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Abstract
Colorectal cancer (CRC) is still one of the leading causes 
of cancer-related death in Western countries, despite 
major improvements in its treatment. The dramatically 
high social and economic impact of CRC on human 
health makes the identification of a reliable screen-
ing tool of paramount importance. Current screening 
methods, such as the fecal occult blood test and colo-
noscopy do not adequately meet the ideal requisites 
of a screening test because, even if they are effective, 
they are limited first by too low specificity and sensi-
tivity, or second by high invasiveness, costs and risk. 
Nowadays extended efforts are made by researchers 
to look for more reliable and effective screening tests 
based on a systems biology approach, using biological 
samples easily available, such as urine, breath, serum 
and feces. The effectiveness and reliability of several 
new attempts to screen these patients by non-invasive 
analysis of their biological samples using genomic (ge-
netic and epigenetic alteration), transcriptomic (miRNA), 
proteomic (cancer-related antigens, new antibodies 
against tumor-associated antigens, mutated proteins) 
and metabolomic (volatile organic metabolites) meth-
ods are discussed in this review. Among the most inter-
esting new screening tools, fecal fluorescent long-DNA, 
fecal miRNA and metabolomic evaluation in breath and/
or serum seem to be most promising.
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TRADITIONAL APPROACH TO 
COLORECTAL CANCER SCREENING
Colorectal cancer (CRC) is the second most commonly 
diagnosed cancer and the second leading cause of  cancer 
death in Europe, with an incidence of  43 600 new cases 
between 2007 and 2008[1]. The dramatically high social 
and economic impact of  CRC on human health makes 
the identification of  a reliable screening tool of  para-
mount importance. CRC, as a cancer actually fulfills the 
World Health Organization conditions required for mass 
screening, since it is a very common disease, with major 
morbidity and mortality rates and is almost always pre-
ceded by a slow progressive premalignant lesion (the ad-
enomatous polyp) which can readily be removed leading 
to true cancer prevention[2]. Screening strategies for CRC 
involve the separation of  the population into two main 
categories: average risk and high risk populations. Each 
of  these categories is targeted using a different screening 
program. In the first group, adults over 50 years without 
a personal or family history of  CRC, polyps or inflam-
matory bowel diseases (IBD) are screened. The high risk 
population includes subjects with a family history of  
CRC, a personal history of  CRC or polyps or are index 
cases affected by IBD. There is, however, a third category, 
more specifically characterized by an heredofamilial risk 
and represented by hereditary cancer syndromes such 
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as familial adenomatous polyposis and hereditary non-
polyposis CRC[3,4]. Such cases should be screened directly 
with total colonoscopy (TC). The average risk population 
reflects the vast majority of  the population and needs to 
be screened by less-invasive, low-cost techniques with ac-
ceptable patient compliance[5]. For that reason, in the last 
decade, there has been a great interest and research effort 
in developing the optimal CRC screening tool.

Clinically validated screening strategies currently avail-
able in practice include fecal occult blood testing (FOBT), 
TC, flexible sigmoidoscopy (FS) and radiographic imag-
ing, such as double contrast barium enema and virtual 
TC. FOBT is the most commonly used method for CRC 
screening. In this respect, it is non-invasive, inexpensive 
and matches patient compliance better than other screen-
ing tools. In 2008, Hewitson et al[6] published a system-
atic review comparing the results of  four randomized 
controlled trials, using FOBT as a screening tool, and in 
approximately 320 000 patients screened, there was an 
overall reduction of  the relative risk of  dying of  CRC 
of  16%. Despite this, FOBT has demonstrated an unac-
ceptably low specificity rate. To improve its reliability in 
this regard, fecal immunohistochemistry testing (FIT), 
which specifically detects non-degraded human globin 
using anti-human hemoglobin antibodies, has replaced 
the older guaiac-based FOBT (which identified the heme 
group by pseudoperoxidase). Despite this major im-
provement, the search for occult blood in the feces still 
has severe limitations as a screening tool, mainly because 
of  its low specificity, hence leading to a high number of  
unnecessary colonoscopies[7,8]. FS has been proposed as 
a balance between the invasiveness of  a given test (such 
as low invasive tests like FOBT and FIT), their accuracy 
and their potential complications (e.g., TC), considering 
that about two-thirds of  the screened CRCs detected are 
located in the rectum and sigmoid colon. It may be pos-
sible to increase the performance characteristics of  FS 
by combining it with FOBT/FIT, however, the risk of  
leaving undetected CRC in other colonic sites is currently 
unacceptable[9,10].

TC still remains the gold standard for the diagnosis 
of  both colorectal polyps and malignancies. The National 
Polyp Study demonstrated that the incidence of  CRC 
was reduced from 76% to 90%[11] after polypectomy. 
Although very effective for diagnosis and treatment, TC 
has the limitations of  low patient compliance, high cost, 
a high level of  invasiveness and a moderate incidence 
of  serious complications in specific subgroups (an inci-
dence of  0.1%-0.3% of  life-threatening complications 
including bleeding and perforation). TC colonography 
(or virtual TC) involves the use of  helical TC to generate 
high-resolution 3D images of  the abdomen and pelvis, 
replacing the older barium enema in providing full struc-
tural evaluation of  the entire colon. A study conducted 
by Fenlon et al[12] in a high risk population, reported a 
sensitivity of  71% for TC colonography, although this 
was strongly influenced by polyp size where only 55% of  
polyps between 1 and 5 mm in maximal diameter were 

correctly identified. The sensitivity for virtual diagnosis 
was significantly higher when polyps ranged between 6 
and 9 mm or were larger than 10 mm in size (82% and 
91%, respectively; P = 0.001)[12]. This investigation, how-
ever, had the drawbacks of  considerable exposure to ion-
izing radiation, discomfort of  the bowel preparation and 
the necessity to complete the procedure by TC in cases 
of  polyp or cancer detection, as well as being expensive 
(with inherent derivative costs) and currently not suitable 
for screening purposes. 

From these considerations it is clear that current screen-
ing methods do not properly meet the ideal requisites of  a 
screening test, so that extended effort has been dedicated 
by researchers at looking for more reliable and effective 
screening tests based on the systems biology approach 
using biological samples easily available such as urine, 
breath, serum and feces. Since the human genome was 
completely identified in 2003, the entire set of  genes and 
proteins expressed have been extensively studied using 
genomic, transcriptomic or proteomic approaches. 

GENOMIC APPROACH TO CRC 
SCREENING
Several authors have attempted to identify cancer-related 
mutated DNA/RNA, mutated proteins or normal pro-
teins abnormally synthesized [e.g., carcinoembryonic anti-
gen (CEA), cytokeratins] in different biological samples as 
potential biomarkers for CRC. Colorectal carcinogenesis is 
characterized by genetic alteration (gene mutation or gene 
amplification) and epigenetic alteration (gene hypermeth-
ylation or chromatin modification), which both transform 
normal epithelial cells into cancer cells. CRC cells are con-
tinuously shed in the feces, due to a high proliferative rate, 
so that mutated DNA can be readily detected in the feces 
of  these patients. This issue is complex, where mutation 
in the APC, K-ras and p53 genes were initially investigated 
in stool samples of  CRC patients, in accordance with the 
Volgenstein model of  CRC genesis[13]. Other markers have 
also been studied by Imperiale et al[14] who conducted a 
large population-based study comparing the fecal DNA 
test with FOBT, using a DNA marker panel formed by 
21 mutations and demonstrated a sensitivity of  52% for 
invasive cancers compared with 13% for FOBT in the 
same population. Fecal DNA testing has been commer-
cially available in the United States since 2003, but so far 
has rarely been adopted for screening despite preliminary 
studies showing that the use of  a large pool of  genetic 
markers results in a sensitivity of  71%-91% and a specific-
ity of  more than 93%[15]. A recent interesting approach 
involves the use of  fluorescent long DNA (FL-DNA) 
measurement, designed to identify cancer DNA fragments 
greater than 150-200 db pairs. Changes are noted since 
cancer cells do not undergo apoptosis, which in normal 
epithelial cells typically initiate DNA cleavage and degra-
dation producing small measurable fragments. This FL-
DNA technique has shown a performance sensitivity up 
to 80% in detecting CRC[16]. Such mutated DNA can also 
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be demonstrated in the urine of  CRC patients. Human 
urine has been shown to contain two types of  DNA: large 
type, greater than 1 kb, presumably derived from cells 
shed into the urine from the urinary tract and small type, 
between 150 bp and 250 bp, derived from the circulation, 
which can cross the renal barrier. Sample urine collection 
is non-invasive and isolation of  DNA from urine is easier 
than from others specimens, due its low extraneous pro-
tein content. The comparison of  mutated K-ras sequences, 
in particular the mutation in codon 12, between tumor, 
blood and urine from CRC patients and healthy controls 
showed an 83% correspondence of  mutated DNA in 
urine and tumor tissue in the same patients[17]. Epigenetic 
changes which characterize CRC cells have only been 
studied in urine samples; most notably, the hypermethylated 
vimentin (m-VIM) gene. The detection of  m-VIM in urine 
samples is significantly associated with CRC when com-
pared with healthy controls[18].

TRANSCRIPTOMIC APPROACH TO CRC 
SCREENING
The most recent transcriptomic approach to identify po-
tential biomarkers for CRC involves the study of  microR-
NAs (miRNA), short non-coding 18-22 nucleotide RNA 
molecules involved in regulation of  gene expression 
through post-transcriptional processing. Their expres-
sion is deregulated in cancer cells where altered miRNA 
expression leads to altered expression of  their target gene 
including a range of  potential oncogenes and oncosup-
pressors during carcinogenesis. Chen et al[19] showed that 
levels of  miRNA in the serum are stable, reproducible 
and consistent in humans, concluding that they can be 
potential biomarkers for different diseases. Recent studies 
have indicated that circulating microRNAs incorporated 
into microvesicles and exosomes may be involved in 
genetic informational exchange between cells and may 
regulate extracellular matrix degradation, immunologic 
response and angiogenic factors which favor cancer cell 
growth and metastasis[20]. MiR-145, miR-143, miR-135a 
and b, miR-17-92, miR-21 have been most studied in 
CRC where Ng et al[21] were able to identify a significant 
increase of  miR92 in the plasma of  CRC patients com-
pared with controls. Similar results have been reported 
by Huang et al[22] demonstrated a significant increase in 
miR29a and miR92a in patients with adenomas and CRC 
compared with controls, supporting the hypothesis that 
the miR17-92 cluster could have a role in cell prolifera-
tion, tumor angiogenesis and apoptotic suppression. 
Altered miRNA[23] expression has been examined in the 
stools of  CRC patients and could represent an optimal 
screening tool for this cancer where colonic cancer cells 
exfoliate in greater quantity and their nucleic acid can 
be extracted and distinguished from those of  bacteria. 
In this regard, Link et al[24] compared fecal specimens of  
patients with CRC, patients with adenomas and normal 
controls, showing a specific miRNA pattern in the three 
groups where miR21, miR106 were over expressed in 

CRC patients compared with controls, but where levels 
were higher in patients with adenomas and tended to de-
crease in cancer cases. Other researchers, however, were 
unable to confirm the higher expression of  miR21, whilst 
the clusters miR17-92 and miR135 have been found to 
be significantly higher in the feces of  CRC patients when 
compared with controls[25]. Another fecal mRNA fre-
quently investigated as a potential CRC marker in stool is 
the prostaglandin-synthase 2, which showed a sensitivity 
between 50% and 90% and a specificity of  93% or higher 
in the diagnosis of  CRC, although the reliability of  this 
study was limited by the small number of  CRC patients 
evaluated[26,27].

PROTEOMIC APPROACH TO CRC 
SCREENING
A further method for early detection and screening of  
CRC is to look at the modified “proteome” as a direct ef-
fect of  mutated gene expression or as the occurrence of  
new antibodies against tumor-associated antigens (TAAs) 
identified in CRC. Hundt et al[28] have published a system-
atic review of  19 studies, in which 52 protein markers 
were analyzed, using common standard procedures such 
as enzyme-linked immunoassay, radioimmunoassay or 
more recent approaches like chromatographic and mass 
spectrometric assays based on surface-enhanced laser 
desorption/ionization time-of-flight (TOF) and matrix-
assisted laser desorption/ionization TOF technologies. 
These compounds can be divided into antigens, antibod-
ies, cytokines and other CRC-relevant proteins. CEA 
is the most investigated marker. High CEA levels are 
derived from embryonic tissues and CRC, but they also 
increase in other malignancies, including gastric and pan-
creatic cancer, as well as in IBD and in smokers. Its role 
for screening is limited because CEA evaluation has been 
shown to have a sensitivity of  only 43%-69% in detecting 
early CRC, whilst its reliability increases in metastatic can-
cer where assessment lies outside the screening purpose. 
Carbohydrate antigens such as CA 19-9, CA195, CA 
50 or CA 72-4 have been investigated in many studies, 
but with comparatively disappointing results. The best 
performance amongst these antigens is that of  CA 19-9, 
with a sensitivity ranging between 18% and 65% and a 
specificity of  over 90%. Other antigens considered for 
screening purposes include the sialylated Lewis antigen 
Ⅹ, CO 29.11[29], urokinase-type plasminogen activator[30] 

and small intestinal mucin antigen[31], but none of  these 
serological antigens have so far demonstrated an accept-
able reliability in clinical testing. Recently Matsubara et 
al[32] studying the proteome of  CRC patients compared 
with healthy controls, using label-free quantitative mass 
spectrometry and protein microarray, identified the 
adipophilin or adipose differentiation-related protein, 
a protein involved in the cancer pathway and normally 
expressed in cancer cells but not by the normal mucosa. 
This protein has been investigated as a potential plasma 
biomarker for early CRC stages, showing high receiver 

1857 March 28, 2013|Volume 19|Issue 12|WJG|www.wjgnet.com

Di Lena M et al . News in colorectal cancer screening



1858 March 28, 2013|Volume 19|Issue 12|WJG|www.wjgnet.com

network statistics have identified some volatile organic 
metabolites as potential biomarkers for CRC in urine[45], 
and very recently, a Japanese group has developed a 
CRC-prediction model based on serum metabolomic 
analysis and which demonstrated a high sensitivity (82.8%) 
as a novel potential screening test for CRC[46]. A similar 
metabolomic approach was carried out by our group[47], 
looking at the VOCs contained in breath. In this study, 
15 of  the 58 VOCs identified formed a specific pattern 
in CRC patients and, using a probabilistic neural network, 
the ability to identify CRC patients showed a sensitivity 
of  86%, a specificity of  83% and an accuracy of  85% (area 
under the receiver operating characteristics curve: 0.85) 
for the diagnosis of  CRC.

In conclusion, despite their usefulness and effective-
ness, traditional methods for CRC screening are still far 
from fulfilling the optimal requisites for a screening test. 
The FOBT/FIT both have too low a sensitivity or speci-
ficity whilst the high sensitivity of  CT is counterbalanced 
by its invasiveness and high cost. TC colonography is 
still improving its technical performance but is expensive 
and, in cases of  positivity, a traditional TC is still required 
to remove polyps or for biopsies. New hopes are rapidly 
growing in this field with the application of  the systems 
biology approach using biological samples which are 
readily available. Among these, the search for fecal FL-
DNA, fecal miRNA and metabolomic evaluation in the 
breath and/or serum seems to be the most promising.
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Abstract
This article reviews the latest developments in under-
standing the pathogenesis, detection and treatment of 
small intestinal damage and bleeding caused by non-
steroidal anti-inflammatory drugs (NSAIDs). With im-
provements in the detection of NSAID-induced damage 
in the small intestine, it is now clear that this injury 
and the associated bleeding occurs more frequently 
than that occurring in the stomach and duodenum, 
and can also be regarded as more dangerous. Howev-
er, there are no proven-effective therapies for NSAID-
enteropathy, and detection remains a challenge, 
particularly because of the poor correlation between 
tissue injury and symptoms. Moreover, recent studies 
suggest that commonly used drugs for protecting the 
upper gastrointestinal tract (i.e. , proton pump inhibi-
tors) can significantly worsen NSAID-induced damage 
in the small intestine. The pathogenesis of NSAID-
enteropathy is complex, but studies in animal models 
are shedding light on the key factors that contribute 
to ulceration and bleeding, and are providing clues to 
the development of effective therapies and prevention strategies. Novel NSAIDs that do not cause small in-
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testinal damage in animal models offer hope for a so-
lution to this serious adverse effect of one of the most 
widely used classes of drugs.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Nonsteroidal anti-inflammatory drugs (NSAIDs) are 
among the widely used prescription and over-the-counter 
medications. They are used to treat the symptoms of  a 
variety of  inflammatory conditions, most notably osteo-
arthritis, rheumatoid arthritis, ankylosing spondylitis and 
gout. In such conditions, NSAIDs are used chronically, 
and the affected patients frequently have co-morbidities 
such as hypertension, diabetes and obesity, as well as of-
ten also taking glucocorticoids or anti-coagulants.

By inhibiting the activity of  cyclo-oxygenase (COX), 
NSAIDs prevent the formation of  prostaglandin (PG) 
H2, which is the precursor for the production of  all other 
PG and thromboxane subtypes. Most NSAIDs inhibit 
COX activity in a competitive fashion, whereas aspirin 
is an irreversible inhibitor of  the enzyme. Indeed, the 
ability of  aspirin to irreversibly inhibit thromboxane syn-
thesis by platelets, and the lack of  capacity of  platelets 
to synthesize more COX, underlie the utility of  chronic, 
low-dose aspirin as an anti-thrombotic drug, reducing the 
incidence of  several adverse cardiovascular events (e.g., 
stroke, myocardial infarction).

Inhibition of  COX is central to the major anti-inflam-
matory actions of  NSAIDs. By inhibiting the production 
of  PGs (particularly PGE2 and PGI2), NSAIDs reduce 
two key elements of  inflammation: vasodilation and pain.
By reducing blood flow to a damaged and inflamed site, 
NSAIDs also contribute to a reduction of  edema.

Unfortunately, PGs do not only contribute to the 
cardinal signs of  inflammation. They also play important 
roles in many physiological processes. In the gastroin-
testinal (GI) tract, PGs are very important mediators of  
mucosal defence and repair[1]. Inhibition of  their synthe-
sis renders GI tissues much more susceptible to dam-
age induced by luminal irritants (including gastric acid 
and bile), and less able to restore mucosal structure and 
function after injury[1]. Suppression of  PG synthesis is 
the key effect of  NSAIDs that leads to gastro-duodenal 
ulceration and bleeding. However, several other effects 
of  NSAIDs appear to be central to the ability of  these 
drugs to cause damage in the small intestine.

OVERVIEW OF THE CLINICAL PROBLEM
For several decades, the ability of  NSAIDs to induce 
significant damage to the small intestine was largely unap-
preciated, being over-shadowed by the attention paid to 
damage induced by these agents in the stomach and proxi-
mal duodenum. The prevalence and clinical significance 
of  NSAID-enteropathy continues to be greatly under-
recognized. NSAID-induced enteropathy and bleeding oc-
cur more frequently that NSAID-induced gastropathy[2,3]. 
Significant small intestinal damage and bleeding can be 
observed in about 70% of  chronic NSAID users[4,5], and 
in the majority of  patients the injury is sub-clinical[6]. 

 Unlike the case for NSAID-gastropathy, there are 
no proven-effective preventative therapies for NSAID-
enteropathy, and the pathogenesis is poorly understood[7]. 
Iron-deficient anemia is a common first presentation of  
NSAID-enteropathy, and serious complications can in-
clude massive bleeding, perforation and strictures, some-
times leading to death[2,6,8].

Aspirin is the most commonly used NSAID, and it 
is a very frequent cause of  small intestinal bleeding. In 
the United States and Europe, in over 50% of  cases, as-
pirin has been identified as the precipitator of  GI bleed-
ing leading to hospital admissions[3,9,10]. Aspirin-induced 
small intestinal damage appears to occur more frequently 
when the aspirin is enteric-coated[8,11]. There is a lack of  
recognition of  the frequency and potential severity of  
aspirin-induced lower GI injury, particularly when the as-
pirin is given at low doses for cardiovascular protection. 
In a recent clinical trial that involved over 1200 patients 
taking aspirin and another anti-platelet therapy for car-
diovascular protection, lower GI bleeding was found to 
occur 3-times more frequently than upper GI bleeding[12]. 
Zhu et al[13] reported that only about 3.5% of  patients 
prescribed low-dose aspirin also received a prescription 
for a proton pump inhibitor (PPI), histamine H2 receptor 
antagonist (H2RA) or muco-protective drug, suggest-
ing that the prescribing physicians did not recognize the 
potential for GI adverse effects of  low-dose aspirin. The 
pathogenesis of  aspirin-induced small intestinal damage 
differs in several respects to that of  the ulceration caused 
by other NSAIDs (discussed in more detail below).

Selective COX-2 inhibitors were introduced to the mar-
ketplace at the beginning of  this century with a promise of  
GI safety[14,15]. While some selective COX-2 inhibitors pro-
duce less gastroduodenal damage in some circumstances, 
the promise of  these drugs has been largely unfulfilled[16,17]. 
Selective COX-2 inhibitors cause small intestinal dam-
age and bleeding (the latter effect is somewhat surprising 
given the minimal inhibitory effects these drugs of  these 
drugs on platelet function). McCarthy[3] noted that in the 
VIGOR study, the majority of  the GI bleeds originated 
from lesions in the small intestine (distal to the liga-
ment of  Treitz): 58% of  the GI bleeds in patients taking 
rofecoxib and 52% of  the GI bleeds in patients taking 
naproxen[13].

There are several reasons for the lack of  recognition 
of  the prevalence and seriousness of  NSAID-enteropa-
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thy. First, it is more difficult to detect small bowel dam-
age than that induced by NSAIDs in the stomach and 
proximal duodenum: “The single most important reason 
for underestimating the clinical importance of  NSAID 
enteropathy is the difficulty in making a diagnosis”[2]. Sec-
ond, there is a poor correlation between NSAID-induced 
small intestinal damage and clinical symptoms.The vast 
majority of  NSAID-enteropathy is sub-clinical[6], and 
when there are symptoms, they are largely non-specific 
(including iron deficiency anemia, occult blood, diarrhea, 
hypoalbuminemia, and malabsorption of  vitamin B12 
and/or bile acids). Thirdly, some researchers have argued 
that the focus of  large pharmaceutical companies on the 
development of  “gastroprotective” drugs, such as H2RA, 
PPI, and putative gastric-sparing drugs (selective COX-2 
inhibitors, NSAID pro-drugs) has led to a preoccupation 
of  physicians and researchers with the stomach and prox-
imal duodenum, at the expense of  consideration of  the 
detrimental effects of  NSAIDs in the small (and large) 
intestine. The fact that there are no proven-effective 
treatments for NSAID-enteropathy likely also contributes 
to the lack of  recognition of  this serious condition[7].

DETECTION OF NSAID-ENTEROPATHY
Until recently, detection of  NSAID-enteropathy has been 
very difficult, with most of  the evidence for its occur-
rence coming from post-mortem studies or through indi-
rect measures of  intestinal bleeding[4,18,19]. Several indirect 
methods for detecting and measuring the severity of  
NSAID-enteropathy were developed, prior to improved 
endoscopic techniques for viewing the small intestine be-
coming widely available. These included measuring small 
intestinal permeability with sugars[20,21] or small molecular 
weight radioactive probes[22], measuring bleeding (pre-
sumed of  intestinal origin) with radiolabelled red blood 
cells[23], and measuring leukocyte markers in the small 
intestine (radiographically)[24] or in feces[25]. All of  these 
methods provide useful information, but none have be-
come recognized as a “gold standard” for detecting and 
quantifying enteropathy, because of  lack of  specificity 
and/or sensitivity. However, with video capsule endos-
copy (VCE) and double-balloon enteroscopy, it is now 
possible to directly visualize of  NSAID-induced damage 
and bleeding throughout the small intestine. Using these 
methods, it has become clear that NSAID-enteropathy 
occurs frequently, even in low-risk subjects (healthy, 
young volunteers) with low-risk treatment protocols 
(short-term ingestion of  NSAIDs, sometimes together 
with a “gastro-protective” agent). For example, using 
VCE, Graham et al[5] found a high prevalence of  ulcers 
in long-term NSAID users. More than 70% of  these pa-
tients (taking NSAID for more than 3 mo) had intestinal 
inflammation accompanied by bleeding and protein loss.
Symptoms persisted after stopping the therapy (by as 
long as 16 mo in some patients). Maiden et al[25] reported 
gross damage in 68% of  healthy volunteers taking diclof-
enac plus omeprazole for 2 wk. Even low-dose aspirin 

was found to cause significant small intestinal damage 
with short-term administration; thus, Endo et al[26] report-
ed that 80% of  patients taking low-dose aspirin for 2 wk 
had intestinal damage.

