213Q) 1   G646A (V216M) 1    A659G (Y220C) 1
G725T (C242F) 1   G731T (G244V) 1     G733T (G245V) 1
C742G (R248G) 1 C817A (R273S) 1     T823G (C275G) 1
C847T (R283C) 1

Nucleotide substitution (amino acid change) is shown.
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Figure 4  MSI analysis in gastric cancer tissues. MSI was analyzed by PCR 
using the mononucleotide (BAT26 and BAT25) and dinucleotide markers (D2S123, 
D5S346, and D17S250). Results of matched normal (upper panel) and tumor (bottom 
panel) samples (MSI-H) are shown. The arrows mean instability positive marker. 
RFU: Relative fluorescent units.
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A B

C D

E

Figure 5  Immunohisto-
chemistry for β-catenin in 
gastric normal (A) and can-
cer (B-E) tissues. A: Moder-
ate membrane staining; B: 
Membrane staining pattern 
similar to that seen in normal 
epithelium; C: Weak stain-
ing; D: Diffuse staining in the 
cytoplasm and membrane; E: 
Strong staining of the nucleus 
and cytoplasm (Original mag-
nification, × 200).
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Figure 6  LOH analysis in gastric cancer tissues. A: A representative example of a tumor with allelic loss in 5q21 (D5S505) is shown. The upper and bottom panels 
show the intensity plots of both the normal and tumor lane, respectively, demonstrating reduced relative intensity of allele one in the tumor sample (arrow) compared 
to the corresponding normal sample; B: LOH frequencies based on each individual marker.
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A

the adjacent normal gastric epithelial cells or stromal cells. 
Previous study has also shown that T-Ag protein expression 
was found in 9 (39%) of  23 gastric cancers, whereas no 
expression was observed in any of  the non-cancer tissues[9]. 
These results suggest an active role for this oncogenic 
protein in gastric carcinogenesis[9].

The frequencies of  EBV infection (11%) and MSI-H 
(16%) in this study were almost consistent with those re-
ported in previous studies[20,31,32]. None of  the MSI-H can-
cers were EBV positive. A mutually negative association 
between EBV and MSI has been reported in gastric can-
cers[20]. T-Ag was detected in a significantly lower percent-
age of  MSI-H cancers (14%) than in non MSI-H cancers 
(55%). In contrast, T-Ag expression was present in similar 
frequencies in MSI-H and (8/15, 53%) and MSS/MSI-L 
(35/85, 41%) colorectal cancers[8]. From the view point 
of  MSI, these results suggest a differential role of  T-Ag in 
gastric and colorectal carcinogenesis.

T-Ag expression was detected in a significantly higher 
percentage of  cancers with nuclear/cytoplasmic localiza-
tion of  β-catenin than in cancers without. T-Ag interacts 
with β-catenin, leading to its stabilization and resultant 
dysregulation of  the WNT-signaling pathway in gastroin-
testinal cancers[4]. Neither point mutations nor interstitial 
deletions in exon 3 were detected. Although not analyzed 
in this study, the frequency of  APC mutations is relatively 
low in gastric cancers. Therefore, T-Ag may play an impor-
tant role in the stabilization of  β-catenin in gastric cancers.

p53 mutation was detected in a significantly lower 

percentage of  T-Ag positive cancers (32%) than in T-Ag 
negative cancers (57%). T-Ag can bind and inactivate 
p53[12], resulting in disruption of  chromosomal integrity 
and cell cycle checkpoints. Therefore, T-Ag expression 
may eliminate the selective pressure for p53 mutations in 
a subset of  gastric cancers. 

A significant association was observed between T-Ag 
expression and allelic losses, being consistent with that 
in colorectal cancers[8]. It has been previously reported 
that the introduction of  JCV into a diploid cell line leads 
to the rapid induction of  CIN[33]. JCV can also induce 
CIN in a diploid colon cancer cell line RKO, which has 
wild-type APC, p53, and β -catenin genes[33]. These results 
suggest that T-Ag play a role in genomic damage during 
gastric carcinogenesis. 

Significant association was also observed between T-Ag 
expression and aberrant methylation, being consistent with 
that in colorectal cancers[8]. A significant correlation has 
been found between EBV and methylation of  multiple 
genes in gastric cancers[8,18,19]. These results suggest that JCV 
T-Ag and EBV play a similar role, at least in part, during 
gastric carcinogenesis. 

Taken together, our results suggest that JCV T-Ag is 
involved in gastric cancers through multiple mechanisms 
of  genetic and epigenetic alterations[34]. Further analysis 
is required to determine whether there is a plausible 
molecular mechanism by which JCV can induce genetic 
and epigenetic alterations in gastric carcinogenesis.
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Figure 7  MethyLight analysis in gastric cancer tissues. A: Results of the 
CRABP1 gene are shown. Bisulfite-converted DNA was used for quantitative 
methylation-specific PCR. The amount of hypermethylated DNA was 
determined by reading the midpoint of the linear portion of the S-shaped real-
time curves, called the Ct point or threshold cycle. The Ct refers to the number 
of cycles it takes a sample to reach a specific fluorescence threshold; B: DNA 
methylation frequencies based on each individual marker.
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Abstract
AIM: To evaluate the safety of unsedated transnasal 
small-caliber esophagogastroduodenoscopy (EGD) for 
elderly and critically ill bedridden patients. 

METHODS: One prospective randomized comparative 
study and one crossover comparative study between 
transnasal small-caliber EGD and transoral conventional 
EGD was done (Study 1). For the comparative study, 
we enrolled 240 elderly patients aged > 65 years old. 
For the crossover analysis, we enrolled 30 bedridden 
patients with percutaneous endoscopic gastrostomy 
(PEG) (Study 2). We evaluated cardiopulmonary effects 
by measuring arterial oxygen saturation (SpO2) and 
calculating the rate-pressure product (RPP) (pulse 
rate × systolic blood pressure/100) at baseline, 2 and 
5 min after endoscopic intubation in Study 1. To assess 
the risk for endoscopy-related aspiration pneumonia 

during EGD, we also measured blood leukocyte counts 
and serum C-reactive protein (CRP) levels before and 3 
d after EGD in Study 2. 

RESULTS: In Study 1, we observed signif icant 
decreases in SpO2 during conventional transoral EGD, 
but not during transnasal small-caliber EGD (0.24% vs  
-0.24% after 2 min, and 0.18% vs  -0.29% after 5 min, 
P  = 0.034, P  = 0.044). Significant differences of the 
RPP were not found between conventional transoral 
and transnasal small-caliber EGD. In Study 2, crossover 
analysis showed statistically significant increases of the 
RPP at 2 min after intubation and the end of endoscopy 
(26.8 and 34.6 vs  3.1 and 15.2, P  = 0.044, P  = 0.046), 
and decreases of SpO2 (-0.8% vs  -0.1%, P  = 0.042) 
during EGD with transoral conventional in comparison 
with transnasal small-caliber endoscopy. Thus, for 
bedridden patients with PEG feeding, who were 
examined in the supine position, transoral conventional 
EGD more severely suppressed cardiopulmonary 
function than transnasal small-caliber EGD. There were 
also significant increases in the markers of inflammation, 
blood leukocyte counts and serum CRP values, in 
bedridden patients after transoral conventional EGD, but 
not after transnasal small-caliber EGD performed with the 
patient in the supine position. Leukocyte count increased 
from 6053 ± 1975/L to 6900 ± 3392/L (P = 0.0008) and 
CRP values increased from 0.93 ± 0.24 to 2.49 ± 0.91 
mg/dL (P = 0.0005) at 3 d after transoral conventional 
EGD. Aspiration pneumonia, possibly caused by the 
endoscopic examination, was found subsequently in two 
of 30 patients after transoral conventional EGD.

CONCLUSION: Transnasal small-caliber EGD is a safer 
method than transoral conventional EGD in critically ill, 
bedridden patients who are undergoing PEG feeding.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Small-caliber endoscopy of  the upper gastrointestinal 
tract was developed and for transnasal esophagogastro
duodenoscopy (EGD) and has been used frequently in 
the past decade[1-4]. Transnasal small-caliber EGD has 
improved the safety of  the endoscopic examination, and 
has fewer adverse effects on cardiopulmonary function[5-10] 
and autonomic nerve function[11], compared with transoral 
conventional EGD. Transnasal small-caliber EGD 
provides good operability compared to that of  transoral 
conventional EGD[12], and requires no special training[13]. 
For these reasons, unsedated transnasal small-caliber 
EGD is used routinely in endoscopic examinations of  
the upper gastrointestinal tract, often in preference to 
transoral conventional EGD.

Although we perform endoscopy on elderly and 
critically ill patients with increasing frequency, we have 
little information concerning the relative safety of  
transnasal small-caliber and transoral conventional EGD 
in these patient groups. Elderly patients do not frequently 
gag or choke during transoral conventional EGD. If  
transoral conventional EGD is safe and comfortable for 
the elderly, the value of  transnasal small-caliber EGD is 
limited, since the smaller charge-coupled device in the 
endoscope may potentially reduce diagnostic accuracy 
for minute gastric lesions. The comparative safety of  the 
two techniques should therefore be considered carefully 
for the treatment of  elderly patients with higher risks for 
gastric cancer and cardiopulmonary diseases.

We compared the safety and tolerability of  transnasal 
and transoral EGD in patients aged > 65 years old and 
in chronically bedridden elderly patients who required 
percutaneous endoscopic gastrostomy (PEG) feeding. 
We used a prospective comparative study and a crossover 
analysis to evaluate changes in hemodynamic and 
pulmonary function, and the risk of  endoscopy-related 
aspiration pneumonia during EGD by each method.

MATERIALS AND METHODS
These following prospective and crossover studies were 
conducted in accordance with the Declaration of  Hel-
sinki and approved by the ethics committee of  Izumo 
City General Medical Center. In Study 1, we obtained 
written informed consent from all the participants. In 
Study 2, written informed consent was obtained from 
the key family members of  the enrolled patients.

Study 1
We compared changes in cardiopulmonary function 

during unsedated transnasal small-caliber and transoral 
conventional EGD in patients aged > 65 years old. 

Patients: Between July 2006 and April 2007, we en-
rolled 240 elderly patients (> 65 years old), who received 
EGD for their abdominal symptoms and for their an-
nual medical check in the Izumo City General Medical 
Center, into the prospective comparison study. The first 
consecutive 120 patients were assigned to the transnasal 
small-caliber EGD (TN) group and the second consecu-
tive 120 patients to the transoral conventional EGD (TO) 
group. 

Endoscopic procedure: A single experienced endos-
copist (M.Y.), certified by the Japan Gastroenterological 
Endoscopy Society, performed all of  the examinations. Pa-
tients in the TN group were examined with a small-caliber 
videoendoscope (EG-530N; Fujinon Toshiba ES Systems 
Co. Ltd., Tokyo, Japan), 5.9 mm in diameter. Patients in the 
TO group were examined with a conventional endoscope 
(GIF-H260; Olympus Medical Systems, Tokyo, Japan), 
9.8 mm in diameter. Patients who needed endoscopic 
biopsy and/or received a time-consuming chromoendo-
scopic examination were excluded from this study.

Patients in the TO group received throat anesthesia 
by application of  5 mL 2% lidocaine viscous (Xylocaine 
viscous; Astra Zeneca, Osaka, Japan) for 5 min. Nasal 
anesthesia was started in patients in the TN group by 
spraying a solution of  0.4% lidocaine and 0.5% naphazoline 
into the nostril. The patients were then instructed to inhale 
2% lidocaine jelly (Xylocaine jelly; Astra Zeneca), and a 
20 Fr catheter covered with lidocaine jelly was inserted 
into the deeper nasal cavity for 5 min. All the EGDs were 
performed with the patient in the left lateral recumbent 
position, and without administration of  scopolamine 
butylbromide.

Cardiopulmonary monitoring: Systolic and diastolic 
blood pressure (BP), pulse rate (PR), and oxygen 
saturation by pulse oximetry (SpO2) were measured at the 
following four points during the endoscopic examination, 
to measure these parameters at the stabilized condition 
of  patients: (1) baseline; (2) at 2 min and (3) at 5 min 
after endoscopic intubation; and (4) at the end of  the 
examination. The values of  BP, PR and SpO2 were 
measured simultaneously with high sensitivity by the 
newly developed measuring system, Bedside Monitor 
PetiTelemo DS-7001 (Fukuda Denshi Co. Ltd., Tokyo, 
Japan). The rate-pressure product (PR × systolic BP/100) 
was also calculated as shown in previous reports[14,15]. 
Changes in each value were compared between TN and 
TO groups.

Study 2
In the patients treated with PEG tube feeding, we per-
formed periodic PEG tube exchanges during endoscopic 
observation every 6 mo. For these observations, an en-
doscopic method, transoral conventional or transnasal 
small-caliber was selected randomly for each patient by 
an envelop method, and switched at the next exchange (a 
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crossover design). Changes in cardiopulmonary parame-
ters and markers of  inflammation were measured during 
EGD, and blood leukocyte counts and serum C-reactive 
protein (CRP) concentrations were measured before and 
after EGD.

Patients: Between March 2007 and April 2008, 30 pa-
tients who were undergoing PEG feeding were enrolled. 
Reasons for PEG feeding included dysphagia caused by 
cerebral infarction, cerebral hemorrhage, subarachnoid 
hemorrhage, and other conditions. Their PEG tube 
exchanges were carried out routinely under endoscopic 
observation every 6 mo, using an instrument (transnasal 
small-caliber or transoral conventional endoscope) that 
was assigned randomly to each patient at enrollment. At 
the next tube exchange 6 mo later, the alternate method 
was used for each patient. The 30 patients were thereby 
divided into one initially transnasal, secondarily transoral 
(TN-TO, n = 15) group, and one initially transoral, sec-
ondarily transnasal (TO-TN, n = 15) group. In all of  the 
enrolled patients, a bumper type kit (Ponsky Non-Bal-
loon Replacement Gastrostomy Tube; Bard Limited, Salt 
Lake City, UT, USA) was used as a PEG tube. Each pro-
cedure for the PEG tube exchanges was not done when 
the patients had infectious diseases such as pneumonia, 
or urinary or hepato-biliary tract infection. Before PEG 
tube exchange, chest X-ray examination, urinalysis, and 
laboratory blood tests including peripheral blood count, 
inflammatory markers and hepato-biliary enzymes were 
done to confirm the absence of  infectious diseases. In 
this study, PEG tube exchanges were not performed in 
patients who showed increases of  leukocyte count or 
CRP and fever elevation before the procedure.

Endoscopic procedure: A single experienced endosco-
pist (M.Y., as in Study 1) performed all of  the examina-
tions, using the same endoscopes and pre-medication 
regimens as in Study 1. The procedure for PEG tube 
exchange by transnasal endoscope was similar to that by 
transoral endoscope. All the EGDs were performed with 
the patient in the supine position, and without adminis-
tration of  scopolamine butylbromide.

Cardiopulmonary monitoring: During each endos-
copy procedure, systolic and diastolic BP, PR, SpO2 and 
RPP were determined at the following three points: (1) 
baseline; (2) at 2 min after endoscopic intubation; and 
(3) at the end of  the examination. Changes in each value 
were compared between TN and TO endoscopic studies.

Evaluation of  inflammatory response: As markers 
of  inflammation, body temperature, leukocyte counts 
and serum concentrations of  CRP were measured. Body 
temperature was measured before and every 6 h after the 
endoscopy-guided exchange of  PEG tube. Leukocyte 
counts and CRP were performed routinely before and 
3 d after the procedure. If  suspicious pneumonia was 
found, these parameters were examined more frequently. 
Further examination of  pneumonia such as chest X-ray 

examination and/or computed tomography (CT) was 
done when respiratory symptoms, fever elevation, and 
increased leukocyte count and/or CRP were found. 

Increased occurrence of  aspiration pneumonia: The 
incidence of  aspiration pneumonia was also compared 
between the TN and TO groups. Pulmonary aspiration 
was defined by witnessed aspiration or tracheal suctioning 
of  secretions including saliva as shown by previous studies 
on PEG procedures[16,17]. In patients with post-procedure 
elevation of  inflammation markers and/or fever, aspiration 
pneumonia was evaluated by chest X-ray examination and/
or CT. Pneumonia was diagnosed by the presence of  new 
infiltrates of  the lung associated with fever.

Statistical analysis
Data for each comparison between groups were analyzed 
using the χ2 and Wilcoxon signed rank tests. The latter test 
was done only when the Friedman test showed significant 
differences. Categorical data were compared using Student’s  
t test or, where unequal variances occurred, Welch’s test. 
P < 0.05 was considered to be significant. All statistical 
analyses were performed using SPSS version 12.0 (SPSS 
Japan, Tokyo, Japan). 

RESULTS
Study 1
Ninety-six and 102 elderly patients were analyzed finally 
as the TN and TO groups, respectively. Twenty-four 
and 18 patients were excluded since complete data 
could not be obtained, mainly because of  the delay in 
measurement in the TN and TO groups, respectively. 
Characteristics of  the enrolled patients in each group are 
shown in Table 1. Mean ages of  these patients were 77.0 
and 76.7 years, respectively. Total procedure time for 
EGD was 8.46 ± 4.32 min in the TN group, and 6.03 ± 
2.50 min in the TO group. This difference in procedure 
time was statistically significant (P < 0.001). No serious 
complications in cardiopulmonary function occurred 
in this study, although two patients experienced mild 
epistaxis during pre-medication for transnasal EGD. The 
baseline cardiopulmonary parameters, RPP and SpO2, 
did not show any significant differences (Table 1).
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TN group TO group P  value

Age (range, yr) 77.0 ± 7.7 
(65-97)

76.7 ± 7.2 
(65-95)

NS

Gender (M:F) 30:66 53:49 NS
Total procedure time (min)   8.46 ± 4.32   6.03 ± 2.50 0.001
Baseline cardiopulmonary 
parameters
   Systolic BP 131.4 ± 19.3 135.4 ± 21.8 NS
   Diastolic BP   67.6 ± 12.3   70.5 ± 12.8 NS
   RPP 100.2 ± 27.4 98.82 ± 25.7 NS
   SpO2 98.1 ± 1.4 98.2 ± 1.4 NS

NS: Not significant; M: Male; F: Female.

Table 1  Characteristics of patients enrolled in Study 1 (mean 
± SD)
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Changes in BP, PR and RPP during endoscopy did 
not differ significantly between the TN and TO groups, 
although these parameters tended to increase more in 
the TO group (Figure 1A). Values for SpO2 in the TO 
group decreased significantly during EGD (-0.24% and 
-0.29% after 2 and 5 min) compared with those in the 
TN group (+0.24% and +0.18% after 2 and 5 min, P < 
0.05). These findings suggested that transoral EGD 
affects pulmonary function more severely than transnasal 
EGD does in this group of  patients (Figure 1B).

Study 2
We enrolled 30 patients who required PEG feeding: 15 
in the TN-TO group and 15 in the TO-TN group. Char-
acteristics of  these patients are shown in Tables 2 and 3. 
Categorical data did not differ significantly between the 
TN-TO and TO-TN groups. Baseline cardiopulmonary 
parameters, RPP and SpO2, did not differ significantly.

Higher values of  systolic and diastolic BP were found 
in the TO group than in the TN group after intubation for 
endoscopy, but these differences did not reach statistical 
significance. Values for RPP during and at the end of  
endoscopy were significantly higher in the TO group (26.8 
and 34.6) than those in the TN group (3.1 and 15.2, P < 
0.05), as shown in Figure 2A. The SpO2 also significantly 
decreased at 2 min after the start of  transoral EGD (-0.8%) 
in comparison with transnasal EGD (-0.1%, P < 0.05) 
(Figure 2B). Thus, in the bedridden patients with PEG 
feeding, examined in the supine position, transoral EGD 
disturbed cardiopulmonary function more strongly than 
did transnasal EGD.

Markers of  inflammation also changed significantly in 
conjunction with endoscopy. Peripheral leukocyte count 
increased from 6053 ± 1975/L to 6900 ± 3392/L at 3 d 
after transoral EGD, as shown in Figure 3A (P < 0.001); 
and CRP values increased from 0.93 ± 0.24 mg/dL to 
2.49 ± 0.91 mg/dL (P < 0.001) (Figure 3B). These data 
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TN-EGD TO-EGD P value

Total procedure time (min)   4.36 ± 3.46   4.42 ± 3.18 NS
Baseline cardiopulmonary 
parameter
   Systolic BP 125.5 ± 25.3 122.6 ± 28.4 NS
   Diastolic BP   70.1 ± 17.8   64.9 ± 20.1 NS
   RPP 107.7 ± 44.6 101.3 ± 37.9 NS
   SpO2 98.7 ± 1.7   95.4 ± 17.5 NS

Table 3  The results in total 30 endoscopic procedures (mean 
± SD)

TN-TO group TO-TN group P  value

Age (yr) 84.3 ± 7.9 80.7 ± 15.8 NS
Gender (M:F) 3:12 4:11 NS
Background pathological 
condition for PEG feeding
   Cerebral infarction 10 11
   Cerebral hemorrhage   2   3
   Subarachnoid hemorrhage   1   0
   Others   2   1

Table 2  Characteristics of patients enrolled in Study 2 (mean 
± SD)
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also showed statistically significant differences at 3 d after 
PEG tube exchange between transnasal and transoral 
EGD (P < 0.001). 

Aspiration pneumonia, possibly caused by the endo-
scopic examination, was subsequently found in two of  
30 patients after transoral EGD. In these two cases, a sig-
nificant drop in SpO2 values was found during transoral 
EGD, and the elevation of  inflammation makers (CRP 
values and leukocyte counts) was also found after the 
procedure with transoral EGD but not with transnasal 
EGD. Additionally, the witnessed aspiration or tracheal 
suctioning of  secretions including saliva was observed in 
these two cases of  transoral EGD. Both of  these patients 
recovered after the administration of  antibiotics.

DISCUSSION
Transnasal small-caliber endoscopy, recently accepted 
for screening of  the upper gastrointestinal tract, presents 
advantages apart from image quality, a noteworthy 
feature of  transoral conventional endoscopy. Unsedated 
transoral EGD is well known to increase BP and PR, with 
an increased cardiopulmonary work load[2,4-6]. Recently, 
small-caliber endoscopes have been developed and used 
for EGD with the transnasal route. Several investigators 
have demonstrated that transnasal EGD with small-
caliber endoscopes is feasible and tolerable[7-11], since 
transnasal small-caliber EDG is less stimulative to the 
uvula, palatine arches and posterior part of  the tongue, 
and does not induce gag reflex[6]. Therefore, the feasibility 
and tolerability of  unsedated transnasal small-caliber 

EGD strongly support its value as a standard screening 
procedure. However, the studies on transnasal small-caliber 
EGD were done mainly on relatively young patients aged < 
60 years old. Elderly patients are believed to tolerate easily 
transoral EGD without excessive gagging or choking. 
Therefore, the clinical advantage of  transnasal small-caliber 
EGD for this population may not outweigh the advantage 
of  higher image quality obtained with conventional EGD. 
To determine the value of  the transnasal small-caliber 
endoscope for screening older patients, we must first 
establish its tolerability and safety for this group. We have 
found no studies that specifically have addressed this issue.

In the first part of  our study, we found no significant 
difference between transnasal and transoral endoscopy 
with respect to hemodynamic parameters. On the other 
hand, SpO2, a measure of  pulmonary function, signifi-
cantly declined during transoral endoscopy, although the 
decrease was small. The small decrease in SpO2 is not 
clinically important for elderly patients in good physical 
condition. However, for elderly patients with cardiopul-
monary diseases and resulting decreased basal SpO2 value, 
further small decreases in SpO2 are prone to have serious 
consequences. Patients long confined to bed (including 
most who require PEG feeding) may become susceptible 
to infectious pulmonary diseases as a result of  swallow-
ing disturbance or micro-aspiration that accompanies 
decreased SpO2. For safety in the periodic tube exchange, 
endoscopy-guided re-intubation of  the PEG kit is recom-
mended for these patients, because wrong replacement 
of  the feeding tube can cause serious complications, such 
as peritonitis. This procedure requires that the patient 
remains supine, which increases the risk for aspiration of  
saliva and refluxed gastric contents. Transoral endoscopy 
may stimulate salivary secretion and thereby increase the 
risk of  aspiration pneumonia. In addition, the supine 
position may influence specifically hemodynamic and/
or pulmonary parameters during endoscopy. Previous 
studies have assessed only the hemodynamic changes 
that occur when PEG tube insertion is monitored with 
transnasal small-caliber endoscopy[18,19]. We have there-
fore measured pulmonary function and two markers of  
inflammation, as well as hemodynamic parameters, in 
this endoscopic examination (i.e. with the patient in the 
supine position). We consistently found advantages in the 
use of  the transnasal small-caliber endoscope, with re-
spect to both hemodynamic and pulmonary parameters. 
Significant increases in leukocyte counts and CRP values, 
which indicate systemic inflammatory disease, occurred 
only after transoral conventional endoscopy. Aspiration 
pneumonia was found in two cases after 30 transoral 
endoscopic procedures for the replacement of  the PEG 
tube. PEG tube exchange is done in the supine position, 
therefore, the patients may have a higher risk of  aspira-
tion. However, no pneumonia was found after the pro-
cedure using the transnasal small-caliber endoscope. The 
transoral conventional endoscope may stimulate salivary 
secretion and further increase the risk of  aspiration. Ad-
ditionally, the oral cavity and saliva of  bedridden patients 
with PEG feeding is prone to be infected by bacteria 
that may cause pneumonia. Use of  the transnasal small-
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caliber endoscope may therefore reduce the risk of  this 
potentially serious complication of  transoral conventional 
EGD in bedridden patients. 

In conclusion, SpO2 decreased significantly in elderly 
patients during transoral conventional EGD, but not 
during transnasal small-caliber EGD. Compared to 
transoral conventional EGD, transnasal small-caliber 
endoscopy may reduce the risk of  aspiration pneumonia, 
when the patient must be examined in the supine position. 
Therefore, transnasal small-caliber EGD is a safer method 
than transoral conventional EGD in critically ill patients, 
such as those who are bedridden and undergoing PEG 
feeding.

COMMENTS
Background
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Abstract
AIM: To investigate the risk association and compare 
the onset age of hepatocellular carcinoma (HCC) 
patients in Taiwan with different genotypes of MDM2-
SNP309. 

METHODS: We analyzed MDM2-SNP309 genotypes 
from 58 patients with HCC and 138 cancer-free healthy 
controls consecutively. Genotyping of MDM2-SNP309 
was conducted by restriction fragment length polymor-
phism assay. 

RESULTS: The proportion of homozygous MDM2-
SNP309 genotype (G/G) in cases and cancer-free 
healthy controls was similar (17.2% vs 16.7%). Multi-
variate analysis showed that the risk of G/G genotype 

of MDM2-SNP309 vs  wild-type T/T genotype in pa-
tients with HCC was not significant (OR = 1.265, 95% 
CI = 0.074-21.77) after adjustment for sex, hepatitis 
B or C virus infection, age, and cardiovascular disease/
diabetes. Nevertheless, there was a trend that GG 
genotype of MDM2-SNP309 might increase the risk in 
HCC patients infected with hepatitis virus (OR = 2.568, 
95% CI = 0.054-121.69). Besides, the homozygous 
MDM2-SNP309 genotype did not exhibit a significantly 
earlier age of onset for HCC.

CONCLUSION: Current data suggest that the asso-
ciation between MDM2-SNP309 GG genotype and HCC 
is not significant, while the risk may be enhanced in 
patients infected by hepatitis virus in Taiwan. 

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a prevalent type 
of  cancer. It represents the fifth most prevalent cancer 
worldwide, and accounts for the top three causes of  death 
in the Asia-Pacific region[1,2]. The risk factors associated 
with HCC include age, sex, alcohol, diet, and infection 
with hepatitis B virus (HBV) and/or hepatitis C virus 
(HCV)[2]. Most newly diagnosed HCC is reported in Asia (> 
70%), in which chronic HBV infection accounts for 75% 
of  cases worldwide[3]. Significantly, 55% of  HCC cases 
are reported from the Chinese population[4]. Although the 
incidence rate of  HCC is plausibly linked to geographic 
area and geo-economic conditions, it is possible that gene 
polymorphism may be associated with the risk of  HCC[5,6]. 
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Single nucleotide polymorphism (SNPs) occur 
frequently in human genomes. SNPs can be detected once 
per 1000 bp in DNA sequences, on average, and may affect 
gene transcription and amino acid composition if  they 
are located in gene regions. Several lines of  evidence have 
shown that SNPs in genes such as small inducible cytokine 
B14 precursor (SCYB14), glial cell-derived neurotrophic 
factor family receptor α 1 (GFRA1), corticotropin-
releasing hormone receptor 2 (CRHR2), glucose-regulated 
protein 78 (GRP78), heat shock protein A1B (HSPA1B), 
DNA-methyltransferase-3B (DNMT3B), α-fetoprotein 
(AFP) and p53 R72P are associated significantly with 
HCC[6-12]. These SNPs localize in promoter regions, coding 
sequences, or even introns of  individual genes, which 
suggests that the expression level and functions of  affected 
genes can influence the incidence rate of  HCC. 

MDM2 oncoprotein is a direct negative regulator 
for the p53 tumor suppressor protein, which accounts 
for 50% of  human cancers if  deleted or with loss-of-
function[13,14]. Overexpression of  MDM2 by up to fourfold 
in transgenic mice that harbor wild-type p53 leads to 
complete tumorigenesis[15]. MDM2 overexpression also 
is associated with poor survival and is a useful predictive 
factor for poor prognosis in humans with liver cancer[16,17]. 
A genetic polymorphism located in intron 1 of  the 
MDM2 gene, so called MDM2-SNP309 (a change from T 
to G, rs2279744) can enhance the binding of  Sp1 general 
transcription factor to this promoter region and increase 
MDM2 gene transcription[18]. It has been suggested that 
this SNP is associated with the risk and early onset age 
of  various human cancers[19]. Some studies have shown 
that MDM2-SNP309 is associated with the risk of  HCC 
in Japanese and Moroccan patients with chronic hepatitis 
C, and Korean patients with chronic hepatitis B[20-22]. 
Although > 50% of  HCC cases are reported from Asia, 
it remains largely unknown whether MDM2-SNP309 
influences the risk and onset age of  HCC in other 
countries in this region, except for Japan and Korea. 

In this study, we initiated a hospital-based case-
control study to investigate the risk association between 
MDM2-SNP309 and HCC in Taiwanese patients. We 
also examined whether HCC onset was earlier in patients 
with homozygous MDM2-SNP309 (G/G) compared to 
wild-type MDM2-SNP309 (T/T). 

MATERIALS AND METHODS
Patients and cancer-free healthy controls
We studied 58 patients with HCC diagnosed by cancer 
specialists, and 138 cancer-free healthy adults enrolled 
from Taipei City Hospital Ren Ai Branch, Taiwan during 
2007. All volunteers signed the consent form and filled 
out the structured questionnaire before providing their 
blood samples. All patients and 50 cancer-free healthy 
controls were tested for hepatitis B and C by anti-HB-
sAg, HBsAg, Anti-HBc IgG, and anti-HCV. Several risk 
factors associated with HCC were included in the ques-
tionnaire, including age, sex, alcohol intake, frequency of  
exercise, and cardiovascular diseases/diabetes. There was 
no other cancer type diagnosed in each patient. The sub-

jects were born in the Taiwan Island except five patients 
and four cancer-free healthy controls who had emigrated 
from mainland China. This study was approved by insti-
tutional review committee board of  National Yang-Ming 
University and Taipei City Hospital. 

MDM2-SNP309 genotyping
Analysis of  MDM2-SNP309 genotyping was conducted 
by polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP), as described previously[23]. 
Genomic DNA was extracted from 200 μL whole blood 
sample using the Qiagen Mini Blood DNA Extraction kit 
(Valencia, CA, USA). The DNA fragment that contained 
the MDM2 SNP309 was amplified by PCR using the 
forward (5'-CGGGAGTTCAGGGTAAAGGT-3') and 
reverse primer (5'-AGCAAGTCGGTGCTTACCTG-3') 
(Protech Inc., Taipei, Taiwan). Each PCR reaction was 
conducted using 100 ng genomic DNA, 0.2 μmol/L pri-
mer, 200 μmol/L dNTP, 1.5 mmol/L MgCl2, 20 mmol/L 
Tris-HCl (pH 8.4), 50 mmol/L KCl and 1 U Platinum Taq 
DNA polymerase (Invitrogen, Carlsbad, CA, USA). The 
thermal cycler conditions were 94℃ for 1-5 min; 40 cycles 
with denaturing at 94℃, annealing at 59℃, and elongation 
at 72℃ for 30 s each; one cycle at 72℃ for 10 min. Sub-
sequently, 10 μL of  the PCR product was digested with 
1 U MspA1I restriction enzyme (New England Biolabs, 
Ipswich, MA, USA) at 37℃ for 30-60 min. The T/T, T/G 
and G/G genotypes were identified as 233 bp/88 bp, 
233 bp/187 bp/88 bp, and 187 bp/88 bp running on the 
3% NuSieve agarose gel, respectively. The genotypes were 
confirmed by direct sequencing of  the PCR products by 
the Sequencing Core Facility of  Genomic Research Center 
in National Yang-Ming University. 

Statistical analysis
Whether the frequency of  MDM2-SNP309 genotype 
obeyed the Hardy-Weinberg equilibrium was determined 
by an on-line public statistical tool (http://www.genes.org.
uk/software/hardy-weinberg.shtml). Two-sample t test 
was used to evaluate the difference in age and body mass 
index (BMI) between cases and controls. Differences 
in sex, hepatitis frequency, HBV and HCV infection, 
alcohol intake, exercise, and incidence of  cardiovascular 
diseases and diabetes between cases and controls were 
determined by Fisher’s exact test. Multivariate logistic 
regression analysis was used to calculate the OR and 95% 
CI to determine the association between HCC risk and 
MDM2-SNP309 genotypes. The Kaplan-Meier survival 
analysis was used to describe the onset age of  HCC, 
and the log-rank test was used to compare the median 
onset age between patients with GG and those with TT 
genotypes in MDM2 SNP309. P < 0.05 was considered 
statistically significant in all tests. All statistical analyses 
were performed with Statistical Analysis System ver. 9.1 
(SAS Institute, Cary, NC, USA).

RESULTS
We investigated 58 HCC patients and 138 cancer-free 
healthy controls to evaluate the risk association between 
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MDM2-SNP309 and HCC. The characteristics of  these 
blood donors are summarized in Table 1. The mean ages 
were significantly different between cases and controls 
(65.9 ± 10.14 years vs 40.2 ± 15.24 years) at the time that 
they joined this study. These participants were enrolled 
consecutively without pre-selection for age, therefore, 
this difference may confirm that HCC usually is found 
in elderly individuals. In HCC patients, > 80% had been 
infected with HBV or HCV, and two cases were infected 
with both HBV and HCV. In addition, the frequency 
of  HCC patients infected with HBV was slightly higher 
than that of  those infected with HCV. Other factors that 
may affect the incidence of  HCC are also summarized 
in Table 1. Except for BMI and alcohol intake, other 
confounding factors exhibited a significant difference 
between HCC cases and cancer-free healthy controls. 
They were adjusted for the multivariate logistic regression 
model thereafter. 

The frequency of  MDM2-SNP309 distributed in 
wild-type (TT), heterozygous (TG) and homozygous 
(GG) genotypes are shown in Table 2. The genotype 
distributions in HCC cases and cancer-free healthy controls 
slightly departed from Hardy-Weinberg equilibrium (HCC, 
χ2 = 4.426, P = 0.035; controls, χ2 = 3.907, P = 0.048). It 
is impossible to predict the genotype of  each blood donor, 
therefore, it is expected that this inconsistency may have 
been due to the small sample size. Although the frequency 
of  wild-type MDM2-SNP309 genotype was lower in HCC 
cases than in cancer-free healthy controls, there was no 
significant difference found in the frequency of  homozy-
gosity between these two groups (Table 2). To determine 
the risk association between HCC and MDM2-SNP309 

genotypes, multivariate logistic regression analysis showed 
that the OR of  heterozygous (TG) and homozygous (GG) 
SNP309 genotypes was 1.016 (95% CI = 0.152-6.8, P = 
0.987) and 1.265 (95% CI = 0.074-21.767, P = 0.87) com-
pared to wild-type SNP309 genotype, respectively (Table 2).  
These OR values were adjusted for age, sex, infection with 
HBV or HCV, cardiovascular disease and/or diabetes. 
Comparison of  homozygous MDM2-SNP309 (GG) gen-
otype with common (TT) or heterozygous (TG) MDM2-
SNP309 carriers showed that the adjusted OR was 1.247 
(95% CI = 0.123-12.66, P = 0.852). The TG or GG geno-
type of  MDM2-SNP309 verses TT variant form exhibited 
an adjusted OR of  1.037 (95% CI = 0.757-6.682, P = 0.97) 
(Table 2). These OR values are lower than those reported 
previously in Japanese, Korean and Moroccan popula-
tions[20-22]. Thus, current statistical results showed that risk 
association between MDM2-SNP309 genotype and HCC 
was not significant in the Taiwanese population. 

We next investigated whether HBV or HCV infec-
tion influenced the effects of  MDM2-SNP309 genotypes 
on patients with HCC. As shown in Table 1, 49 cases 
infected with HBV or HCV were analyzed by the logistic 
regression model. It revealed that the homozygous (GG) 
MDM2-SNP309 genotypes exhibited increased risk over 
the common (TT) genotype of  MDM2-SNP309 (adjusted 
OR = 2.568, 95% CI = 0.054-121.687, P = 0.632) (Table 3).  
The adjusted OR of  TG or GG of  MDM2-SNP309 
genotype was 2.376 compared to TT genotype (95% CI = 
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Table 1  The demography of HCC patients and cancer-free 
healthy controls from Taiwan  n  (%)

Characteristics1 Cases (58) Controls (138) P  value

Age (yr)
   mean 65.90 40.20 < 0.0001
   SD 10.14 15.24
Gender
   Male 45 (77.6)   42 (30.2) < 0.0001
   Female 13 (22.4)   96 (69.8)
Hepatitis
   Yes 49 (84.5) 10 (7.2) < 0.0001
   No   9 (15.5)     79 (57.25)
   Unknown   0   49 (35.5)
HBV2

   + 29 10    0.0002
   - 28 40
HCV3

   + 20   0 < 0.0001
   - 37 50
Alcohol intake
   Yes 26 (44.8)   81 (58.7)    0.0851
   No 32 (55.2)   57 (41.3)
Cardiovascular diseases and/or disorders
   Yes 23 (39.7)   26 (18.7)    0.0035
   No 35 (59.6) 116 (81.3)
   BMI 22.7 ± 3.13 22.59 ± 3.44    0.8341

1Age and BMI (Body Mass Index) were determined by t test. Other par-
ameters were analyzed by Fisher’s exact test; 2,3Two HCC cases were 
infected with both HBV and HCV. HCC: Hepatocellular carcinoma.