POLYPHARMACY CONUNDRUM: 
SHIFTING GI INJURY MORE DISTALLY
Animal studies of  NSAID injury to the GI tract usually 
involve the use of  healthy animals. Of  course, the people 
most commonly taking NSAIDs on a chronic basis are 
those with chronic illnesses, and more often than not, 
they are affected by more than one disease. It is also the 
case that disorders such as rheumatoid arthritis, obesity 
and diabetes can increase the susceptibility of  the patient 
to the GI (and other) adverse effects of  NSAIDs[27-29]. 
Moreover, these patients are often taking a number of  
different drugs, which can also affect susceptibility to 
NSAID-induce GI injury and bleeding. Polypharmacy 
is now commonplace, even in patients that do not have 
disorders other than the one for which NSAID therapy is 
indicated. Consider a disorder like osteoarthritis, which is 
more common in the elderly. Cardiovascular diseases are 
common in this group of  patients, often leading to co-
prescription of  low-dose aspirin and sometimes of  other 
anticoagulants. Low-dose aspirin is also frequently co-
prescribed with selective COX-2 inhibitors and conven-
tional NSAIDs because of  concerns about the elevated 
risk of  serious cardiovascular events in patients taking 
those drugs[30]. Of  course, co-administration of  low-
dose aspirin together with a selective COX-2 inhibitor 
essentially eliminates any advantage, in terms of  upper 
GI safety, of  the selective COX-2 inhibitor as compared 
to a conventional NSAID[15,31-33]. To reduce the expected 
upper GI toxicity of  the combination of  an NSAID and 
low-dose aspirin, PPIs are typically prescribed as well. 
Indeed, there are now fixed-dose, enteric-coated, com-
bination tablets available that contain an NSAID and a 
PPI[34]. While there is strong evidence for PPIs reducing 
the severity of  damage and bleeding in the stomach and 
duodenum, where the role of  acid in the production of  
damage has been clearly demonstrated[1,35], there is no evi-
dence to suggest that a PPI (or other anti-secretory drug) 
would reduce the severity of  NSAID-induced enteropa-
thy. Indeed, antisecretory drugs have been described as 
“useless either in preventing or treating mucosal lesions” 
induced by NSAIDs in the intestine[36]. It is worth repeat-
ing that the majority of  damage and bleeding caused by 
NSAIDs occurs in the small intestine, distal to the liga-
ment of  Treitz[3,13].

Using a rat model, we attempted to replicate com-
mon clinical scenarios of  polypharmacy to determine 
the effects on the small intestine[37]. Groups of  rats were 
treated with combinations of  anti-inflammatory doses 
of  NSAIDs (naproxen, celecoxib or a novel hydrogen 
sulfide-releasing NSAID, ATB-346)[38], a PPI (omeprazole 
or lanzoprazole) and an anti-thrombotic dose of  aspirin. 
In rats that received only the NSAID, the levels of  small 
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spp. (> 80% reduction in the jejunum). This diminution 
of  Bifidobacteria was an important factor in the PPI-in-
duced increase in NSAID-induced intestinal damage: re-
plenishment of  intestinal Bifidobacteria in PPI-treated rats 
reduced levels of  naproxen-induced intestinal damage 
those seen in rats not receiving a PPI. Further evidence 
that it was the dysbiosis induced by the PPI that resulted 
in elevated susceptibility to NSAID-enteropathy came 
from studies of  germ-free mice[37]. Groups of  germ-free 
mice were colonized with intestinal contents from rats 
that had been treated with a PPI or vehicle. Beginning 
one week later, the mice were treated with naproxen for 4 
d, and the severity of  intestinal damage was then blindly 
evaluated. Mice that had been colonized with bacteria 
from PPI-treated rats developed significantly worse in-
testinal damage than those colonized with bacteria from 
vehicle-treated rats.

While no clinical studies have been published that 
directly tested the hypothesis that treatment with PPIs 
could cause dysbiosis and thereby exacerbate NSAID-
induced intestinal damage, there are several reports with 
data that are consistent with our hypothesis, as summa-
rized by Daniell[43]. In addition to numerous studies docu-
menting that PPIs altering the gut microbiota, resulting in 
diarrhea[40-42,44], there is evidence from two studies for the 
presence of  intestinal inflammation (detected by elevated 
fecal calprotectin levels) in patients taking PPIs[45,46], 
and evidence for microscopic colitis in patients taking 
NSAIDs or PPIs[47-49], and particularly in patients tak-
ing both types of  drugs concurrently[49]. In addition, two 
studies reported greater small intestinal damage in healthy 
volunteers taking an NSAID plus a PPI as compared to a 
group taking only a selective COX-2 inhibitor[50,51], and it 

intestinal damage and bleeding were very low (Figures 
1 and 2). However, when co-administered with a PPI 
or with low-dose aspirin, the levels of  small intestinal 
damage and bleeding in rats treated with naproxen or 
celecoxib increased significantly (Figures 1 and 2). This 
effect has been confirmed in a recent study by Satoh et 
al[39]. The combination of  an NSAID with both a PPI 
and low-dose aspirin resulted in extensive damage and 
bleeding (the latter was evident post-mortem and also 
by marked decreases in hematocrit). ATB-346 did not 
produce small intestinal damage alone or in combination 
with a PPI and/or low-dose aspirin (Figure 2).

We then performed experiments to try to determine 
the mechanisms underlying the exacerbation of  small in-
testinal damage by the PPIs. As discussed in more detail 
below, there is evidence that the bacteria residing in the 
small intestine play a significant role in the pathogenesis 
of  NSAID-enteropathy. Given the evidence that marked 
suppression of  gastric acid secretion by PPIs can alter 
the numbers of  bacteria in the small intestine[40-42], we fo-
cused our investigation on potential changes in intestinal 
microbiota. Treatment of  rats with omeprazole resulted 
in a dramatic shift in the types of  bacteria in the small 
intestine (dysbiosis). In particular, there was a marked re-
duction of  the Actinobacteria, particularly of  Bifidobacteria 
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Figure 1  Proton pump inhibitors exacerbate naproxen-induced ulceration 
and bleeding. In panel A, the top image is of the jejunum of a rat treated with 
naproxen for 4.5 d (10 mg/kg twice-daily). There are no ulcers present. The 
bottom image is of a jejunum of a rat receiving the same naproxen treatment, 
but also treated with omeprazole at a dose that suppressed gastric acid secre-
tion[37]. The arrows indicate the numerous hemorrhagic ulcers that form with 
this combination of treatments; Panel B shows the change in hematocrit of rats 
treated with naproxen (Nap) plus vehicle (Veh), omeprazole (Omep) or lanso-
prazole (Lansop)[37]. The two proton pump inhibitors significantly enhanced the 
decrease in hematocrit when co-administered with naproxen (no decrease in 
hematocrit was observed in rats treated with a proton pump inhibitors alone).
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Figure 2  Proton pump inhibitors and low-dose aspirin significantly exac-
erbate nonsteroidal anti-inflammatory drug-induced small intestinal ul-
ceration. Rats were treated orally, twice-daily for 4.5 d with equi-effective anti-
inflammatory doses of naproxen (10 mg/kg), celecoxib (10 mg/kg) or ATB-346 
(14.5 mg/kg). ATB-346 is a hydrogen sulfide-releasing derivative of naproxen[38]. 
Starting 5 d before the nonsteroidal anti-inflammatory drugs (NSAIDs), the rats 
began receiving twice-daily treatments with omeprazole (Omep) (10 mg/kg) or 
vehicle. Starting 3 d before the NSAIDs, the rats began receiving daily doses 
of low-dose aspirin (10 mg/kg) or vehicle. The results are shown as the mean 
± SE of at least 6 rats per group. aP < 0.05, bP < 0.01 vs the corresponding 
group treated with the NSAID alone. No intestinal damage was observed in rats 
treated with aspirin (ASA) alone. The exacerbation of small intestinal ulceration 
with omeprazole was also observed with another proton pump inhibitor, lanzo-
prazole[37]. This figure was constructed using data from Blackler et al[175].
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is now clear that the ability of  selective COX-2 inhibitors 
to damage the small intestine is comparable to that of  
non-selective NSAIDs[17].

PATHOGENESIS
The key to development of  treatments and prevention 
strategies for NSAID-enteropathy lies in better under-
standing of  the pathogenesis of  this injury. Fortunately, 
the animal models of  NSAID enteropathy are very good, 
reproducible and simple, and can serve as useful tools 
for gaining a better understanding of  the pathogenesis 
of  this disorder and for testing potential therapeutic/pre-
ventative agents. Administration of  NSAIDs to rats, for 
example, results in ulceration predominantly in the distal 
jejunum and ileum[52], the same regions where ulcers are 
concentrated humans[53,54]. While there will undoubtedly 
be some differences between rodent models and humans, 
the existing data suggest that the animal models will be 
predictive in terms of  treatment and prevention strate-
gies. Figure 3 shows some of  the key mechanisms sug-
gested to be involved in NSAID-enteropathy, which are 
discussed in more detail below.

Inhibition of cyclooxygenase activity
Flower et al[55] first suggested the existence of  more than 
one isoform of  COX in 1972. It was almost 20 years 
later that the two isoforms, now known as COX-1 and 
COX-2, were sequenced[56,57]. In the decade that followed, 
a tremendous amount of  research was focused on un-

derstanding the physiology and pharmacology of  these 
enzymes, largely fueled by the interest of  several large 
pharmaceutical companies in the notion that selective 
inhibitors of  COX-2 would provide all of  the anti-in-
flammatory activities of  NSAIDs without the major ad-
verse effects. However, as the science of  COX-2 caught 
up with the marketing of  COX-2, it became evident that 
the delineation of  functions of  the two COX isoforms 
was not so clear-cut as had been proposed and heavily 
promoted. COX-1 contributes significantly to inflam-
mation while COX-2 contributes significantly to many 
physiological functions, including mucosal defence[58]. 
This was shown clearly both by studies of  mice lacking 
the gene for one of  the COX isoforms and pharmaco-
logical studies[59-63]. A striking finding from our laboratory 
was that injection of  carrageenan into the hind-paw of  
COX-2-deficient mice resulted in inflammation that did 
not resolve, as it would in a normal mouse[60], suggest-
ing an important role for COX-2-derived prostanoids 
in resolution of  inflammation and healing. Gilroy et al[61] 
provided compelling evidence from animal models of  
pleurisy showing the same, and identifying specific COX-
2-derived prostanoids that contributed significantly to 
down-regulating inflammation. Serhan et al[64] described a 
family of  previously unrecognized lipid mediators (lipox-
ins, resolvins, protectins), some of  which were derived 
from COX-2, that act at several levels of  the inflamma-
tory cascade to “turn off ” inflammation and allow for a 
coordinated restoration of  tissue homeostasis[65].

The same was true in the GI tract, as COX-2-derived 
prostanoids were found to contribute significantly to main-
tenance of  the integrity of  the tissue, to repair of  mucosal 
injury and to resolution of  inflammation[58]. Thus, COX-2 
is the isoform that produces PGs at the margins of  gastric 
ulcers, which contribute significantly to the healing of  
those ulcers[66,67]. In the colon, prostaglandins derived from 
COX-2 play a very important role in down-regulating in-
flammation and promoting repair of  mucosal injury[52,68,69]. 
Suppression of  COX-2 activity has been shown to exacer-
bate experimental colitis[52,69]. Indeed, COX-2 is up-regu-
lated throughout the GI tract when the tissue is injured or 
when there is insufficient PG production via COX-1[52,63,70]. 
For example, COX-2 is rapidly induced in the stomach in 
response to suppression of  COX-1 by aspirin[70], and it 
helps to enhance mucosal defence in such circumstances. 
One of  the mechanisms through which this is achieved 
is via the production, via COX-2, of  a potent gastropro-
tective and anti-inflammatory substance, 15-epi-lipoxin 
A4

[71,72]. Induction of  damage in the stomach, in the ab-
sence of  any other toxic challenge, requires suppression 
of  both COX-1 and COX-2[62], and this also appears to be 
the case in the small intestine[63].

Clinical studies generally show that selective COX-2 
inhibitors produce less gastroduodenal injury and bleed-
ing than conventional NSAIDs, but the small intestinal 
damage may not differ substantially between the two 
sub-classes of  NSAIDs. For example, Maiden et al[73] 

performed a VCE study comparing the enteropathy 
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Figure 3  Pathogenesis of nonsteroidal anti-inflammatory drugs-Induced 
enteropathy. Nonsteroidal anti-inflammatory drugs (NSAIDs) produce effects 
during their initial exposure to the small intestine, and when secreted back into 
the proximal small intestine, along with bile, following their absorption in the 
distal intestine, and glucuronidation in the liver. Suppression of thromboxane 
synthesis likely plays an important role in promoting bleeding (especially with 
aspirin, an irreversible inhibitor of platelet thromboxane synthesis). Repeated 
exposure of the intestinal epithelium to the combination of NSAIDs and bile will 
promote damage, and the damage is likely exacerbated by the shift in intestinal 
bacteria stimulated by the NSAID (elevated gram-negative bacteria). These ef-
fects appear to be mediated by endotoxin, acting at least in part through toll-like 
receptor-4. The interplay among bile, bacteria and recirculation of the NSAID 
is complex. For example, bacterial enzymes convert primary bile acids to sec-
ondary bile acids (which may be more damaging) and bacterial enzymes are 
necessary for deglucuronidation, which permits reabsorption and enterohepatic 
recirculation of NSAIDs. TNFa: Tumor necrosis factor-alpha.
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produced in patients on long-term NSAID or selective 
COX-2 inhibitor therapy, and the key finding was that 
NSAIDs and selective COX-2 inhibitors produced com-
parable levels of  small bowel damage (small intestinal 
injury was observed in 50% of  the patients treated with a 
selective COX-2 inhibitor vs 62% of  patents treated with 
a conventional NSAID; not significantly different).

While suppression of  COX activity undoubtedly con-
tributes to the pathogenesis of  NSAID-enteropathy, it is 
clear that other factors probably play a more significant 
role. Suppression of  COX activity likely contributes to 
this disorder mainly through the impairment of  repair 
processes, such as angiogenesis[74], and through inhibition 
of  platelet aggregation, leading to bleeding. The latter 
effect, however, is most apparent with aspirin, which ir-
reversibly inhibits platelet COX-1, and with NSAIDs that 
have a long half-life.

Mitochondrial injury
One of  the earliest changes that can be detected after 
NSAID administration, in addition to inhibition of  COX 
activity, is mitochondrial injury[75]. Morphological evi-
dence of  mitochondrial damage can be detected within 
1 h of  administration of  an NSAID to rats, and in vitro 
studies of  liver showed that the NSAID could rapidly 
cause uncoupling of  oxidative phosphorylation[75]. This 
provides a mechanistic explanation for the ability of  
NSAIDs to damage intestinal epithelial cells and to in-
crease epithelial permeability, as have been demonstrated 
by several groups[22,52,76]. On the other hand, this mecha-
nism does not explain the localization of  ulcers in the 
jejunum and ileum in animal models and in humans. In 
their endoscopic study of  diclofenac-induced small in-
testinal injury, Fujimori et al[54] observed denuded regions 
throughout the small intestine (perhaps indicative of  a 
topical erosive effect), but ulcers were concentrated in the 
distal jejunum and ileum.

Role of bile and enterohepatic circulation
Several observations suggest important roles for bile and 
for enterohepatic circulation of  NSAIDs in the patho-
genesis of  NSAID-enteropathy (Figure 3). Ligation of  
the bile duct in rats prevents NSAID-induced intestinal 
damage[75-78]. There have also been reports that NSAIDs 
that do not re-circulate enterohepatically do not cause 
small intestinal damage[52,75], although aspirin is a notable 
exception, at least when administered intraduodenally or 
in an enteric-coated formulation[11,78]. Also, in rats lack-
ing the hepatocanalicular conjugate export pump, which 
is required for excretion of  conjugated NSAIDs into 
bile, but not for the flow of  bile itself, intestinal damage 
induced by an NSAID (diclofenac) was prevented[79]. On 
the other hand, induction of  higher expression of  the 
export pump aggravated NSAID-induced intestinal dam-
age[79]. A number of  studies have demonstrated that a 
combination of  an NSAID and bile is damaging to intes-
tinal epithelial cells[80,81] and non-GI cells[82]. It is notewor-
thy that in all of  these studies, it was secondary bile acids 

that were found, in combination with NSAIDs, to be 
effective in damaging cells. Moreover, it has been shown 
that administration of  an NSAID to rats results in in-
creased concentrations of  secondary bile acids in bile[83]. 
Thus, when an NSAID recirculates enterohepatically, the 
intestinal epithelium is repeatedly exposed to a damag-
ing combination of  the NSAID and bile. If  this were the 
primary mechanism of  injury in NSAID-enteropathy, 
however, one would expect to see ulcers produced where 
the highest concentrations of  NSAID and bile would 
be found (i.e., near the Sphincter of  Oddi), whereas the 
most severe tissue injury is concentrated in the more distal 
parts of  the small intestine[54]. It has been suggested that 
the sites of  ulceration correspond to the sites of  NSAID 
re-absorption, and related to the deconjugation of  the 
NSAIDs at those sites by bacterial β-glucuronidases[79,84-86].

Role of bacteria
There is an abundance of  evidence that intestinal bacteria 
contribute to the pathogenesis of  NSAID-enteropathy, 
but it remains unclear if  there is a primary role, initiating 
the tissue damage, or just a secondary role, exacerbating 
tissue injury and impeding repair. One of  the key observa-
tions leading some to propose a primary role of  bacteria 
in NSAID-enteropathy is that germ-free rats and mice de-
velop little or no intestinal damage when given an NSAID, 
but when colonized by gram-negative bacteria, these ani-
mals become susceptible to NSAID-enteropathy[87,88]. Sev-
eral studies have documented dramatic shifts in the types 
of  bacteria in the small intestine following NSAID admin-
istration, with increases in gram-negative bacteria gener-
ally being observed, and a concomitant reduction in gram-
positive bacteria[89-93]. In some studies, there appeared to 
be an enrichment of  specific bacteria, such as Enterococ-
cus faecalis, Clostridium, Bacteroides and Escherichia coli (E. 
coli)[89-91]. A number of  studies reported protective effects 
of  antibiotics against NSAID-enteropathy, particularly 
when the antibiotics were effective in reducing number of  
gram-negative bacteria[88,89,93,94]. Similarly, some probiot-
ics have been reported to reduce the severity of  NSAID-
enteropathy, especially when they prevent increases in the 
number of  gram-negative bacteria in the intestine[93,95,96]. 
Despite a considerable number of  studies examining the 
potential contribution of  bacteria to NSAID-enteropathy, 
there remains a lack of  clear evidence for a primary role 
of  bacteria in initiation of  tissue injury. Bacteria rapidly 
colonize sites of  ulceration and can interfere with ulcer 
healing[97,98]. In one of  the earliest papers on the pathogen-
esis of  NSAID-enteropathy, Kent et al[89] remarked “since 
the antibiotics do not prevent completely the ulceration, 
we think that these agents reduce the severity of  the lesion 
by allowing healing to start sooner”. A similar conclusion 
was drawn by Yamada et al[99].

The apparent importance of  gram-negative bacteria 
in the pathogenesis of  NSAID-enteropathy is consis-
tent with reports of  a role for lipopolysaccharide (LPS) 
in driving tissue inflammation and impairment of  ulcer 
healing. Hagiwara et al[91] showed that heat-killed E. coli 
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and their purified LPS caused “deterioration” of  NSAID-
induced ileal ulcers, but could not cause ulcers themselves 
in the absence of  the NSAID). Koga et al[94] reported 
that systemic administration of  LPS reversed the ben-
eficial effects of  an antibiotic in reducing the severity of  
NSAID-enteropathy in rats, and further demonstrated 
that T cell function was not required for NSAIDs to in-
duce intestinal ulceration. Watanabe et al[93] demonstrated 
that mice lacking the endotoxin receptor, toll-like recep-
tor-4, developed much less (about 80%) intestinal dam-
age when given an NSAID than the normal counterparts. 
These data are once again consistent with the notion that 
bacteria play a secondary role in NSAID-enteropathy, ex-
acerbating tissue injury and interfering with ulcer healing. 
These effects may be in part attributable to activation of  
neutrophils in the mucosal microcirculation, which has 
been shown to contribute significantly to ulceration[100-104], 
and local generation of  tumor necrosis factor-alpha may 
be one of  the main triggers leading to neutrophil recruit-
ment and/or activation[93,105-107].

As mentioned above, one of  the key observations 
supporting an important role of  bacteria in the patho-
genesis of  NSAID-enteropathy was that germ-free ani-
mals do not develop significant small intestinal damage 
following NSAID administration[75-78]. However, one 
must bear in mind that ligation of  the bile duct blocks 
the secretion of  bile and the enterohepatic circulation of  
NSAIDs, both of  which have been implicated in intesti-
nal injury by these drugs (Figure 3). The conversion of  
primary bile acids to secondary bile acids is dependent on 
intestinal bacterial enzymes. Thus, germ-free animals lack 
secondary bile acids. As mentioned above, most studies 
that have shown that bile acids (alone or in combination 
with an NSAID) can cause damage to intestinal epithe-
lial cells have used secondary, rather than primary bile 
acids[80,81]. Moreover, the re-absorption of  NSAIDs in 
the distal small intestine is largely dependent on bacterial 
β-glucuronidase activity, which de-conjugates NSAID-
glucuronides, allowing the NSAID to be transported 
across the epithelium[84]. Enterohepatic circulation of  
NSAIDs is negligible in animals that lack intestinal bacte-
ria, resulting in decreased exposure of  the intestine to the 
NSAID, and therefore decreased tissue injury. Recently, 
LoGuidice et al[85] demonstrated that an inhibitor of  
bacterial β-glucuronidase could significantly reduce the 
severity of  diclofenac-induced small intestinal injury in 
mice. β-glucuronidase has been shown to be expressed in 
Clostridium, Peptostreptococcus, Staphylococcus and E. coli[85,108].

TREATING AND PREVENTING 
NSAID-ENTEROPATHY
In sharp contrast to NSAID-induced gastroduodenal dam-
age, where several options are available to provide protec-
tion to a patient, no treatments or prevention strategies for 
NSAID-enteropathy have been convincingly shown to be 
effective.As outlined above, PPIs provide upper GI pro-
tection against NSAIDs but worsen NSAID-enteropathy 

in animals, and there is emerging evidence that the same 
is the case in humans. There are novel NSAIDs in devel-
opment that do not cause enteropathy in animals (dis-
cussed below).

Misoprostol, metronidazole and sulfasalazine have all 
been suggested to be beneficial in treatment or preven-
tion of  NSAID-enteropathy in humans, but the studies 
suggesting this had significant limitations (open-label, 
not controlled, and/or small sample sizes)[22,24,109-111]. 
Misoprostol, H2RA and sucralfate were found to be in-
effective in reducing NSAID-induced intestinal perme-
ability in humans[112,113], though in one, open-label study 
misoprostol reduced the elevated intestinal permeability 
induced by indomethacin[114]. Based on the animal data 
showing beneficial effects of  metronidazole in reducing 
NSAID-enteropathy[99], Bjarnason et al[24] performed an 
open-label human study of  chronic NSAID users. The 
patients took metronidazole for 2-12 wk while continu-
ing their NSAID treatment. The endpoints were fecal 
excretion of  51Cr-labeled erythrocytes and 111In-labelled 
neutrophils. Both markers declined significantly during 
metronidazole treatment, leading the authors to con-
clude that “these results suggest that the neutrophil is 
the main damaging effector cell in NSAID induced en-
teropathy” and that the main chemoattractant “may be a 
metronidazole sensitive microbe”.

The observations from animal studies that NSAID-
enteropathy was accompanied by dramatic shifts in num-
bers and types of  intestinal bacteria led to a number of  
studies of  the potential value of  probiotics for treatment 
or prevention of  NSAID-enteropathy. In studies in rats, 
Kinouchi et al[95] demonstrated that Lactobacillus acidophi-
lus and Bifidobacteria adolescentis administration markedly 
reduced the severity of  NSAID-induced ileal ulceration. 
Syer et al[96] also showed a marked protective effect of  
Bifidobacteria adolescentis in a rat model of  NSAID-enterop-
athy. Only two clinical trials of  a probiotic for NSAID-
enteropathy have been reported to date. Montalto et al[115] 

performed a randomized, double-bind, placebo-con-
trolled trial of  VSL#3, a probiotic formulation consisting 
of  8 different live bacteria. Volunteers received indo-
methacin daily for 4 d, and fecal calprotectin levels were 
the endpoint. The placebo-treated volunteers exhibited 
markedly elevated fecal calprotectin levels during the pe-
riod of  indomethacin treatment, while during treatment 
with VSL#3 the fecal calprotectin levels remained within 
the normal range. In a study by Endo et al[116], 25 patients 
with unexplained iron deficiency anemia who had been 
taking low-dose enteric-coated aspirin plus omeprazole 
for more than 3 mo were given either Lactobacillus casei 
(L. casei) or placebo for 3 mo while continuing the aspirin 
and omeprazole therapy. VCE at the end of  the treat-
ment period showed a significant reduction of  mucosal 
breaks and “capsule endoscopy score” in the group re-
ceiving L. casei. The results of  this small clinical study are 
consistent with a study of  L. casei (strain Shirota) in a rat 
model of  indomethacin-induced enteropathy[117].

Lactoferrin has been shown to prevent NSAID-
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induced bleeding in rodents[118] and this effect may be 
related to its ability to promote the growth of  Bifidobac-
teria in the small intestine[119]. Oral treatment of  healthy 
volunteers with recombinant lactoferrin was shown to 
reduce indomethacin-induced changes in small intestinal 
permeability[120]. However, in this short-term study, only 
a very modest increase in intestinal permeability was 
seen, with only a single administration of  lactoferrin that 
would have been unlikely to have significantly affected 
the intestinal microbiome.

Rebamipide is a quinolinone derivative that is used 
to promote the healing of  GI ulcers and for mucosal 
protection. Its mechanism of  action is not fully under-
stood, though it appears to stimulate mucus secretion 
and PG synthesis[121] and to scavenge oxygen-derived free 
radicals[6]. It has been shown to significantly reduce the 
severity of  NSAID-induced enteropathy in rats[122]. Niwa 
et al[123] performed a pilot study in healthy humans to 
examine the effectiveness of  rebamipride in preventing 
NSAID-enteropathy. The volunteers received placebo or 
rebamipride together with diclofenac for 7 d. The small 
intestine was examined at the end of  the study by VCE. 
Damage was observed in 8 of  the 10 of  placebo-treated 
group (2 ulcers, 1 bleed), but in only 2 of  the 10 of  re-
bamipide-treated group (no ulcers or bleeding). However, 
a larger study of  healthy volunteers treated for 14 d with 
an NSAID (diclofenac), a PPI (omeprazole) and either 
rebamipide or placebo, failed to a detect a significant ben-
efit of  rebamipide in terms of  reducing the incidence of  
intestinal mucosal injury[124]. Larger studies of  rebamip-
ide, ideally in patients receiving NSAID therapy for an 
inflammatory disorder, are needed to clarify if  this drug 
will have benefit in reducing the incidence and/or sever-
ity of  NSAID-enteropathy.

Studies in animal models have suggested other pos-
sible approaches to prevention of  NSAID-enteropathy, 
but have not yet been assessed in humans. For example, in 
a mouse model of  acute indomethacin-induced intestinal 
damage, Yasuda et al[125] found that dopamine D2 receptor 
antagonists reduced the severity of  damage, and these ef-
fects were mediated through the activation of  endogenous 
anti-inflammatory pathways mediated by via a7-nicotinic 
acetylcholine receptors, as had been observed previous-
ly[126]. Using the same model, Kato et al[127] demonstrated 
that certain 5-HT receptors could modulate susceptibility 
to NSAID-enteropathy. They reported that antagonists of  
the 5-HT3 receptor (ondansetron and ramosetron) dose-
dependently reduced intestinal damage, while a 5-HT4 
antagonist (GR113808) aggravated damage. A 5-HT4 
agonist (mosapride) significantly reduced damage. As in 
the case of  protection with dopamine D2 receptor an-
tagonists, the authors suggested that the beneficial effects 
the 5HT4 agonist may be mediated through activation of  
a7-nicotinic acetylcholine receptors. There have also been 
studies demonstrating a significant increase in intestinal 
motor activity after administration of  NSAIDs, and have 
suggested that this contributes to the generation of  injury, 
but pharmacological approaches targeting this 5-HT/a7-

nicotinic acetylcholine receptor axis have not yet been 
evaluated in human NSAID-enteropathy.

NSAID pro-drugs: The enteropathy remains
Pro-drugs have been defined as “bioreversible derivatives 
of  drug molecules that undergo an enzymatic and/or 
chemical transformation in vivo to release the active par-
ent drug, which can then exert the desired pharmacologi-
cal effect”[128,129]. A number of  NSAID pro-drugs have 
been developed, based on the premise that if  the drug 
can pass through the stomach in an inactive form, it will 
not inhibit PG synthesis in the stomach, and therefore 
will not be ulcerogenic. In essence, an NSAID pro-drug 
of  this design does not differ significantly from an en-
teric coated NSAID, and the problems associated with 
the latter are well documented[8,36]. Moreover, there are 
several problems with the premise upon which NSAID 
pro-drugs are based. First, once the drug is absorbed and 
transformed to release the parent drug, that drug will 
produce “the desired pharmacological effect”. That ef-
fect, reduction of  pain and inflammation, is attributable 
to systemic inhibition of  COX activity. In the absence 
of  any “protective” intervention, systemic inhibition of  
COX activity will result in damage and bleeding in the 
upper GI tract. Thus, NSAIDs administered systemi-
cally induce significant gastrointestinal ulceration and 
bleeding[130-132]. If  a pro-drug is formulated such that it 
produces a marked delay in the release of  the parent 
drug, there will be a similar delay in the onset of  the de-
sired activity. Second, the pro-drug approach is focused 
entirely on sparing the upper GI tract of  injury, ignoring 
the potential of  the drug to cause small intestinal injury, 
particularly if  it undergoes enterohepatic recirculation. 
Once the pro-drug is metabolized to release the parent 
drug, the parent drug will behave, pharmacokinetically 
and pharmacodynamically, in the same way as if  the par-
ent drug itself  had been administered. These are points 
that have been acknowledged on the website of  a com-
pany that is developing a naproxen pro-drug: “the pro-
drug approach will not address the GI damage associated 
with the systemic inhibition of  COX after release of  the 
parent drug, nor will it address the toxic effects of  me-
tabolites delivered into the gut lumen with bile”[133].

Clinical trials of  pro-drugs have often produced data 
that are very favourable to the pro-drug. However, this 
is largely because such studies have typically focused on 
acute gastric or gastroduodenal damage (erosions and 
“endoscopic ulcers”)[134] that are of  questionable clinical 
significance, since they do not necessarily predict the inci-
dence of  true ulcers[135]. Indeed, the same is true for most 
of  the trials of  selective COX-2 inhibitors and of  PPIs, 
which gave a false signal of  the GI safety of  those classes 
of  drugs because of  reliance on inappropriate endpoints 
for upper GI damage and lack of  consideration of  the 
potential damaging effects of  these drugs on the small 
intestine. When examined in “real world” scenarios, using 
clinically meaningful endpoints[135], there is little, if  any, 
evidence of  significant benefit of  NSAID pro-drugs over 
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the parent drugs or over other NSAIDs. This topic has 
been very well reviewed by Graham[135]. Thus, while the 
pro-drug sulindac rarely caused erosions or “endoscopic 
ulcers” in short-term studies of  human volunteers[136,137], 
longer term studies in at-risk patients showed this drug 
to offer no upper GI safety benefit as compared to other 
NSAIDs[138]. Likewise, nabumetone was purported to be 
a GI-safe pro-drug, and acute upper GI studies suggested 
that this was the case[139], but in at-risk patients the drug 
did not offer any benefit over other NSAIDs[140]. Neither 
sulindac nor nabumetone have been specifically examined 
with respect to their propensity to cause small intestinal 
ulceration and bleeding. Moreover, there are suggestions 
in the literature[132,141], supported by animal studies[130,131], 
that systemic administration of  NSAIDs, which com-
pletely avoids contact of  the drug with the lining of  the 
stomach and duodenum, does not offer significant ben-
efit in terms of  reducing the incidence of  significant GI 
ulceration and bleeding.

Novel intestinal-sparing NSAIDs 
The advances that have been made in understanding the 
pathogenesis of  NSAID-enteropathy provide important 
clues for designing novel NSAIDs that will not damage in 
the small intestine (or the stomach). Several approaches 
have been taken that show promise, mainly using the “co-
drug” model of  drug design[142]. Co-drugs are somewhat 
like pro-drugs, with the key difference being that the pro-
moiety is not inert; rather, it exerts important pharmaco-
logical effects[129]. Two such classes of  co-drugs are the 
nitric oxide (NO)-releasing NSAIDs and the hydrogen 
sulfide (H2S)-releasing NSAIDs[143-145]. In each case, the 
NSAID portion of  the co-drug behaves the same as ex-
pected (inhibition of  COX-1 and COX-2, leading to anti-
inflammatory and analgesic effects), while the gaseous 
mediator portion of  the co-drug exerts mucosal protec-
tive effects, very similar to the effects of  endogenous 
prostaglandins[146,147]. Both of  these gaseous mediators 
are vasodilators and can inhibit leukocyte adherence to 
the vascular endothelium[148,149]. Suppression of  mucosal 
synthesis of  NO or H2S reduces the resistance of  the 
stomach to the damaging effects of  NSAIDs and other 
irritants, and impairs the healing of  pre-existing dam-
age[148,150-156]. NO and H2S donors can increase the resis-
tance of  the gastric mucosa to injury induced by NSAIDs 
and other noxious substances[148,151,156,157] and can acceler-
ate healing of  ulcers in rodent models[37,150,153,154,158]. Some 
of  the other actions of  NO-NSAIDs and H2S-NSAIDs 
and their underlying mechanisms have been reviewed 
previously[143,145,152].

NO-NSAIDs were shown to cause significantly less 
intestinal damage than the parent drugs[159,160], and to 
be well tolerated in rats with pre-existing colitis[159]. In a 
small, short-term clinical trial, an NO-NSAID produced 
significantly less of  an increase in small intestinal perme-
ability than was produced by an equivalent dose of  the 
parent drug (naproxen)[161]. Despite very promising results 
from clinical trials that demonstrated efficacy and safety 

in osteoarthritis[162-166], NO-NSAIDs have not obtained 
regulatory approval because the safety advantages over 
the parent drug (naproxen) have not been sufficiently 
demonstrated. One key GI safety clinical trial fell just 
short of  showing a significant benefit as compared to 
naproxen (P = 0.066)[167].

H2S-releasing NSAIDs exhibit enhanced anti-inflam-
matory activity relative to the parent drugs[37,151,155,168,169], 
presumably attributable to the anti-inflammatory and 
pro-resolution effects of  the H2S released from these 
drugs[149,158,170-174]. In addition to sparing the gastric muco-
sa of  damage in several circumstances of  impaired muco-
sal defence[38,175], H2S-releasing NSAIDs have been shown 
not to cause damage in the small intestine of  rats[38,155,175]. 
Moreover, when tested in co-morbidity and polyphar-
macy models, with repeated administration over several 
days, an H2S-releasing derivative of  naproxen (ATB-346) 
did not cause small intestinal damage[175] (Figures 2 and 4). 
For example, obese rats that exhibited markedly greater 
naproxen-induced enteropathy than was observed in lean 
rats, but ATB-346 did not elicit damage in lean or obese 
rats[175]. Interestingly, Zucker obese rats have a micro-
biota distinct from that of  their lean littermates, with a 
marked reduction in intestinal levels of  Bifidobacteria[176]. 
Recall that we observed that PPIs increased the severity 
of  NSAID-enteropathy in rats, and found that this was 
largely attributable to a decrease in intestinal Bifidobacteria 
levels[37]. ATB-346 retained its favourable profile in the 
intestine even when co-administered with a PPI and or 
low-dose aspirin[175] (Figure 2).
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Figure 4  Intestinal safety and altered biliary excretion of ATB-346. A: 
ATB-346 is a hydrogen sulfide-releasing derivative of naproxen[38].When admin-
istered to obese Zucker rats, twice-daily for 4.5 d at 10 mg/kg, naproxen induced 
small intestinal damage that was significantly more severe in the obese rats (bP 
< 0.01). However, at an equimolar dose, ATB-346 did not induce intestinal dam-
age in lean or obese rats[175]; B: The serum levels of naproxen in normal rats after 
4.5 d of twice-daily administration of ATB-346 were marginally, but significantly (aP 
< 0.05) lower than those in rats treated with an equimolar dose of naproxen; C: 
Biliary levels of naproxen in rats treated with ATB-346 (as above) were markedly 
reduced compared to those in rats treated with an equimolar dose of naproxen (cP 
< 0.001).The data shown in this graph are from Blackler et al[175].
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A particularly important feature of  ATB-346 that may 
be very important in terms of  its lack of  damaging effects 
in the small intestine is that, though metabolized to release 
naproxen, there are relatively low levels of  naproxen in 
bile after administration of  this compound[175] (Figure 4). 
Moreover, the biliary levels of  naproxen-glucuronide were 
reduced by 72% in the ATB-346 group as compared to 
the naproxen group[175]. These altered pharmacokinetics 
of  ATB-346 vs naproxen did not alter the anti-inflamma-
tory activity of  the drug[37], but could contribute signifi-
cantly to the intestinal-sparing properties of  ATB-346.

Recently, a class of  drugs was described that consists 
of  an NSAID attached to moieties releasing both NO 
and H2S[177]. These compounds show comparable actions 
as the parent drugs in terms of  inhibiting COX activity, 
but there ares no available data on their GI toxicity.

NSAIDs pre-associated with phospholipids are a 
unique type of  “co-drug”.

Surface-active phospholipids have been proposed 
to constitute an important component of  the epithelial 
“barrier” to acid back-diffusion, and NSAIDs can to 
disrupt this barrier[178,179]. Lichtenberger et al[180] demon-
strated that pre-associating an NSAID with a zwitterionic 
phospholipid prevents the NSAID from disrupting the 
barrier function of  the epithelium. Thus, covalently link-
ing phosphatidylcholine to aspirin, ibuprofen and other 
NSAIDs results in compounds with equivalent anti-
inflammatory properties to the parent drug, but with 
markedly reduced gastric toxicity[181]. This has been dem-
onstrated in endoscopic clinical trials for an aspirin deriv-
ative[181], and also with an ibuprofen derivative[182], though 
in the latter trial, statistical significance was only seen in 
an older subset of  the patients studied. Recently, Lichten-
berger et al[78] demonstrated that pre-associating aspirin 
with phosphatidylcholine greatly reduced the small intes-
tinal damage produced by intraduodenal administration 
of  this compound, as compared to aspirin alone.

CONCLUSION
NSAID-enteropathy has largely been ignored for decades 
as a result of  the focus on NSAID-gastropathy, driven 
largely by the development of  several commercially 
successful drugs targeting that disorder (H2RA, PPIs, 
selective COX-2 inhibitors). Moreover, the difficulty 
in detecting NSAID-enteropathy and the lack of  any 
proven-effective preventative or treatment options has 
contributed to an under-appreciation of  the magnitude 
of  this significant adverse reaction to a very widely used 
class of  drugs. With the development of  video cap-
sule endoscopy, the frequency and severity of  NSAID-
enteropathy has become more evident. Techniques such 
as VCE also permit more conclusive studies of  the safety 
of  novel NSAIDs and of  potential prevention or treat-
ment strategies.

The animal models for NSAID-enteropathy are very 
good, and they have provided a great deal of  information 
on the pathogenesis of  this disorder. Moreover, the ani-

mal studies have given some direction as to viable strate-
gies for preventing NSAID-enteropathy, and the models 
are useful for testing novel therapeutics agents.

As is the case with NSAID-induced injury in the up-
per GI tract, it is important that studies of  NSAID-enter-
opathy focus on animal models that are most similar to 
the patients that use these drugs and most often develop 
serious adverse effects. Thus, future studies should focus 
on the use of  animal models with relevant co-morbidities 
that display increased susceptibility to NSAID-enteropa-
thy, and on patients most at risk of  developing intestinal 
damage and bleeding.
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Abstract
Virus-specific T cells play an important role in the reso-
lution of hepatic infection. However, during chronic 
hepatitis infection these cells lack their effector func-
tions and fail to control the virus. Hepatitis B virus and 
hepatitis C virus have developed several mechanisms 
to generate immune tolerance. One of these strategies 
is the depletion of virus-specific T cells by apoptosis. 
The immunotolerogenic liver has unique property to 
retain and activate naïve T cell to avoid the over reac-
tivation of immune response against antigens which 
is exploited by hepatotropic viruses to persist. The 
deletion of the virus-specific T cells occurs by intrin-
sic (passive) apoptotic mechanism. The pro-apoptotic 
molecule Bcl-2 interacting mediator (Bim) has at-

tracted increasing attention as a pivotal involvement in 
apoptosis, as a regulator of tissue homeostasis and an 
enhancer for the viral persistence. Here, we reviewed 
our current knowledge on the evidence showing criti-
cal role of Bim in viral-specific T cell death by apoptotic 
pathways and helps in the immune tolerance. 

© 2013 Baishideng. All rights reserved.

Key words: T cell death; Specific cytotoxic T lympho-
cytes; Hepatitis C virus immune tolerance; Apoptosis; 
Bcl-2 interacting mediator; Liver tolerance; Apoptotic 
pathways; Viral hepatitis

Larrubia JR, Lokhande MU, García-Garzón S, Miquel J, Subirá 
D, Sanz-de-Villalobos E. Role of T cell death in maintain-
ing immune tolerance during persistent viral hepatitis. World J 
Gastroenterol 2013; 19(12): 1877-1889  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i12/1877.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i12.1877

INTRODUCTION
Hepatotropic, non-cytopathic viruses such as hepatitis 
B virus (HBV) and hepatitis C virus (HCV) behave as 
intracellular parasites. The activation of  cellular immune 
response by priming of  naïve specific CD4+ and CD8+ 
T cells in the lymph nodes is very important to control 
viral infection. However, the unique ability of  the liver to 
retain and activate naïve CD8+ T cells leads to liver toler-
ance, by-passing normal activation in the lymph nodes. 
The continuous triggering of  antigen presenting cells 
(APCs) in the sinusoids by the antigen-rich blood leads to 
peripheral tolerance to protect the liver tissue. This physi-
ological feature can be used by hepatotropic viruses as a 
persistence mechanism. The depletion of  liver activated 
CD8+ T cells is the critical part of  the peripheral toler-
ance in HBV/HCV infection. The anticipated mecha-
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nisms for immune tolerance in liver specific pathogens 
are linked to virus-specific T cells death. The vital role of  
pro-apoptotic molecule, Bcl-2 interacting mediator (Bim) 
in the death of  the virus-specific T cells has been shown 
after intrahepatic T cell activation by hepatocytes[1], in 
chronic HBV and HCV infection[2,3]. Therefore, this 
review provides glimpse of  the recent advances to un-
derstand the cellular and molecular mechanism involved 
on “T cell death” during viral hepatitis as a viral escape 
mechanism through the induction of  a specific-immuno-
tolerant status on the host.

VIRAL HEPATITIS
HBV and HCV viruses are two hepatotropic non-
cytopathic, human blood-born viruses. HBV is a small, 
enveloped DNA virus that undergoes a pro-viral state 
to persist in the host. HCV is an enveloped virus with 
a plus-strand RNA genome. It has been estimated that 
more than 350 million for HBV and 170 million people 
for HCV are infected. Approximately 80% of  infections 
in HCV and > 90% of  infected neonates, 5%-10% of  in-
fected adults in HBV succeed in establishing a chronic in-
fection, with the potential for developing severe liver dis-
eases such as cirrhosis and hepatocellular carcinoma[4,5].

Highly productive and replicative viruses such as 
HBV and HCV are associated with ineffective antiviral 
immunity during persistent viral infections. The complex 
ineffective immunity involves the functional deterioration 
of  antiviral T cell responses and contraction of  the size 
of  this response. In persistent HBV/HCV infections, T 
cells are continuously challenged by high levels of  viral 
antigens that eventually result in limiting the antiviral T 
cell response and ultimately leading to T cell exhaustion. 
This is a progressive process, starting with the deficiency 
in cytokine production, proliferation and survival[6], to 
end with physical deletion of  specific antiviral T-cell 
populations[7]. 

Meticulously, cytotoxic T lymphocytes (CTLs) play 
a vital role in viral eradication[8] and in the pathogenesis 
of  hepatitis[9-11]. A strong, multi-specific and long-lasting 
T-cell immune response emerges to be important for 
control of  viral infection[12-14]. Appropriate, polyclonal, 
vigorous and multi-specific CTL responses can facilitate 
complete viral clearance, in which long-lasting protec-
tive T cell response is observed. However, specific CTL 
responses are usually not strong enough to eradicate the 
virus, hence contributing to persistent infection[15,16].

HBV and HCV are hepatotropic viruses that repli-
cate in the liver. This organ features a unique immune 
tissue, where the deletion of  antiviral T cell populations 
has been shown, being involved in local and systemic im-
mune tolerance.

LIVER AS A FOUNDATION OF IMMUNE 
TOLERANCE
Liver situates at a hemodynamic convergence, receiving 

the splanchnic stream, which means an intense contact 
with exogenous antigens. This fact leads to the develop-
ment of  tolerance mechanisms to avoid inappropriate 
immune system activation, but it also allows antigen 
presentation by resident cells. Therefore, the liver is pro-
gressively more being recognized as an immune organ[17]. 
Liver sinusoids, hepatic arteries and portal venous carry 
blood containing digested nutrients and micro antigens 
from intestine, and as a primary metabolic organ, the 
liver produces multiple neo-antigens. All these molecules 
pass through sinusoids and finally are taken up and me-
tabolized by different hepatic resident cells. The liver has 
acquired specialized mechanisms of  immune tolerance to 
avoid the over reactivation of  immune response against 
antigens that are metabolized in the liver. In fact, this 
process may be beneficial for inducing tolerance to liver 
grafts but also to the liver specific pathogens. Therefore, 
hepatotropic viruses exploit these immunotolerogenic 
liver features to persist. It is important to remind that 
the liver has the ability to retain and activate naïve CD8+ 
T cells ineffectively, in contrast to other lymphoid tis-
sues. This fact may allow pathogens to escape from T 
cell mediated immunity and establish a persistent hepatic 
infection due to immune tolerance induction. This immu-
notolerant state can be reached by the development of  T 
cell anergy but also by specific T cell deletion.

Uniqueness of the liver
The unique character of  the hepatic tissue to tolerate 
liver allograft across major histocompatibility complex 
(MHC) mismatch in the pig without immunosupression 
was described by first time in 1969[17]. Later studies con-
firmed that this occurred because of  the induction of  
immunological tolerance in the liver[18]. Initially, “graveyard 
theory” suggested that the exclusive ability of  the liver 
to get rid of  activated T cells, programmed to undergo 
apoptosis, was the root of  the hepatic tolerance effect[19]. 
This theory proposed two functions of  the liver as a T 
cell graveyard: (1) passive killer of  the liver cells after their 
life cycle; and (2) efficient killer of  the activated antigen 
specific T cells. According to this theory, T cell receptor 
(TCR) triggering by cognate antigen on TCR transgenic 
T cells leads to activation and accumulation of  those cells 
in the liver and undergoes depletion of  mature T cells[20].

The theory was again proved by Mehal et al[21] by in-
dicating that the normal liver is a “sink” for activated T 
cells. The liver was perfused by T cells showing retention 
of  activated, but neither resting nor apoptotic T cells[21]. 
Liver as a graveyard for activated T cells theory forced to 
believe that all the immune response in the liver would be 
silent; in spite of  this, the presence of  an effective virus 
specific T cells in patients controlling hepatic viral infec-
tions[22,23] could challenge this theory. Nonetheless, the re-
moval of  activated T cells by the liver cannot be excluded, 
as evidenced by the ability of  liver allograft to rescue re-
jecting skin grafts[21], in which lately tolerising capacity of  
the liver for activated allo-specific T cells occurs. In some 
cases, the limited capacity of  the liver to induce tolerance 
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could be due to large number of  activated T cells[24].

Naïve T cells activation in the liver
The site of  T cell activation is a determinant of  the out-
come of  an immune response in the liver[22]. Tolerance 
will occur when T cells are activated in the liver. On the 
other hand, an effective immune response will be gener-
ated, when T cells are activated in the lymph nodes. This 
model put forward the theory that tolerance during viral 
hepatitis could be the result of  early deletion of  antigen-
specific T cells from the T cell repertoire in the liver[22]. 
Usually, naïve T cells are activated in secondary lymphoid 
organs with consequent up regulation of  adhesion mol-
ecules and integrins expression, which can bind to endo-
thelial layer of  the target organ and ultimately direct T 
cells to the parenchyma[25]. Moreover, T cells are not able 
to interact with parenchymal cells easily and thus they are 
not usually activated in the solid organs. In spite of  this, 
the situation in the liver is slightly different. Fenestrated 
endothelial layer in the liver makes available interac-
tions between naïve T cells and liver cells[26]. It has been 
showed by MHC class Ⅰ-restricted, hepatitis B surface 
Ag-specific CD8+ polyclonal CTL adoptively transferred 
into wide-spread antigen expressing transgenic mouse 
model, leading to retention of  those cells  within the liv-
er[26]. Moreover, it has been shown that primary antigen-
specific T cell can be activated in the liver independently 
of  lymphoid tissues[27].

Liver APCs in tolerance
Retention, activation and tolerance of  naïve T cells in 
the liver is the result of  the action of  resident liver cells, 
including liver sinusoidal endothelial cells (LSEC), Kuffer 

cells (KC), liver dendritic cells (DC), hepatic stellate 
cells (HSC) and hepatocytes. Their collective function in 
induction of  inflammatory response and tolerance has 
been illustrated in the Figure 1.

Endocytosis specialist-LSEC can express MHC 
class Ⅰ and Ⅱ, accessory CD80, CD86 and CD40 mol-
ecules. These features enable those cells to behave as 
potent APCs with the ability to activate both naïve CD4 
and CD8 T cells as well as to cross-present exogenous 
antigen towards CD8 T cells[28]. However, LSEC primed 
naïve CD4+ T cells produce cytokines typical from Th0 
rather than Th1 cells[29]. In addition, LSECs constitutively 
expressed ICAM-1, which helped in trapping of  specific 
CD8+ T cells in the liver, resulting this process in acti-
vated T cell apoptosis[21]. Furthermore, the cross presenta-
tion of  antigen by LSEC mainly leads to CD8+ T cells 
tolerance rather than immunity, demonstrating that LSEC-
induced tolerance is an active and dynamic process[30]. 

Bone marrow derived and largest group of  liver resi-
dent macrophages-KC mediate host resistance to infec-
tion. Interleukin (IL)-1, IL-6, IL-12 and tumor necrosis 
factor-α (TNF-α) pro-inflammatory cytokines released 
by KC[31] are involved in the inflammatory activities, 
whereas the nitric oxide, prostaglandin and IL-10 re-
leased by KC[29,32] down-regulate the production of  pro-
inflammatory cytokines and thereby may contribute to in-
duction of  hepatic tolerance. Furthermore, DC-induced 
antigen-specific T cell activation can be inhibited by 
KCs[29], which could also favor tolerance development. In 
addition, as in LSECs, KCs expressed ICAM-1 mediated 
trapping of  specific CD8+ T cells in the liver resulting in 
activated T cell death[21]. 

Liver DCs are primarily located within periportal areas 
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Figure 1  Collective illustration 
of the hepatic cells with inflam-
matory and tolerance activities 
by stimulation of different mol-
ecules or receptors. LSEC: Liver 
sinusoidal endothelial cells; KC: 
Kuffer cells; DC: Dendritic cells; 
HSC: Hepatic stellate cells; TNF: 
Tumor necrosis factor; IL: Inter-
leukin; mDC: Myeloid dendratic 
cell; pDC: Plasmacytoid dendritic 
cell; PD-L1: Programmed death 
ligand-1; Bim: BCL-2 interact-
ing mediator; Tim-3: T cell im-
munoglobulin mucin-3; CTLA-4: 
Cytotoxic T-lymphocyte antigen 4; 
TGF: Transforming growth factor; 
NO: Nitric oxide. 
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triumph of  certain pathogens such as HBV and HCV. 
Till date, there are two main mechanisms by which HBV 
and HCV could successfully escape from CTL action: es-
cape mutant generation, and immunosuppressive effects 
exertion (effector T cell exhaustion and T cell death by 
apoptosis)[2,48-50]. Among these mechanisms involved in 
viral hepatitis persistence, new advances on the role of  T 
cell death induction have been obtained recently and our 
review in the apoptosis role, paying special attention to 
the last new insights in this issue will be discussed in the 
following pages. 