Table 2  The risk evaluation of MDM2 SNP309 genotypic 
frequencies on the development of HCC  n  (%)

SNP309 Cases Controls OR (95% CI)1 P  value

TT 11 (19)   35 (25.3) 1
TG   37 (63.8) 80 (58) 1.016 (0.152-6.8) 0.99
GG   10 (17.2)   23 (16.7)       1.265 (0.074-21.767) 0.87
TG+GG 47 (81) 103 (57.5)      1.037 (0.757-6.862) 0.97

TT+TG   48 (82.8) 115 (83.3) 1
GG   10 (17.2)   23 (16.7)         1.25 (0.123-12.66) 0.85

1The multivariate logistic regression model was used to calculate odds 
ratio adjusted for gender, infection of hepatitis virus (B or C type), age, 
cardiovascular disease and/or diabetes.
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Hepatitis1 SNP309 Cases Controls OR2 95% CI P  value

Positive TT   7 (14.3)   1 (10) 1.000
TG 32 (65.3)   7 (70) 2.340  0.11-49.655 0.59
GG 10 (20.4)   2 (20) 2.568   0.054-121.687 0.63

TG+GG 42 (85.7)   9 (90) 2.376 0.115-48.896 0.57
Negative TT   4 (44.4) 19 (24) 1.000

TG   5 (55.6) 45 (57) 0.512 0.046-5.712 0.59
GG3    0 (0) 15 (19) - - -

TG+GG   5 (55.6) 60 (76) 0.470  0.041-5.387 0.54

1Include HBV or HCV infected patients with HCC; 2OR was adjusted for 
age, gender and cardiovascular diseases and/or diabetes; 3OR was not 
estimated because the number in case was zero.

Table 3  Estimation of odds ratio for different genotypes of 
MDM2-SNP309 in hepatitis viral infected patients with HCC  
n  (%)



0.115-48.896, P = 0.575). The broad range of  95% CI was 
due to the small sample size, while it seems plausible that 
the risk association between MDM2-SNP309 and patients 
with HCC may have been enhanced by viral hepatitis. 

We compared the age at diagnosis for HCC patients 
who had different MDM2-SNP309 genotypes, and the 
median ages for TT, TG and GG genotypes were 68 (range 
55-82), 66 (range 38-87) and 64.5 (range 51-73) years old, 
respectively. The arithmetic mean ages and SD for TT, 
TG and GG were 69.1 ± 8.23, 64.3 ± 11.1, and 62.5 ± 
7.88 years old, respectively. Although the mean age of  pa-
tients with homozygous MDM2-SNP309 genotype (GG) 
was 6.6 years lower than that of  patients with wild-type 
MDM2-SNP309 genotype (TT), there was no significant 
difference between them by t test (P = 0.0844, 95% CI =  
-0.9835-14.1654). Besides, the Kaplan-Meier survival 
analysis showed that comparison of  the age at diagnosis 
for HCC patients with GG and TT genotypes was not sig-
nificantly different by log-rank test (P = 0.1489, Figure 1).  
Therefore, the current results suggest that MDM2-
SNP309 is not associated with onset age of  HCC in the 
Taiwanese population. However, a larger sample size may 
be necessary to confirm this observation.

DISCUSSION
HCC commonly occurs in the Asia-Pacific region, and 
it also accounts for high morbidity and mortality in this 
area[2]. Although the incidence rate of  male HCC patients 
is high in the Asia-Pacific region (14-36 per 100 000 men), 
it exhibits significant variance in different countries. 
The highest incidence rate of  male HCC occurs in 
China and Taiwan, which is 58 and 53 per 100 000 men, 
respectively[2]. The main etiological agents that result 
in high incidence of  HCC in the Asia-Pacific region 
include high infection rate with HBV and HCV, cirrhosis, 
family history, environmental contamination, diet, and 
α-fetoprotein[4,24-26]. MDM2-SNP309 is a novel predictor 
for Japanese and Korean patients with HCC infected 
by HCV and HBV, respectively[20,21]. In this study, we 
examined the risk association between Taiwanese HCC 

patients and MDM2-SNP309. Although the multivariate 
analysis showed that the association between MDM2-
SNP309 and HCC in the Taiwanese population was not 
significant, there was a trend that homozygous (GG) or 
heterozygous (TG) MDM2-SNP309 genotype exhibited 
a higher risk in the subset of  HCC patients infected with 
HBV or HCV. This is consistent with previous reports in 
Japanese and Korean patients with HCC, at least in part. 
Besides, our data failed to prove that MDM2-SNP309 
could accelerate the development of  HCC, although the 
median age at diagnosis of  patients with homozygous 
MDM2-SNP309 genotype (GG) was 3.5 years lower 
than that of  patients with the common genotype (TT). 
This result also agrees with the studies in the Japanese 
and Moroccan but not in the Korean population[20-22]. 
Therefore, the risk association and the effects of  age 
onset between MDM2-SNP309 genotypes and HCC are 
likely to be dependent on the selected patient subgroups.

MDM2 negatively regulates p53 tumor suppressor 
protein. It is reasonable to expect that over-produced 
MDM2 will repress p53 function on cancer prevention. 
This hypothesis has been demonstrated in an MDM2 
overexpression transgenic mouse model that develops 
systemic tumors. The putative effect of  MDM2-SNP309 
is to enhance the transcription of  the MDM2 gene, and 
to affect the p53 regulatory pathway for tumor develop-
ment. Several lines of  evidence have demonstrated an as-
sociation between MDM2-SNP309 and various sporadic 
or hereditary human cancers, including risk and earlier 
age onset. Nevertheless, non-supportive data are also re-
ported to disagree that there is a risk association between 
MDM2-SNP309 and human cancers, even when the 
same cancer types are studied[27-36]. One of  the reasons is 
likely to be the different subgroups of  patients and races. 
For instance, a recent meta-analysis has demonstrated 
that the G allele of  MDM2-SNP309 may affect breast 
cancer in the Chinese population rather than non-Chinese 
population[37]. Although HCC is a common cancer type 
in the Asia-Pacific region, its association with MDM2-
SNP309 has only been reported in Japanese patients with 
chronic hepatitis C and in Korean patients chronically 
infected with hepatitis B virus[20,21]. HCC has the second 
highest cancer mortality in Taiwanese subjects who are 
vulnerable to be infection with HBV or HCV (http://crs.
cph.ntu.edu.tw/). To the best of  our knowledge, this is 
the first study to investigate the Taiwanese population 
to analyze the effects of  MDM2-SNP309 genotypes on 
HCC development. 

The sample size is the primary limitation of  our study. 
The participants were from a single hospital, and most 
patients who suffered from HCC had a lack of  enthusi-
asm to provide blood samples for analysis. Besides, the 
age distribution of  cases and cancer-free healthy controls 
was significantly different. The patients were enrolled 
consecutively, therefore, this bias was not due to selection 
and was adjusted for in multivariate analysis. Another limi-
tation is that sex distribution and incidence of  hepatitis 
between cases and controls were not comparable. In HCC 
patients, the ratio of  men to women was 3.46, and 84.5% 
of  patients also had hepatitis. The mean ages at diagnosis 
for HBV- and HCV-infected HCC patients were 59.53 ±  
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10.72 years and 70.63 ± 6.39 years, respectively (P = 0.0002). 
Male HCC patients were infected mainly by HBV (64.9%), 
while female HCC patients were infected by HCV (66.7%). 
Furthermore, the male/female ratio was 6.0 for HCC 
patients with HBV infection, while it was 1.375 for those 
with HCV infection. All of  these results are similar to a 
previous study of  18 423 Taiwanese HCC patients en-
rolled from 1981 to 2001[2,38]. Therefore, the characteristics 
of  HCC patients did not exhibit a significant discrepancy 
compared to a large cohort study in Taiwan, even though 
a small sample size was used in this study. 

Several potential risk factors were also considered in 
this study. Frequent alcohol intake is considered to be an 
etiological agent for the Chinese population (OR = 1.88)[4]. 
In our study, there was no significant difference between 
cases and controls regarding alcohol intake. However, 
identification of  alcohol intake is dependent on self-
interpretation by participants, and it may lead to appar-
ent bias. It has been reported that metabolic syndrome, 
such as obesity and diabetes may affect the incidence of  
HCC[39-41]. We adjusted for these factors in the multivariate 
logistic regression model to evaluate the risk association 
between MDM2-SNP309 and HCC in the Taiwanese 
population. Nevertheless, it remains important to collect 
more samples to evaluate the potential risk factors for 
HCC in the presence of  various MDM2-SNP309 geno-
types in the future. 

In summary, this hospital-based case-control study 
showed that there was no significant association between 
MDM2-SNP309 and HCC in the Taiwanese population. 
In the subset with hepatitis B or C, the homozygous or 
heterozygous MDM2-SNP309 genotype tended to influ-
ence the incidence rate of  HCC. Homozygous MDM2-
SNP309 genotype did not significantly accelerate the 
development of  HCC, even though the median age at 
diagnosis of  patients with homozygous SNP309 was 3.5 
years lower than that of  patients with wild-type SNP309. 
In the future, we expect to use a larger sample size to fur-
ther confirm the effect of  MDM2 SNP309 on HCC in 
the Taiwanese population.
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showed that there was no significant association between HCC risk and MDM2-
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Abstract
AIM: To investigate the association of obesity and 
elevated alanine aminotransferase with insulin resistance 
and compare these factors with metabolic syndrome.

METHODS: We enrolled a total of 1308 male workers 
aged from 22 to 63 years. Data was extracted from 
the workers’ periodic health check-ups in hospitals. All 
cases were from the community of northern Taiwan. 
This was a cross-sectional observational study from July 
to September in 2004. We grouped all cases into four 
groups, based on the quartile of homeostasis model 
assessment. The top fourth quartile group was defined 
as the group with insulin resistance. We performed 
multivariate logistic regression analysis for the odds ratio 
of the risk factors for insulin resistance.

RESULTS: Compared with metabolic syndrome, the 
coexistence of both factors had a 4.3-fold (95% CI: 
2.7-6.8) increased risk, which was more than metabolic 
syndrome with a 3.6-fold (95% CI: 2.6-5.0) increased 
risk. The two factors had a synergistic effect. The 
synergistic index of obesity and elevated alanine 
aminotransferase (ALT) was 2.1 (95% CI: 1.01-4.3). 

CONCLUSION: Obesity and elevated ALT are associated 

with insulin resistance. The effects are synergistic. 
Coexistence of them is better than metabolic syndrome 
in predicting insulin resistance.

© 2009 The WJG Press and Baishideng. All rights reserved.

Key words: Alanine aminotransferase; Transaminase; 
Overweight; Obesity; Insulin resistance

Peer reviewer: Yasuji Arase, MD, Department of Gastro-
enterology, Toranomon Hospital, 2-2-2 Toranomonminato-ku, 
Tokyo 105-8470, Japan

Chen PH, Chen JD, Lin YC. A better parameter in predicting 
insulin resistance: Obesity plus elevated alanine aminotransferase. 
World J Gastroenterol 2009; 15(44): 5598-5603  Available from: 
URL: http://www.wjgnet.com/1007-9327/15/5598.asp  DOI: 
http://dx.doi.org/10.3748/wjg.15.5598

INTRODUCTION
Insulin resistance is a key feature of  type 2 diabetes mellitus 
and it plays an important role in cardiovascular diseases[1]. 
Predicting insulin resistance is useful in preventing 
diabetes or cardiovascular disease. Insulin resistance can 
be directly measured with a hyperinsulinemic euglycemic 
clamp[2]. In addition, several parameters from less invasive 
methods have been demonstrated to be related to, or 
to predict, insulin resistance, such as obesity[3-5], alanine 
aminotransferase (ALT) level[6], metabolic syndrome, 
chronic inflammation status[5], nonalcoholic fatty liver 
disease (NAFLD)[7,8], and adiponectin level[9]. Some of  
these factors are easily measured (e.g. body weight and 
ALT) and the others are more complex (e.g. metabolic 
syndrome), not available in most laboratories (e.g. 
adiponectin), or are technique-dependent (e.g. sonographic 
NAFLD).

In Taiwan, the national health program provides 
a periodic examination for every adult older than 
forty. The program includes measurements of  body 
height/weight, and ALT level. Measurement of  insulin 
resistance, however, is not included in the program 
because of  its inconvenience, although it is important 
for preventing cardiovascular disease.

Obesity is a ongoing problem in Taiwan and world-
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wide[10,11]. It is associated with several conditions, of  
which insulin resistance might be the most important[12].

Alanine aminotransferase (ALT) is a widely used  
laboratory test and abnormal ALT levels are common[13,14].  
Elevated ALT has also been noted to be related to 
insulin resistance. 

Besides being non-invasive, both obesity and ALT 
measurements are easily obtained and are inexpensive. 
Our purpose was to confirm the belief  that that obesity 
and elevated ALT are important parameters of  insulin 
resistance. We reported that the coexistence of  both 
factors has a synergistic effect and the coexistence might 
be better than metabolic syndrome for predicting insulin 
resistance. The possible mechanism will be explored 
in the article. This result is helpful for preventing 
cardiovascular disease in public health.

MATERIALS AND METHODS
Data from a total of  1308 male workers’ health check-
up records were analyzed. Data were collected via a 
questionnaire, including age (years), smoking status 
(packs per day), and alcohol consumption status (times 
per week). Anthropometrical data collected included 
systolic and diastolic blood pressure (mmHg), body 
weight (kg), height (cm), calculated body mass index, 
BMI (kg/m2), and waist circumference (cm). The 
laboratory measurements were conducted by Beckman 
Coulter auto-analyzer (model DxC 800 Synchron), and 
included triglyceride (mg/dL), high-density lipoprotein 
(HDL, mg/dL), aspartate aminotransferase (AST, U/L),  
alanine aminotransferase (ALT, U/L), and fasting 
plasma glucose (mg/dL). The insulin level (U/mL) was 
measured by the Abbott autoanalyzer (model AxSym). 
Insulin resistance was defined as the top quartile of  
HOMAIR (homeostasis model assessment)[2]. Obesity 
was defined as BMI ≥ 27 according to the modified 
criteria in Taiwan[11]. Abdominal obesity (or central 
obesity) was defined as a waist circumference ≥ 90 cm  
in men, according to the modified criteria from ATPⅢ 
for Asia subjects[15]. Elevated blood pressure, elevated 
triglyceride, low high-density lipoprotein, and elevated 
fasting glucose were defined based on previous ATPⅢ  
criteria for metabolic syndrome as systolic blood pressure 
≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg, 
triglyceride ≥ 150 mg/dL, high density lipoprotein < 
40 mg/dL, and fasting glucose ≥ 100 mg/dL. Elevated 
ALT was defined as ALT > 40 U/L (according to 
our laboratory and any cause, such viral hepatitis or 
alcoholism, was not ruled out). Smoking was defined 
as smoking more than one pack per day. Alcohol 
consumption was defined as drinking more than once 
per week. The Student’s t test and chi-square test were 
used for analyzing continuous variables and categorical 
variables, respectively. Multivariate logistic regression 
was used to evaluate the relationship between insulin 
resistance and the risk factors. We introduced three 
models for multivariate logistic regression analysis for 
the odds ratio of  the risk factors for insulin resistance. 
Model 1 showed the odds ratio of  the risk factors 

among which metabolic syndrome is regarded as five 
separate components. Metabolic syndrome is regarded 
as a single factor in model 2. Elevated ALT and obesity 
are regarded as two separate risk factors in model 1 and 
model 2. The coexistence of  the two factors is regarded 
as a single factor and is compared with metabolic 
syndrome in model 3. To understand the synergistic 
effect of  the risk factors, we introduced the synergistic 
index to see if  the synergistic effect of  obesity and 
elevated ALT was statistically significant[16]. This 
analytical study, limited to health check-up data, followed 
all the ethical criteria for human research[17]. The study 
protocol (TYGH09702108) was reviewed and approved 
by the Ethics Committee of  the Taoyuan General 
Hospital.

RESULTS
A total of  1308 male examinees were enrolled in the 
present study. The baseline characteristics of  the study 
population stratified by HOMAIR are presented in Table 1.  
The mean age of  the total population was 38.7 years 
(ranging from 22-63 years); increasing age with the 
higher HOMAIR was noted. A similar increasing trend 
was also presented in the other parameters except that 
a decreasing trend was noted in the HDL parameter. 
We also examined the significance of  the trend of  the 
increasing ALT level with insulin resistance through 
ANOVA analysis.

The abnormality prevalence of  the four stratified 
categories according to the HOMA quartile, and the 
whole samples, are shown in Table 2. Similarly, the 
abnormality prevalence rates of  all parameters (except 
smoking and drinking) increase with the higher HOMAIR.

In Table 3, after controlling for age, metabolic 
syndrome, hypercholesterolemia, elevated low-density 
lipoprotein, drinking, and smoking status, obesity has 
a 2.5-fold (95% CI: 1.7-3.6) and elevated ALT has a 
2.1-fold (1.4-3.0) increased risk of  insulin resistance 
in model 1. Each of  these is more than at least three 
components of  metabolic syndrome (abdominal obesity, 
elevated blood pressure, and hypo-HDL cholesterolemia). 
In model 2, obesity has a 3.0-fold (2.1-4.2) and elevated 
ALT has a 2.1-fold (1.5-2.9) increased risk of  insulin 
resistance. Metabolic syndrome has a 2.6-fold (1.8-3.7) 
increased risk. On their own, both risk factors are similar 
to, or even more significant than metabolic syndrome. 
In model 3, we compared the coexistence of  obesity and 
elevated ALT with metabolic syndrome. The coexistence 
of  the two factors has a 4.3-fold (2.7-6.8) increased risk, 
far more than metabolic syndrome that has a 3.6-fold 
(2.6-5.0) increased risk. To examine the relationship 
between obesity and elevated ALT, we presented the 
synergistic effect of  both factors in Table 4. It showed 
the synergistic index is 2.1 and it is statistically significant 
(95% CI: 1.0-4.3). Different odds ratios of  obesity 
and elevated ALT in Tables 3 and 4 were noted due to 
different controlling factors. 
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DISCUSSION
Obesity is a worsening problem in Taiwan and 
worldwide[10]. Due to the variety of  definition criteria, the 
prevalence rate varies. In Taiwan, the prevalence rate of  

obesity (defined as BMI ≥ 27 in this article), surveyed 
in 2000-2001 were 15.9% and 10.7% in men and women 
separately, and the rate has progressively increased[11]. 
The prevalence rate of  obesity in our study, which was 
conducted after 2001, is higher and is compatible with 
the trend of  increasing prevalence. Obesity is associated 
with several comorbidities[10], including coronary heart 
disease, stroke, NAFLD, and type 2 diabetes mellitus. 
Insulin resistance is present and important in the above 
clinical problems.