APOPTOSIS
A normal cellular process involving physiologically rel-
evant cell death and deletion of  unwanted cells is called 
apoptosis. Apoptosis is essential for cell selection, tissue 
homeostasis, morphogenesis, and host defense in multi-
cellular organisms. A cell that undergoes apoptosis dies 
neatly, without damaging its neighbors. The apoptotic 
signals give rise to activate various proteins and follow a 
specific classical caspase chain reaction set activation[51]. 
Quickly and neatly dismantlement process includes mem-
brane blebbing with shrinking of  the cytoplasm and con-
densation of  the nucleus. Phagocytic cells begin to pick 
up the apoptotic bodies, preventing the release of  cellular 
content and ultimately avoiding inflammation[52] (Figure 2). 
Apoptosis occurs by two mechanisms: active and passive 
mechanism. No presence of  antigen gives a signal for ter-
mination of  immune response by passive apoptotic mech-
anism (intrinsic pathway). On the other hand, the ligation 
of  Fas (CD95) and TNF receptors-“death receptors” 
triggered apoptosis lead to active mechanism of  apoptosis 
(extrinsic pathway). Briefly, apoptosis mechanisms involve 
a family of  cysteine proteases, called caspases. These mol-
ecules are synthesized in the cell as inactive precursors, or 
pro-caspases for self-protection against accidental death, 
which are usually activated after receiving proper trigger 
by cleavage (Figure 3). Structurally, pro-caspases contain 
three domains: N terminal prodomain, a large subunit 

and around central veins, which exert tolerogenic proper-
ties due to “immature” phenotype. The production of  
PD-1 and cytotoxic T lymphocyte antigen-4 (CTLA-4) 
by resting DCs, which are crucial negative co-stimulatory 
molecules, helps in inducing peripheral CD8+ T cell 
tolerance by inhibiting proliferation and cytokine produc-
tion of  liver infiltrating effector T cells[33]. In addition, 
liver generated DCs are more tolerogenic than DC in 
lymphatic tissue[34]. 

The role of  HSCs in hepatic fibrosis includes stimula-
tion of  CD4, CD8+ T cells and NKT cells[35,36]. However, 
function of  HSCs involves not only the inflammatory re-
sponse[36], but also a tolerogenic role[37,38], which is the result 
of  induction of  T cell death[38] by intrinsic mechanism of  
immune inhibition. The HSCs regulate immune modula-
tion by inducible B7-H1 expression, an inhibitor molecule 
of  B7 family, resulting in T cell apoptosis induction. 

Hepatocytes are also capable of  activating naïve 
CD8+ T cells[39,40] and their interactions with CD8+ T 
cells may occur through LSEC fenestrations[38]. However, 
hepatocytes fail to promote activated CD8+ T cells sur-
vival, leading to an impaired T cell activation[39]. In addi-
tion, hepatocyte-activated T cells in vitro acquired activity 
and secrete cytokines but both levels are not constant and 
T cells consequently appeared to die by passive mecha-
nisms[41]. Furthermore, infiltrating CD4+ T cells dif-
ferentiate into a less inflammatory phenotype due to the 
interaction with MHC Ⅱ-expressing hepatocytes, which 
also helps to abrogate antiviral CD8+ T-cell response and 
viral clearance[42], which conclude in the tolerance during 
infection. It has been already proved that T cells activated 
by hepatocytes undergo premature death[43], whereas 
naïve CD8+ T cells priming by DC in the lymph nodes 
acquired effector functions in the liver. 

The site of  primary T cell activation could also induce 
emperipolesis of  CD8+ T cells in the liver[43], which leads 
to non-apoptotic, destruction of  these CD8+ T cells after 
degradation by lysosomal proteolytic enzymes. This dis-
tinct form of  emperipolesis has been termed as “suicidal 
emperipolesis” (SE)[44]. Benseler et al[44] suggested that SE 
is a significant mechanism by which death of  activated 
naïve CD8+ T cells occur in the liver within the first 
few hours before T cells are able to divide and expand. 
It is also involved in maintenance of  tolerance, which is 
reinforced by break of  tolerance in immune-mediated 
liver damage by treatment of  wortmannin[44], inhibitor 
of  phosphoinositide 3-kinases that blocks emperipolesis. 
Therefore, SE is an extremely efficient mechanism, able 
to rapidly delete T cells.

T cell stimulation in the liver encourages tolerance by 
using mechanisms such as, immune divergence[45], genera-
tion of  regulatory T cells[46], T cell anergy[47] and T cell 
death[1]. Undeniably, hepatic tolerance can explain the el-
evated frequency of  viral persistence during hepatotropic 
virus infections[1]. Although there are evidences showing 
that most infectious microorganisms are promptly re-
moved from the liver, a favorable situation for evading 
immune responses occurs in some viruses, leading to the 
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and a small subunit. After activation, the active caspase 
enzyme is formed by heterodimerization of  small and 
large subunits[43]. Moreover, active caspase molecules are 
ready to cleave target proteins such as structural or signal-
ing proteins and other effector caspases, preventing other 
proteins cleavage randomly[52]. 

Extrinsic pathway 
The extrinsic pathway initiates from outside the cell 
through triggering the activation of  transmembrane 
“death receptors” that are members of  the TNF receptor 
gene superfamily. Members of  this receptor family bind 
to extrinsic ligands known as pro-apoptotic ligands[53] and 
transduce intracellular signals that ultimately result in the 
destruction of  the cell[54,55]. To date the most well char-
acterized ligands of  these receptors are FasL, TNF-α, 
Apo3L and Apo2L and corresponding receptors are 
FasR, TNFR1, DR3 and DR4/DR5, respectively[55-57]. 
The signal transduction of  active cell death process in-
volves several caspases. Activated caspases have an effect 
on several cellular functions as part of  the process that 
results in the death of  the cells[53].

The signal transduction of  mitochondrial-indepen-
dent active cell death process involves binding of  a pro-
apoptotic ligand (such as FasL) with its receptors (Fas) on 
the surface of  a target cell. The cytosolic tail of  receptors 
contains a death domain, which when activated, binds 
to an adaptor protein, which in turn recruits the specific 
procaspase-8 and -10 and activates them by proteolytic 
cleavage[58] that finally initiates the proteolytic caspase 
cascade leading to apoptosis. Activated caspase 8 triggers 
the caspase cascade via two different pathways, leading to 
cell death. In type 1 apoptosis, such as in lymphocytes, 
caspase 8 activates caspase 3 whereas in type 2 apoptosis, 
like in hepatocytes and pancreatic cells, caspase 8 activate 
the pro-apoptotic molecule Bid and go ahead for apopto-
sis via the disruption of  mitochondrial membrane and cy-
tochrome C release[59] (Figure 4). The T cell death by type 
1 and type 2 Fas induced apoptosis fate is decided by the 
ratio between proteolytically activated effector caspases, 
X-chromosome linked inhibitor of  apoptosis protein 
and proto-typical effector caspase substrate inhibitor of  
caspase-activated DNase. Interestingly, HCV specific in-

trahepatic lymphocytes contribute to bystander killing via 
Fas-FasL interaction[60], which support the fact that the 
liver facilitates liver-trapped activated T cell apoptosis[61].

Intrinsic pathway 
The intrinsic or mitochondrial pathway is initiated within 
the cell, involving non-receptor-mediated intracellular sig-
nals and inducing activities in the mitochondria that initi-
ate apoptosis. DNA damage, loss of  cell-survival factors 
or other types of  severe cell stress causes the induction 
signal for the intrinsic pathway. This passive death process 
pivots on the balance of  activity between pro- and anti-
apoptotic signals of  the B cell lymphoma 2 (Bcl-2) family 
proteins[62]. This balance is maintained by regulation of  
the permeability of  the mitochondrial membrane and 
by the pro- or anti-apoptotic signal that will be released 
inside the cell[63]. Following mitochondrial permeabiliza-
tion, the intrinsic pathway divides into two pathways: 
Apoptosis protease-activating factor-1 (Apaf-1) dependent 
and Apaf-1 independent pathway. In Apaf-1 dependent 
pathway, release of  cytochrome c from mitochondria, 
by triggering the pro-apoptotic Bcl-2 family member[64], 
and ATP activate monomer inactive Apaf-1 proteins by 
a conformational change, leading to form a heptamer of  
Apaf-1 molecules called apoptosome[65]. Apoptosome al-
lows activation of  pro-caspase 9, which consequently trig-
gers the caspase cascade[66]. On the other hand, in Apaf-1 
independent pathway, permeabilization of  mitochondrial 
membrane release DIABLO like proteins, which activates 
effector caspases by provoking inhibitors of  apoptosis 
proteins[67] and triggers caspase cascade[68] (Figure 5).

The balance of  pro- and anti-apoptotic proteins main-
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Figure 3  Caspase activation: Inactive proenzyme (procaspase) activated 
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two fragments associate to form the active site of the caspase.
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tains the apoptotic activity[69]. The Bcl-2 family members 
regulate mostly neglect or intrinsic pathway. This family is 
subdivided into three groups of  proteins on the basis of  
their functions and the number of  Bcl-2 homology (BH) 
motifs included in their primary structure; first group: 
“anti-apoptotic multidomain” members, such as Bcl-
xL, have four BH domains (BH1 to BH4) which inhibits 
apoptotic process. Other two groups of  “pro-apoptotic 
multidomain” members, which are Bax-like proteins and 
“BH3-only” proteins[70]. Bax-like proteins possess threee 
BH domain (BH1 to BH3), including Bax, Bak, and Bok, 
which are referred as death effector members. BH3-only 
members contain BH3 domain, including Bim, Bad, Bik, 
Puma, Noxa and Bid and are known as messengers of  
death. In addition, C-terminal transmembrane (TM) frag-
ment is thought to confer anchorage to mitochondrial 
membranes, which is also possessed by most multi-BH 
members and several BH3-only proteins. 

Three models (Figure 6) have been postulated by 
which the BH3 family promotes passive cell death in 
which Bax and Bak bind directly or indirectly with cell 
death sensitizer (e.g., Bad, Bik) and activators of  cell death 
(e.g., Bim, tBid). The direct activation model proposes 
that sensitizer BH3-only proteins displace the activator 
BH3-only proteins from the anti-apoptotic proteins to 
promote apoptosis. Anti-apoptotic proteins inhibit the 
activator BH3-only proteins but not Bax and Bak to sup-
press apoptosis. In the displacement model, Bax and Bak 

are sequestered by anti-apoptotic proteins for cell survival 
and constitutively active in cells. BH3-only proteins play 
the sensitizer role and inhibit their respective anti-apop-
totic proteins to promote apoptosis. The third model, 
called embedded together model, highlights the interac-
tions occurring in and on membranes, which were not 
explained by direct activation and displacement model. In 
embedded together model, Bcl-2 family proteins insert 
into and change their conformations according to their 
functions in membrane[71]. The predominantly studied 
messenger death molecule, Bcl-2 interacting protein (Bim) 
will be focused further.

BIM
Bim/Bod is a pro-apoptotic protein belonging to the 
BH3-only group of  Bcl-2 family members and is being 
called the “ghost” molecule or “suicide” molecule, which 
enables cells to expire gracefully. Two independent stud-
ies discovered Bim as a Bcl-2 binding protein and Mcl1-
binding protein in 1998[72,73]. Bim induces apoptosis by 
binding to and antagonizing anti-apoptotic members of  
the Bcl-2 family. The Bim interactions have been ob-
served with Bcl-2 family members, such as Bcl-2, Bcl-xL, 
Mcl-1, Bcl-w, etc[72,73].

Bim is a well-known pivotal initiator of  apoptosis in 
thymocyte-negative selection[74]. Bim has 19 Bim isoforms 
including three major isoforms, which have distinct sizes 
and pro-apoptotic activities in the mammals, caused by 
alternative splicing: BimEL (extra long), BimL (long) and 
BimS (small)[73]. The shortest form, BimS, is the most 
potent and is generally only transiently expressed dur-
ing apoptosis[73]. The other two isoforms are sequestered 
to the dynein motor complex, and apoptotic activity 
of  these longer isoforms is regulated by phosphoryla-
tion[75,76], which is triggered by environmental stress, 
resulting in its dissociation from the dynein complex and 
increasing apoptotic activity. 

Expression of  Bim is up regulated in human T cells in 
response to TCR-triggering by protein kinase C and calci-
neurin pathways[77]. Nevertheless, there are other mecha-
nisms involved in Bim up-regulation during chronic in-
fection, such as the effect of  certain cytokines. In fact, in 
a persistent viral infection animal model, Bim-mediated 
apoptosis correlates with low IL-7 receptor expression 
on specific T cells[78]. 

The regulation of  Bim expression at transcriptional 
level in growth factor deprivation and in endoplasmic re-
ticulum stress has observed by the class O fork-head box 
transcription factor (FOX03A) and transcriptional factor 
CEPB-α respectively[79,80]. Post-transcriptional phos-
phorylation of  Bim can also regulate its function. Phos-
phorylated Bim is targeted for proteasomal degradation 
and avoid its interaction with Bax, thus maintaining cell 
existence[81,82]. The signaling adaptor TNFR-associated 
factor 1 (TRAF1) negatively correlates with Bim and it 
contributes to CD8 T cell-mediated control of  chronic 
viral infections. In addition, linking between survival 
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effects of  TRAF1 and TRAF1-dependent Bim down-
modulation has been shown in CD8 T cells[83-85]. TRAF1 
is particularly vanished from virus-specific CD8 T cells 
during the chronic human immunodeficiency virus and 
lymphocytic chorio-meningitis virus (LCMV) infection[86].

Bim plays a vital role in the immune system, in bone 
biology and in tumor-genesis by inducing apoptosis[87]. 
Bim in T cells, B cells, neurons and many other cell types 
can trigger apoptosis[87]. Gene targeting in mice for the 
important region for apoptosis, BH3 region, uncovered 
the important physiological role in Bim[88]. In fact, in the 
absence of  Bim leukocytes in blood as well as in LNs, thy-
mus, spleen were high in number[88]. The role of  Bim in 
apoptosis has been revealed in Bim-/- thymocytes, which 
were more resistant to apoptosis after different apoptotic 
treatment such as ionomycin, taxol, γ irradiation[88].

DEATH OF ACTIVATED T CELLS BY BIM
The liver is having a property that might explain its role 
in inducing tolerance due to its recognition as an alterna-
tive primary activation of  CD8 T cells site. The pheno-
type of  activated CD8 cells in the liver was the same as 
in lymph nodes. However, liver-activated CD8 T cells 
displayed poor effector functions and a unique CD25low 
CD54low phenotype, which was associated with increased 
expression of  the Bim and caspase-3, demonstrating 
that these cells are programmed to apoptosis following 
intrahepatic activation. Strikingly, Bim deficient T cells 
survived following intrahepatic activation[1]. Therefore, 
the phenotype and fate of  naïve CD8 T cells activated by 
hepatocytes in vivo could explain the death penalty role 
of  Bim in chronic hepatotropic viral infection[1]. The dis-

tinct phenotype can be due to the lack of  co-stimulatory 
molecule expression on hepatocytes[43]; however the treat-
ment with IL-2 or anti-CD28 antibodies could rescue 
hepatocyte-activated cells from death[41].

Lymphocyte fate deciding pathways synergize to kill 
activated T cells in chronic herpes simplex viral immune 
responses, whereas death of  activated T cells in acute im-
mune responses relies only on the mitochondrial pathway 
involved only Bim with no contribution by Fas, which 
showed critical overlapping roles for Fas and Bim in T 
cell death during immune response shutdown, leading to 
immune tolerance[23].

BIM IN HEPATITIS
Bim has been shown to be important for CD8 T cell vi-
ability during chronic LCMV infection in mice[89]. In this 
study, in Bim mutated mice, Bim mutation almost com-
pletely blocked the deletion of  cognate antigen specific 
CD8 T cells in liver during chronic viral infection. Bim 
has a critical role in maintaining naive and memory T 
cells in LCMV infection[90]. In another study, it has been 
shown that a defect in apoptosis dramatically not only 
enhances the antigen-specific memory T cells but also in-
creased the number of  virus-specific CD4+ T cells in the 
lymph nodes following acute LCMV infection, compared 
to the parental genotypes or wild type mice[91]. There-
fore, the loss of  both Bim and Fas caused the increase 
in memory T cells in acute LCMV infection[91]. The Bim 
role has been demonstrated in the development of  LC-
MV-induced, T cell-mediated hepatitis by controlling the 
apoptosis of  both T cells and hepatocytes[92].

Bim attrition of  virus specific CTLs during HBV 
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Figure 6  Models for intrinsic cell death. A: 
Direct activation model postulates Bcl-2 inter-
acting mediator (Bim) is required for activating 
Bax and Bak. Anti-apoptotic proteins inhibit 
BH3-only proteins to suppress apoptosis, but 
not Bax or Bak. Replacement of Bim to sen-
sitizer BH3-proteins from the anti-apoptotic 
proteins occurs to promote apoptosis; B: The 
displacement model proposes that anti-apop-
totic proteins for cell survival must sequester 
constitutively active Bax and Bak in cells. 
Bim inhibits their respective anti-apoptotic 
proteins by playing sensitizer role to promote 
apoptosis; C: Embedded together model 
highlights the active role of the membrane, 
which is not defined in direct activation model 
and displacement model. Bcl-2 family proteins 
insert into and change their conformations 
that dictate their functions at the membrane. 
Sensitizer BH3-only proteins relocate the acti-
vator BH3-only proteins and Bax/Bak from the 
anti-apoptotic proteins to endorse apoptosis. 
Activator BH3-only proteins recruit Bax to 
the membrane to induce mitochondrial outer 
membrane permeabilization and apoptosis. 
These reversible interactions are directed 
by equilibrium constants that are depended 
on the concentrations and interactions of the 
proteins with each other and with membranes.
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infection has also been confirmed[3,93]. The gene expres-
sion profile in HBV infection showed different patterns 
of  gene expression on HBV-specific CD8+ T cells ac-
cording to viral control. Bim was one of  the up-regulated 
genes in HBV-specific CD8+ T cells from patients with 
chronic HBV infection. Blocking Bim-mediated apop-
tosis improved recovery of  HBV-specific CD8+ T cell 
function[3].  Furthermore, the elevated apoptosis has been 
observed not only with Bim tolerogenic phenotype, but 
also with co-inhibitory signals through CTLA-4[93] or T 
cell-intrinsic transforming growth factor-β[94]. 

As discussed earlier, robust CD8 responses are essen-
tial to control HCV infection. However, in HCV chronic 
infection, HCV specific CD8 are depleted by Bim medi-
ated attrition, and remaining cells are functionally ex-
hausted. The cell survival factor CD127 counteracts the 
induction of  apoptosis after antigen encounter through 
myeloid cell leukemia sequence-1 (Mcl-1) expression and 

Bim down-regulation[95] after the cognate antigen recogni-
tion by TCR. Similarly, our group has shown in previous 
work, HCV-specific CTLs displayed a high Bim expres-
sion in persistent infection respect to resolved infection 
patients[2], suggesting a similar apoptotic mechanism to 
the one described in chronic HBV infection. 

The procedure of  T cell death during chronic viral in-
fection is determined by a carefully balanced and complex 
group of  pro- and anti-apoptotic proteins of  the Bcl-2 
family, such as Bim and Mcl-1[96] (Figure 7). Interestingly, 
persistent hepatotropic viral infection is characterized by 
continuous TCR triggering and CD127 down-regulation 
on viral-specific CTLs[97], which could favor Bim up-
regulation. In addition, it is well known that Bim is clearly 
involved in intrahepatic specific-CTL apoptosis in ani-
mal models[1]. Furthermore, Bim pro-apoptotic effect is 
blocked by the action of  Bcl-2 family anti-apoptotic pro-
teins such as Mcl-1 and Bcl-2[78,98], clearly pointing out that 
T cell death also depends on the anti-apoptotic protein 
expression. Bearing in mind all these facts, recently our 
group has suggested a model to explain specific CTL de-
letion during persistent hepatotropic viral infection (Figure 
8). This model shows that CD127 phenotype modulates 
Bim and Mcl-1 expression on virus-specific CTLs, lead-
ing to Mcl-1/Bim imbalance during persistent infection, 
which impairs T cell reactivity and suggesting that restora-
tion of  T cell function could occur by correcting the levels 
of  Mcl-1 and Bim expression.

In our work, Bim up-regulation has been observed on 
CD127low-expressing HCV-specific CTLs but not on CD-
127high cells after antigen encounter, suggesting that TCR 
triggering can only lead to Bim up-regulation in absence 
of  IL-7 stimulation on HCV-specific CTLs. Nevertheless, 
Bim level is not enough to lead to T cell apoptosis. Our 
data also showed the Mcl-1/Bim ratio could decide the 
fate of  the activated T cells by sequestration of  experi-
enced CD127low/Mcl-1low-expressing T cells to the liver 
and subsequent Bim up-regulation after antigen encoun-
ter due to the absence of  IL-7 stimulus[99]. Finally, Bim 
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would be released freely to activate Bax, due to the low 
level of  the anti-apototic protein Mcl-1 during chronic 
HCV infection. Consequently, CD127 level play a central 
role in hepatotropic virus-specific CD8+ T cell apopto-
sis by regulation of  Mcl-1 expression in vivo and by Bim 
modulation after antigen encounter, which is checked by 
T cell reactivity restoration and Mcl-1/Bim phenotype on 
CD127low specific CTLs after apoptosis blockade (Figure 
9), that suggested a link between apoptosis after TCR 
triggering and low CD127 expression on experienced 
specific CTLs during persistent infection that could be 
related to Mcl-1/Bim imbalance. 

Therefore, CD127 phenotype modulates Bim and 
Mcl-1 expression on specific CTLs and this affect to T 
cell reactivity through apoptosis regulation. Specifically, 
during chronic infection, Mcl-1/Bim imbalance could be 
involved on CD127low specific CTL hyporeactivity, but it 
could be overcome by blocking apoptosis.

For control of  hepatotropic viral infection is essential 

to develop a robust viral-specific cellular response. How-
ever, during chronic infection this response is altered, 
showing a pro-apoptotic phenotype due to the depriva-
tion of  IL-7 secondary to the low expression of  CD127. 
Recently, it has been investigated that TRAF1 is a signal 
adapter for positive co-stimulatory receptors whose level 
depends on the action of  IL-7 and inhibits the expression 
of  the pro-apoptotic molecule Bim[86]. Therefore, in situ-
ations of  deprivation of  IL-7, action of  TRAF1 could be 
impaired, favoring an imbalance between anti- and pro-
apoptotic molecules. On the other hand, in an experimen-
tal model, IL-7 deprivation during stressing conditions 
leads to Mcl-1 down-regulation on T cells, conducting to 
T cell death that could be avoided by IL-7 treatment[100]. 
Consequently, strategies directed to block the pro-apop-
totic effect of  IL-7 deprivation should be designed to 
increase the effectiveness of  CTL response restoration, 
by enhancing the TRAF1 and Mcl-1 expression level that 
could restore Bim/Mcl-1 balance. On of  those strategies 
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CD127 expression on hepatitis C virus-specific cytotoxic T lymphocytes (CD8+/Pentamer+ cells). The different plots show the Bcl-2 interacting mediator (Bim) 
and myeloid cell leukemia sequence-1 (Mcl-1) expression directly ex vivo and after specific stimulation on peripheral CD8+/pentameter+ cells according to CD127 
level. The figure on the top of the dot-plots represents the frequency of penatmer+ cells out of total CD8+ cells. The figure in the upper right corner in the histogram 
plot represents the MFI for Bim and Mcl-1 staining. The continuous and dashed line in the dot-plots and histograms represents the cut-off point to consider a staining 
positive according to the negative control. ND: Not done due to lack of pentamer+/CD8+ proliferation after specific stimulation.
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could be short-term use of  cyclosporine-A or FK506 
could block the induction of  the pro-apoptotic molecule 
Bim on CD127- cells[77]. This strategy could favor specific-
CTL restoration during anti-viral treatments in combina-
tion with the standard of  care. Another possible strategy 
to restore hepatotropic virus-specific CTL reactivity dur-
ing chronic infection could be the administration of  IL-7, 
in order to increase the stimulation of  the reduced num-
ber of  IL-7R molecules on specific CTLs, to modulate 
the balance between Bim and Mcl-1. In fact, in an animal 
model of  cytotoxic T cell exhaustion, IL-7 treatment re-
sulted in amplified cytokine production, increased T cell 
effector function, and viral clearance[101].