                                 The four sub-groups stratified by HOMAIR
1      Total

Q1 (327, 25%) Q2 (326, 25%) Q3 (328, 25%) Q4 (327, 25%) (1308, 100%)

Age (yr)       38.1 ± 10.0       38.5 ± 9.7       38.7 ± 10.0       39.7 ± 10.3      38.7 ± 10.0
Systolic blood pressure (mmHg)     124.4 ± 13.9     125.8 ± 14.7a     128.0 ± 15.1a     132.5 ± 16.0a    127.7 ± 15.2
Diastolic blood pressure (mmHg)       77.3 ± 10.0       77.6 ± 10.4a       79.6 ± 11.2a       82.1 ± 11.7a      79.1 ± 11.0
Body mass index (kg/m2)       22.8 ± 2.5       23.7 ± 2.5a       25.1 ± 2.7a       27.0 ± 3.4a      24.7 ± 3.3
Waist circumference (cm)       83.6 ± 6.6       85.8 ± 6.1a       88.9 ± 6.7a       92.6 ± 7.5a      87.7 ± 7.5
ALT (U/L)       22.4 ± 16.1       25.5 ± 18.1a       36.1 ± 48.4a       40.2 ± 26.4a      31.0 ± 31.0
AST (U/L)       23.9 ± 11.1       24.2 ± 16.0a       27.6 ± 20.2a       28.0 ± 11.5a      25.9 ± 15.3
Fasting glucose (mg/dL)       95.1 ± 7.6       97.9 ± 7.9a       99.4 ± 7.9a     102.5 ± 8.5a      98.7 ± 8.4
Fasting insulin (U/mL)         3.6 ± 1.0         6.1 ± 0.9a         8.9 ± 1.1a       15.8 ± 6.5a        8.6 ± 5.7
HOMAIR         0.8 ± 0.2         1.5 ± 0.2a         2.1 ± 0.2a         3.9 ± 1.7a        2.1 ± 1.5
Triglyceride (mg/dL)     113.9 ± 86.8     127.6 ± 86.2a     157.9 ± 105.7a     202.8 ± 156.9a    150.6 ± 117.6
HDL (mg/dL)       52.8 ± 12.5       50.2 ± 9.8a       47.4 ± 10.7a       44.4 ± 8.9a      48.7 ± 11.0

Table 1  Basic characteristics of subjects, stratified by HOMAIR (mean ± SD)

1The subjects were stratified into four groups according to HOMAIR; Q1 means the 1st quartile, Q2 means the 2nd, etc. ALT: Alanine aminotransferase; AST: 
Aspartate aminotransferase; HDL: High-density lipoprotein; HOMAIR: Insulin resistance assessed by homeostasis model assessment = fasting insulin 
(U/mL) × glucose (mmol/L)/22.5. aP < 0.05 vs Q1.

                                   The four sub-groups stratified by HOMAIR     Total

Abnormality1 Q1 327 (25) Q2 326 (25) Q3 328 (25) Q4 327 (25) 1308 (100)

Obesity      20 (6.1)        29 (8.9)      81 (24.7)a    153 (46.8)a    283 (21.6)
Elevated ALT      25 (7.6)        36 (11.0)      74 (22.6)a    118 (36.1)a    253 (19.3)
Metabolic syndrome components
   Abdominal obesity      45 (13.8)        74 (22.7)a    126 (38.4)a    188 (57.5)a    433 (33.1)
   Elevated blood pressure    110 (33.6)      118 (36.2)    136 (41.5)a    187 (57.2)a    551 (42.1)
   Elevated fasting glucose      16 (4.9)        22 (6.7)      37 (11.3)a      62 (19.0)a    137 (10.5)
   Elevated triglyceride      58 (17.7)        83 (25.5)a    132 (40.2)a    195 (59.6)a    468 (35.8)
   Hypo-HDL cholesterolemia      39 (11.9)        47 (14.4)      71 (21.6)a    108 (33.0)a    265 (20.3)
   Alcohol consumption      83 (25.4)        56 (17.2)      74 (22.6)      73 (22.3)    286 (21.9)
   Cigarette smoking    122 (37.3)      118 (36.2)a    108 (32.9)    109 (33.3)    457 (34.9)

Table 2  Abnormality prevalence distribution, stratified by HOMAIR  n  (%)

1Obesity: Body mass index ≥ 27 kg/m2; Elevated ALT: ALT > 40 U/L; Abdominal obesity: waist circumference ≥ 90 cm in male adults; Elevated blood 
pressure: blood pressure ≥ 130/85 mmHg; Elevated fasting glucose: fasting glucose ≥ 100 mg/dL; Elevated triglyceride: triglyceride ≥ 150 mg/dL; Hypo-
HDL cholesterolemia: HDL cholestero1 < 40 mg/dL; Hypercholesterolemia: total cholesterol ≥ 200 mg/dL; Elevated LDL: LDL cholesterol ≥ 130 mg/dL; 
Alcohol consumption: more than once per week; Cigarette smoking: more than one pack per day. aP < 0.05 vs Q1 (χ2 test).

Model1    Model 1    Model 2   Model 3

Both obesity and elevated ALT - - 4.3 (2.7-6.8)
Obesity 2.52 (1.7-3.6) 3.02 (2.1-4.2 ) -
Elevated ALT 2.12 (1.4-3.0) 2.12 (1.5-2.9) -
Metabolic syndrome - 2.62 (1.8-3.7) 3.6 (2.6-5.0)
Abdominal obesity 1.62 (1.2-2.2) - -
Elevated blood pressure 1.72 (1.2-2.4) - -
Elevated fasting glucose 2.82 (1.8-4.4) - -
Elevated triglyceride 2.22 (1.6-3.1) - -
Hypo-HDL cholesterolemia 1.62 (1.1-2.2) - -
Alcohol consumption  1.2 (0.8-1.7)  1.2 (0.8-1.6) 1.2 (0.9-1.7)
Cigarette smoking  0.9 (0.7-1.2)  0.9 (0.6-1.2) 0.9 (0.6-1.2)

Table 3  OR of risk factors, presented as OR (95% CI)

1Risk factors of metabolic syndrome were regarded as five individual fac-
tor in model 1 and as a single factor in model 2; both obesity and elevated 
ALT were regarded as a single factor in model 3; 2Significant odds ratio 
(OR), adjusted for age.

OR (95% CI)       SI 95% CI

Neither obesity nor elevated 
ALT 

1.0 Reference No risk -

Obesity only 2.3 (1.5-3.5) One risk only -
Elevated ALT only 1.8 (1.1-2.9) One risk only -
Obesity plus elevated ALT 5.5 (3.2-9.3) 2.1 (1.01-4.3)

Table 4  Synergistic effect of obesity and elevated ALT on 
insulin resistance1

1Insulin resistance is defined as the 4th quartile of the HOMAIR. SI: Syner-
gistic index.
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In our study, obesity alone is an important risk 
factor of  insulin resistance. Similar results have also 
been published in other studies[3-5]. In contrast, weight 
reduction improves insulin resistance[18,19], even if  it is 
achieved by surgery[20]. However, not all obese subjects 
have insulin resistance[12]. Although the exact mechanism 
is still not fully understood, many factors have been 
found to induce insulin resistance through different 
pathways, such as increased non-esterified fatty acids 
(NEFAs), adipocyte dysfunction, leptin, adiponectin, 
chronic inflammatory status, tumor necrosis factor-α 
(TNF-α), interleukin-6 (IL-6), monocyte chemoattractant 
protein-1 (MCP-1), and fat distribution[10,12,21]. Among 
these factors, NEFAs, released from dysfunctional 
adipocytes, might be the single most critical factor in 
modulating insulin sensitivity[10,12,21].

ALT level is a widely used laboratory test in Taiwan. 
Elevated ALT is a common laboratory abnormality in 
a healthy population. The statistical database from the 
healthy population in the United States in 2003 showed 
the prevalence rate of   abnormal transaminase was 
20.8%, similar to previous findings (19.3%)[13]. Another 
study showed the prevalence rate in the male adolescent 
population was 12.4%, which was lower, but the 
population was younger[14].

Our results show elevated ALT is a risk factor of  
insulin resistance, independent of  metabolic syndrome. 
This conclusion has been also proposed in previous 
articles[6,22,23]. In Pima, in Indians with normal glucose 
tolerance, elevated ALT was associated with a decline in 
clamp-derived whole body insulin sensitivity, according 
to longitudinal analysis, and it predicted the development 
of  type 2 diabetes in a prospective analysis[6]. This was 
extended to those with impaired glucose tolerance in an-
other study[22], in which a population of  African-Ameri-
cans and white subjects were analyzed. Burgert et al[23] also 
noted a relationship between elevated ALT and reduced 
insulin sensitivity in obese children. Our study showed a 
similar result in Taiwanese adult males using community-
based data. A semi-quantified result was also noted in a 
previous article[22]. Our study also showed the trend of  a 
significantly increasing level of  ALT in the more severe 
insulin-resistant group.

The causes of  elevated ALT may be NAFLD, viral 
hepatitis, alcohol, or medications[24]. NAFLD is also a 
common clinical problem, and it has been proven to 
cause elevated ALT[25]. NAFLD was regarded as an 
explanation of  the association between elevated ALT and 
insulin resistance in previous studies[6,26]. It has also been 
reported that hepatitis C induced insulin resistance[27]. 
This might be a partial explanation of  the relationship 
between elevated ALT and insulin resistance. In contrast, 
alcohol intake in sufficient amounts can improve insulin 
resistance[8,28]. Many kinds of  medication can induce 
elevated ALT, but there is a lack of  evidence that 
medication leads to insulin resistance. One study in 1983 
reported aspirin induced insulin insensitivity, but there 
were only eight subjects in the study[29]. The C-reactive 
protein (CRP) level might provide another explanation. 
A previous study indicated that the CRP level was higher 

in subjects with elevated ALT than those with normal 
ALT[30]. Another study showed a high CRP level was 
related to insulin resistance[31]. From these studies, we 
might conclude that subjects with elevated ALT have a 
higher CRP level and further, are more insulin-resistant. 
The exact mechanism is, however, not well-understood. 
Further evidence is required.

Interestingly, there is a dramatically higher risk of  
insulin resistance in subjects with both elevated ALT 
and obesity. This result has seldom been discussed in the 
literature.

There are several studies concerning the association 
between obesity and elevated ALT, but the role of  
insulin resistance had not been identified in these 
studies[32,33]. In studies on the association between 
ALT level and insulin resistance, there was no analysis 
identifying the effect of  obesity, but a significant 
relationship between body weight and ALT level were 
shown in the data[6,22]. Elevated ALT was associated with 
insulin resistance in obese subjects in previous studies, 
but it lacked comparative analysis between obese and 
non-obese subjects[23,30].

What mechanism leads to the synergistic effect of  
obesity and elevated ALT? As discussed earlier, adipocyte 
dysfunction is regarded as the link between obesity and 
insulin resistance[21], and its associated release of  NEFAs 
(or free fatty acids) was regarded as the single most criti-
cal factor modulating insulin sensitivity[1,10,12,21]. In the 
model, adipocyte dysfunction results in increased circu-
lating NEFAs, which further mediates insulin resistance. 
The excessive build-up of  NEFAs in the liver leads to 
NAFLD, of  which elevated ALT level is the best marker 
even within the reference interval[34]. Obesity coexisting 
with elevated ALT points to excessive NEFAs release 
and adipocyte dysfunction. This shows the existence of  
the link “from obesity to insulin resistance”. Besides, 
in the cell module, TNF-α, and its effects on down-
regulation of  the nuclear hormone receptor peroxisome 
proliferator activated receptor-γ (PPARγ) strongly con-
tributed to the effects of  inflammatory cytokines on 
adipocytes[21]. Thus the inflammatory status results in 
adipocyte dysfunction. As elevated ALT is a reflection of  
systemic inflammation[6], we concluded that coexistence 
of  elevated ALT and obesity means the existence of  in-
flammatory status, the excessive release of  NEFAs, and 
their result: adipocyte dysfunction connecting obesity to 
insulin resistance.

Based on the models, most subjects with both obesity 
and elevated ALT should have insulin resistance. In our 
study, the actual prevalence rate of  insulin resistance in 
the sub-group with both obesity and elevated ALT was 
almost 70% (not shown in table). This is compatible 
with our hypothesis. 

The limits of  this study deserve mention. First, 
insulin resistance was defined as the top quartile of  
HOMAIR (homeostasis model assessment), instead of  
a direct measurement. This might be less representative 
of  insulin resistance, but more cases are available 
because of  the more simple classification. Secondly, 
although our results showed a trend of  increasing 
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ALT level with more severe insulin resistance, it still 
lacks an exact quantified relationship. More evidence is 
needed to confirm if  there is a better cutoff  value of  
ALT level or quantified relationship between ALT level 
and insulin resistance. Thirdly, cigarette smoking and 
alcohol consumption were recorded as more than one 
pack per day/once per week, instead of  exact quantified 
data; therefore, it cannot be concluded that there was 
no relationship between smoking/drinking and insulin 
resistance based on our results.

In conclusion, obesity and elevated ALT have been 
shown to be associated with insulin resistance. The 
coexistence of  both factors points to the existence 
of  a linking mechanism between obesity and insulin 
resistance. The results suggest a synergistic effect on 
insulin resistance. The coexistence of  these parameters 
might be better than metabolic syndrome for evaluating 
insulin resistance in clinical practice.
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Abstract
AIM: To investigate the role of sex hormones in the 
early postoperative complications of gastrointestinal 
diseases. 

METHODS: A total of 65 patients who underwent 
operations for gastric and colorectal diseases (mainly 
malignant diseases) were included in the study. 
Peripheral venous blood samples were collected at 
different times for analysis of estradiol, testosterone 
and progesterone. The only study endpoint was 
analysis of postoperative complications.

RESULTS: Patients of both sexes were uniform but 
postoperative complication rate was significantly 
higher in female patients (P  = 0.027). There was no 
significant association of estradiol and progesterone 
with postoperative complications. Testosterone levels 
in complicated patients were significantly lower than 
in uncomplicated patients (P  < 0.05). Area under the 
receiver operating characteristic curve showed that a 
lower value of testosterone was a predictor for higher 
complication rate (P  < 0.05), and a lower value of 

testosterone at later times after surgery was a better 
predictor of complications. 

CONCLUSION: Patients with low testosterone level 
were prone to higher postoperative complications, which 
was evident in both sexes. However, further studies are 
necessary to support this result.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
There have been numerous reports of  disparity in 
pathophysiology of  different types of  disease between 
male and female subjects, however, the reports have been 
quite diverse. Female sex is an independent predictor 
of  mortality in patients with enterococcal bloodstream 
infections[1]. Women, in addition, might have a higher 
mortality among patients with necrotizing soft tissue 
infection[2]. Although most studies have suggested 
increased susceptibility to infectious complications among 
men, generally they have demonstrated a higher mortality 
rate for women from infections and sepsis[3-6], but again, 
this is not universal[7-9]. On the other hand, male sex 
is an independent risk factor for the development of  
nosocomial bloodstream infection[10], and is associated 
with in-hospital mortality in septic surgical patients[11]. 
Male sex is associated with anastomotic leakage in 
colorectal surgery[12], as well as in rectal surgery[13-15]. 

Female sex is an independent risk factor for early 
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postoperative complications of  gastric cancer surgery[16,17]. 
Early postoperative complications of  gastric cancer 
surgery are significantly more common in female patients, 
especially mortality and infection rate. Similarly, the 
duration of  postoperative stay is significantly longer in 
female patients and they have more severe complications 
than male patients[17]. 

We observed a significantly higher complication rate 
in female than male patients, therefore, we assumed that 
sex hormones may have influenced this disparity. There-
fore, we conducted a prospective study to investigate 
the possible role of  sex hormones in early postoperative 
complications.

MATERIALS AND METHODS
Patient characteristics
A total of  65 patients who underwent operations for 
gastric and colorectal diseases (mainly malignant diseases) 
from 2008 to 2009 were included in the study. We applied 
TNM classification and Duke’s classification for gastric 
cancer and colorectal cancer, respectively. In gastric 
cancer patients, the majority was diagnosed with loco-
regional advanced stage, and few patients were diagnosed 
as late stage (Table 1). There was one case of  gastric 
polyp disease, one of  malignant gastrointestinal stromal 
tumor, and one of  mesenteric metastasis. The median 
age of  the patients was 61 years (range: 22-82 years). All 
the operations were performed by senior consultants 
of  a single department at Rui Jin Hospital, School of  
Medicine, Shanghai Jiao Tong University.

All the patients with early and resectable advanced 
gastric cancer (without significant distant metastases) 
underwent gastrectomy with D2 lymphadenectomy. Thirty 
partial and 17 total gastrectomies were performed for 
gastric cancer. One patient underwent total gastrectomy 
for gastric polyp disease and partial gastrectomy was 
performed for one malignant gastrointestinal stromal 
tumor. Anterior resection was performed on three patients, 
and one patient underwent abdominoperineal resection 
for rectal cancer. Three patients had partial colectomy and 
one underwent subtotal colectomy for colon cancer. One 
patient case of  mesenteric metastasis was resected along 
with partial enterectomy.

The only study endpoint was analysis of  postoperative 
complications. Complications were recorded in accordance 
with the definitions reported by Copeland et al[18]. Other 
complications were recorded separately. 

Blood sampling
This study was approved by the Hospital Institutional 
Review Boards for human subject research. All samples 
were obtained with informed consent. Patients on 
hormonal therapy or chemotherapy were excluded. 
Similarly, the patients with concomitant immunological 
disease were excluded. Peripheral venous blood samples 
were collected from 65 patients before operation (baseline 
measurements) and on postoperative day (POD)1, 
POD3, POD5, and POD7 for extensive analysis of  their 

variation at different times. Samples were collected into 
Venoject tubes containing EDTA. 

Laboratory tests
Assays for all parameters were performed in the laboratory 
of  the Rui Jin Hospital. Venous blood was centrifuged 
at a speed 2500 r/min for 10 min, and serum was then 
preserved at -80℃, until further investigation. Estradiol, 
total testosterone and progesterone were measured using a 
Dxl 800 analyzer (Beckman-Coulter, Fullerton, CA, USA). 

Statistical analysis
The statistical analysis was performed with SPSS for 
Windows version 13.0 (SPSS, Inc, Chicago, IL, USA). 
Test of  normality for all related variables were checked by 
the Shapiro-Wilk method, and a nonparametric statistical 
method (Mann-Whitney U test) was applied to the 
variables without a normal distribution. The means were 
compared by Student’s t test in normally distributed cases. 
Differences in proportion were compared by Pearson’s χ2 
test. P < 0.05 was considered statistically significant. 