CONCLUSION
The deletion of  hepatitis virus-specific CD8+ T cells is 
likely to represent the deregulation of  the Bim pro-apop-
totic pathway. The balance between pro- and anti-apop-
totic molecules is critical for cell survival. The unavail-
ability of  appropriate survival marker modulates Bim and 
Mcl-1 expression on virus hepatitis-specific CTLs and 
this affect to T cell reactivity through apoptosis regula-
tion. The level of  those molecules is regulated by CD127 
(IL-7R) expression, which is down-modulated during 
persistent infection. Consequently, Mcl-1/Bim imbalance 
could be the reason for the deletion of  virus hepatitis-
specific T cells, but it could be overcome by interruption 
of  apoptosis. The interruption of  this tolerizing mecha-
nism may provide a new strategy to restore the balance 
between apoptotic molecules in order to achieve viral 
specific T cell immunity, as a future treatment strategy of  
chronic viral hepatitis. 
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Abstract
Accurate determination of the presence and degree 
of fibrosis in liver is of great importance, because the 
prognosis and management strategies for chronic liver 
disease depend mainly on these factors. To date, liver 
biopsy (LB) remains the “gold standard” for assess-
ing the severity of liver fibrosis; however, LB is often 
limited by its invasiveness, sampling error, and intra/
inter-observer variability in histological interpretation. 
Furthermore, repeated LB examinations within a short 
time interval are indeed ineligible in a real clinical prac-
tice. Thus, due to the pressing need for non-invasive 
surrogates for liver fibrosis, transient elastography (TE), 

as a novel ultrasound based technology, has allowed 
a noninvasive measurement of liver stiffness and has 
gained in popularity over recent years. In the past 
few years, additional roles for transient TE beyond the 
initial purpose of a non-invasive surrogate for LB have 
included the prediction of the most two critical conse-
quences of fibrosis progression: the development of 
portal hypertension-related complications and hepato-
cellular carcinoma. This indicates that the role of tran-
sient TE is not merely limited to reducing the need for 
LB, but transient TE can enable the establishment of 
tailored management strategies by providing more de-
tailed prognostic information. In particular, under the 
concept in which the clinical course of liver fibrosis is 
dynamic and bidirectional, especially when appropriate 
intervention is commenced, transient TE can be used 
to track the dynamic changes in fibrotic burden during 
antiviral or antifibrotic treatment. This review discus-
sed extended applications of transient TE in prediction 
of the development of real clinical endpoints from a 
longitudinal perspective.
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of  liver fibrosis, which is defined as the excessive accu-
mulation of  extracellular matrix proteins, resulting from 
chronic liver insults[1,2]. The initiation of  its deposition is 
an important phase of  CLD. As liver fibrosis eventually 
progresses without appropriate intervention, this process 
will lead to architectural change of  the liver, followed by 
deterioration of  liver function and hemodynamics, com-
plications due to portal hypertension, and an increased 
tendency for hepatocarcinogenesis[3].

Thus, accurate determination of  the presence and de-
gree of  liver fibrosis is of  paramount importance in choos-
ing treatment strategies, evaluating responses to treatment 
and the risks of  developing liver-related complications, and 
predicting prognosis in patients with CLD. To assess the 
severity of  liver fibrosis, liver biopsy (LB) remains the “gold 
standard”. However, LB is often limited by its invasiveness 
and rare, but serious, complications, including bleeding, 
pneumothorax, and procedure-related death[4,5]. Moreover, 
repeated LB examinations within a short time interval 
are impractical. Additionally, concerning the reliability of  
pathological examinations, not only sampling error inher-
ent in the percutaneous approach, but also intra- and inter-
observer variability in histological interpretation may still 
occur[6]. Even if  the LB is performed by an experienced 
physician and interpreted by an expert pathologist, it has 
an up to 20% error rate in disease staging[7,8].

Ideally, a method of  evaluating liver fibrosis should 
accurately determine the presence of  significant fibrosis, 
and be readily available, highly reproducible, and widely 
applicable to liver diseases of  various etiologies. Although 
LB does not fulfil all these criteria, it has remained the 
gold standard, likely due to the absence of  a better alter-
native. Recently, liver stiffness measurement using tran-
sient elastography (TE) was introduced as a promising 
non-invasive method for assessment of  liver fibrosis[9-15]. 
In many studies, TE proved to be a reliable and accurate 
surrogate for LB in terms of  prediction of  significant 
fibrosis or cirrhosis[8,16-19]. In a large-scale meta-analysis 
including 50 studies, the mean areas under the receiver 
operating characteristic curves (AUROCs) for the diagno-
sis of  significant fibrosis and cirrhosis were 0.84 and 0.94, 
respectively, with optimal cutoff  values of  7.6 and 13.1 
kPa, respectively[20].

Most studies to date have focused on assessing the 
performance of  TE, reflected by AUROC, from a cross-
sectional perspective, with reference to histological fi-
brosis. However, because LB as a reference standard is 
imperfect, it may have only limited clinical implications in 
terms of  increasing the AUROC of  TE to 1 (i.e., perfect 
concordance with LB). Thus, additional roles for TE, 
namely prediction of  long-term prognosis of  the disease 
and monitoring clinical courses, have recently begun to 
attract attention. This indicates that the role of  TE is not 
merely limited to lessening the frequency of  unnecessary 
LB, but TE can also enable establishment of  tailored 
management strategies by providing more detailed prog-
nostic information[21]. In this regard, the “classical” end-
points of  “static” liver fibrosis in recent cross-sectional 

studies on TE are shifting to the “real and solid” end-
points of  the development of  clinical events related to 
liver fibrosis progression, including hepatic decompensa-
tion, hepatocellular carcinoma (HCC), or liver-related 
death in a longitudinal study from a prospective cohort 
with long-term follow-up. Additionally, the performance 
of  non-invasive methods is being judged and compared 
from this viewpoint.

In this article, we reviewed recent studies that focused 
on the prognostic value of  TE for prediction of  clini-
cal end-points related to liver fibrosis progression, such 
as decompensation events, HCC development, or liver-
related death, from a longitudinal perspective.

PREDICTION OF THE DEVELOPMENT OF 
LIVER-RELATED COMPLICATIONS
Portal hypertension-related complications
The development of  portal hypertension is a common 
consequence of  fibrosis progression, leading to the for-
mation of  esophageal and gastric varices responsible for 
variceal bleeding, and other severe complications, such 
as portosystemic encephalopathy, spontaneous bacterial 
peritonitis and sepsis[22-24]. Measurement of  the hepatic 
venous pressure gradient (HVPG) is the gold standard 
for portal hypertension assessment in patients with cir-
rhosis; however, it is invasive and is routinely available 
only in experienced centers[25-29]. Although TE was initially 
proposed for assessment of  liver fibrosis, a good correla-
tion between TE values and HVPG has been reported, as 
well as the presence of  esophageal varices, suggesting that 
it may be a valuable tool for the non-invasive evaluation 
of  portal hypertension[30-32]. Subsequent studies have in-
vestigated correlations between TE values and the hepatic 
decompensation due to increased portal hypertension. A 
significant correlation between TE values and portal hy-
pertension, expressed as the HVPG, was reported by Viz-
zutti et al[33] suggesting that TE may reflect a progressive 
rise in portal pressure due primarily to increased hepatic 
vascular resistance, caused by fibrillar extracellular matrix 
accumulation. Based on this concept, Foucher et al[34] first 
reported that cutoff  values of  27.5, 37.5, 49.1, 53.7 and 
62.7 kPa had > 90% negative predictive values for the 
presence of  large esophageal varices (stage 2/3), Child-
Pugh score B or C, past history of  ascites, HCC and 
esophageal bleeding, respectively.

As variceal bleeding is a life-threatening complica-
tion of  portal hypertension, the relationship between TE 
values and the presence of  esophageal varices has been 
investigated in several studies[35-40]. All demonstrated a sig-
nificant correlation between TE values and the presence 
of  esophageal varices and that TE values could predict 
the presence of  large varices (more than grade 2)[38,40]. 
Table 1 summarizes reports of  the relationship between 
TE values and esophageal varices[33,38,40-44].

Although TE can predict the presence of  esophageal 
varices and consequently assist in selection of  candidates 
for endoscopic screening or prophylactic treatment, sever-
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al issues remain unresolved. First, the cutoff  values (range, 
13.9-21.5 kPa) and performance of  TE varied (AUROC 
range, 0.76-0.85) among studies[38-40]. Second, from data 
currently available, diagnostic performances of  TE are 
acceptable for the prediction of  esophageal varices, but 
far from satisfactory for screening cirrhotic patients with-
out endoscopy confidently. Thus, Kim et al[45] recently 
proposed a novel prediction model [liver stiffness-spleen 
diameter to platelet ratio score (LSPS)] to address this is-
sue, achieving higher accuracy using TE values and other 
parameters simultaneously that reflect portal hyperten-
sion as constituent variables. Overall, this model had 
excellent diagnostic accuracy for the prediction of  high-
risk esophageal varices (HEV, AUROC = 0.953; negative 
predictive value 94.7%, positive predictive value 93.3%).

Beyond this cross-sectional analysis, a subsequent 
study by the same group recently showed that LSPS can 
be a reliable predictor of  the development of  variceal 

bleeding[20]. In this prospective, longitudinal study analyz-
ing 577 patients with hepatitis B virus-related cirrhosis, 
those with LSPS ≥ 5.5 had higher cumulative incidences 
of  esophageal variceal bleeding during the follow-up pe-
riod and LSPS score ≥ 6.5 was an independent risk factor 
of  variceal bleeding among those with HEV, indicating 
that further prophylactic treatment such as endoscopic 
ligation in addition to a non-selective beta-blocker should 
be considered in these high-risk patients (Figure 1). In a 
similar context, Kim et al[46] stratified the risk of  hepatic 
decompensation, such as ascites, hepatic encephalopathy, 
variceal hemorrhage, and deterioration of  liver function to 
Child-Pugh class B or C, based upon three classes of  TE 
values (TE value < 13, 13-18 and ≥ 18 kPa) in histologi-
cally proven hepatitis B virus-related cirrhosis with well-
preserved liver function and no history of  decompensa-
tion. In a multivariate analysis, patients with a TE value of  
13-18 kPa [hazard ratio (HR), 4.547; P = 0.044] and ≥ 18 
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  Ref. No. of patients (etiology) Endpoints AUROC Cutoffs (kPa) Sensitivity Specificity PPV NPV

  Vizzutti et al[33]   47 (HCV) EV 0.76 17.6 90% 43% 77% 66%
  Castéra et al[38]   70 (HCV) EV 0.84 21.5 76% 78% 68% 84%

Large EV 0.87 30.5 77% 85% 56% 94%
  Kazemi et al[40] 165 (CLD) EV 0.83 13.9 95% 43% 57% 91%

Large EV 0.84 19.0 91% 60% 48% 95%
  Bureau et al[41]   89 (CLD) EV 0.85 21.1 84% 71% NA

NA
NA
NALarge EV 0.76 29.3 81% 61%

  Pritchett et al[42] 211 (CLD) EV 0.74 19.5 76% 66% 56% 82%
Large EV 0.76 19.8 91% 56% 91% 55%

  Nguyen-Khac et al[43] 183 (CLD) Large EV 0.76 48.0 73% 73% 44% 90%
              58 (HCV/HBV) Large EV 0.73 19.8 89% 55% 27% 97%

     103 (alcohol) Large EV 0.77 47.2 85% 64% 44% 93%
  Malik et al[44] 124 (CLD) EV 0.85 20.0 NA NA 80% 75%

Table 1  Diagnostic performance of transient elastography for prediction of esophageal varices or large esophageal varices

AUROC: Area under the receiver operating characteristic curve; PPV: Positive predictive value; NPV: Negative predictive value; CLD: Chronic liver 
disease; EV: Esophageal varix; HCV: Hepatitis C virus; HBV: Hepatitis B virus; NA: Not available.
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Patients with LSPS ≥ 5.5
Patients with LSPS 3.5-5.5
Patients with LSPS < 3.5

                                           0           1            2           3           4   yr
                     No. at risk
Patients with LSPS ≥ 5.5      107        76          51          33         18
Patients with LSPS 3.5-5.5       52        43          35          20         11
Patients with LSPS < 3.5       418      354         273        208       140
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Figure 1  Cumulative incidences of variceal bleeding based on liver stiffness-spleen diameter to platelet ratio score values. A: The incidence of variceal 
bleeding increased significantly in association with higher liver stiffness-spleen diameter to platelet ratio score (LSPS) values (long-rank test, P < 0.001); B: In particu-
lar, among patients with high risk esophageal varices (EV), the incidence of variceal bleeding was significantly higher in patient with LSPS 6.5 (subgroup 2) than those 
with LSPS < 6.5 (subgroup 1). 
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clinical role of  TE in the noninvasive prediction of  HCC 
development[52-56]. The first large prospective cohort study 
of  866 Japanese patients with chronic hepatitis C (CHC) 
tested whether TE can predict the future development of  
HCC[52]. During a mean follow-up of  3 years, 77 patients 
developed HCC. By multivariate analysis, together with 
age, male gender, and clinical cirrhosis, stratified TE value 
was identified as an independent risk factor for HCC 
development, with relative risks of  16.7, 20.0, 25.6 and 
45.5 for TE values of  10-15, 15-20, 20-25 and > 25 kPa, 
respectively, vs an TE value of  < 10 kPa as the reference 
and the cumulative incidence of  HCC showed a step-
wise increase according to stratified TE value (Figure 2A). 
Despite there being no histological analysis in relation to 
TE values and inclusion of  patients with high alanine ami-
notransferase (ALT) levels [> 5× upper limit of  normal 
(ULN)] both of  which can attenuate the accuracy of  TE, 
this study confirmed that severity of  liver fibrosis, reflect-
ed by higher TE values, was closely associated with higher 

kPa (HR, 12.446; P < 0.001) showed independently higher 
risks than patients with TE value < 13 kPa.

HCC 
Another promising area for the application of  TE, other 
than portal hypertension-related decompensation events, 
is the prediction of  HCC development. Unless HCC is 
diagnosed at an early stage, a poor prognosis is expected 
due to the limited treatment options[47-51]. Thus, early 
prediction of  HCC development is of  great importance, 
especially in high-risk patients. Among traditional risk 
factors, advanced liver fibrosis and cirrhosis is known 
to have a close association with risk of  HCC develop-
ment[47]. Thus, assessment of  the severity of  liver fibrosis 
at a given time point with subsequent monitoring of  liver 
fibrosis progression by serial check-up is essential for ef-
fective and optimized surveillance strategies for the early 
detection of  HCC[3].

Recently, several Asian studies have investigated the 
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Figure 2  Cumulative incidence of hepatocellular carcinoma development based on stratified transient elastography values in patients with chronic hepati-
tis C (A, n = 866) and those with chronic hepatitis B (B, n = 1130). The cumulative incidences increased significantly in association with higher TE values (log-rank 
test, all P < 0.001). In particular, the overall incidence of HCC differed significantly among the four groups (C) (both initial and follow-up TE values ≤ 13 kPa (group 1), 
initial TE value > 13 kPa and follow-up TE value ≤ 13 kPa (group 2), initial TE value ≤ 13 kPa and follow-up TE value > 13 kPa (group 3), and both initial and follow-
up TE values > 13 kPa (group 4) according to changing patterns of TE value during follow-up (P < 0.001; Figure 2C). A: Cited from Masuzaki et al[52]; B and C: Cited 
from Jung et al[53]. HCC: Hepatocellular carcinoma; TE: Transient elastography; LSM: Liver stiffness measurement. 
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risk of  HCC development and suggested a clinical role for 
TE in a longitudinal setting using HCC development as a 
solid clinical endpoint. Interestingly, in this study, even pa-
tients with not so high level of  TE (10-15 kPa) were still 
more subject to HCC development with an adjusted HR 
of  16.7, compared to those with a TE value < 10 kPa.

Another large Korean cohort study with 1130 patients 
with chronic hepatitis B (CHB) also confirmed the lon-
gitudinal role of  TE on HCC development[53]. Together 
with age, male gender, heavy alcohol consumption, lower 
serum albumin, and HBeAg positivity, stratified TE value 
was identified as an independent risk factor for HCC 
development, with relative risks of  3.07, 4.68, 5.55 and 
6.60 for liver stiffness measurement (LSM) values of  8-13, 
13-18, 18-23 and > 23 kPa, respectively, when compared 
with a LSM value of  < 8 kPa as a reference (Figure 2B). 
In contrast to the Japanese study[52], several additional 
issues were further analyzed in this Korean study. First, 
when the diagnosis of  cirrhosis showed discordant results 
between TE-based and clinical-based criteria, patients 
with cirrhosis based on TE were at a higher risk of  HCC 
development than those with cirrhosis based on clinical 
criteria, indicating the superiority of  TE for diagnosis of  
compensated liver cirrhosis. Second, patients with TE 
values below the cutoff  level for cirrhosis, 8-13 kPa, had 
a higher relative risk of  HCC development than those 
with LSM values < 8 kPa. Although this finding should 
be validated in large prospective studies, the issue of  ex-
pansion of  the high-risk group for HCC surveillance to 
include those with significant fibrosis was raised by this 
study. Furthermore, when patients with available follow-
up TE values were analyzed, the risk of  HCC develop-
ment changed according to the pattern of  the changes 
in TE values, suggesting a potential role for serial mea-
surements of  TE as a dynamic monitoring tool for risk 
estimation of  HCC development (Figure 2C). However, 
other confounding factors including lack of  histological 
information, insensitive HBV DNA tests, and heteroge-
neity in antiviral treatment should be noted when inter-
preting these results. Recently, Chon et al[56] compared the 
performance of  various noninvasive fibrosis prediction 
methods [aspartate aminotransferase-to-platelet ratio in-
dex (ARRI), age-spleen-to-platelet ratio index (ASPRI), 
TE, LSPS, P2/MS and FIB-4] for prediction of  HCC de-
velopment in patients with CHB and concluded that TE 
and LSPS showed the best performance (AUROC = 0.789 
and 0.788, respectively). Using multivariate analyses, TE 
and LSPS were identified as independent predictors of  
HCC development.

In another study[54] from Hong Kong, which followed 
up 528 patients with HBeAg negative CHB for a median 
length of  35 mo and identified seven patients with HCC 
development, the cumulative incidence of  HCC was 
higher in patients with TE values ≥ 10 kPa than those 
with TE values < 10 kPa (9% vs 0%, respectively; P < 
0.001), and the cumulative liver-related mortality was also 
higher in patients with TE values < 10 kPa compared 
with those with TE values ≥ 10 kPa (4% vs 0%, respec-

tively; P < 0.001). By multivariate analysis, only TE value 
was significantly associated with HCC development and 
liver-related mortality.

Similarly, Kim et al[55] investigated the prognostic role 
of  TE in predicting the development of  overall liver-
related events (LREs), defined as development of  HCC, 
hepatic decompensation, or liver-related mortality, among 
128 patients with CHB showing histologically advanced 
liver fibrosis (≥ F3) and high viral loads (HBV DNA ≥ 
2000 IU/mL) before starting nucleos(t)ide analogs. When 
the study population was stratified into two groups us-
ing the optimal cutoff  value (19 kPa), patients with TE 
values > 19 kPa were at significantly greater risk for LRE 
development than those with TE values ≤ 19 kPa (HR, 
7.176; P = 0.001). Moreover, the incidence of  LREs was 
similar in patients with F3 and F4 (22.2% vs 13.6%; P = 
0.472); however, it differed significantly between patients 
with TE values ≤ 19 kPa and those with TE values > 19 
kPa (6.9% vs 44.4%; P < 0.001), indicating the superior 
performance of  TE to that of  histology in prediction of  
LRE development. 

Apart from predicting HCC development, the appli-
cation of  TE was validated in a study by Vergniol et al[57], 
in which 1457 patients with CHC were followed up; 5-year 
survival outcomes worsened as TE values increased. The 
prognostic values of  TE were demonstrated to be statis-
tically significant (P < 0.0001) after adjustment for other 
important factors, including treatment response, patient 
age, and estimates of  necroinflammatory grade. For ex-
ample, the 5-year overall survival was 96% in patients 
with TE value < 9.5 kPa, and 47% in patients with TE 
value > 40 kPa.

Overall, TE has shown the potential for a clinical role 
in predicting the development of  portal hypertension-
related hepatic decompensation and/or HCC and, in part, 
demonstrated superior performance to histology and other 
noninvasive tools[41,58-63]. This is most likely due to the wider 
dynamic range of  TE values in the evaluation of  liver cir-
rhosis. In fact, as the stage of  ‘‘cirrhosis’’ has to date been 
defined by histopathological evidence of  one or two quali-
tative categories (METAVIR stage F4 or ISHAK S5-S6), or 
more generally by the presence of  so-called ‘‘regenerative’’ 
or ‘‘cirrhotic nodules’’, an interval scale cannot be used in 
this setting[64-66]. However, the degree of  liver fibrosis may 
vary widely among patients in this category, and the risk of  
hepatic decompensation and HCC may not be uniform. 
Thus, in this regard, because TE value, expressed in kPa as 
a continuous variable, has a wide dynamic range within the 
cirrhotic stage from the cutoff  level from non-cirrhosis 
(15-17 kPa) to the upper measurement limit of  present de-
vices (75 kPa), it would seem to be a more reasonable tool 
for detailed prognostication.

UTILITY OF TE IN THE SURGICAL 
SETTING
Because TE values show significant correlations with 
portal hypertension and HCC development, prediction 
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of  postoperative short-term outcomes, such as hepatic 
insufficiency, and long-term outcomes, such as recurrence 
or liver-related death using TE has been tested in several 
pilot studies[67-69]. Although further studies are required to 
validate these results, TE may facilitate stratification of  
patients undergoing curative resection according to dif-
ferent prognoses.

In the first place, Kim et al[67] investigated whether 
preoperative TE values could predict the development of  
postoperative hepatic insufficiency after curative resec-
tion of  HCC. In this study, multivariate analyses revealed 
that a TE value > 25.6 kPa was the only predictor of  
postoperative insufficiency. The AUROC of  25.6 kPa 
was higher than that of  indocyanine green R15, which is 
a popular method for assessment of  preoperative func-
tional reserve liver function (0.824 vs 0.620, respectively). 
Similar results were obtained in a subsequent investiga-
tion by the same group[68]. In this study, the performance 
of  TE was superior to that of  diffusion-weighted mag-
netic resonance imaging, which has also been shown to 
be a noninvasive fibrosis prediction tool for the assess-
ment of  liver fibrosis and the prediction of  postoperative 
hepatic insufficiency.

Another issue is prediction of  HCC recurrence after 
curative resection, that is, de novo recurrence in the back-
ground liver with fibrotic burden, using preoperative TE. 
In an analysis of  133 patients who underwent preopera-
tive TE and curative resection (HCC recurred in 62 pa-
tients), TE was selected as an independent predictor of  
recurrence, whereas histological fibrosis status was not[69]. 
In the study, patients with preoperative TE values > 13.4 
kPa were at a greater risk of  recurrence, with an HR of  
1.925 (P = 0.010). More specifically, when recurrence was 
stratified into early (< 2 years) and late (≥ 2 years), TE 
values were significantly related to late recurrence, thus 
supporting the hypothesis. These results suggest that pre-
operative TE could reveal the potential influence of  liver 
fibrosis on recurrence and explain multicentric carcino-
genesis in a fibrotic liver. However, more data are needed 
to clarify this issue.

ROLE OF TE IN MONITORING FIBROTIC 
BURDEN DURING ANTIVIRAL THERAPY
Recently, the concept of  “cirrhosis” has changed from 
static and uncompromisingly progressive to rather 
dynamic and bidirectional, especially when treatment 
against the causative agent of  tissue damage (i.e., antiviral 
agents against CHB or CHC and antifibrotic agents) can 
be introduced successfully at this stage of  the disease. 
The ideal approach to evaluate histological outcomes du-
ring antiviral therapy, such as fibrosis regression and ne-
croinflammation stabilization, is serial LB examinations. 
However, this is impractical, primarily due to the inherent 
invasiveness of  LB. Instead, because of  the ease, safety, 
and rapidity of  TE, it may be useful for monitoring the 
dynamic changes in liver fibrosis during antiviral or anti-
fibrotic treatment. Indeed, several studies have reported 

the clinical usefulness of  TE for monitoring potential 
fibrosis regression during antiviral treatment in patients 
with CHC and CHB[57,70-77].

Kim et al[71] analyzed 41 patients with CHB who re-
ceived antiviral treatment using nucleos(t)ide analogs. 
To prevent the confounding effect of  high ALT, pa-
tients with high ALT levels more than 2× ULN, were 
excluded. Although ALT levels did not show a statisti-
cally significant change during the first 12 or 24 mo of  
antiviral treatment, TE values decreased significantly, 
indicating potential fibrosis regression due to prolonged 
antiviral treatment. Indeed, fibrosis regression and stabi-
lization of  necroinflammation was noted in two patients 
with available paired LBs. Enomoto et al[70] reported the 
changes in LSM values during the first 12 mo of  enteca-
vir treatment in 20 patients. Median TE values decreased 
significantly from 11.2 to 7.8 kPa after 12 mo of  treat-
ment, and serum fibrosis markers, such as PIIINP and 
type Ⅳ collagen 7S domain, also decreased significantly. 
In one patient with available paired LBs, histological fi-
brosis regression and stabilization of  necroinflammation 
were noted. Although these studies suggest a role for TE 
for monitoring fibrosis regression due to prolonged an-
tiviral treatment, the short duration of  observation and 
small sample sizes with paired biopsies are major limita-
tions of  these studies.

Recently, data regarding a longer antiviral treatment 
duration (more than 3 years) have become available[72-74,78]. 
Fung et al[72] reported a significant decline in TE values 
from baseline after subsequent ALT normalization with 
3-year treatment (n = 110, 7.8 to 6.1 kPa; P = 0.002). In 
this study, independent factors associated with a signifi-
cant decline in TE value of  ≥ 1 kPa included antiviral 
therapy and ALT levels at the follow-up time point. 
Another study by Andersen et al[78] also noted significant 
declines in TE values after a median antiviral treatment 
duration of  50.5 mo (n = 66), and concluded that pro-
longed antiviral treatment in patients with CHB resulted 
in significant declines in TE values, suggesting regression 
of  fibrosis in a majority of  patients with advanced fibro-
sis or cirrhosis.

Likewise, for patients with CHC, changes in TE va-
lues during antiviral treatment have been investigated 
in several studies. Two prospective studies by Vergniol 
et al[57] and Ogawa et al[75] demonstrated that patients 
with CHC showing sustained virological responses to 
pegylated interferon-ribavirin combination therapy had 
significantly reduced TE values at the end of  follow-up. 
Moreover, Ogawa et al[75] reported that patients with non-
sustained virological responses, but with a biochemical 
response, showed a greater reduction in TE values than 
did those with a non-biochemical response. Subsequent 
studies reported similar results, suggesting that changes 
in TE values during antiviral treatment in patients with 
CHC may represent alterations in the severity of  liver 
fibrosis[76,77]. However, it should be further confirmed 
whether the favorable changes in LSM values during or 
after antiviral treatment does have a significant influecne 
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on the long-term prognosis such as disease-specific survi-
val in patients with CHC.

Taken together, TE value seems to decrease dur-
ing and after antiviral therapy. However, without paired 
histological results through repeated LB, whether the 
reduction in TE values is closely correlated with regres-
sion of  liver fibrosis or improvement in necroinflamma-
tory scores remains unclear. To clarify this, Lim et al[73] 
investigated patterns of  TE values among patients who 
were treated with entecavir. In all subjects, the median 
TE value at baseline was 15.1 (range, 5.6-75.0) kPa and 
decreased significantly, to 8.8 (range, 3.0-33.8) kPa after 
12 mo of  therapy, and a decrease in TE values correlated 
significantly with increase in albumin, decrease in biliru-
bin, decrease in ALT level, and decrease in aspartate ami-
notransferase levels (all P < 0.05). However, among 15 
patients with available paired LBs, decreases in TE values 
were correlated significantly with improved necroinflam-
matory scores, but not with fibrosis regression. Similarly, 
Wong et al[74] insisted that the decline in absolute TE val-
ues during antiviral treatment did not reflect the change 
in histologically assessed liver fibrosis, probably due to 
the confounding influence of  ALT reduction caused by 
antiviral treatment.

However, regardless of  whether TE values during 
antiviral treatment are due to fibrosis regression, activity 
stabilization, or both, changes in TE value during antiviral 
treatment can be translated into the overall response of  
chronically diseased liver to antiviral treatment from the 
viewpoint of  its long-term clinical implications. Thus, it 
is more logical to investigate whether the decline in TE 
value can be used as a favorable predictor of  long-term 
prognosis. Encouraging results were recently published 
by Jung et al[53] suggesting that the change in TE values in 
patients with CHB showed a significant correlation with 
differential future risk of  HCC development. Additionally, 
Kim et al[79] insisted that changes in TE values were signifi-
cantly associated with the difference risk of  liver-related 
event occurrence, such as hepatic decompensation, HCC 

development, and LREs (Figure 3). This would suggest 
that the assessment of  overall background liver status us-
ing TE may be an important end-point in the manage-
ment of  CHB and prediction of  long-term outcomes. 
Further research is needed to evaluate the reproducibility 
of  such findings in independent populations.

LIMITATIONS OF TE
Although TE has demonstrated reliable diagnostic accura-
cy with excellent inter-observer and intra-observer agree-
ment, additional space-occupying tissue abnormalities, 
such as edema and inflammation, cholestasis, and conges-
tion may interfere with TE, regardless of  the degree of  
liver fibrosis, because the liver is wrapped in a distensible, 
but non-elastic, envelope (Glisson’s capsule)[80]. 

First, the extent of  histological necroinflammatory ac-
tivity has been shown to influence TE results in patients 
with viral hepatitis, resulting in an overestimation of  TE 
values that increases in parallel with the degree of  necro-
inflammatory score[81-85]. Consistent with these results, a 
risk of  overestimation of  TE values has been reported in 
cases of  ALT flares in patients with acute viral hepatitis 
or CHB[86-92]. Thus, in such subjects, TE examinations 
should be delayed until ALT levels have stabilized. In 
this regard, several studies have investigated the optimal 
period (3 to 6 mo) for restoration of  the reliability of  TE 
values in patients with acute flares[88,91,93,94]. Furthermore, 
even mild to moderate elevalation in ALT can be asso-
ciated with higher liver stiffness values, and may cause 
discrepancies between TE results and the actual underly-
ing fibrosis. Apart from necroinflammation, extrahepatic 
cholestasis[95] and congestive heart failure[96-98] may also 
contribute to the overestimation of  TE.

Additionally, the performance of  TE may be limited 
in patients with a high body mass index (BMI), narrow 
intercostal space, or ascites[9]. Although TE reproduc-
ibility has been shown to be excellent in terms of  inter-
observer and intra-observer agreement, a high BMI (> 28 
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Figure 3  Incidence of liver-related events according to changes in transient elastography values after 6 mo of antiviral therapy. The overall incidence of 
liver-related events differed significantly among the four groups using TE value cutoffs of 11.6 kPa (A) and 18.2 kPa (B) (both P < 0.0001). Adapted from Kim et al[79]. 
TE: Transient elastography; LSM: Liver stiffness measurement; LREs: Liver-related events.

Kim BK et al . Longitudinal aspects of transient elastography



1897 March 28, 2013|Volume 19|Issue 12|WJG|www.wjgnet.com

kg/m2) and waist circumference were significantly associ-
ated with TE failure[99]. These results emphasize the need 
for adequate operator training and for technological im-
provements in specific patient populations, such as those 
with non-alcoholic fatty liver disease. For this, a new TE 
probe (the XL probe) was recently introduced to lessen 
the TE failure rate in obese patients; however, its efficacy 
should be further validated[100].

CONCLUSION
Over the past decade, significant progress has been made 
in the non-invasive assessment of  liver fibrosis in patients 
with CLD. Of  the methods now available, TE appears to 
be an excellent tool for assessing liver fibrosis, particu-
larly for diagnosis of  cirrhosis, and also has prognostic 
value from a longitudinal perspective. Although TE can-
not completely obviate the need for invasive tests, such as 
LB, endoscopic examination for identification of  varices, 
or HVPG, it represents an important non-invasive tool, 
enabling more efficient and tailored management strate-
gies for patients with CLD (Table 2). We hope that other 
researchers will evaluate the usefullness of  other similar 
techniques such as the measurement of  spleen stiffness 
in comparison or in combination with TE in the future.
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Abstract
AIM: To investigate the efficacy of Magliasa, a tradi-
tional Iranian formula, on experimental colitis. 

METHODS: After botanical authentication of herbal 

ingredients, formulation of Magliasa, quantitative de-
termination of total glucosinolates and total phenolic 
content, and analysis of the thin layer chromatography 
profile were performed. Colitis was then induced in 
male rats by instillation of 2,4,6-trinitrobenzenesulfonic 
acid (TNBS) in all groups, aside from the Sham group. 
The experimental groups consisted of: the Sham group 
that received only normal saline; the Mag-50, Mag-100 
and Mag-200 groups, which received 50, 100 and 200 
mg/kg per day of Magliasa, respectively; the control 
group, which received vehicle water orally; the inflix-
imab group, which received infliximab (5 mg/kg per 
day, subcutaneously); and the Dexa group, which re-
ceived dexamethasone (1 mg/kg per day, orally). After 
completing the treatment period (2 wk), the rats were 
sacrificed, the colon was removed, its macroscopic 
and microscopic changes were recorded, and tumor 
necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-
1b), total antioxidant capacity, myeloperoxidase (MPO), 
and lipid peroxidation (LPO) were assessed in colon 
homogenate.

RESULTS: The mean value of total glucosinolates in 
one gram of Magliasa was 19 ± 1 µmol. The mean 
value of the total phenolic content was 293.8 ± 17.6 
mg gallic acid equivalents per 100 gram of Magliasa. 
Macroscopic scores were significantly decreased in 
Mag-100 (1.80 ± 0.58, P  = 0.019) and Mag-200 (1.20 
± 0.20, P  = 0.001) compared to the control group (3.40 
± 0.24), although some inflammation and hyperemia 
were evident. Treatment of rats by dexamethasone 
(0.33 ± 0.21, P  < 0.001) and infliximab (0.83 ± 0.31, 
P  < 0.001) remarkably attenuated scores where mild 
hyperemia was observed macroscopically. In compari-
son to the control group (4.00 ± 0.32), only Mag-200 
(1.60 ± 0.40) showed a significant decrease in colonic 
histopathological scores (P  = 0.005). Minimal mucosal 
inflammation was observed in the Dexa group (0.67 
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± 0.21, P  < 0.001). The levels of TNF-α, IL-1b and 
MPO were significantly lower in all groups compared to 
the controls (P  < 0.05). A significant decrease in LPO 
was seen in the Mag-200 (3.27 ± 0.77, P  = 0.01) and 
Dexa (3.44 ± 0.22, P  = 0.011) groups in comparison 
to the control group (6.43 ± 0.61). Only dexametha-
sone caused a significant increase in antioxidant power 
in comparison to the control group (346.73 ± 9.9 vs  
228.33 ± 2.75, P  < 0.001). Infliximab and different 
doses of Magliasa did not show any remarkable in-
crease in antioxidant capacity (P  > 0.05). The effect of 
Magliasa in all of mentioned parameters, except anti-
oxidant capacity, was dose dependent. 

CONCLUSION: The effects of Magliasa in TNBS-in-
duced colitis are encouraging and warrant clinical trials 
for further confirmation.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Inflammatory bowel disease (IBD) includes two main 
types (Crohn’s disease and ulcerative colitis), and is cat-
egorized as one of  the chronic disorders of  the gastro-
intestinal tract with an unclear etiology. Related to the 
involvement of  possible pathological factors such as im-
munological abnormalities[1], oxidative stress[2], gut micro-
flora[3], abnormal epithelial barrier[4], and inflammatory 
factors[5-9], various drugs are used for the management of  
IBD, including anti-tumor necrosis factor-alpha (TNF-α) 
drugs[10-12], immunosuppressants[13,14], antibiotics[15,16], 
probiotics[17,18], corticosteroids[19], aminosalicylates[20,21], 
selective cyclooxygenase-2 inhibitors[9], nicotine prepara-
tions[22], potassium channel openers[23], adenosine triphos-
phate donors[24], and phosphodiesterase inhibitors[25-27]. It 
cannot be ignored that most of  the conventional treat-
ments for the management of  IBD have serious adverse 
effects that reduce compliance in patients[28-30], and there-
fore has led researchers to work on complementary and 
alternative medicines that can induce remission in disease 
activity with better safety and tolerability[31-33]. As recently 
reviewed by Rahimi et al[32], there are many plants in tradi-
tional Iranian medicine (TIM) that were historically used 
for the management of  IBD. Magliasa is a TIM herbal 
prescription that has been used to treat tenesmus and di-

arrhea mixed with blood and mucus for a long time[34]. It 
consists of  6 components: the seeds of  Lepidium sativum, 
Linum usitatissimum, and Allium ampeloprasum cv. Porrum, 
the fruit of  Bunium persicum and Terminalia chebula, and the 
gum resin of  Pistacia lentiscus (Table 1). Different mecha-
nisms have been described in TIM for the usefulness of  
these plants in the treatment of  colitis, including anti-
inflammatory, antiulcer, wound healing, and anti-diarrheal 
effects[35,36]. Regarding the aforementioned knowledge, 
the present study was planned to investigate the effect of  
Magliasa in an experimental model of  colitis to determine 
the involved mechanisms. 

MATERIALS AND METHODS
Materials 
Plant materials (seeds of  Lepidium sativum, Linum usitatissi-
mum, and Allium ampeloprasum cv. Porrum, fruit of  Bunium 
persicum and Terminalia chebula, and gum resin of  Pistacia 
lentiscus), were obtained from the local market at the 
Tehran bazaar in 2010. After confirmation by a botanist, 
voucher samples were deposited at the herbarium of  the 
Faculty of  Pharmacy, Tehran University of  Medical Sci-
ences (Tehran, Iran). 2,4,6-trinitrobenzenesulfonic acid 
(TNBS, Sigma-Aldrich), ethanol, methanol, ethyl acetate, 
n-hexane, thiobarbituric acid, trichloroacetic acid, n-buta-
nol, hexadecyl-trimethyl-ammonium bromide, 2,4,6-tri(2-
pyridyl)-S-triazine (TPTZ), hydrochloric acid, anisal-
dehyde, malondialdehyde, ethylenediaminetetraacetic 
acid, Folin-Ciocalteu reagent, toluene, dichloromethane, 
o-dianisidine hydrochloride, hydrogen peroxide, acetic 
acid, sodium acetate, Coomassie reagent, bovine serum 
albumin (BSA), FeCl3-6H2O, Na2SO4, H2SO4, H3PO4, 
KH2PO4, K2HPO4, H2O2, Na2CO3, NaHCO3, Na-K-tar-
trate, CuSO4-5H2O, Silica gel 60F254 (Merck, Germany), 
glucose kit (ZistChem, Iran), and rat-specific TNF-α and 
interleukin-1b (IL-1b) enzyme-linked immunosorbent 
assay (ELISA) kits (Bender Med Systems, Austria) were 
used in this study.  

Botanical authentication
All 6 herbal ingredients were authenticated macroscopi-
cally and microscopically. Macroscopic examinations 
included measurements of  appearance, size, shape, color, 
texture, odor, taste, fracture, and other characteristics 
according to pharmacopoeias[36,37]. Microscopic exami-
nations determined the characteristic elements of  each 
ingredient in powder form. For this purpose, each herbal 
material was mounted on a microscope slide after tissue 
disintegration with potassium hydroxide and cleared with 
sodium hypochlorite. The examination protocols followed 
the World Health Organization’s quality control methods 
for medicinal plant materials[38]. Characteristic elements 
were photographed via a Leitz optical microscope.

Preparation of Magliasa 
Bunium persicum fruit (22%), Linum usitatissimum seeds (8%), 
Allium ampeloprasum cv. Porrum seeds (8%), Terminalia che-
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bula fruit (8%), and Pistacia lentiscus gum resin (4%) were 
individually powdered by milling, and then mixed. Intact 
non-milled seed of  Lepidium sativum (50%, w/w) was 
added to the powdered material and again mixed.

Quantitative determination of total glucosinolates and 
total phenols Magliasa
The amount of  total glucosinolates as major constituents 
of  Lepidium sativum and the amount of  total phenolic 
compounds as major constituents of  Bunium persicum, Al-
lium ampeloprasum cv. Porrum, and Terminalia chebula were 
measured in Magliasa.  

Total glucosinolates were determined by the mea-
surement of  enzymatically-released glucose[39]. For this 
purpose, four accurately weighed 1 g samples of  Magliasa 
were transferred into separate loaded ball-mill cups. To 
three cups 1 mL of  water was added (samples), while the 
last cup had 1 mL of  acidified 40% v/v methanol/water 
added instead (sample blank). All cups were milled side by 
side for 2 min, allowed to stand for 5 min, and then had 
19 mL of  acidified 40% v/v methanol added to each cup. 
After recapping and shaking vigorously, the cup contents 
were filtered through charcoal-coated papers. Immediately 
prior to colorimetric assay, each of  the filtrates was diluted 
ten-fold with water, and then 0.2 mL was poured into 
separate 10 mL tubes. About 0.2 mL of  water was added 
into a fifth tube (water blank), with 0.2 mL of  standard 
glucose solution (1 mg/mL) (ZistChem, Iran) added into 
a sixth tube. Five mL of  buffer/enzyme/chromogen re-
agent (ZistChem, Iran) was added to all tubes, mixed, and 
then placed in a water bath at 37 ℃ and read within 10-15 
min. The absorbance of  each solution against the water 
blank was measured at 610 nm. 

The total phenolic contents in the medicinal plants 

were determined spectrophotometrically according to 
the Folin-Ciocalteu method[40]. Gallic acid was used to set 
up the standard curve. The phenolic compound content 
of  the samples was expressed as gallic acid equivalents 
(GAE) in mg per 100 g of  Magliasa. All the samples were 
analyzed in triplicate.

Thin layer chromatography profile of Magliasa
Thin layer chromatography (TLC) was performed to 
obtain preliminary data from essential oils and lipophilic 
substances. For this purpose, 1 g of  Magliasa was extract-
ed by shaking for 15 min in 10 mL of  dichloromethane 
at room temperature. The suspension was filtered, and 
the clear filtrate evaporated to dryness. The residue was 
dissolved in 1 mL of  toluene. Samples were then applied 
to the plates, which were developed at room tempera-
ture in glass chambers previously saturated for 1 h. The 
development distance was 5 cm. The mobile phase was 
n-hexane-ethyl acetate 5:4 (v/v). The spray reagent was 
anisaldehyde- sulfuric acid[41].

Animals 
Male Wistar-albino rats, weighing between 220 and 230 g, 
were maintained under standard conditions of  temperature 
(23 ℃ ± 1 ℃), relative humidity (55% ± 10%), a 12-h dark 
and light period, and fed with a standard pellet diet and wa-
ter ad libitum. All ethical themes of  the animal studies were 
considered carefully, and the experimental protocol was 
approved by the ethical committee of  Tehran University 
of  Medical Sciences (code number of  88-04-33-10094).

Interventions 
Rats were randomly divided into seven groups contain-
ing six individuals in each group. Colitis was induced 
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  Scientific name Iranian name Part Major constituents Pharmacological activities Herbarium No.

  Lepidium sativum Taretizak Seed Glucosinolates, imidazole 
alkaloids, fatty acids, and 

sterols[60-63]

↓IL-2, TNF-α, leukotriene B4 and nitric oxide in immune 
cells; anti-inflammatory and analgesic in rats; prokinetic, 
and laxatives in mice; anti-diarrheal and spasmolytic in 

rats; anticholinergic and phosphodiesterase inhibitor[64-68]

PMP-716

  Bunium persicum Zire 
kermani

Fruit Flavonoids, essential oils, and 
tannins[69,70]

Antioxidant and radical scavenger; antinociceptive and 
anti-inflammatory in rats[70-73]

PMP-627

  Linum usitatissimum Katan Seed Mucilage, cyanogenic glycoside, 
lignans, fatty acids, and 

phenylpropan derivatives[74]

Antiulcer, antioxidant , and protective against intestinal 
tumors in mice[75-77]

PMP-717

  Allium ampeloprasum 
  cv. Porrum

Tare Seed Saponins, flavonoids, carotenoids, 
and sulfur-containing 

compounds[78-80]

Antioxidant[78] PMP-718

  Terminalia chebula Halile siah Fruit Tannins, anthraquinones, triterpene 
glycosides, and beta-Sitosterol[81,82]

Antioxidant, anti NF-kB, antiulcer, ↓TNF-α, IL-1b and IL-6, 
and antibacterial against intestinal bacteria[83-87]

PMP-606

  Pistacia lentiscus Mastaki Gum 
resin 

Triterpene acids and alcohols, and 
essential oils[81]

Antioxidant, ↓NO, prostaglandin E2, iNOS, and Cox-2 
delayed the onset and progression of colitis and prevented 
weight loss in mice; ↓Intensity of gastric mucosal damage, 

↓TNF-α, CD activity index, plasma IL-6, and ↑total 
antioxidant potential in CD patients; ulcer healing in 

patients with duodenal ulcer[88-93]

PMP-811

Table 1  Magliasa powder ingredient characteristics

Cox-2: Cyclooxygenase-2; iNOS: Inducible nitric oxide synthase; CD: Crohn’s disease; NO: Nitric oxide; TNF-α: Tumor necrosis factor-α; IL: interleukin; 
NF-kB: Nuclear factor kB.
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Total ferric reducing antioxidant power assay
Total antioxidant power of  the colon was evaluated by 
measuring the ability to reduce Fe3+ to Fe2+. Interaction 
of  TPTZ with Fe2+ results in the formation of  a blue 
color, with a maximum absorbance at 593 nm. Data were 
expressed as mmol/L ferric ions reduced to ferrous per 
mg of  protein, as described in our previous work[47].

Myeloperoxidase activity measurement
In this test, supernatant was combined with o-dianisidine 
and 0.0005% H2O2 that resulted in an absorbance at 
460 nm that was measured for 3 min. One unit of  my-
eloperoxidase (MPO) activity is described as the change 
in absorbance per min at room temperature in the final 
reaction. Details of  the procedure have been described in 
our previous work[48].

Thiobarbituric acid-reactive substances assay
Levels of  lipid peroxidation were assessed in colon tissue 
using thiobarbituric acid reactive substances (TBARS) 
assay as described in our previous work[49]. Data were re-
ported as µg/mg of  protein.

Total protein of colon homogenate
Total protein of  the tissue was measured according to 
the Bradford method, using BSA as the standard[50]. Re-
sults were reported as mg of  protein per mL of  homog-
enized tissue.

Determination of LD50
In order to determine the acute toxicity (LD50) of  Maglia-
sa, doses of  5, 50, 300 and 2000 mg/kg per day were 
gavaged to rats. The animals were observed for 1 wk and 
any mortality was recorded at the end of  this period[51].

Statistical analysis
Data were analyzed by StatsDirect ver. 2.7.8. One-way 
analysis of  variance followed by a Newman-Keuls post 
hoc test for multiple comparisons were used. P values less 
than 0.05 were considered significant. Results are ex-
pressed as mean ± SE.

RESULTS
Botanical authentication
Microscopic characteristics of  different herbal components 
of  Magliasa are shown in Figure 1.

Quantitative determination of total glucosinolates and 
total phenols in Magliasa
The mean value of  total glucosinolates in one gram of  
Magliasa was 19 ± 1 µmol. The mean value of  total phe-
nolic content was 293.8 ± 17.6 mg GAE per 100 g of  
Magliasa.

TLC analysis 
Table 2 summarizes the retention value of  spots visible 
in the TLC profile of  Magliasa.

by the instillation of  TNBS in all groups except group 
1. The groups were: (1) Sham which received normal 
saline; (2) Mag-50 which received 50 mg/kg per day of  
Magliasa; (3) Mag-100 which received 10 mg/kg per day 
of  Magliasa; (4) Mag-200 which received 200 mg/kg per 
day of  Magliasa; (5) control which received vehicle water 
orally; (6) Infliximab which received infliximab (5 mg/kg 
per day, subcutaneously); and (7) Dexa which received 
dexamethasone (1 mg/kg per day, orally). Magliasa was 
dissolved in water and administered by gavage. The doses 
for Magliasa were selected after a pilot study. The effec-
tive doses of  infliximab and dexamethasone were select-
ed from our previous studies[42].

Induction of colitis
For induction of  colitis, 36 h fasted rats were anesthe-
tized with an intraperitoneal administration of  50 mg/kg 
of  pentobarbital sodium, positioned on their right side, 
and then had 0.3 mL of  a mixture containing six vol-
umes of  TNBS 5% w/v in H2O (equal to 15 mg TNBS) 
plus four volumes of  ethanol (99%) instilled via the 
rectum using a rubber cannula (8 cm long)[43]. Following 
instillation of  TNBS, rats were maintained in a supine 
Trendelenburg position in order to prevent anal leakage 
of  TNBS. Medications were then administered to the 
animals for 14 d as described above. On the 15th day, the 
animals were sacrificed by an overdose of  ether inhala-
tion. The abdomen was rapidly dissected open and the 
colon was removed. The colon was cut open in an ice 
bath, cleansed gently using normal saline, observed nor-
mally for macroscopic changes, and scored in a manner 
described later. Samples were then cut into two pieces; 
one piece for histopathology assessment (fixed in 5 mL 
formalin 10%) and one piece for measuring biomarkers 
weighed and maintained in -20 ℃ for 24 h. The colonic 
samples were then homogenized in 10 volume ice-cold 
potassium phosphate buffer (50 mmol/L, pH 7.4), soni-
cated, and centrifuged for 30 min at 3500 × g. The su-
pernatants were transformed into several microtubes for 
separate biochemical assays, and all were kept at -80 ℃ 
until analyses[44].

Macroscopic and microscopic assessment of colonic 
damage
The macroscopic damage was assessed and scored ac-
cording to criteria as described in our previous work[45,46]. 
For microscopic analysis, the fixed segments in formalin 
10% were embedded in paraffin and stained with hema-
toxylin and eosin. The scoring was performed by one 
who was blind to the treated groups.

Determination of TNF-α and IL-1b
Quantitive detection of  TNF-α and IL-1b levels in colon 
tissues were performed using an ELISA kit. The absor-
bance of  the final colored product was measured in 450 
nm as the primary wavelength and 620 nm as the reference 
wavelength. TNF-α and IL-1b levels were expressed as pg/
mg protein of  tissue, as described in our previous work[44].
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Macroscopic and microscopic assessment of colonic 
damage
Data are shown in Table 3. The colons of  the Sham group 
appeared normal. In contrast, intracolonic administration of  
TNBS led to mucosal ulceration, inflammation, adhesion, 
and wall thickening in the control group. Treatment with 
Mag-50 did not significantly reduce macroscopic scores 
where linear ulceration and mesenteric inflammation were 
observed in some samples. Administration of  Maglasia re-

duced the macroscopic score in a dose-dependent manner, 
and a significant effect was observed in the Mag-100 and 
Mag-200 groups, although some inflammation and hyper-
emia were evident. The median effective dose (ED50) value 
was 104.78 mg/kg. Treatment of  rats by dexamethasone 
and infliximab remarkably attenuated scores where mild 
hyperemia was observed macroscopically.