RESULTS
Fifteen patients with gastric disease and with non-gastric 
disease were compromised by different complications. 
There were several patients who had pyrexia of  unknown 
origin with a high white blood cell count, but who did 
not have any diagnosis, mainly because of  a lack of  
further investigation. The definition of  postoperative 
complication introduced by Copeland et al [18] does 
not cover many complications that are common after 
gastrointestinal surgery, therefore, complications which 

Table 1  Demographic data of the patients

Details Frequency
Age group (yr)
   ≤ 60 32
   61–70 19
   ≥ 71 14
Sex
   Male 42
   Female 23
No. of procedures
   Gastrectomy 49
   Colorectal resection1   9
   Gastro-jejunal anastomosis   2
   Exploratory laparotomy   5
TNM classification (Gastric cancer)
   ⅠA   8
   ⅠB   6
   Ⅱ   7
   ⅢA 10
   ⅢB   4
   Ⅳ 12
Dukes classification (Colorectal)
   A   7
   B   0
   C   1

1Including one case of small bowel resection combined with mesenteric 
tumor.
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were confirmed clinically were also included. Details of  
all complications are summarized in Table 2. The sum of  
the individual complications was not equal to the total 
number of  complications, and multiple complications 
were possible in a single patient. Patients of  both sexes 
were uniform and there was no significant difference 
in age (P = 0.356), physiological score (P = 0.616) and 
operative severity score (P = 0.304). However, there was 
a significant difference in complication rate between 
male and female patients (P = 0.027). The complication 
rate for male and female patients was 21.4% and 47.8%, 
respectively. We analyzed the role of  sex hormones in 
postoperative complications. Normal ranges of  different 
sex hormones and demographics of  patients according to 
sex are summarized in Tables 3 and 4, respectively.

There was no significant association of  estradiol and 
progesterone with postoperative complications. Besides, 
the normal range of  these hormones varies greatly at 
different times in a month in female patients, and there 
were not sufficient patients to stratify according to age 

or time period in women. Given the significant associa-
tion between testosterone and postoperative complica-
tions, we focused additional analysis on this relationship. 
Testosterone decreased significantly after surgery in both 
sexes. Testosterone level in complicated patients was sig-
nificantly lower (P < 0.05) than in uncomplicated patients 
(Figure 1A). 

Perioperative testosterone level was associated sig-
nificantly with postoperative complication rate, and the 
result was similar for either overall complication rate or 
complications of  gastric disease surgery alone (Table 5). 
Similarly, the difference was also significant after strati-
fication of  all complications according to sex. However, 
after stratification, we found there was no significant 

Table 2  Overall complications in both sexes

Complications        Frequency

Male Female 

Overall 9 11
Intra-abdominal hemorrhage 1   0
Anastomotic leak 1   1
Abdominal infection 2   1
Pyrexia of unknown origin 7   9
Renal failure 1   0
Respiratory failure 0   1
Cardiac failure 0   1
Hypotension 0   1
MODS 0   1
Gastroplegia or enteroplegia 0   2
Anastomosis site bleeding 1   1
Pleural effusion 0   2
Seroperitoneum 2   1
Death 0   1

MODS: Multiple organ dysfunction syndrome.

Table 3  Normal range of different hormones

Male Female (postmenopause)

Estradiol (pg/mL) 20-75 20-88
Progesterone (ng/mL)   0.1-0.84 0.08-0.78
Testosterone (ng/mL) 2.62-15.9 0.1-0.8
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Figure 1  Difference in testosterone level. A: Difference in mean testosterone 
level in complicated and uncomplicated patients; B: Male patients; C: Female 
patients.

Table 4  Demographics and clinical characteristics according 
to sex

Male 
(n  = 42)

Female 
(n  = 23)

P  value

Age (yr)    60.9    58.1 0.356
Physiological score 14 17 0.203
Operative severity score 16 18 0.365
Complications (%)    21.4    47.8 0.027
Baseline estradiol (pg/mL) 23 12 0.320
Baseline progesterone (ng/mL)        0.46        0.37 0.450
Baseline testosterone (ng/mL)        3.26        0.23 0.000
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difference of  testosterone level between complicated 
and uncomplicated patients during the first 3 d after 
surgery, in both sexes (Table 6). The median value of  
testosterone in complicated patients was approximately 
half  of  that in uncomplicated patients. The significance 
of  the difference increased in later days after surgery, es-
pecially on POD5 and POD7. The result was similar in 
both sexes (Figure 1B and C).

Area under the receiver operating characteristic 
curve showed that a lower value of  testosterone was a 
predictor for higher complication rate (Table 7, Figure 2). 
A lower value of  testosterone at a later time after surgery 
was a better predictor of  complications (Table 8).

DISCUSSION
Sex has been hypothesized to be a determinant of  im-
munological variability after severe traumatic and surgi-
cal stress and, at least in animal models, accounts for 
differences in outcomes[3,7,19-22]. Some studies have dem-
onstrated that altered levels of  sex hormones rather than 
sex itself  are related to postoperative complications. In 
particular, progesterone in male and testosterone in fe-
male subjects has an impact on survival. In both sexes, 
higher 17β-estradiol levels are associated clearly with 
shorter survival times[23]. However, we did not find a sig-
nificant relationship between estradiol and postoperative 
complications. Unlikely, we observed a difference in pro-
gesterone level between complicated and uncomplicated 
patients. However, these observations were limited by 
the low number of  patients, and variation of  normal values 

of  this hormone at different times in female subjects 
made it difficult to obtain any conclusive result. 

The uncertainty regarding the role of  sex in influenc-
ing outcomes in humans may simply result from the clini-
cal, phenotypic, and genetic diversity among populations, 
and the difficulty in detecting a difference due to these 
confounders. However, whether men and women respond 
differently to trauma or surgical insult, either in terms of  
the host response or the eventual outcome, is important 
for clinical care and the design of  future research on anti-
infective treatments or immunological regulators. 

As mentioned above, our study was affected by 
the limitation of  statistical calculation due to the low 
number of  postoperative complications. Therefore, we 
could not analyze the differences in testosterone level 
in complicated and uncomplicated cases in different age 
groups, or its effect on different types of  complications 
separately, because the number of  patients and their 
relevant complications were low in those groups. It was 
still unknown whether the lower level of  testosterone 
caused postoperative complications, or whether it was 
just a phenomenon observed in complicated patients. 
However, it was evident that even the preoperative level of  
testosterone was lower in patients who had complications 
after surgery. The testosterone level decreased significantly 
after surgery in all patients and it started to regain its 
preoperative level, or even higher, on POD3. However, the 
testosterone level in complicated patients did not regain 
its preoperative value, and moreover, it kept on decreasing. 
Even after controlling for sex by stratifying the group 
and looking at testosterone levels, the testosterone level 
decreased significantly in male and female patients with 
postoperative complications. Therefore, this observation 

Table 8  Sensitivity and specificity for different levels of 
testosterone

Testosterone level Sensitivity Specificity 

Base ≤ 1.95 70.0 68.9
POD1 ≤ 0.43 60.0 84.4
POD3 ≤ 0.45 73.3 80.0
POD5 ≤ 0.24 60.0 90.0
POD7 ≤ 0.32 66.7 92.0
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Figure 2  ROC curve for level of hormones at different times.

Table 5  Significance of difference in testosterone level at 
different times

Complication Baseline POD1 POD3 POD5 POD7

Overall 0.008 0.002 0.007 0.001 0.000
Gastric disease 0.025 0.008 0.026 0.005 0.005

Table 6  Level of testosterone in different sexes according to 
outcome

Time Complications (male) Complications (female)

Absent Present P  value Absent Present P  value
Base 3.66 2.74 0.104 0.23 0.29 0.689
POD1 0.91 0.87 0.141 0.40 0.23 0.268
POD3 1.54 0.85 0.046 0.19 0.20 0.948
POD5 2.20 0.91 0.040 0.41 0.21 0.038
POD7 3.22 1.24 0.030 0.38 0.16 0.007

Table 7  Area under the ROC for testosterone

Time Area P  value 95% CI

   Lower bound Upper bound

BASE 0.729 0.016 0.562 0.897
POD1 0.801 0.002 0.658 0.945
POD3 0.756 0.007 0.593 0.919
POD5 0.813 0.001 0.664 0.963
POD7 0.835 0.000 0.692 0.977
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at least confirmed that the testosterone level had some 
kind of  association with postoperative complications. 
However, without detailed investigation of  the effects of  
other hormones, it was very hard to conclude that only 
testosterone was responsible for such disparity.

Although there were many limitations and unan-
swered questions in the present study, at least, our obser-
vations reflected that some kind of  difference does exist 
between the sexes, which may be responsible for the 
disparity in postoperative complication rate. If  a differ-
ence does indeed exist, it is possible that future studies 
will have to stratify for sex, infection source, and immu-
nological phenotype. Similarly, future treatment strategy 
must be tailored for male and female patients separately, 
and different modes or treatment management will be 
necessary for the different sexes.

If  there is an association between low testosterone 
level and postoperative complication rate, then serial tests 
of  testosterone levels can easily identify the susceptible 
patients, and supplementary hormonal replacement therapy 
might be a novel treatment to prevent postoperative 
complications in such patients.

In conclusion, there was a significant association 
between testosterone and overall complications, and also 
with complications of  gastric surgery. Association with 
testosterone was seen even after controlling for sex by 
stratifying the group and looking at testosterone levels. 
Postoperative complications were higher in patients who 
did not recover normal testosterone levels at POD5 or 
POD7. However, the results of  this small-scale study 
need confirmation by a large cohort of  patients, and 
prospective studies with hormone supplementation 
to reevaluate the role of  testosterone in postoperative 
complications. 
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Abstract
AIM: To study the relationship between the poly-
morphisms in some cytokines and the outcome of hepatitis 
B virus (HBV) and hepatitis C virus (HCV) infection. 

METHODS: Samples were obtained from 203 patients 
infected with HBV and/or HCV while donating plasma in 
1987, and 74 controls were obtained from a rural area 
of North China. Antibodies to HBV or HCV antigens were 
detected by enzyme-linked immunoassay. The presence 
of viral particles in the serum was determined by 
nested reverse-transcriptase polymerase chain reaction 
(PCR). Hepatocellular injury, as revealed by alanine 
aminotransferase (ALT) and aspartate aminotransferase 
level, was detected by a Beckman LX-20 analyzer. 
DNA was extracted from blood cells. Then, the single 
nucleotide polymorphisms of IL-2-330, IFN-γ+874, 
IL-10-1082/-592 and IL-4-589 were investigated by 
restriction fragment length polymorphism-PCR or 
sequence specific primer-PCR. 

RESULTS: Persistent infection with HBV, HCV, and 
HBV/HCV coinfection was associated with IL-2-330 TT 
genotype and T allele, IFN-γ+874 AA genotype, and 
IL-10-1082 AA genotype. The clinical outcome of HBV 
and/or HCV infection was associated with IL-2-330 
TT genotype and T allele, IFN-γ+874 AA genotype, 
and IL-10-1082 AA genotype. IL-2-330 GG genotype 
frequency showed a negative correlation with clinical 
progression, IL-10-1082 AA genotype frequency 
showed a positive correlation and IL-10-1082 AG 
genotype frequency showed a negative correlation with 
clinical progression. HCV RNA positive expression was 
associated with IL-10-1082 AA genotype and the A allele 
frequency. Abnormal serum ALT level was associated 
with IL-10-592 AC genotype frequency and IL-4-589 CC 
genotype, CT genotype, and the C allele. 

CONCLUSION: These results suggest that polymor-
phisms in some cytokine genes influence persistent HBV 
and HCV infection, clinical outcome, HCV replication, 
and liver damage.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
The natural outcome in hepatitis B virus (HBV) and 
hepatitis C virus (HCV) infection varies dramatically 
among individuals. Infection with HCV is self-limited in a 
fortunate minority, while the majority of  subjects develop 
persistent (chronic) infection[1,2]. Although infection with 

Online Submissions: wjg.wjgnet.com                             World J Gastroenterol  2009 November 28; 15 (44): 5610-5619
wjg@wjgnet.com                                                                                               World Journal of Gastroenterology  ISSN 1007-9327
doi:10.3748/wjg.15.5610                                                                                          © 2009 The WJG Press and Baishideng. All rights reserved.

Polymorphisms of some cytokines and chronic hepatitis B 
and C virus infection

Qiu-Ju Gao, Dian-Wu Liu, Shi-Yong Zhang, Min Jia, Li-Min Wang, Li-Hong Wu, Shu-Yun Wang, Li-Xin Tong

 BRIEF ARTICLE

www.wjgnet.com



HBV in adults progresses to the chronic phase in about 
5%[3], among those individuals with persistent HBV or 
HCV infection, the majority develop chronic hepatitis 
(CH), progressive fibrosis and even liver cancer[4,5]. 
However, there are some cases that never evolve into 
any significant liver disease within the patient’s natural 
lifespan[6,7]. It remains unknown why patients infected with 
HBV and/or HCV frequently turn to be chronic and the 
outcome of  HBV and/or HCV infection dramatically 
varies. Besides the pathogenesis of  viral factors, the most 
important factor is the different immune response to 
HBV or HCV infection between individuals. For example, 
in patients infected with HBV/HCV, some show a strong 
reduction in CD4+ T-helper (Th) and CD8+ cytotoxic-T-
lymphocyte (CTL) responses. This is likely to be crucial in 
clearance of  acute viremia[8-10]. Another factor is thought 
to be immune tolerance to HBV/HCV infection. This 
contributes to explaining the different susceptibility 
to HBV/HCV infection. Many manifestations show 
that the immunity level of  host correlates with relevant 
gene polymorphisms, especially with single nucleotide 
polymorphisms (SNPs) in the promoter region that 
regulates gene expression. Furthermore, the gene 
polymorphisms probably determine the outcome of  
the infection. This study investigated the screened Th1 
cytokines, interleukin (IL)-2 (-330), interferon (IFN)-γ 
(+874), and Th2 cytokines, IL-10 (-1082, -592) and IL-4 
(-589) as candidate genes, to investigate the outcome of  
HBV/HCV infection.

MATERIALS AND METHODS
Subjects
We recruited 277 Han Chinese individuals from a rural 
area of  Northern China (137 male and 140 female, aged 
30-70 years, mean age 50.20 ± 10.43 years), including 
203 that were infected with HBV and/or HCV when 
they donated plasma in 1987, and 74 controls who had 
cleared HBV and HCV spontaneously. Plasma samples 
were evaluated by nested reverse-transcriptase poly-
merase chain reaction (nRT-PCR) and PCR. We diag-
nosed and excluded 28 patients with fatty liver. The in-
fections had been diagnosed in 1993. Written informed 
consent for enrolling in the study was obtained from 
all the subjects. Patients were classified into the follow-
ing groups. (1) Controls: 74 individuals (34 male and 40 
female, mean age 48.61 ± 9.39 years) who were nega-
tive for HBV and HCV antibodies. (2) Persistent HCV 
infection: 55 individuals (28 male and 27 female, mean 
age 49.42 ± 10.01 years) who were positive for HCV an-
tibodies but negative for HBV antibodies. (3) Persistent 
HBV infection: 69 individuals (39 male and 30 female, 
mean age 52.74 ± 13.17 years) who had hepatitis B sur-
face antigen and/or anti-hepatitis B core and/or anti-
hepatitis B e antibodies, without HCV antibodies. (4) 
Persistent HBV and HCV coinfection: 79 individuals (36 
male and 43 female, mean age 50.01 ± 8.56 years) who 
had antibodies to HBV and HCV. 

Experimental and clinical diagnosis
Antibodies to HBV or HCV antigens were detected with 
an enzyme-linked immunoassay according to the manu-
facturer’s instructions (Shanghai Kehua Bio-engineering 
Co. Ltd). The presence of  hepatitis C viral particles in 
serum was determined by nRT-PCR. Hepatocellular 
injury, as revealed by alanine aminotransferase and aspar-
tate aminotransferase level, was detected by a Beckman 
LX-20 analyzer. Clinical outcomes were diagnosed by 
evidence of  viremia, liver transaminases and abnormal 
ultrasonography. Patients were diagnosed into four pro-
gressive hepatitis groups. (1) Healthy group: individuals 
negative for HBV and HCV antibodies, with normal liv-
er transaminase levels and ultrasonography. (2) Mild CH 
group: patients with antibodies to HBV and/or HCV 
with mild abnormal liver transaminase and ultrasonog-
raphy, but no evidence of  viremia. (3) Moderate/severe 
CH: patients with antibodies to HBV and/or HCV with 
evidence of  viremia, abnormal liver transaminase and/or 
abnormal ultrasonography. (4) Cirrhosis group: patients 
with antibodies to HBV and/or HCV and significantly 
abnormal ultrasonography. The diagnosis was performed 
using established methods for confirming cirrhosis[11], 
with or without evidence of  viremia, which had abnor-
mal liver transaminase levels.

DNA extraction 
Blood specimens were collected in sodium citrate sterile 
tubes. Genomic DNA was extracted from 2-mL samples 
of  whole blood and subsequently stored at -20℃ for 
genotype analysis. Genomic DNA extraction was 
performed using the guanidine-HCl method[12].

Gene polymorphism analyses of IL-2-330, Il-4-589 and 
IL-10-592
Gene amplification: IL-2-T330G, IL-4-C589T and IL-
10-A592C gene polymorphisms were typed by restriction 
fragment length polymorphism-PCR. The primer 
sequences used are listed in Table 1. The 25-μL final PCR 
volume was as follows: 20 ng DNA, 2.5 μL 10 × PCR 
Buffer (100 mmol/L Tris-HCl, pH 8.3, 500 mmol/L 
KCl), 200 μmol/L dNTPs (400 μmol/L dNTPs for IL-
4-C589T), 1.5 mmol/L MgCl2 (2.0 mmol/L MgCl2 for 
IL-2-T330G), 10 pmol each primer, 1 U Taq polymerase 
(TaKaRa Biotechnology Co. Ltd., Dalian, China). PCR 
was carried out in an AmpGene DNA thermal cycler 4800 
(America PE Corporation). After the initial denaturation 
step (95℃ for 2 min), the 35 cycles specified in Table 1 
were employed. After the final cycle, the samples were 
kept at 72℃ for 7 min. Successful amplification was 
confirmed by using 2% agarose gel stained with ethidium 
bromide. The product size of  each cytokine was described 
as in Table 2.

Restriction enzyme digestion: Restriction enzyme 
digestion was performed in 10-μL volumes as follows: 
2 U restriction enzyme, 1 μL 10 × Buffer, and the 
appropriate PCR product (4 μL IL-2-T330G, 3 μL IL-
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4-C589T and 1 μL 10 × BSA, 5 μL IL-10-A592C). The 
digestion reaction of  IL-2-T330G and IL-10-A592C was 
incubated at 37℃ for 10 h, and the IL-4-C589T reaction 
at 65℃ for 15 h. The digestive products were visualized 
on 3% agarose gel stained with ethidium bromide. The 
wild or mutant genotype was characterized by enzyme 
digestion fragments, as in Table 2.

Gene polymorphism analysis of IL-10-1082 and IFN-γ+874
IL-10-G1082A and IFN-γ+T874A gene polymorphisms 
were detected by sequence specific primer-PCR technique. 
For each sample, two parallel reactions were performed. 
For IL-10-1082, the forward allele-specific primers were ei-
ther 5'-ACTACTAAGGCTTCTTTGGGAA-3' (for IL-10 
allele A) or 5'-CTACTAAGGCTTCTTTGGGAG-3' (for 
IL-10 allele G), and the antisense primer was 5'-CAGTGC-
CAACTGAGAATTTGG-3'. The product size was 258 bp. 
A human growth hormone sequence was used as an internal 
control. The control primers were 5'-GCCTTCCCAAC-
CATTCCCTTA-3' and 5'-TCACGGATTTCTGTTGT-
GTTTC-3', and the product size was 429 bp. The 20-μL 
final reaction volume contained: 2.0 μL 10 × PCR Buffer 
(100 mmol/L Tris-HCl, pH 8.3, 500 mmol/L KCl), 
200 μmol/L dNTPs, 2.0 mmol/L MgCl2, 3.75 μmol/L spe-
cific primer, 0.09 μmol/L control primer, 20 ng DNA, and 
0.5 U Taq polymerase. PCR was carried out in an AmpGene 
DNA thermal cycler 4800. The cycling conditions were 
95℃ for 2 min, and 10 cycles for 1 min at 95℃, 50 s at 65℃ 
and 50 s at 72℃, followed by 20 cycles for 1 min at 95℃, 
50 s at 59℃, and 50 s at 72℃, followed by a final extension 
for 7 min at 72℃. The PCR products were visualized on 
1.5% agarose gel stained with ethidium bromide. 

For IFN-γ+874, the forward allele-specific primers 
were 5'-TTCTTACAACACAAAATCAAATCT-3' (for 
allele T) or 5'-TTCTTACAACACAAAATCAAATCA-3' 
(for allele A), and the anti-sense primer was 5'-TCAA
CAAAGCTGATACTCCA-3'. The product size was 

262 bp. A human growth hormone sequence was used 
as an internal control. The control forward primer was 
5'-TATGATTCTGGCTAAGGAATG-3' and the anti-
sense primer was 5'-TCAACAAAGCTGATACTCCA-3. 
The product size was 440 bp. The 20-μL final reaction 
volume contained 2.0 μL 10 × PCR buffer (100 mmol/L 
Tris-HCl, pH 8.3, 500 mmol/L KCl), 200 μmol/L dNTPs, 
2.0 mmol/L MgCl2, 0.5 μmol/L specific primer, 0.1 μmol/L  
former control primer, 20 ng DNA, and 0.5 U Taq 
polymerase. PCR was carried out in an AmpGene DNA 
thermal cycler 4800. The cycling conditions were 94℃ for 
2 min, and 10 cycles for 30 s at 94℃, 40 s at 60℃ and 40 s at 
72℃, followed by 25 cycles for 30 s at 94℃, 40 s at 56℃, 
and 50 s at 72℃, followed by a final extension for 7 min at 
72℃. The PCR products were visualized on 1.5% agarose 
gel stained with ethidium bromide. 

Statistical analysis
The data were tested by the χ2 test for the goodness of  fit 
to the Hardy-Weinberg equilibrium (HWE) between the 
observed and expected genotype values. The frequencies 
of  the alleles and genotypes among the groups were 
compared by the χ2 test. P < 0.05 was considered statis-
tically significant. We calculated the OR and 95% CI.

RESULTS
Hardy-Weinberg equilibrium (HWE) and characteristic 
distribution of age and sex
An HWE test was performed for all cytokine poly-
morphisms investigated in this study (Table 3). The 
distribution of  these observed genotypes was not signi-
ficantly different from the expected distribution according 
to HWE, except the IL-10-1082 polymorphisms, which 
revealed a deviation from HWE because of  the lower 
frequency of  wild-type homozygosity (the observed vs the 
expected frequency was 1.08% vs 10.91%). In IL-2-330, 
IL-4-589, IL-10-1082, IL-10-592 and IFN-γ+874 gene 
polymorphisms, there were no significant differences in 
age and sex (P > 0.05).

Genotype and allele distribution of IL-2-330, IFN-γ+874, 
IL-4-589 and IL-10-1082 and -592 in persistent HBV and/
or HCV infection
IL-2-330 TT, -330 GG and -330 TG are shown in Figure 1. 
The IL-2-330 polymorphisms showed obvious association 
with persistent HBV and/or HCV infection. IL-2-330 
TT was associated with an increased risk, but IL-2-330 
GG with a reduced risk of  persistent HBV and/or HCV 

www.wjgnet.com

Table 1  The position, polymorphism and primer sequence in IL-2, IL-4 and IL-10 genes

SNP position Polymorphism Primer sequence 5’-3’ PCR conditions

IL-2 -330 T→G F: 5'-TATTCACATGTTCAGTGTAGTTCT-3' 94℃, 48℃, 72℃ for 1 min
R: 5'-ACATTAGCCCACACTTAGGT-3'

IL-4 -589 C→T F: 5'-ACTAGGCCTCACCTGATACG-3' 94℃, 57℃, 72℃ for 30 s
R: 5'-GTTGTAATGCAGTCCTCCTG-3'

IL-10 -592 A→C F: 5'-CCTAGGTCACAGTGACGTGG-3' 94℃/30 s, 60℃/45 s, 72℃/60 s
R: 5'-GGTGAGCACTACCTGACTAGC-3'

Table 2  Polymorphism position, product size, restriction 
enzyme, digestion fragments in IL-2-330, IL-4-589 and 
IL-10-592

SNP position Product 
size (bp)

Restriction 
enzyme

Digestion 
fragments (bp)

IL-2-330 T/G 150 MaeI (Bio Basic 
Inc.)

150 
26 + 124

IL-4-589 T/C 252 BsmFI (New 
England BioLabs)  

252
60 + 192

IL-10-592 C/A 412 RsaI (Bio Basic 
Inc.)

412
236 + 176

5612    ISSN 1007-9327    CN 14-1219/R     World J Gastroenterol    November 28, 2009    Volume 15    Number 44



infection. The OR and 95% CI for IL-2-330 TT compared 
with -330 GG in HCV infection, HBV infection and 
HBV/HCV coinfection were 3.46 (1.17-10.20), 7.14 
(2.13-23.81) and 2.93 (1.15-7.46), respectively. However, 
IL-2-330 TT/GG did not differ significantly between 
patients with HBV and/or HCV infection. The IL-2-330 
T allele was associated with an increased risk, but the 
IL-2-330 G allele was associated with a reduced risk 
of  chronic HCV and/or HBV infection. The OR and 
95% CI for the IL-2-330 T allele compared with -330 G 
allele in HCV infection, HBV infection, and HBV/HCV 
coinfection were 1.82 (1.09-3.03), 2.26 (1.39-3.69) and 1.73 
(1.10-2.73), respectively. However, the IL-2-330 T/G allele 
did not differ significantly between HBV and/or HCV 
infection (Table 4). 

IFN-γ+874 TT, +874 AA and +874 TA are shown 
in Figure 2. The IFN-γ+874 polymorphisms showed 

a significant association with persistent HBV and/or 
HCV infection. IFN-γ+874 AA was associated with an 
increased risk, but IFN-γ+874 TA with a reduced risk 
of  persistent HBV and/or HCV infection. The OR 
and 95% CI for IFN-γ+874 AA compared with +874 
TA in HCV infection, HBV infection, and HBV/HCV 
coinfection were 3.23 (1.43-7.25), 2.70 (1.24-5.92) and 
4.02 (1.88-8.55), respectively. However, IFN-γ+874 
AA/TA did not differ significantly between HBV and/or 
HCV infection. The IFN-γ+874 T/A alleles did not 
differ significantly between all groups (Table 4). 

IL-10-1082 GG, -1082 AA and -1082 GA are shown 
in Figure 3. The IL-10-1082 polymorphisms showed 
a significant association with persistent HBV and/or 
HCV infection. IL-10-1082 AA was associated with 
an increased risk, but -1082 AG with a reduced risk of  
persistent HBV and/or HCV infection. The OR and 95% 
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Table 3  HWE test for cytokines

Locus Observed homozygosity (%) Expected homozygosity (%) P  value

Wild-type genotype Mutant genotype Wild-type genotype Mutant genotype

IL-2-330 40.79 14.08 40.14 13.43 > 0.05
IFN-γ+874 11.55 35.02 14.65 38.10 > 0.05
IL-4-589   3.25 50.54   6.94 54.24 > 0.05
IL-10-592 42.60 10.83 43.40 11.64 > 0.05
IL-10-1082   1.08 35.02 10.91 44.85 < 0.05
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Genotype allele Controls

(n  = 74)

HCV infection

(n  = 55)

HBV infection

(n  = 69)

HBV/HCV coinfection 

(n  = 79)

χ2 P

IL-2-330
   TT 22 (29.7) 24 (43.6)  33 (47.8)   34 (43.0)
   GG 19 (25.7)   6 (10.9) 4 (5.8)   10 (12.7) 14.24 0.03
   TG 33 (44.6) 25 (45.5) 32 (46.4)     35 (44.3)
   T 77 (52.0) 73 (66.4) 98 (71.0) 103 (65.2) 12.33 0.01
   G 71 (48.0) 37 (33.6) 40 (29.0)   55 (34.8)
IFN-γ+874
   TT 7 (9.5) 5 (9.1)   9 (13.0)   11 (13.9)
   AA 14 (18.9) 23 (41.8) 25 (36.2)   35 (44.3) 16.15 0.01
   TA 53 (71.6) 27 (49.1) 35 (50.7)   33 (41.8)
   T 67 (45.3) 37 (33.6) 53 (38.4)     55 (34.8)    4.87 0.18
   A 81 (54.7) 73 (66.4) 85 (61.6) 103 (65.2)
IL-10-1082
   GG 1 (1.4) 2 (3.6) 0 (0.0)   0 (0.0)
   AA 16 (21.6) 21 (38.2) 27 (39.1)   33 (41.8) 13.05 0.04
   GA  57 (77.0) 32 (58.2) 42 (60.9)   46 (58.2)
   G 59 (39.9) 36 (32.7) 42 (30.4)    46 (29.1)   4.65 0.20
   A 89 (60.1) 74 (67.3) 96 (69.6) 112 (70.9)
IL-10-592
   AA 34 (45.9) 20 (36.4) 29 (42.0)   35 (44.3)
   CC   9 (12.2)   6 (10.9)   9 (13.0)   6 (7.6)    2.83 0.83
   AC 31 (41.9) 29 (52.7) 31 (44.9)   38 (48.1)
   A 99 (66.9) 69 (62.7) 89 (64.5) 108 (68.4)   1.10 0.78
   C 49 (33.1) 41 (37.3) 49 (35.5)   50 (31.6)
IL-4-589
   CC 5 (6.8)  1 (1.8) 1 (1.4)   2 (2.5)  
   TT 38 (51.4) 28 (50.9) 35 (50.7)   39 (49.4)   4.41 0.62
   CT   31 (41.9) 26 (47.3)     33 (47.8)   38 (48.1)     
   C 41 (27.7)  28 (25.5) 35 (25.4)   42 (26.6)   0.26 0.97
   T         107 (72.3) 82 (74.5)          103 (74.6)                116 (73.4)

Table 4  Polymorphisms of IL-2-330, IFN-γ+874, IL-10-1082 and -592 and IL-4-589 and HBV and HCV infection  n  (%)



CI for IL-10-1082 AA compared with -1082 AG in HCV 
infection, HBV infection, and HBV/HCV coinfection 
were 2.34 (1.07-5.10), 2.29 (1.10-4.78) and 2.56 (1.25-5.21), 
respectively. However, IL-10-1082 AA/AG did not differ 
significantly between the subjects with HBV and/or HCV 
infection. The IL-10-1082 A/G alleles did not differ 
obviously between any of  the subjects (Table 4). 

The IL-10-592 polymorphisms are shown in Figure 4.  
The IL-10-592 A/C polymorphisms did not differ sig-
nificantly between any of  the groups (Table 4). 

IL-10-589 TT, -589 CC and -589 TC are shown in 
Figure 5. IL-4-589 T/C polymorphisms did not differ 
significantly between any of  the groups (Table 4). 

Association of IL-2-330, IFN-γ+874, IL-4-589 and 
IL-10-1082 and -592 with clinical outcome of HBV and/or 
HCV infection
The IL-2-330 polymorphisms showed a significant 
association with the outcome of  persistent HBV and/or  

HCV infection. IL-2-330 TT was associated with an 
increased risk, but -330 GG with a reduced risk of  
mild CH, moderate/severe CH, and cirrhosis. The OR 
and 95% CI for IL-2-330 TT compared with -330 GG 
genotype in patients with mild CH, moderate/severe CH, 
and cirrhosis were 3.42 (1.45-8.13), 3.29 (1.10-9.80), and 
11.11 (1.32-90.91), respectively. However, IL-2-330 TT/
GG did not differ significantly between patients with mild 
CH, moderate and severe CH, and cirrhosis. The IL-2-330 
T allele was associated with an increased risk, but the -330 
G allele was associated with a reduced risk of  mild CH, 
moderate and severe CH, or cirrhosis. The OR and 95% 
CI for the -330 T allele compared with -330 G allele for 
patients with mild CH, moderate/severe CH and cirrhosis 
were 1.83 (1.20-2.80), 1.70 (1.02-2.82) and 2.75 (1.32-5.63), 
respectively. However, IL-2-330 polymorphisms did 
not differ significantly between patients with mild CH, 
moderate/severe CH, and cirrhosis (Table 5). 

The IFN-γ+874 polymorphisms showed a significant 
association with the clinical outcome of  persistent HBV 
and/or HCV infection. IFN-γ+874 AA was associated 
with an increased risk, but +874 TA with a reduced risk 
of  mild CH, moderate/severe CH, and cirrhosis. There 
was significantly decreased IFN-γ+874 AA genotype 
frequency in cirrhosis compared with moderate/severe 
CH patients. The OR and 95% CI for IFN-γ+874 AA 
compared with +874 TA in patients with mild CH, 
moderate/severe CH, and cirrhosis were 3.09 (1.51-6.33), 
3.85 (1.70-8.70) and 3.14 (1.08-9.17), respectively. The 
IFN-γ+874 T/A alleles did not differ between any of  
the groups (Table 5). 

The IL-10-1082 polymorphisms showed a significant 
association with the clinical outcome of  persistent HBV 
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and/or HCV infection. IL-10-1082 AA was associated 
with an increased risk, but -1082 AG with a reduced 
risk of  mild CH, moderate/severe CH, and cirrhosis. 
There was a significantly increased IL-10-1082 AA 
genotype frequency in cirrhosis compared with mild 
CH. IL-10-1082 AA showed a positive correlation with 
clinical outcome (γ = 0.99, P = 0.00), but the IL-10-1082 
AG showed a negative correlation with clinical outcome 
(γ = -0.99, P = 0.00). The OR and the 95% CI for 
IL-10-1082 AA compared with -1082 AG in patients 
with mild CH, moderate/severe CH, and cirrhosis were 
2.03 (1.03-3.98), 2.70 (1.24-5.88) and 4.26 (1.59-11.36), 
respectively. The IL-10-1082 G/A allele did not differ 
obviously in every group (Table 5).

The polymorphisms of  IL-10-592 A/C and IL-4 
-589 C/T did not differ significantly in every group  
(Table 5).

Association of IL-2-330, IFN-γ+874, IL-4-589 and 
IL-10-1082 and -592 polymorphisms with HCV replication 
and abnormal alanine aminotransferase (ALT) level
IL-10-1082 AA was associated with an increased risk, but 
-1082 AG was associated with a reduced risk of  HCV 
RNA replication. The OR and 95% CI for IL-10-1082 
AA compared with -1082 AG was 3.36 (1.67-6.76). 
IL-10-1082 A was associated with an increased risk, but 
-1082 G with a reduced risk of  HCV RNA replication. 
The OR and 95% CI for IL-10-1082 A compared with 
-1082 G was 1.67 (1.08-2.57). The polymorphisms of  

IL-2-330, IFN-γ+874, IL-10-592 and IL-4-589 showed no 
association with HCV RNA replication (Table 6). 

IL-10-592 AC showed an increased risk, but -592 AA 
showed a reduced risk of  abnormal ALT. The OR and 
95% CI for IL-10-592 AC compared with -592 AA was 
2.83 (1.21-6.63). The IL-10-592 A/C alleles were not 
associated with abnormal ALT (Table 6). 

The IL-4-589 CT/CC showed an increased risk, but 
-589 TT showed a reduced risk of  abnormal ALT level. 
The OR and 95% CI for IL-10-589 CT and -589 CC 
compared with -589 TT genotype were 3.43 (1.47-8.00) 
and 8.25 (1.74-39.22), respectively, in patients with 
abnormal ALT. IL-4-589 C showed an increased risk, 
but -589 T showed a reduced risk of  abnormal ALT 
level (Table 6). The OR and 95% CI for IL-10-589 C 
compared with -589 T was 2.31 (1.36-3.93).

The polymorphisms of  IL-2-330, IFN-γ+874 
and IL-10-1082 were not significantly associated with 
abnormal ALT (Table 6). 

DISCUSSION
The natural outcome of  HBV and HCV infection 
varies dramatically among individuals. HCV infection is 
self-limited in a fortunate minority, while the majority 
of  subjects develop persistent (chronic) infection[1,2]. 
Although infection with HBV in adults progresses to the 
chronic phase in about 5%[3], among those individuals with 
persistent HBV or HCV infection, the majority develop 
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Table 5  Polymorphisms of IL-2-330, IFN-γ+874, IL-4-589, IL-10-1082 and -592 and clinical outcome  n  (%)

Genotype Control

(n  = 74)

Mild CH 

(n  = 122)

Moderate/severe CH 

(n  = 57)

Cirrhosis 

(n  = 24)

χ2 P

IL-2-330
   TT 22 (29.7)   54 (44.3) 23 (40.4) 13 (54.2)
   GG 19 (25.7)   14 (11.4)   6 (10.5) 1 (4.2) 13.46 0.04
   TG 33 (44.6)   54 (44.3) 28 (49.1) 10 (41.7)
   T 77 (52.0) 163 (66.8) 74 (64.9) 36 (75.0) 11.69 0.01
   G 71 (48.0)   81 (33.2) 40 (35.0) 12 (25.0)
IFN-γ+874
   TT   8 (10.8)   14 (11.5) 5 (8.8)   4 (16.7)
   AA 14 (18.9)   48 (39.3) 26 (45.6)   9 (37.5) 14.78 0.02
   TA 52 (70.3)   60 (49.2) 26 (45.6) 11 (45.8)
   T 68 (45.9)   90 (36.9) 36 (31.6) 19 (39.6)   5.68 0.13
   A 80 (54.1) 154 (63.1) 78 (68.4) 29 (60.4)
IL-10-1082
   GG 1 (1.4)   1 (0.8) 1 (1.8) 0 (0.0)
   AA 16 (21.6)   44 (36.1) 24 (42.1) 13 (54.2) 11.40 0.07
   GA 57 (77.0)   77 (63.1) 32 (56.1) 11 (45.8)
   G 59 (39.9)   79 (32.4) 34 (29.8) 11 (22.9)   5.85 0.12
   A 89 (60.1) 165 (67.6) 80 (70.2) 37 (77.1)
IL-10-592
   AA 34 (45.9)   51 (41.8) 22 (38.6) 11 (45.8)
   CC   9 (12.2) 11 (9.0)   8 (14.0) 2 (8.3)   2.50 0.87
   AC 31 (41.9)   60 (49.2) 27 (47.4) 11 (45.8)
   A 98 (66.2) 163 (66.8) 71 (62.3) 33 (68.8)   0.92 0.82
   C 50 (33.8)   81 (33.2) 43 (37.7) 15 (31.3)
IL-4-589
   CC 3 (4.0)   3 (2.4) 3 (5.3) 0 (0.0)
   TT 38 (51.4)   69 (54.8) 24 (42.1) 11 (45.8)   4.58 0.60
   CT 33 (44.6)   54 (42.9) 30 (52.6) 13 (54.2)
   C 39 (26.4)   58 (23.8) 36 (31.6) 13 (27.1)   2.46 0.48
   T          109 (73.6) 186 (76.2) 78 (68.4) 35 (72.9)
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CH, progressive fibrosis and even liver cancer[4,5,13]. 
However, some cases will never progress to any significant 
liver disease[6,7]. It remains unknown why the infection 
frequently turns into CH, and why the outcome with HBV 
and/or HCV infection varies dramatically. Cytokines play 
a crucial role in regulating the immune and inflammatory 
responses. Polymorphisms in the regulatory regions of  the 
cytokine genes may influence their expression. Therefore, 
as genetic predictors of  the disease susceptibility or 
clinical outcome, the polymorphisms of  cytokine genes 
are potentially important. 