Histopathological examination of  the control group 
showed extensive severe transmural inflammation, dif-
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Figure 1  Microscopic character-
istics of the herbal ingredients of 
Magliasa. A: Lepidium sativum seed. 
A1: Pericarp; A2 and A3: Sclereids of 
the mesocarp; A4: Parenchyma of the 
endosperm; B: Linum usitatissimum 
seed. B1: Endosperm; B2: Epidermis; 
B3: Fiber; B4: Sclerenchyma; B5: 
Parenchyma of the testa; B6: Pigment 
layer of testa; C: Terminalia chebula 
fruit. C1: Epidermis; C2: Fiber; C3: 
Parenchyma of the mesocarp; C4 
and C5: Sclereids; C6: Vessels; D: Al-
lium ampeloprasum cv. Porrum seed. 
D1: Endosperm; D2: Mesoderm; D3: 
Epidermis of the testa; E: Bunium per-
sicum fruit. E1: Endocarp; E2 and E3: 
Endosperm; E4 and E5: Sclereids of 
the mesocarp; E6: Vessels; E7: Vittae. 
Magnification of all images was 40.
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fused necrosis, mucosal and submucosal polymorpho-
nuclear (PMN) leukocyte infiltration, and crypt destruc-
tion, whereas microscopic evaluation of  the Sham group 
showed a normal situation. In the Mag-50 group, micro-
scopic evaluation revealed moderate mucosal and submu-
cosal inflammation, PMN infiltration, and extensive crypt 

distortion. In the Mag-100 group, moderate inflammation 
of  the mucosa and submucosa, inflammatory cell infiltra-
tion, and some crypt abscess and destruction were ob-
served. In the Mag-200 and infliximab groups, mild focal 
non-hemorrhagic edema and focal submucosal PMN in-
filtration were observed. Minimal mucosal inflammation 
was observed in the Dexa group (Figure 2). Administra-
tion of  Maglasia reduced the microscopic score in a dose-
dependent manner, and a significant effect was observed 

  Type of extract Solvent system RF values Intensity of spot

  Dichloromethane Hexane: ethyl acetate 
(5:4 v/v)

0.048 Moderately intense
0.181 Faint
0.238 Intense
0.286 Faint
0.333 Intense
0.380 Intense
0.430 Faint
0.476 Faint
0.524 Moderately intense
0.571 Faint
0.619 Faint
0.670 Faint
0.714 Faint
0.762 Intense  
0.838 Faint 
0.876 Moderately intense  

Table 2  Thin layer chromatography analysis of Magliasa

RF: Retention factor.

  Group
Macroscopic score Microscopic score

mean ± SE Median (range) mean ± SE Median (range)

  Sham    0.00 ± 0.00 0 (0-0)   0.00 ± 0.00 0 (0-0)
  Control    3.40 ± 0.24a 3 (3-4)   4.00 ± 0.32a 4 (3-5)
  Dexa    0.33 ± 0.21c 0 (0-1)   0.67 ± 0.21c 1 (0-1)
  Inf    0.83 ± 0.31c 1 (0-2)   1.50 ± 0.34c 1 (1-3)
  Mag-50    2.20 ± 0.37a,e,g 2 (1-3)   2.60 ± 0.51a,e 3 (1-4)
  Mag-100    1.80 ± 0.58a,c,e 1 (1-4)   2.40 ± 0.75a 2 (1-5)
  Mag-200    1.20 ± 0.20c 1 (1-2)   1.60 ± 0.40c 1 (1-3)

Table 3  Macroscopic and microscopic scores as criteria for 
assessing colonic damage

aP < 0.05 vs Sham group; cP < 0.05 vs the control group; eP < 0.05 vs the dexa-
methasone group; gP < 0.05 vs the infliximab group. Dexa: Dexamethasone; 
Inf: Infliximab; Mag-50: Magliasa at a dose of 50 mg/kg; Mag-100: Magliasa 
at a dose of 100 mg/kg; Mag-200: Magliasa at a dose of 200 mg/kg. 

Sham

C

D

A

B

E

F

K

I

J

G

H

Control                                                                       Dexa

Inf                                                                            Mag-50

Mag-100                                                                     Mag-200

Figure 2  Histological images of 
colon samples. In the Sham group, 
colons were within normal limits 
including crypts (A) and submucosal 
tissue (B), but intense transmural 
inflammation (C), and severe crypt 
destruction (D) were observed in the 
control group. Moderate crypt distor-
tion (E and G) and inflammatory cell 
infiltration (F and H) was seen in the 
Mag-5 and Mag-100 groups. Mild 
focal inflammation and crypt abscess 
were observed in the Mag-20 and inf-
liximab groups (I and J). Mild focal in-
flammation was observed in the Dexa 
group (K). Magnification of all images 
was 100. Dexa: Dexamethasone; 
Inf: Infliximab; Mag-50: Magliasa at a 
dose of 50 mg/kg; Mag-100: Magliasa 
at a dose of 100 mg/kg; Mag-200: 
Magliasa at a dose of 200 mg/kg. 
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in the Mag-200 group, with an ED50 of  132.29 mg/kg.

Colonic TNF-α 
A significant difference was seen in TNF-α between the 
control and Sham groups (P = 0.000). TNF-α was sig-
nificantly lower in all groups compared to the control, 
with an ED50 of  55.36 mg/kg. The level of  TNF-α in 
the Mag-100 group (21.99 ± 3.54) was near to that of  
the infliximab group (20.18 ± 4.29), and both were lower 
than that of  the Mag-50 (42.85 ± 10.87) and Dexa (39.72 
± 3.97) groups. TNF-α in the Mag-200 group (11.60 ± 
1.83) was lower than that of  the infliximab group, but the 
difference was not significant (P = 0.98, Figure 3A).

Colonic IL-1b levels
IL-1b was higher in the control group compared to the 
Sham (P = 0.000). IL-1b in all groups was lower than that 
of  the control, with an ED50 of  48.78 mg/kg. IL-1b in 
the Mag-100 group (1.21 ± 0.10) was near to that of  the 
Dexa group (1.64 ± 0.42), and both were higher than that 
of  the infliximab (0.83 ± 0.14) and Mag-200 (0.48 ± 0.09) 

groups. IL-1b in the Mag-200 group was near to that of  
the Sham (0.44 ± 0.07), and was lower than infliximab, but 
the difference was not significant (P = 0.998, Figure 3B).

Colonic total antioxidant power as ferric reducing/
antioxidant power
The ferric reducing/antioxidant power (FRAP) value was 
significantly lower in the control compared to the Sham 
(P = 0.008). Among interventions, only dexamethasone 
caused a significant increase in FRAP when compared to 
the control (P = 0.000). None of  the Mag-50, Mag-100, 
Mag-200 or infliximab groups showed a significant differ-
ence to the control in FRAP (Figure 3C). The effect of  
Magliasa in FRAP was not dose dependent.

Colonic lipid peroxidation level as TBARS
The TBARS value was significantly higher in the control 
compared to the Sham (P = 0.005), while TBARS in the 
Mag-200 (3.27 ± 0.77, P = 0.010) and Dexa (3.44 ± 0.22, 
P = 0.011) groups was significantly lower than that of  the 
control (6.43 ± 0.61). Other groups did not show a signif-
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Figure 3  Levels of different biochemical parameters in the colon of rats after 2 wk of treatment. A: Tumor necrosis factor-alpha (TNF-α); B: Interleukin-1 beta 
(IL-1b); C: Total antioxidant capacity as a ferric reducing antioxidant power (FRAP) level; D: Lipid peroxidation as a thiobarbituric acid reactive substances (TBARS) 
level; E: Neutrophil infiltration as myeloperoxidase (MPO) activity. Values are mean ± SE. aP < 0.05 vs the Sham group; cP < 0.05 vs the control group; eP < 0.05 vs 
the dexamethasone group. Dexa: Dexamethasone; Inf: Infliximab; Mag-50: Magliasa at a dose of 50 mg/kg; Mag-100: Magliasa at a dose of 100 mg/kg; Mag-200: 
Magliasa at a dose of 200 mg/kg.
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icant difference from the control in TBARS (Figure 3D). 
Administration of  Maglasia reduced TBARS in a dose-
dependent manner, with an ED50 value of  216.4 mg/kg.

Colonic MPO activity
MPO in the control was significantly higher than that 
of  the Sham (P < 0.002). Treatment with Magliasa in all 
groups significantly decreased MPO activity compared to 
the control. MPO in the Mag-200 group (10.65 ± 2.53) 
was lowest amongst the Mag groups, and close to the 
Dexa group (10.42 ± 3.18). MPO in the Mag-200 group 
was lower than that of  the infliximab group (16.41 ± 2.89) 
(Figure 3E). The ED50 value was 34.38 mg/kg.

LD50
The acute toxicity test (LD50) demonstrated that Maglia-
sa is not lethal up to a dose of  2000 mg/kg after oral 
administration. In the treated groups, no sign of  toxicity 
was observed. It can therefore be considered as practi-
cally non-toxic.

DISCUSSION
There is a strong potential in the traditional and folkloric 
medicines of  various countries, including Iran, for devel-
oping new and efficacious drugs for diseases that have a 
challenging treatment. One such disease is IBD. In this 
paper, Magliasa, one of  the remedies recommended for 
colitis in TIM, was prepared, and its efficacy and possible 
mechanisms of  action in different doses were evaluated in 
TNBS-induced colitis and compared with standard drugs. 
Macroscopic and microscopic scores, as criteria for colon-
ic damage, improved by doses of  100 and 200 mg/kg per 
day with Magliasa. The microscopic score reduced only 
in the Mag-200 group, while the Mag-50 group showed 
no significant benefit against colonic damage. Colonic 
TNF-α, IL-1b and MPO activities were significantly de-
creased by all doses of  Magliasa. TNF-α and IL-1b have 
been described as important mediators that contribute 
to intestinal inflammation in IBD patients[52-54]. Increased 
TNF-α has been found in the serum and mucosa of  pa-
tients with IBD[55,56]. Moreover, inhibition of  TNF-α by 
anti-TNF-α drugs, such as infliximab, has been an effica-
cious strategy in the management of  IBD[10,57]. MPO is 
located in the granules of  neutrophils and released upon 
stimulation by free radicals. The activity of  MPO has 
been known as a marker of  neutrophil penetration to the 
site of  inflammation[58,59]. Magliasa did not affect oxida-
tive stress as a factor involved in the pathophysiology of  
IBD[2]. Lipid peroxidation in the colon decreased only 
with a high dose of  Magliasa (Mag-200). The effects of  
Magliasa in all investigated parameters were dose-depen-
dent, except in total antioxidant power.

The total phenolic content of  Magliasa was deter-
mined because phenolic compounds have pharmacologi-
cal activities (antioxidant, anti-inflammatory, anti-diarrheal, 
and antimicrobial) that are all useful for the management 
of  IBD, considering its pathogenesis. There is concern 

about the content uniformity of  Magliasa, as intact non-
milled seed of  Lepidium sativum comprises 50% of  the 
product. In addition to a reference marker for the stan-
dardization of  Magliasa, total glucosinolates can be used 
for evaluating the content uniformity of  the product. 

There are some reports on the herbal ingredients of  
Magliasa that confirm their efficacy in IBD[32]. These re-
ports are summarized in Table 1. Anti-inflammatory, an-
tioxidant, analgesic, spasmolytic, antiulcer, ulcer healing, 
immunomodulatory, antibacterial, and anti-diarrheal ac-
tivity are among the pharmacological properties of  these 
ingredients that make them useful for IBD. It seems that 
the efficacy of  Magliasa in IBD is due to the combination 
of  the mentioned activities.     

Overall, the results obtained from the efficacy of  
Magliasa on TNBS-induced colitis of  rats are encourag-
ing, although clinical trials are required for confirmation 
of  these results.
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Abstract
AIM: To investigate the expression of CD73 and hy-
poxia-inducible factor-1α (HIF-1α) in human gastric 
carcinoma, and explore their clinical significance and 
prognostic value. 

METHODS: CD73 and HIF-1α expressions were de-
tected by immunohistochemistry in consecutive sec-
tions of tissue samples from 68 gastric carcinoma 
patients. The peritumor tissues 2 cm away from the 
tumor were obtained and served as controls. The pres-
ence of CD73 and HIF-1α was analyzed by immunohis-
tochemistry using the Envision technique.

RESULTS: CD73 and HIF-1α expressions in gastric 
carcinoma were significantly higher than those in gas-

tric mucosal tissues as control (P  < 0.001) and showed 
a close correlation (Spearman r  = 0.390, P  = 0.001). 
Overexpression of CD73 was positively correlated with 
differentiation of tumor (P  = 0.000), histopathology (P  
= 0.041), depth of invasion (P  < 0.001), nodal status 
(P  = 0.003), metastasis (P  = 0.013), and the American 
Joint Committee on Cancer (AJCC) stage (P  < 0.001). 
High expression of HIF-1α was positively correlated 
with tumor diameter (P  = 0.031), depth of invasion 
(P  = 0.022), and AJCC stage (P  = 0.035). The overall 
survival rate was low in the patients with high expres-
sion of CD73 (P  < 0.001). Moreover, CD73+/HIF-1α+ 
patients had the worst prognosis (P  < 0.001). CD73 
expression was proven to be an independent predictor 
for patients with gastric carcinoma by both multivari-
ate Cox regression analysis (P  = 0.021) and receiver 
operating characteristic curves (P  = 0.001).

CONCLUSION: CD73 expression correlates closely with 
HIF-1α expression in gastric carcinoma. CD73 could be an 
independent prognostic indicator for gastric carcinoma.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Gastric carcinoma has been the fourth most common can-
cer in the world since the latter half  of  the 20th century[1,2]. 
In spite of  the recent advances in diagnostic techniques 
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for early detection and the improvement in surgical treat-
ment, gastric carcinoma remains the second leading cause 
of  cancer-related deaths[3]. In China, Japan and Korea, 
the incidence of  gastric carcinoma now has reached up to 
80 new cases per 100 000 population annually[4]. Changes 
observed in expression of  tumor specific biomarkers 
in gastric carcinomas may be helpful to understand the 
transformation of  histological heterogeneity and the 
underlying molecular mechanisms. Searching for specific 
biomarkers which determine the biological nature and 
behavior of  gastric carcinoma would be of  utmost im-
portance to optimize individualized therapy.

Ecto-5’-nucleotidase/CD73 is a homodimer linked to 
the plasma membrane through a glycosylphosphatidylino-
sitol lipid anchor, which was found in most tissues[5]. It is a 
part of  extracellular ATP metabolism, which dephosphor-
ylates AMP into adenosine rapidly after CD39 catalyzes 
ATP, ADP and AMP[6]. Recent studies have demonstrated 
that CD73 could participate in a variety of  physiological 
responses including ischemic preconditioning, platelet 
function, hypoxia, vascular leak and tissue injury[7,8]. CD73 
was up-regulated in various human cancers, including 
those of  lung, colon, breast, pancreas and ovary[9,10]. Im-
portantly, the high expression of  CD73 was correlated 
with tumor neovascularization, invasiveness, metastasis, as 
well as shorter patient survival[9-13]. These results suggested 
that CD73 might play a significant role in controlling tu-
mor progression.

Oxygen is only able to diffuse 100-180 μm from a 
capillary to cells, which makes hypoxia a common feature 
of  rapidly growing solid tumors[14]. Hypoxia-inducible 
factor-1 (HIF-1) is a heterodimeric basic helix-loop-helix 
transcription factor composed of  HIF-1α and HIF-1β 
subunits; and HIF-1α determines HIF-1 activity[15]. It is 
found that HIF-1α is wildly expressed in various types of  
carcinomas, such as those of  brain, breast, lung and co-
lon[16-18]. These results revealed that HIF-1α was correlated 
with tumor progression, aggressive behavior, and patient 
prognosis. As is known, pathophysiologic conditions of  
hypoxia can cause adenine nucleotide metabolic changes. 
A recent study found that CD73 is transcriptionally regu-
lated by ambient hypoxia and is one of  the mechanisms 
involved HIF-1[19].

The purpose of  this study was to ascertain the cor-
relation between CD73 and HIF-1α expressions and 
their clinicopathological significance in gastric carcinoma, 
including patient survival. We hypothesized that CD73 
expression would be correlated with clinicopathological 
factors and HIF-1α expression, and the combination of  
the two molecules would predict recurrence and overall 
survival.

MATERIALS AND METHODS
Patients 
Samples of  gastric carcinoma were collected from the 
resected stomach of  68 patients who were diagnosed 
histologically as gastric carcinoma and underwent gastrec-

tomy at the Nanjing General Hospital of  Nanjing Military 
Command. None of  the patients had previously received 
radiotherapy, chemotherapy or other medical interven-
tions before surgery. Among them, 43 (63%) patients were 
male and 25 (37%) were female, with a mean age of  49.86 
years. All patients were followed up from the date of  sur-
gery until either the date of  death or December 2011. For 
analysis of  patient survival, the patients who were lost to 
follow-up or those who died from causes other than gas-
tric carcinoma were regarded as censored data. 

This study was approved by the Institutional Review 
Board, and informed consent was obtained from each patient.

Immunohistochemistry
The peritumor tissues 2 cm away from the tumor were 
collected and served as healthy controls. Tumor specimens 
and healthy control gastric mucosal tissues, which were 
fixed in 10% buffered formalin and embedded in paraf-
fin, were cut into 4-μm sections and placed on polylysine-
coated slides. The staining was conducted by the avidin-
biotin-peroxidase complex method. Each paraffin section 
was deparaffinized and rehydrated though graded alco-
hols, followed by antigen retrieval with epitope retrieval 
solution (10 mmol citrate buffer, pH 6.0) in a pre-heated 
water bath at 98 ℃ for 10 min. Endogenous peroxidase 
was blocked using 3% hydrogen peroxide. Subsequently, 
sections were incubated with the primary mouse mono-
clonal CD73 antibody (1:100, ab71322 Abcam) and 
mouse monoclonal HIF-1α antibody (1:100, MAB1935 
R and D) overnight at 4 ℃, and then were stained with 
secondary antibody for 30 min. The sections were finally 
counterstained with haematoxylin (Zymed Laboratories 
Inc, San Francisco, CA, United States). Negative control 
was performed by replacing the primary antibody with a 
normal murine immunoglobulin G. Known immunostain-
ing-positive sections were used as positive controls.

Evaluation of immunohistochemical analysis
We used semi-quantitative method. Five different per-
spectives were randomly selected under ordinary optical 
microscope at a magnification of  400. The percentage 
of  positive cells was scored 0 for staining of  < 1%, 1 
for staining of  2%-25%, 2 for staining of  26%-50%, 3 
for staining of  51%-75%, and 4 for staining > 75% of  
the cells examined. Staining intensity was calculated, no 
coloring, slightly yellow, brown yellow and tan stains were 
marked as 0, 1, 2 and 3. Finally, we calculated the product 
of  staining intensity and positive cell percentage: ≤ 5 was 
defined as negative and ≥ 6 as positive. Two pathologists 
blinded to the clinical details reviewed the pathological 
films and staining points.

Statistical analysis
Categorical data were analyzed using the χ 2 or nonpara-
metric test, while measurement data were evaluated with 
Student’s t or one-way analysis of  variance test. Correla-
tion coefficient between expression of  CD73 and HIF-
1α was estimated by the Spearman correlation method. 
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The Kaplan-Meier method was used to estimate the overall 
survival and the log-rank test was used to analyze the dif-
ferences between the curves. Multivariate Cox proportion-
al hazard regression model and receiver operating char-
acteristic (ROC) curve analysis were established to assess 
the prognostic values of  protein expression. All statistical 
analysis were performed using the SPSS software version 
16.0 (SPSS, Chicago, IL, United States) and P < 0.05 was 
considered statistically significant.

RESULTS
Patient characteristics 
The demographic and clinicopathological variables of  

the 68 patients are shown in Table 1. The ages of  the 
patients ranged from 24 to 59 years with the mean age 
49.82 years. Based on the American Joint Committee on 
Cancer (AJCC) classification, there were 26 stage Ⅰ/Ⅱ 
patients and 42 stage Ⅲ/Ⅳ patients. The patients were 
followed up for a period of  1-84 mo. Two were lost to 
follow-up and 37 patients died during the follow-up.

Immunohistochemical analysis of CD73 and HIF-1α 
expression
CD73 and HIF-1α were detected on consecutive sections 
and were found to be mainly expressed in the cytoplasm 
of  gastric carcinoma (Figure 1). We repeated the experi-
ment twice to exclude false positive results. Immuno-
histochemical analysis showed that in gastric carcinoma, 
31 (45.6%) of  68 samples were CD73-positive and 36 
(52.9%) of  68 were HIF-1α-positive, while in healthy 
control gastric mucosa, 8 (11.8%) of  68 were CD73-posi-
tive and 12 (17.6%) of  68 were HIF-1α-positive. CD73 (P 
< 0.001) and HIF-1α (P < 0.001) expression was signifi-
cantly higher than in healthy controls. CD73 expression 
was concordant with HIF-1α expression in 69.1% (47 of  
68) of  gastric carcinoma cases (Spearman r = 0.390, P = 
0.001). CD73 and HIF-1α were found double-positive in 
23 cases, double-negative in 24 cases, and either CD73-
positive or HIF-1α-positive only in 21 cases. The Spear-
man’s rank correlation method was used to estimate the 
expression correlation coefficient (r = 0.390, P = 0.001), 
indicating a close correlation between CD73 and HIF-1α 
expression in gastric carcinomas. 

Correlation of CD73 and HIF-1α expression with 
clinicopathological variables
Chi-squared test was used to investigate the correlation 
of  CD73 and HIF-1α expression with clinicopathological 
variables. Statistically, CD73 overexpression was signifi-
cantly correlated with tumor differentiation (P = 0.000), 
histopathology (P = 0.041), depth of  invasion (P = 0.000), 
nodal status (P = 0.003), metastasis (P = 0.013), and 
AJCC stage (P = 0.000) (Table 1). In contrast, there was 
no correlation between the expression of  CD73 and age, 
gender, tumor size, or Borrmann type (P > 0.05, Table 
1). In addition, HIF-1α expression was significantly cor-
related with tumor size (P = 0.031), depth of  invasion (P 
= 0.036) and AJCC stage (P = 0.035) (Table 1), but not 
with age, gender, tumor differentiation, histopathology, 
depth of  invasion, nodal status, metastasis, or Borrmann 
type (P > 0.05, Table 1).

Survival analysis
Further Kaplan-Meier analysis demonstrated that high 
expression of  CD73 (log-rank, P < 0.001) had a statisti-
cally significant correlation with a poor overall survival 
(Figure 2). But there was no significant correlation be-
tween overexpression of  HIF-1α and survival time (log-
rank, P = 0.103). Moreover, we classified the patients 
into four groups stratified according to CD73/HIF-1α 
expression, and a significant difference was observed 
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  Clinicopathological 
  data

CD73 expression
P  value

HIF-1α expression
P  value

High Low High Low

  Gender 0.144 0.136
     Male 18 25 21 22
     Female 13 12 15 10
  Age (yr) 0.157 0.107
     < 49.82 10 15 11 14
     ≥ 49.82 21 22 25 18
  Tumor diameter 
  (cm) 

0.127 0.031

     ≤ 5   7 17   9 15
     5-10 10   5   8   7
     > 10 14 15 19 10
  Differentiation 0.000 0.445
     Well   1   4   4   1
     Moderate   6 22 13 15
     Poor 24 11 19 16
  Histopathology 0.041 0.168
     Tubular 
     adenocarcinoma

  3 16   7 12

     Poorly 
     differentiated 
     adenocarcinoma

21 11 21 11

     Signet-ring cell 
     carcinoma

  3   3   2   4

     Mucinous 
     adenocarcinoma

  4   7   6   5

  Borrmann type 0.140 0.430
     Ⅰ   5 19   9 16
     Ⅱ   9 12   9 12
     Ⅲ 15 13 17 11
     Ⅳ   2   2   1   3
  Depth of invasion 0.000 0.036
     T1-T2    1 21   8 14
     T3-T4  30 16 28 18
  Nodal status 0.003 0.113
     N0   4 17   9 12
     N1/N2 27 20 27 20
  Metastasis 0.013 0.192
     M0 20 33 27 26
     M1 11   4   9   6
  AJCC stage 0.000 0.035
     Ⅰ/Ⅱ   2 24 10 16
     Ⅲ/Ⅳ 27 15 26 16

Table 1  Correlation of CD73 and hypoxia-inducible factor-
1α expression with clinicopathological characteristics of 
gastric carcinoma

HIF-1α: Hypoxia-inducible factor-1α; AJCC: American Joint Committee on 
Cancer.
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encouragingly useful in predicting the overall survival of  
gastric carcinoma patients (area under the curve = 0.850, 
P < 0.001, Figure 3).

DISCUSSION
Gastric carcinoma is diagnosed with a high frequency 
throughout the world. In spite of  improved diagnostic 
techniques and therapeutic methods, gastric carcinoma 
remains a major public health problem. Recently, some 
investigations showed that biomarkers might be promis-
ing predicting factors, and some of  them were found 

among the groups (log-rank, P < 0.001). The patients 
with CD73+/HIF-1α+ carcinomas had the worst prog-
nosis. The independent effects of  all the significant 
factors were tested using the Cox proportional hazards 
model. The exploratory multivariate analyses demon-
strated that CD73 [P = 0.021, hazard ratio (HR) = 0.385, 
95%CI: 0.171-0.865] and AJCC stage (P = 0.035, HR = 
1.585, 95%CI: 1.032-2.433) were independent prognostic 
factors, while HIF-1α and others were not independent 
predictors. ROC curve analysis was also performed to 
further evaluate the prognostic value of  CD73 and HIF-
1α expression, which revealed that CD73 expression was 

A B

C D

Figure 1  Expression of CD73 and hypoxia-inducible factor-1α in gastric carcinoma (immunohistochemical stain, ×400).  A, C: Negative staining for CD73 (A) 
and hypoxia-inducible factor-1α (HIF-1α) (C) in healthy control gastric mucosa; B, D: Positive staining for CD73 (B) and HIF-1α (D) in gastric carcinoma.
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Figure 2  Kaplan-Meier curves for postoperative survival. A: The median survival time of patients with positive CD73 was shorter than that of patients with nega-
tive CD73 (log-rank test: P < 0.001); B: Hypoxia-inducible factor-1α (HIF-1α) expression had no correlation with the survival time of patients (log-rank test: P = 0.103); C: 
There was a significant difference among groups stratified according to CD73/HIF-1α expression (P < 0.001). Patients with CD73+/HIF-1α+ had the worst prognosis.
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even superior to the AJCC staging system[20,21]. Increas-
ingly more researches have been conducted to discover 
the specific biomarkers although some of  the results re-
mained conflicting and inconsistent.