IL-2 is a Th1 cytokine and has a powerful immuno-
regulatory effect on the stimulation of  proliferation and 
activation of  most T lymphocytes, natural killer cells, and 
B lymphocytes[14]. Some evidence has shown that the 
IL-2 levels of  patients with moderate/severe CH and 
cirrhosis are decreased significantly more than those of  
healthy controls[15-17]. Other authors have observed that 
increased IL-2 expression is correlated with the grading/
staging of  chronic hepatitis C[18]. In this study, we found 
that the IL-2-330 SNP was associated with persistent 
HBV and/or HCV infection. The subjects with persis-
tent HBV and/or HCV infections had significantly lower 
IL-2-330 GG genotype frequency and higher IL-2-330 TT 
genotype frequency than the controls. The subjects with 
IL-2-330 TT had a 3.46, 7.14 and 2.93 times higher risk of  
infection with HCV, HBV, or HBV/HCV. The subjects 
with chronic HCV and/or HBV infections had higher 
IL-2-330 T allele and lower -330 G allele frequencies, 

respectively. The patients with the -330 T allele had a 1.82, 
2.26 and 1.73 times higher risk of  infection with HCV, 
HBV and HBV/HCV, respectively. At the same time, we 
also found an association between IL-2-330 SNP and 
clinical outcome of  mild CH, moderate/severe CH and 
cirrhosis. Compared with the controls, the patients with 
mild CH, moderate/severe CH and cirrhosis had signifi-
cantly higher IL-2-330 TT genotype frequency and lower 
-330 GG genotype frequency. IL-2-330 GG showed a 
negative correlation with clinical outcome (γ = -0.92, 
P = 0.01). Individuals with -330 TT genotype had a 3.42, 
3.29 and 11.11 times higher risk of  developing into mild 
CH, moderate/severe CH, and cirrhosis, respectively. 
Subjects with IL-2-330 T had a 1.83, 1.70 and 2.75 times 
higher risk of  developing into mild CH, moderate/severe 
CH, and cirrhosis, respectively. These results indicate that 
the IL-2-330 TT genotype and the -330 T allele are not 
only the potential susceptibility gene for HBV and/or 
HCV infections, but also the gene that potentially deter-
mines clinical outcome. Moreover, the clinical outcome 
of  HBV and/or HCV infection is associated with IL-2 
level, as determined by the IL-2-330 polymorphisms. A 
plausible explanation for the association of  IL-2-330 TT 
genotype and T allele with persistent infection and clini-
cal outcome is derived from experiments that have shown 
that patients with the IL-2-330 TT genotype and T allele, 
with lower IL-2 production[5], unsuccessfully eradicate 
the virus and become persistently viremic, which further 
results in susceptibility to HBV and/or HCV infection.
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Table 6  Polymorphisms of IL-2-330, IFN-γ+874, IL-4 -589 and IL-10-1082 and -592 and HCV RNA and ALT level  n  (%)

HCV RNA - HCV RNA + χ2 P ALT < 80 U/L ALT ≥ 80 U/L χ2 P

IL-2-330
   TT   29 (37.2)   39 (37.1) 102 (41.8) 11 (33.3)
   GG   14 (17.9)   14 (13.3)   0.83 0.66   35 (14.3)   4 (12.1)   1.35 0.51
   TG   35 (44.9)   52 (49.5) 107 (43.9) 18 (54.5)
   T   93 (59.6) 130 (61.9)   0.20 0.66 311 (63.7) 40 (60.0)   0.24 0.62
   G   63 (40.4)   80 (38.1) 177 (36.3) 26 (39.4)
IFN-γ+874
   TT   13 (16.7) 10 (9.5)   29 (11.9) 3 (9.1)
   AA   28 (35.9)   45 (42.9)   2.36 0.31   85 (34.8) 12 (36.4)   0.23 0.89
   TA   37 (47.4)   50 (47.6) 130 (53.3) 18 (54.5)
   T   63 (40.4)   70 (33.3)   1.92 0.17 188 (38.5) 24 (36.4)   0.12 0.74
   A   93 (59.6) 140 (66.7) 300 (61.5) 42 (63.6)
IL-10-1082
   GG   1 (1.3)   2 (1.9)   3 (1.2) 0 (0.0)
   AA   14 (17.9)   44 (41.9) 12.27 0.00   81 (33.2) 16 (48.5)   3.25 0.20
   GA   63 (80.8)   59 (56.2) 160 (65.6) 17 (51.5)
   G   91 (58.3) 147 (70.0)   5.36 0.02 166 (34.0) 17 (25.8)   1.79 0.18
   A   65 (41.7)   63 (128) 322 (66.0) 49 (74.2)
IL-10-592
   AA   41 (52.6)   44 (41.9) 110 (45.1)   8 (24.2)
   CC   6 (7.7)   11 (10.5)   2.10 0.35   27 (11.1) 3 (9.1)   6.32 0.04
   AC   31 (39.7)   50 (47.6) 107 (43.9) 22 (66.7)
   A 113 (72.4) 138 (65.7)   1.88 0.17 327 (67.0) 38 (57.6)   2.30 0.09
   C   43 (27.6)   72 (34.3) 161 (33.0) 28 (42.4)
IL-4-589
   CC   3 (3.8)   5 (4.8)   6 (2.5) 3 (9.1)
   TT   48 (61.5)   55 (52.4)   1.53 0.47 132 (54.1)   8 (24.2) 12.46 0.02
   CT   27 (34.6)   45 (42.9) 106 (43.4) 22 (66.7)
   C   33 (21.2)   55 (26.2)   1.24 0.27 118 (24.2) 28 (42.4)   9.97 0.00
   T 123 (78.8) 155 (73.8) 370 (75.8) 38 (57.6)
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IFN-γ is a Th1 cytokine and plays an important role 
in modulating almost all the immune responses, such as 
T-cell differentiation, anti-proliferative, antitumor, and 
antiviral activities[19,20]. Pravica et al[21] have found that 
IFN-γ+874 T/T genotype is often regarded as indicat-
ing high IFN-γ production, and +874 A/A genotype as 
indicating low production. Some authors have found that 
plasma IFN-γ concentrations in chronic hepatitis C pa-
tients decrease significantly[22,23]. Other authors have docu-
mented a correlation between the increase of  IFN-γ ex-
pression and grading in chronic hepatitis C infection[18,24,25]. 
In this study, compared with the controls, the IFN-γ+874 
AA genotype was found more frequently and the +874 
TA genotype was found less frequently in subjects with 
persistent HBV and/or HCV infection. Subjects with 
+874 AA genotype have a 3.23, 2.70 and 4.02 times higher 
risk of  HCV infection, HBV infection, and HBV/HCV 
coinfection, respectively. No difference was found in the 
IFN-γ+874 T/A alleles among the groups. However, Liu 
et al[26] have found that the frequency of  IFN-γ+874 
A allele was significantly higher in patients with chronic 
HBV infection than in the controls (OR = 2.25, 95% CI =  
1.69-2.99, P < 0.0001). Moreover, compared with the 
controls, the patients with mild CH, moderate/severe CH, 
and cirrhosis showed a higher IFN-γ+874 AA frequency 
and a lower IFN-γ+874 TA frequency. Individuals with 
IFN-γ+874 AA had a 3.09, 3.85 and 3.14 times higher risk 
of  developing mild CH, moderate/severe CH, and cirrho-
sis, respectively. Compared with moderate/severe CH pa-
tients, cirrhosis patients showed a significantly decreased 
+874 AA genotype frequency. This probably resulted 
from the lower number of  samples of  cirrhosis. These 
results indicate that IFN-γ+874 AA genotype is not only 
the potential susceptibility gene for HBV and/or HCV in-
fection, but also the gene that potentially determines clini-
cal outcome. A plausible explanation is that IFN-γ+874 
AA genotype produces a low level of  IFN-γ, which results 
in the cytolytic defect that promotes viral persistence and 
hepatic persistent infection that determines the clinical 
outcome of  HBV and/or HCV infection.

IL-10 is an important anti-inflammatory cytokine 
secreted from Th2 cells. The levels of  IL-10 production 
determine immune regulation, and the balance between 
the inflammatory and humoral responses. There are three 
confirmed SNPs in the IL-10 gene promoter. The -1082 
GG genotype is associated with high IL-10 produc-
tion, the -1082 GA with intermediate production, and 
the -1082 AA with low production. Polymorphisms at 
position -819 and -592 have no independent influence 
on IL-10 production[27]. There are contradictory reports 
about the exact effect of  IL-10 promoter polymorphisms 
on the natural outcome of  HBV and HCV infection. 
Some authors have found that plasma IL-10 level is de-
creased significantly in chronic hepatitis C patients[22,28]. 
Others have reported that the level of  IL-10 in patients 
with chronic hepatitis C is higher than that in healthy 
individuals (P < 0.05). The value of  IL-10 showed a sig-
nificant positive correlation with ALT[29,30]. In the present 
study, IL-10-1082 AA was associated with an increased 

risk, but -1082 AG was associated with a reduced risk of  
persistent HBV and/or HCV infection. Subjects with 
IL-10-1082 AA had a 2.34, 2.29 and 2.56 times higher 
risk of  persistent HCV infection, HBV infection and 
HBV/HCV coinfection, respectively. At the same time, 
IL-10-1082 AA is associated with an increased risk, but 
-1082 AG is associated with a reduced risk of  mild CH, 
moderate/severe CH, and cirrhosis. Also, IL-10-1082 AA 
showed a positive correlation with clinical outcome (γ = 
0.99, P < 0.01), but -1082 AG showed a negative correla-
tion with clinical outcome (γ = -0.99, P < 0.01). Individu-
als with the -1082 AA genotype had a 2.03, 2.70 and 4.26 
times higher risk of  developing mild CH, moderate/se-
vere CH, and cirrhosis, respectively. These results indicate 
that the IL-10-1082 AA genotype is not only a potential 
susceptibility gene for HBV and/or HCV infection, but 
also potentially determines clinical outcome. IL-10-1082 
AA and -1082 A were associated with an increased risk, 
but IL-10-1082 AG and -1082 G were associated with 
a reduced risk of  HCV RNA replication (OR = 3.36, 
1.67, respectively). This result indicates that IL-10-1082 
AA and -1082 A are associated with HCV RNA replica-
tion. The evidence shows that during persistent HCV 
infection, IL-10 may compromise the cellular immune 
response to the virus[31-33]. A plausible explanation is 
that IL-10 is an important anti-inflammatory cytokine. 
IL-10-1082 AA and -1082 A lead to lower IL-10 produc-
tion[27] and persistent infection, which determines the 
clinical outcome of  chronic infection. The IL-10-1082 
polymorphisms had no significant association with 
plasma ALT level, which agrees with the results of  Abbas 
et al[34]. The IL-10-592 AC genotype frequency was signif-
icantly higher in patients with abnormal ALT (OR = 2.83). 
This result indicates that the IL-10-592 AC genotype is 
associated with abnormal ALT level and hepatocellular 
injury. Hepatocellular injury is probably caused by the 
decreased production of  the anti-inflammatory cytokine 
IL-10, which results from linkage of  the IL-10-592 and 
IL-10-1082 genes.

IL-4 is a Th2 cytokine and plays an important role 
in humoral immunity. IL-4 has the function of  inhibit-
ing the production of  IFN-γ and downregulating the 
differentiation of  Th1 cells[35]. IL-4 has the function of  
modulating inflammatory responses by downregulating 

production of  pro-inflammatory mediators and prevent-
ing inflammatory injury of  the liver[36,37]. It has been 
described that the IL-4-589 T compared with the -590 
C allele increases the strength of  the IL-4 promoter[38], 
which leads to high production of  IL-4. The evidence 
has shown that IL-4 plays a key role in HBV and HCV 
infection pathogenesis. Some have reported that IL-4 
levels are lower in patients infected with HCV[39]. Others 
have reported that IL-4 is significantly higher in chronic 
HCV infection with abnormal ALT than with normal 
ALT level[38,39]. In the present study, IL-4-589 polymor-
phisms were not significantly associated with persistent 
HBV and/or HCV infection or clinical outcome. How-
ever, we found that the IL-4-589 CT genotype and -589 
CC genotype frequency was significantly higher than that 
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of  -589 TT genotype frequency in patients with abnor-
mal ALT level. Individuals with IL-4-589 CT and -589 
CC genotype had a 3.43 and 8.25 times higher risk of  
abnormal ALT. Higher -589 C allele and lower -589 T al-
lele frequencies in patients with abnormal ALT were ob-
served; individuals with the -589 C allele had a 2.31 times 
higher risk of  abnormal ALT. This result indicates that 
the IL-4-589 CC and -589 CT genotype and the -589 C 
allele are associated with liver inflammatory injury. Such 
injury is probably caused by the decreased production of  
anti-inflammatory cytokines such as IL-4 and IL-10.

In summary, the polymorphisms of  IL-2-330, 
IFN-γ+874, IL-10-1082 and -592 and IL-4-589 showed 
a significant association with the outcome of  chronic 
HBV and/or HCV infection. The IL-2-330 TT/T allele, 
IFN-γ+874 AA and IL-10-1082 AA were associated with 
increased risk, but IL-2-330 GG/G allele, IFN-γ+874 
TA and IL-10-1082 AG were associated with reduced 
risk of  persistent HBV and/or HCV infection, and of  
developing mild CH, moderate/severe CH, and cirrho-
sis. The IL-10-1082 AA/A allele was associated with an 
increased risk, but the IL-10-1082 AG/G allele was as-
sociated with a reduced risk of  HCV RNA replication. 
IL-10-592 AC and IL-4-589 CT/CC showed increased 
risk, but IL-10-592 AA and IL-4-589 TT showed re-
duced risk of  abnormal ALT. 

COMMENTS
Background
The natural outcome in hepatitis B virus (HBV) and hepatitis C virus (HCV) 
infection varies dramatically among individuals. Some infections are self-limited; 
some individuals progress to persistent HBV or HCV infection; and some develop 
chronic hepatitis, fibrosis and even liver cancer. The mechanisms are unknown. 
Besides viral pathogenic factors, a more important factor is the different immune 
response to HBV or HCV infection between individuals. T helper (Th)1 and Th2 
cytokines determine host immunity level, which is regulated by polymorphisms 
in the promoter region of the Th1 and Th2 cytokines. Interleukin (IL)-2 (-330), 
interferon (IFN)-γ (+874), IL-10 (-1082, -592), IL-4 (-589) should have some 
association with the outcome of HBV and/or HCV infection. 
Research frontiers
It remains unknown why subjects infected with HBV and/or HCV frequently 
develop chronic infection, and why the outcome of infection varies dramatically. 
Among infections with HBV/HCV, some show a strong reduction in CD4+ 
T-helper and CD8+ cytotoxic-T-lymphocyte responses. This is likely to be crucial 
in clearance of acute viremia. It is thought that immune tolerance to HBV/HCV 
infection may explain the different susceptibility to HBV/HCV infection. Many 
manifestations show that the immunity level of the host correlates with relevant 
gene polymorphisms, especially with single nucleotide polymorphisms in the 
promoter region, which regulates gene expression. Furthermore, the gene 
polymorphisms probably determine the outcome of the infection.
Innovations and breakthroughs
The polymorphisms of IL-2-330, IFN-γ+874, IL-10-1082 and -592 and IL-4-589 
showed a significant association with the outcome of chronic HBV and/or HCV 
infection. The IL-2-330 TT/T allele, IFN-γ+874 AA and IL-10-1082 AA were 
associated with increased risk, but the IL-2-330 GG/G allele, IFN-γ+874 TA 
and IL-10-1082 AG were associated with reduced risk of persistent HBV and/or 
HCV infection, and of developing mild chronic hepatitis (CH), moderate/severe 
CH, and cirrhosis. The IL-10-1082 AA/A allele was associated with increased 
risk, but the IL-10-1082 AG/G allele was associated with reduced risk of HCV 
RNA replication. IL-10-592 AC and IL-4-589 CT/CC showed increased risk, but 
IL-10-592 AA and IL-4-589 TT showed reduced risk of abnormal ALT. 
Applications 
These results suggest that polymorphisms in some cytokine genes influence 
persistent HBV and/or HCV infection, clinical outcome, HCV replication and 

liver damage. Some cytokines, including IL-2, IFN-γ and IL-10 might be 
beneficial to the clinical outcome of HBV and/or HCV infection. Some cytokines, 
including IL-4, might result in liver damage. These results provide a scientific 
basis for the further treatment of patients with chronic HBV and HCV infection 
and viral hepatitis.
Terminology
IL-2 is a Th1 cytokine and has a powerful immunoregulatory effect on the 
stimulation of proliferation and activation of most T lymphocytes, natural killer 
cells, and B lymphocytes. IFN-γ is a Th1 cytokine and plays an important role in 
modulating almost all the immune responses, such as T-cell differentiation, and 
anti-proliferative, antitumor, and antiviral activities. IL-10 is an important anti-
inflammatory cytokine secreted from Th2 cells. The levels of IL-10 production 
determine immunoregulation, and the balance between the inflammatory 
and humoral responses. IL-4 is a Th2 cytokine and plays an important role in 
humoral immunity. IL-4 has the function of inhibiting the production of IFN-γ and 
downregulating differentiation of Th1 cells.
Peer review
This is interesting paper. These results suggest that the IL-10-1082 polymor-
phisms are associated with Hepatitis C viral replication and the IL-10-592 and 
IL-4-589 polymorphisms influence liver damage.
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Abstract
Lymphangioma, a benign neoplasm of the lymphatic 
system, is common in children but rare in adults. Its 
clinical manifestations include abdominal pain, nausea, 
vomiting and a palpable mass. However, abdominal 
sonography or abdominal computed tomography (CT) 
scan can also incidentally reveal lymphangioma. A 
larger or symptomatic lymphangioma is treated with 
total resection to prevent recurrence, infection, tor-
sion and enlargement. Although lymphangioma rarely 
becomes malignant, its prognosis is generally good. 
We report a cystic lymphangioma of the spleen and 
retroperitoneum, which was incidentally found in a 
56-year-old man who was hospitalized due to a colon 
mass. Physical examination showed no specific find-
ings. Abdominal CT revealed a 5.7 cm, non-enhanced 
multilobulated cystic mass with multiple septa in the 
spleen and a 10 cm lobulated cystic mass in the para-
aortic area. Splenectomy and retroperitoneal resection 
of the cystic mass were conducted. The endothelium 

of splenic and retroperitoneal cyst was immunohisto-
chemically stained with D2-40 antibody. The patient 
was finally diagnosed with splenic cystic and retroperi-
toneal cavernous lymphangioma. 

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Lymphangioma, a very uncommon neoplasm, is mainly 
found in children but rarely in adults[1,2]. In 1885, Frink 
reported the first lymphangioma in the spleen. Cases of  
splenic and retroperitoneum lymphangioma are rarely 
reported in adults. In our case, lymphangioma involved 
both the spleen and the retroperitoneum. Cases like ours, 
involving two organs, are extremely rare[3-5]. The clinical 
manifestations of  lymphangioma include abdominal pain, 
fever, fatigue, weight loss and hematuria. However, it is 
sometimes asymptomatic[6,7]. We report, here, a case of  
a 56-year-old man who was hospitalized due to a colon 
mass. Lymphangioma in his spleen and retroperitoneum 
was incidentally found in abdominal computed tomog-
raphy (CT). This case is very rare because lymphangioma 
was found both in his spleen and in his retroperitoneum.

CASE REPORT
A 56-year-old man was hospitalized at a private clinic due 
to a suspected colon cancer detected at colonoscopy. He 
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had no history of  any medical disease, and no weight 
loss, abdominal pain and dyspepsia. Physical examination 
revealed no palpable mass, tenderness or rebound 
tenderness in his abdomen with normal bowel sound. 
Laboratory studies had no specific findings except for 
creatinine (1.4 mg/dL). Abdominal X-ray did not reveal 
calcification, but abdominal CT showed a 5.7 cm non-
enhanced cystic mass with septum in the spleen and a  
10 cm lobulated cystic mass in the left paraaortic area 
(Figure 1A and B). PET CT revealed a hypermetabolic 
lesion in the sigmoid colon where the maxSUV was 23. 
However, no hypermetabolic lesion was found in the 
spleen or in the left paraaortic area (Figure 1C). 

A 5 cm × 3 cm colon polyp with a neck and an in-
tramural adenocarcinoma invading the lamina propria 
were found in the sigmoid colon. Splenectomy and resec-
tion of  the retroperitoneal mass were conducted, during 
which a 4.5 cm × 3.5 cm bulging mass was exposed in 
the lower pole of  the spleen (Figure 2A). The cut surface 
was composed of  a multilobular cyst with a smooth inner 
surface. Histology showed thin fibrous walls of  the cyst, 
which were different in size with no bleeding or necrosis 
(Figure 2B). In immunohistochemical study, the endo-
thelium of  splenic cystic mass was stained with D2-40 
antibody (Figure 2C) and finally diagnosed as a cystic 
lymphangioma. The retroperitoneal mass was 4.5 cm × 
4.5 cm × 2.5 cm in size, and its outer surface was lobular 
and yellow to brown in color (Figure 3A). The cut surface 
showed a sponge-like and ill-defined cyst.

Histology showed small cysts interspersed among 
fat, which were different in size, but had no calcification, 
bleeding, or necrosis (Figure 3B). In immunohistochemi-
cal study, the endothelium of  retroperitoneal cystic mass 
was stained with D2-40 antibody (Figure 3C). The ret-
roperitoneal mass was finally diagnosed as a cavernous 
lymphangioma. The patient was discharged 10 d after 
operation without complication.

DISCUSSION
Cystic lymphangioma is a benign neoplasm composed 
of  a malformation of  the lymphatic system[1,2]. The inci-
dence of  lymphangioma occurring after 20 years of  age 

is very low. Lymphangioma generally occurs under the 
age of  2 years. There is no difference in the incidence be-
tween males and females[2]. The most commonly involved 
sites are the neck (75%) and axilla (20%). Lymphangioma 
is infrequently encountered in the mediastinum, adrenal 
gland, kidney, bone, omentum, gastrointestinal track, 
retroperitoneum, spleen, liver and pancreas[2,5]. There 
are two hypotheses for the causes and pathogenesis of  
lymphangioma, namely abnormal congenital develop-
ment and bleeding or inflammation of  the lymphatic 
system which causes an obstruction leading to additional 
lymphangiomas. The clinical manifestations of  lymph-
angioma are left upper quadrant pain, abdominal disten-
sion, loss of  appetite, nausea, vomiting and a palpable 
mass. However, lymphangioma can also occur without 
any symptoms[6,7]. Our case had no symptoms of  lymph-
angioma and no palpable mass in the abdomen, and is 
unique because lymphangioma was found both in his 
spleen and in his retroperitoneum. Even if  there are re-
ports on cystic lymphangioma involving mesentery and 
retroperitoneum[2], no report is available on lymphangio-
ma involving both the spleen and the retroperitoneum in 
an asymptomatic patient. Lymphangioma involving more 
than two abdominal organs is rarely reported[2]. In our 
case, renal vein penetrated through the retroperitoneal 
lymphangioma, but retroperitoneal lymphangioma could 
be resected without impairment of  the kidneys. Abdomi-
nal sonography can show a lowly attenuated mass and a 
highly attenuated inner part of  lymphangioma, while ab-
dominal CT may demonstrate multiple lowly attenuated, 
thin-walled, well-demarcated cysts and calcification in the 
cyst wall. The cystic surface can be divided by a septum 
and multiple lobules[7]. MRI may reveal a highly attenu-
ated space in multiple lobules. Only a radiological image 
may have limitations in its diagnosis[6,7]. In this case, ab-
dominal CT revealed a 5.7 cm cystic mass in the spleen 
and a 10 cm cystic mass composed of  lobules in the para-
aortic area. PET CT did not show highly metabolized le-
sions in the spleen or in the retroperitoneum of  our case. 
Generally, lymphangioma is divided into capillary, cavern-
ous and cystic types, with the cystic type being the most 
common[3]. Histology can show dilated lymphatic vessels 
surrounded by flat endothelial cells between fat, fibrotic 
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and lymphatic structures. Immunohistochemical staining 
can show a lymphangioma which is positive for keratin 
and HBME, and is negative for FV Ⅲ-Rag, CD 31, CD 
34 because it develops from the middle lobe[8]. Lymphatic 
vessel endothelial receptor-1, vascular endothelial growth 
factor-3, prox-1, and monoclonal antibody D2-40 are the 
markers for specific endothelial cells of  lymphatic tissues, 
which are used in immunochemical studies of  lymphan-
gioma. In this case, the endothelium of  splenic and ret-
roperitoneal cystic mass was stained with D2-40 antibody 
and the splenic and retroperitoneal cystic mass was finally 
diagnosed as splenic cystic and retroperitoneal cavernous 
lymphangioma, based on the microscopic findings. Surgi-
cal treatment is needed to prevent recurrence, infection, 
rupture, and bleeding[5]. Conservative treatment modali-
ties include aspiration, drainage and sclerosis, with a high 
risk of  recurrence. However, an incidentally found small 
cyst needs not be resected, and the current treatment is 

a partial splenectomy to remove it[5]. The post-operative 
recurrence rate is low and the rate of  transformation into 
malignancy is very low as well. Complications are perito-
nitis, bleeding, abscess and torsion[9]. The natural regres-
sion rate is very low. If  multiple lymphangiomas progress 
rapidly and are invasive, their prognosis could be poor[10]. 
In this case, a 5.7 cm splenic lymphangioma and a 10 cm 
lymphangioma were surgically removed and the patient 
was discharged 10 d later without any complication. Our 
case may be the first reported case of  lymphangioma 
involving both the spleen and the retroperitoneum in an 
asymptomatic patient.
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Abstract
Acute myelogenous leukemia (AML) can involve the 
gastrointestinal tract but rarely involves the appendix. 
We report a male patient who had 1 year partial re-
mission from AML and who presented with apparent 
acute appendicitis as the initial manifestation of leu-
kemia relapse. Pathological findings of the appendix 
revealed transmural infiltrates of myeloblasts, which 
indicated a diagnosis of leukemia. Unfortunately, the 
patient died from progression of the disease on the 
19th d after admission. Although leukemic cell infiltra-
tion of the appendix is uncommon, patients with leu-
kemia relapse can present with symptoms mimicking 
acute appendicitis.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Acute myeloid leukemia (AML) affects middle-aged 
adults. When the disease involves soft tissue, it is called 
granulocytic sarcoma (GS). GS can present in the 
gastrointestinal tract but involvement of  the appendix is 
uncommon. Furthermore, infiltration of  the appendix 
by leukemic cells is also a rare manifestation of  leukemia 
relapse. Herein, we report a 75-year-old man with AML-M2 
who had been in partial remission for 1 year, and who 
presented with symptoms mimicking acute appendicitis as 
the initial manifestation of  leukemia relapse. Subsequent 
pathological examination confirmed the diagnosis. 

CASE REPORT
A 75-year-old man was admitted for evaluation of  
right lower quadrant abdominal pain and fever for 3 d.  
He had partial remission of  AML-M2 for 1 year, after 
chemotherapy with low dose cytarabine. His past 
history included hypertensive cardiovascular disease 
with congestive heart failure, coronary artery disease, 
and chronic obstructive pulmonary disease. Physical 
examination showed rebound tenderness over the right 
lower quadrant. The leukocyte count was 35 × 103/L, 
with 15% neutrophils, 26% lymphocytes, 1% monocytes, 
2% eosinophils, 0% basophils, and 56% immature cells. 
Hemoglobin and platelet counts were 9.9 g/dL and 64 × 
103/µL, respectively. C-reactive protein was 7.98 mg/dL. 
Abdominal computed tomography showed thickening of  
the appendiceal wall and periappendicular fat stranding 
(Figure 1). The diagnosis of  acute appendicitis was 
made, and appendectomy was performed immediately 
after admission. Grossly, the appendix was gray in color 
and soft in consistency. Microscopically, the sections 
showed transmural infiltrates of  myeloblasts, which 
were positive for myeloperoxidase, CD43 and CD34 
immunohistochemical stains (Figure 2). Hence, AML-M2 
with involvement of  the appendix was diagnosed. 
Thereafter the patient received chemotherapy with low-



Hsiao PJ et al . Acute leukemic appendicitis                                                                                                 5625

www.wjgnet.com

dose cytarabine (20 mg/kg for 12 d). However, he died 
from progressive disease complicated by septic shock and 
acute respiratory failure on the 19th d after admission.

DISCUSSION
The incidence of  GS is estimated to be 3% in living adult 
patients with AML and 4.7% in children[1,2]. Rappaport 
initially introduced the concept of  acute lymphoblastic 
leukemia infiltrating the appendix[3]. In a review of  
the literature, AML involving the appendix has been 
described[1,3,4]. As a presentation of  AML in adults, GS can 
involve various sites throughout the body but it is rare in 
the gallbladder and appendix. Bowel infiltration by leukemic 
cells, described initially in the 19th century, was thought to 
be a rare condition until autopsy studies in the 1960s and 
1970s, which indicated a prevalence of  this presentation in 
10% to 53.3% of  leukemia patients[5-8]. It has been reported 
that appendiceal involvement by leukemic cells occurs in 
approximately 3 of  36 patients (8.3%)[6]. Seven leukemia 
patients with involvement of  the appendix, including our 
own, were identified in the literature. The survival time 
varied as shown in Table 1[1,4,6]. 

Surgical management of  patients with leukemia and 

acute abdomen has not been advocated because of  the high 
rate of  operative mortality in the past[4,6]. However, there is 
some support for surgical management of  appendicitis in 
acute leukemia as the most effective method of  therapy[1,4,9]. 
Systemic chemotherapy is necessary in this setting for 
additional radiation or surgery in patients with GS[10].

In conclusion, we report a rare case of  AML who had 
been in partial remission for 1 year and presented with 
symptoms of  acute appendicitis as the initial manifestation 
of  leukemia relapse. Although leukemic cell infiltration 
into the appendix is uncommon, our case highlights the 
importance of  differential diagnosis of  acute appendicitis 
including recognition of  possible leukemic involvement. 
The physicians should be aware of  these conditions. 
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Figure 1  Abdominal computed tomography reveals appendicular wall 
thickening and periappendicular fat stranding.

Figure 2  Cross-section of the appendix specimen. A: Leukemia involving the 
appendix is characterized by transmural infiltrates of myoloblast cells (HE, × 200); 
B: These tumor cells are immunoreactive to myeloperoxidase protein (HE, × 200).

BA

No. Sex/age Type Treatment Survival time (d)

1 F/77 M3 Surgery 30
2 M/71 M2 Surgery 49
3-6 NA NA 3 surgery Hours to days
7 (Our case) M/75 M2 Surgery 19

M: Male; F: Female; NA: Not available.

Table 1  Seven cases of leukemia infiltration of the appendix 
described in the literature
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“The truth is that life is delicious, horrible, charming, 
frightful, sweet, bitter, and that is everything.” Anatole 
France (François-Anatole Thibault, 1844-1924).

When I was in medical school and early on in residency, I 
dreamed of  undertaking research and becoming an aca-
demic but I did not really know how to start; in the end, I 
settled for trying to master internal medicine as I sweated 
to pass the formidable barrier examination for admission 
to Fellowship of  the Royal Australasian College of  Physi-
cians (comprising both a written test and an even more 
challenging clinical “viva”). My entry into research was en-
tirely fortuitous; having completed Basic Training I wanted 
a change (I like change), and I was lucky to learn from my 
father (a prominent Sydney gastroenterologist in private 
practice) that one of  Australia’s most famous academic 
gastroenterologists, Professor Douglas (Doug) Piper, 
was looking for someone to undertake a PhD with him. 
Remarkably few had expressed an interest in doing so; a 
PhD would require 3 years of  ones life living on a Na-
tional Health and Medical Research Council (NH&MRC) 
scholarship that would hardly keep body and soul together. 

Actually I was not sure I wanted to become a gastroen-
terologist (in fact, I favored neurology because my Dad 
was a gastroenterologist, and two Nicholas Talley’s in the 
specialty seemed a formula for confusion). However, I saw 
working with Doug as a real opportunity, so I took the risk 
and said yes, one of  the best decisions of  my life (Figure 1). 

Professor Doug Piper was particularly interested in 
peptic ulcer disease, and our initial NH&MRC grant appli-
cation (developed before the observation of  spiral bacte-
ria in the stomach had been announced), aimed to deter-
mine the natural history of  peptic ulcer disease. This grant 
failed to attract funding, which at the time seemed quite 
devastating. Remarkably, this apparent setback turned out 
to be very fortunate, because we then were forced to look 
at alternative projects. Almost by chance we fell upon 
a common clinical problem; it had been long observed 
that most patients with ulcer-like symptoms had no ulcer 
crater or other obvious explanation for their complaints. 
Little was known about this mysterious and vague entity, 
then called non-ulcer dyspepsia, and the topic seemed ripe 
for a comprehensive clinical research project that would 
fulfill the requirements for a higher degree in Australia. As 
a clinician I became quite fascinated by the problem (I still 
am). After reading the proceedings from a Scandinavian 
symposium pointing out many of  the gaps in knowledge 
(published by the makers of  cimetidine, Smith Kline), I 
decided to pursue the topic. I was blissfully unaware of  
how difficult such a task might be, but had the gift of  
youthful enthusiasm and energy.

And so my odyssey began; with the help of  Doug’s  
team I designed several protocols and set out to learn 
about the epidemiology, etiopathogenesis and treatment 
of  non-ulcer dyspepsia. It was very hard the first year; 
there were the inevitable setbacks and it took a while to 
become used to research rather than full time practice. I 



Talley NJ. Academic advancement                                                                                                              5627

www.wjgnet.com

thought about quitting. But I learned that guts and grit 
count more than any other characteristic in the research 
setting. I undertook classes in clinical epidemiology and 
biostatistics which I loved, and learnt how to apply rigor-
ous clinical research methods and avoid some of  the obvi-
ous pitfalls. Momentum helps too; my first paper on the 
topic was published in 1985[1] and I caught the publishing 
bug (once you know how, it is great fun to collect, analyze 
and share your data with the world). The research efforts 
eventually spilled over into a two volume thesis entitled 
“Non-ulcer dyspepsia: A study of  the psychosocial, envi-
ronmental, clinical, therapeutic and prognostic aspects - 
with particular reference to a subgroup with dyspepsia of  
unknown cause (essential dyspepsia).” Doug used to say a 
thesis should be judged first by its weight and then by its 
quality, which I took to heart. The publication of  several 
papers led to the offer of  a fully paid Research Fellowship 
at Mayo Clinic in Rochester, Minnesota in the famous 
Gastroenterology Unit [headed then by a very prominent 
and brilliant expatriate Australian, Professor Sidney (Sid) 
Phillips]. Sid was an inspiring mentor who trained many 
of  the most brilliant minds in motility research; I learned 
how to do physiological research and joined the staff  dur-
ing one of  the happiest times of  my life. 

As my career trajectory exploded upwards, a further 
boost came after presenting new work as a very raw As-
sistant Professor of  Medicine at Digestive Diseases Week. 
After the oral symposium, Douglas Drossman and Grant 
Thompson strode up to me to introduce themselves. I 
was invited to join a new consensus group that would 
meet in Rome; the idea was to develop diagnostic criteria 
for the first time for all of  the functional gastrointestinal 
disorders, including non-ulcer dyspepsia (the precursor 
of  the famous Rome criteria!). I said yes, and have been 
involved ever since with what is now known as the Rome 
Foundation (and the Rome Ⅰ, Ⅱ and Ⅲ criteria-Rome Ⅳ 
is currently being planned).

So if  you want to eventually reach the rank of  
Professor and, more importantly, contribute to our field, 
the formula in my mind is uncomplicated. Try to choose 
a great mentor first and foremost; they are the ones eager 

to impart their knowledge, leave a legacy and develop 
the science (you can find most of  the talented names on 
PubMed today with ease - look at how much and where 
they have published as a guide). Search for someone who 
thinks outside the box and has a strong team working 
with them; teams tend to perform best in the research 
world. The project is important too, but without the right 
mentor your chance of  major success greatly diminishes. 
Second, in my humble view brains matter much less than 
drive. Be prepared to work hard and realize you will have 
to overcome all sorts of  roadblocks to succeed; if  you are 
prepared to be persistent and flexible, you will make it. Do 
not neglect to read the literature widely and deeply in your 
chosen topic area; critically appraise the science, know 
intimately all of  the relevant papers, and look for the gaps 
(there are always many!). I tell my Research Fellows I know 
they will become experts by the time they complete their 
projects. Third, continuously develop your skill set. Learn 
how to not only do the science but also how to analyze, 
present and write it up. Submit and personally present 
your work at major international meetings whenever you 
have the opportunity; this is very good exposure, allows 
you to learn the state of  the art and will promote making 
professional contacts around the world who will likely 
prove invaluable. Scientific presentation is a skill that can 
be learned and improves with practice; seek out ways 
to become a better public speaker. Above all, dedicate 
yourself  to publishing any and all important data you 
generate (if  your work is not published in a peer review 
journal, it essentially does not exist!). Serendipity helps 
too, but chance usually only plays a role if  you are well 
prepared. If  you follow these simple strategies, academic 
opportunities and promotion are almost guaranteed; it is 
straightforward to become a Professor once you learn the 
trade, and most importantly the journey is great fun too. 
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