CD73, known as a purine salvage enzyme, might play 
a regulatory role in the immune system response[22,23]. 
Jin et al[22] found that the adenosine generated by tumor-
derived CD73 could inhibit both the activation phase and 
effector phase of  the antitumor T cell response and pro-
mote T cell apoptosis. Besides, some studies have indi-
cated that CD73 could promote invasion, migration and 
adhesion of  cancer cells[24]. Moreover, the tumor-inhibit-
ing effects of  CD73 using siRNA or anti-CD73 antibody 
could restore efficacy of  adoptive T cell therapy, leading 
to a long-term tumor-free survival[22,25,26]. Host-derived 
CD73 was also observed in recent years, which provided 
evidence that CD73 knockdown could significantly delay 
tumor growth by regulating host immune system[27-29].

The prognostic significance of  CD73 has been stud-
ied in several cancers such as papillary thyroid carcinoma 
and breast cancer[9-13]. It was suggested that high expres-
sion of  CD73 in papillary thyroid carcinomas could be 
a useful indicator in the differential diagnosis of  thyroid 
tumors. Moreover, strong expression of  CD73 was found 
to be associated with invasiveness, metastasis, and shorter 
clinical survival in breast cancer. However, few studies 
have investigated the correlation between CD73 and gas-
tric carcinoma.

CD73 expression of  tumor cells may be induced by 
the selective pressure of  the host immune system. Among 
other influencing factors in tumor microenvironment, hy-
poxia is the one which has been clearly defined[19]. Hypox-
ia could induce upregulation of  CD73 expression in brain 
microvessel endothelial cells, which will be reversed by 
reoxygenation of  a short duration[30]. Synnestvedt et al[19] 
reported that hypoxia induced CD73 mRNA, increased 
protein expression levels and enhanced the CD73 activity 

in intestinal epithelial cells (T84 cells) and this involved 
direct binding of  HIF-1 to the Nt5e gene.

In tumor cells, adaptations to hypoxia are regulated 
by the activation of  specific genes through HIF. And the 
transcription factor HIF-1α which determines HIF activ-
ity is regarded as a hypoxia marker[31]. Overexpression of  
HIF-1α has been observed in various cancers, such as 
brain, bladder, lung, breast, esophagus, pancreas, colon, 
ovary, kidney, and prostate[16-18,32-35]. Furthermore, it was 
reported that HIF-1α overexpression was significantly 
correlated with highly aggressive disease, resistance to 
radiotherapy and chemotherapy, and poor prognosis in 
various carcinomas[36,37]. Dellas et al[38] found that high 
expression of  HIF-1α was associated with tumor pro-
gression and metastasis in advanced cervical cancer. Lu 
et al[37] reported that elevated HIF-1α expression was 
significantly correlated with poor prognosis of  rectal ad-
enocarcinoma patients.

In this study, we investigated the relationship between 
CD73, HIF-1α, clinicalpathological significance, and 
clinical prognosis in gastric carcinoma. We found that the 
expression of  CD73 was significantly higher in gastric car-
cinoma than that in normal gastric mucosa, indicating the 
important role of  CD73 in carcinogenesis. Furthermore, 
CD73 expression was closely correlated with differentia-
tion, histopathology, depth of  invasion, nodal status, me-
tastasis, and AJCC stage, but not associated with age, gen-
der, tumor diameter, or Borrmann type. Overexpression 
of  HIF-1α was found to be associated with tumor size, 
depth of  invasion, and AJCC stage. The Spearman’s rank 
correlation analyses indicated a close correlation between 
CD73 and HIF-1α expressions in gastric carcinoma.

Our data also demonstrated that the overall survival 
curves in the CD73-negative group were significantly 
higher than in the CD73-positive group. However, there 
was no significant correlation between HIF-1α overex-
pression and the poor overall survival. We classified the 
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ROC curve Figure 3  Receiver operating characteristic 
curves of clinicopathological variables, CD73 
expression and hypoxia-inducible factor-1α 
expression based on outcomes of gastric 
carcinoma patients. CD73 expression (AUC = 
0.850; P < 0.001), hypoxia-inducible factor-1α 
(HIF-1α) (AUC = 0.582; P = 0.247), AJCC stage 
(AUC = 0.765; P < 0.001), CD73/HIF-1α (AUC = 
0.275; P = 0.001), Borrmann type (AUC = 0.472; 
P = 0.689), metastasis (AUC = 0.584; P = 0.235), 
nodal status (AUC = 0.572; P = 0.310), differen-
tiation (AUC = 0.394; P = 0.135), histopathology 
(AUC = 0.459; P = 0.559), tumor diameter (AUC 
= 0.541; P = 0.559), gender (AUC = 0.476; P 
= 0.740), and age (AUC = 0.456; P = 0.534). 
ROC: Receiver operating characteristic; AJCC: 
American Joint Committee on Cancer; AUC: 
Area under the curve.
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patients into four groups stratified according to CD73/
HIF-1α expression, and a significant difference was 
observed among the groups. The patients with CD73+/
HIF-1α+ carcinomas had the worst prognosis. Multivari-
ate analyses showed that only CD73 expression was a 
prognostic factor independent of  certain well-established 
clinicopathologcial parameters. 

In conclusion, CD73 was correlated with the clinico-
pathological features in gastric carcinoma. High expres-
sion of  CD73 was an indicator of  poor clinical prognosis 
in patients with gastric carcinoma. Moreover, immunore-
activity of  the combined CD73 and HIF-1α could be a 
useful prognostic marker of  gastric carcinoma.
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Abstract
AIM: To describe the histology of the digestive tract 
and to investigate the occurrence of endocrine cells in 
Oligosarcus hepsetus  (O. hepsetus ).

METHODS: The digestive tract (DT) of O. hepsetus  
was divided into esophagus, two stomach regions 
(glandular and non-glandular) and two intestinal re-
gions (anterior and posterior). These specimens were 
processed by routine histological techniques and 
stained with hematoxylin-eosin, Gomori’s trichrome, 
periodic acid Schiff (PAS) and Alcian blue (AB). An im-
munohistochemical method using avidin-biotin-peroxi-
dase was employed.

RESULTS: The esophagus is lined with a non-keratin-

ized stratified squamous epithelium that is reactive to 
PAS and AB. The stomach has a mucosa lined with a 
simple columnar epithelium with mucus-secreting cells 
that are reactive only to PAS. The intestine has a simple 
columnar epithelium with a brush border and goblet 
cells that are reactive to PAS and AB. Somatostatin, se-
rotonin and cholecystokinin immunoreactive cells were 
identified throughout the DT. 

CONCLUSION: This study revealed adaptations for 
the species’ diet and showed that the distribution and 
relative frequency of immunoreactive cells are similar 
to those of other fish.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
The literature stresses the importance of  knowledge of  
the anatomy of  the digestive tract (DT) of  fishes, because 
this structure is highly variable, related to the diversity of  
feeding habits, type of  food and lifestyles[1-3].

The histological architecture of  the DT includes a 
layer of  mucus-secreting cells, observed by histochemical 
techniques in various studies of  teleosts. The secretions 
vary among different fish species and also according to 
the location in the DT within the same species[4]. These 
secretions play an important role in lubricating the or-
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gan and protecting against proteolytic degeneration and 
pathogenic microorganisms[5]. 

Besides this, to control the functions of  the different 
DT segments, endocrine cells compose a complex system 
disseminated among the epithelial components, with the 
ability to secrete physiologically active polypeptide hor-
mones and amines[6]. According to Deveney et al[7], hor-
mones have important functions in the overall regulation 
of  the digestive process, such as nutrient absorption, the 
secretion of  intestinal and associated glands, gut motility 
and intestinal blood flow

Oligosarcus hepsetus (O. hepsetus), known commonly as 
the thin dogfish, belongs to the Characidae family. It 
is carnivorous, with a diet basically composed of  small 
fish. It mainly lives in rivers and reservoirs, generally at 
the middle to the bottom of  the water column. It has a 
slightly rounded body with small fins and is considered 
a good swimmer[8]. Many articles have been published 
about this species’ distribution, ecology, feeding habits 
and diet, but no study has been published reporting the 
microscopic analysis of  the organs of  the DT of  O. hep-
setus. Although it does not have economic importance, it 
is one of  the most abundant species in the reservoirs of  
Rio de Janeiro[9] and the Paraíba do Sul River[10], with dis-
tribution in the coastal region of  south to south-eastern 
Brazil between Santa Catarina and Rio de Janeiro[11].

Studies involving microscopic anatomy and histo-
chemistry provide information to characterize the organs 
of  the digestive system, facilitating understanding of  the 
physiology of  the DT and the feeding habits of  the spe-
cies under investigation[12]. These studies are essential for 
efforts to restock native species to improve the condition 
of  ecosystems[13]. 

The purpose of  the present work was to describe 
histological and histochemical aspects of  the DT of  O. 
hepsetus and to investigate immunohistochemically the 
occurrence of  the endocrine cells secreting somatostatin 
(SOM), serotonin (5-hydroxytryptamine, 5-HT), chole-
cystokinin (CCK), gastrin (GAS), glucagon (GLUC) and 
insulin (INS) in the DT of  this fish, seeking to relate 
them to its feeding habits, in order to provide data for 
future studies.

MATERIALS AND METHODS
Collection area
The specimens were collected from two reservoirs: Funil 
(22°30’S, 44°45’W), and Ribeirão das Lajes (22°43’S, 44°
46’W), as well as two points of  the Paraíba do Sul River: 
Ilha dos Pombos (21º84’S, 42º 58’W) and Santa Cecília 
(22º48’S; 43º84’W), all located in Rio de Janeiro state, 
Brazil.

Tissue processing
Fourteen specimens were used in this study without 
sexual distinction, four collected in Funil Reservoir, four 
in Ribeirão das Lajes Reservoir, and three each from the 
Ilha dos Pombos and Santa Cecília sites of  the Paraíba do 

Sul River. The fish were dissected in the field, after being 
anesthetized with benzocaine hydrochloride (50 mg/L) 
and killed rapidly by hypothermia for immediate removal 
of  the DT. Fragments of  the DT were fixed for 8 h in 
Bouin’s fluid and then placed in 70% alcohol. The esoph-
agus, two stomach regions (glandular and non-glandular) 
and two intestinal regions (anterior and posterior) were 
obtained from each specimen (Figure 1). These materials 
were taken to the Histology and Embryology Laboratory 
of  Rio de Janeiro Federal Rural University where they were 
processed by routine histological techniques, consisting of: 
dehydration (in a rising ethanol series - 70° GL to 100° 
GL), diaphanization in xylol and embedding in Histosec-
Paraffin, to obtain 5 μm histological sections. 

Histological and histochemical analysis
The sections obtained from the DT of  O. hepsetus were 
stained with hematoxylin-eosin for analysis of  the tissue 
architecture and with Gomori’s trichrome for differential 
visualization of  the connective tissue and collagen fibers. 

The histochemical analysis involved periodic acid 
Schiff  (PAS) and Alcian blue (AB) pH 2.5 staining to 
reveal the neutral and acid glycoconjugates (GCs), respec-
tively. Five slides from each specimen were prepared for 
each protocol, one from each of  the five sectioned regions. 

Immunohistochemistry
For the immunohistochemical procedure, 5 μm-thick 
sections were cut by microtome and mounted on glass 
slides precoated with 0.1% poly-L-lysine, after being de-
waxed and dehydrated by the routine protocol. They were 
incubated in citrate buffer (pH 6.0-0.01 M) and placed 
in a microwave oven for 15 min to recover the antigen, 
then they were incubated with a solution of  3% H2O2 in 
methanol for 15 min to block any endogenous peroxidase. 
Subsequently, the sections were incubated at room tem-
perature in a humid chamber with a 1:100 μL dilution of  
bovine serum albumin in phosphate buffered saline (PBS) 
solution for 30 min. The sections were first incubated 
overnight at 4 ℃ with the primary antisera against the in-
dividual gastrointestinal hormones (Table 1). The sections 
were then incubated with biotinylated “Universal” sec-
ondary antibody diluted to 1:200 μL for 30 min at room 
temperature, then with avidin-biotin-peroxidase complex, 
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Figure 1  Anatomical diagram of the digestive tract of Oligosarcus hepsetus.



diluted at 1:200 μL for 30 min at room temperature. Sub-
sequently, the peroxidase label was revealed by reaction 
with Stable DAB/Plus, prepared according to the kit’s 
instructions. All dilutions and thorough washes between 
stages were performed using PBS (pH 7.4). The sections 
were counterstained with Harris hematoxylin, rinsed with 
deionized water, dehydrated through a series of  ethanol 
and methylcyclohexane solutions and mounted using En-
tellan. To investigate the specificity of  the reactions, nega-
tive and positive controls were used. The negative control 
was prepared by replacement of  the primary antibody 
with non-immune serum and PBS (pH 7.4). Positive con-
trols were produced using tissue sections for each respec-
tive antiserum, as indicated in the product data sheet. 

Observation and photomicrography
Photomicrographs of  all samples from each of  the 
fourteen specimens were obtained with a digital camera 
Nikon Coolpix 4300 attached to a microscope Olympus 
BX41. The number of  immunoreactive endocrine cells to 
each antiserum per analyzed segment was recorded and 
the intensity of  immunoreaction was classified: absent (-) 
or low (+), medium (++) and strong (+++) immunore-
activity (Table 2).

RESULTS
Histological and histochemical study of digestive tract
The following layers were observed in the DT of  O. 

hepsetus: mucosa, submucosa, muscular and adventitia or 
serosa. The muscularis mucosae is absent in this species.

Esophagus
Histological examination revealed that the mucosa of  the 
esophagus of  O. hepsetus has many longitudinal folds and 
is lined with a stratified epithelium with non-keratinized 
squamous surface cells. The majority of  the mucus-
secreting cells are interspersed with a smaller number of  
non-secretory cells (Figure 2A).

The secretory cells reacted positively to PAS and AB 
staining, indicating the presence of  neutral and acid GCs, 
respectively. The lamina propria is composed of  connec-
tive tissue and does not have glands. The muscular layer 
is formed by two sub-layers of  striated skeletal muscle, 
with an internal longitudinal and an external circular layer. 
Externally, the esophagus is enveloped by an adventitia, 
composed of  connective tissue with some nerve fibers 
and blood vessels (Figure 2).

Stomach
In the stomach of  O. hepsetus, the mucosa is lined with a 
simple epithelium layer composed of  columnar mucus-
secreting cells with basal nuclei. These were reactive to 
PAS but not to AB, revealing the presence of  only neu-
tral GCs. The stomach epithelium forms crypts along the 
gastric mucosa. The mucosa layer projects toward the or-
gan’s lumen, forming various gastric folds, arranged lon-
gitudinally. In the non-glandular region, the submucosa 
and muscular layers accompany the mucosa in forming 
these folds, making the lumen very small (Figure 3).

The division of  the stomach observed in the present 
work is in accordance with the structural characteristics 
of  the two regions. The glandular region is character-
ized by having well-developed tubular gastric glands, 
composed of  oxynticopeptic cells, occupying the entire 
lamina propria (Figure 3B). These are smaller and less 
numerous in the initial portion and increase in number 
and size in the direction of  the non-glandular region. The 
non-glandular region has a well-developed muscular layer 
(Figure 3D and E). The submucosa layer is composed of  
connective tissue and blood vessels.

In the stomach, the muscular layer is composed of  
smooth muscle fibers arranged in two directions: inter-
nal circular and external longitudinal (Figure 3E). The 
glandular region contains myenteric plexuses arranged in 
sparse groups, composing the enteric nervous system and 
located between the muscular sub-layers, and there is a 
serosa layer which surrounds these structures. 

Intestine 
Just as for the stomach, the adopted division of  the intes-
tine follows specific structural patterns in relation to the 
mucosa layer. The histological analysis of  the intestine 
of  O. hepsetus revealed that the pattern of  folds varies, 
characterizing two distinct regions: anterior and posterior. 
The anterior region has numerous thin and elongated 
folds with villi (Figure 4A). In contrast, in the posterior 
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  Primary antisera Donor Code No. Working dilution Source

  Somatostatin Rabbit A566 1:300 Dako Corp., CA, 
United States

  Serotonin Rabbit S5545    1:8.000 Sigma-Aldrich, 
Inc., United States

  Cholecystokinin Rabbit C2581    1:8.000 Sigma-Aldrich, 
Inc., United States

  Gastrin Rabbit G0785    1:1.000 Sigma-Aldrich, 
Inc., United States

  Glucagon Mouse G2654    1:2.000 Sigma-Aldrich, 
Inc., United States

  Insulin Mouse I2018    1:1.000 Sigma-Aldrich, 
Inc., United States

Table 1  Details of primary antisera used in this study

  Antisera Segment of 
the esophagus

Segments of the 
stomach

Segments of the 
gut

 Gl NGl ANT POST

  Somatostatin +++ ++ + - -
  Serotonin - +++ ++ - -
  Cholecystokinin - - - - ++
  Glucagon - - - - -
  Gastrin - - - - -
  Insulin - - - - -

Table 2  Regional distribution and intensity of immunoreaction 
in endocrine cells in the digestive tract of Oligosarcus hepsetus

Intesity of immunoreactions: (-), absent; (+), low; (++), medium; (+++), 
strong. Gl: Glandular; NGl: Non-glandular; ANT: Anterior; POST: Posterior. 

Vieira-Lopes DA et al . Digestive tract of Oligosarcus hepsetus



1922 March 28, 2013|Volume 19|Issue 12|WJG|www.wjgnet.com

The intestinal mucosa is lined by a simple columnar 
epithelium with a striated border and goblet cells, which 
were positive to PAS and AB stainings, with pink (PAS) 
and blue (AB) coloration (Figure 4), indicating the pres-
ence of  neutral and acid GCs, respectively.

The limits between the lamina propria and the sub-
mucosa layer are not evident, with connective tissue and 
blood vessels present in both these regions. In both parts 
of  the intestine, the muscular layer has the same organi-
zation as in the stomach, with an internal circular layer 
and an external longitudinal one, observed in the cross-
sections, both composed of  smooth muscle cells (Figure 
4A). The posterior part of  the intestine contains a con-
tinuous layer of  nervous tissue and a myenteric plexus 
between the muscular sub-layers (Figure 4E). Externally 
there is a serosa layer.

Immunohistochemical study of digestive tract
SOM-, 5-HT- and CCK-immunorective (IR) cells were 
identified in the DT of  O. hepsetus, but GAS-, GLUC- 
and INS-IR cells were not present (Table 2).

Esophagus
Somatostatin immunoreactivity: In the esophagus, SOM-
IR cells were detected in the basal layer of  the stratified 
squamous epithelium (Figure 5). Morphologically, these 
cells were totally colored by chromogen, making it impos-
sible to visualize a nuclear halo. The nucleus of  these cells 
is very small, occupying a tiny area inside them.

Stomach
Serotonin and somatostatin immunoreactivity: Sero-
tonin (5-HT)-IR cells (Figure 6) and SOM-IR cells (Figure 
7) were observed in the lining epithelium and glandular 
epithelium of  the stomach. Regarding the morphology of  
immunoreactive cells, two types were found in this por-
tion, namely closed-type cells and open-type cells. 

Intestine
Cholecystokinin immunoreactivity: CCK-IR cells were 
only observed in the lining epithelium of  the posterior 
part of  the intestine of  O. hepsetus (Figure 8). Closed-type 
and open-type immunoreactive cells were found.

DISCUSSION
The stratification of  the wall of  the DT of  O. hepsetus has 
the same organization observed in the majority of  other 
teleosts, with some modifications associated with the 
species’ feeding habits. We observed four layers: mucosa, 
submucosa, muscular and serosa. The muscularis muco-
sae is not present in the examined areas of  the DT, unlike 
that observed in Pimelodus maculates (P. maculatus)[14] and 
Semaprochilodus insignis[15]. These authors assumed that the 
existence of  muscular tissue between the lamina propria 
and submucosa aids in the elimination of  the substances 
produced by the glands.

The very large longitudinal folds of  the mucosa layer 

part the folds are less sinuous due to the absence of  villi 
and are thicker, with some being leaf-shaped, and also 
have a greater number of  goblet cells (Figure 4B).

A

B

C

D

IL

EC

Figure 2  Transversal sections of the esophagus. A: Non-keratinized strati-
fied squamous epithelium (arrow). Hematoxylin and eosin stain; B: Presence of 
adipose tissue (arrowheads) in the submucosa layer. Muscular layer formed by 
two sub-layers, internal longitudinal (IL) and external circular (EC). Gomori’s tri-
chrome stain; C: Presence of neutral glycoconjugates (GCs). Periodic acid-Schiff 
stain; D: Acid GCs. Alcian blue stain.
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of  the esophagus of  O. hepsetus substantially increases 
the organ’s capacity for distension, an effect described 
by other researchers[16,17]. The digestive capacity is related 
to the volume of  the folds in the mucosa, with a greater 
number of  folds implying more efficient digestion.

The lining of  the mucosa by a stratified squamous 
epithelium, according to Hunbert et al[18], acts to protect 
the fish against mechanical aggression and invasive bac-
teria. The same pattern was found in Prionotus carolinus by 
Blake[19], but was not observed in Salmo trutta by Burn-
stock[20] or in P. maculatus by Santos et al[14]. The submuco-
sa contains bundles of  adipose tissue and blood vessels; 
the same was found in Dentex dentex (D. dentex)[21].

The positive reaction of  the epithelium to PAS and 
AB staining revealed the production of  neutral and acid 

GCs, respectively, in the esophagus. The first type of  mu-
cus has low viscosity and is important to assure laminar 
flow during the lubrication and treatment of  particles, to 
enable digestion to be conducted by the esophagus until 
the upper region of  the stomach. In turn, acid GCs have 
high viscosity and are fundamental to trap particles[22]. 
The presence of  these GCs was also reported in Anguilla 
anguilla[23], D. dentex[21], P. maculatus[14], Cynoscion guatucupa 
(C. guatucupa)[24], Pelteobagrus fulvidraco (P. fulvidraco)[25] and 
Hyphessobrycon anisitsi (H. anisitsi)[26].

The transition from the esophagus to the stomach is 
characterized by an abrupt change in the lining epithelium, 
which starts to present a single layer of  columnar cells 
secreting mucus. This type of  stomach lining epithelium 
has been observed in the majority of  other teleosts as 
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EL

Figure 3  Transversal sections of the stomach. A: Mucosa layer with many high gastric folds (arrowhead), thickening of the lamina propria caused by a large 
number of tubular gastric glands (outline). Organization of the internal circular (IC) and external longitudinal (EL) muscular layers. Hematoxylin and eosin (HE) stain; 
B: The simple columnar epithelium with mucus-secreting cells forming faveola gastrica (arrow) and fundic glands composed of oxynticopeptic cells (arrowhead). HE 
stain; C: Presence of neutral glycoconjugates (GCs) (arrow). Periodic acid Schiff (PAS) stain; D: Mucosa layer, together with the sub-mucosa and internal muscular 
layers, forming large longitudinal folds (arrowhead). HE stain; E: The muscular layer of smooth muscle fibers, composed of IC and EL sub-layers and serosa (arrow). 
HE stain; F: Neutral GCs (arrow). PAS stain. (A-C: Glandular region; D-F: Non-glandular region).
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well[4,14,21,23,24], but in Plecostomus plecostomus[27] and Epinephelus 
marginatus[28], the epithelium described at the beginning of  
the stomach was of  the squamous and cubic type, respec-
tively, becoming simple columnar in the posterior regions. 

The mucus-secreting cells were only reactive to PAS in 
the two stomach regions; the same was found in C. guatu-
cupa[24], P. fulvidraco[25] and H. anisitsi[26], but was not like that 
observed in Anguilla anguilla (A. anguilla)[23] and Chanos cha-

Figure 4  Longitudinal sections of the intestine. A-C: Anterior portion; D-F: Posterior portion; A: Overview of the anterior intestine, showing the arrangement of 
small folds (arrowhead) presenting villi (arrow). Organization of the internal circular (IC) and external longitudinal (EL) muscular layers. Hematoxylin and eosin (HE) 
stain; B: Simple columnar epithelium with brush border and goblet cells, indicating the presence of acid glycoconjugates (GCs) (arrow). Alcian blue (AB) stain; C: Neu-
tral GCs (arrows). Periodic acid Schiff (PAS) stain; D: Mucosa layer with thick folds (arrowhead). HE stain; E: Myenteric plexus (arrow). HE stain; F: Simple columnar 
epithelium with striated border and goblet cells with acid GCs (arrow). AB stain; G: Neutral GCs (arrow). PAS stain.
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nos[29]. As mentioned, the probable function of  this mucus 
is to promote a flow able to carry the food bolus to the 
intestine. Besides this, since cells producing hydrochloric 
acid (HCL), essential for digestion, were identified in the 
stomach region, this mucus also functions as a layer to 
protect the epithelial cells. 

The invaginations formed by the lining epithelium 
are called gastric crypts, which in the glandular region 
communicate with well-developed and branched tubular 
glands, as also observed by Díaz et al[24] in C. guatucupa and 
by Domeneghini et al[23] in A. anguilla. These are common 

characteristics of  carnivorous fish species[30]. The gastric 
glands are composed of  oxynticopeptic cells, which play 
a role similar to that of  the principal and parietal cells in 
mammals, by synthesizing HCL and pepsinogen. In this 
case, we believe the glandular region has digestive func-
tions while the non-glandular region only acts to carry 
the food to the gut with the epithelial secretions, with the 
help of  the muscular layer, which in this region is thick-
er[14]. As seen in the esophagus, the stomach regions also 
contain well-developed longitudinal folds, whose function 
is to allow expansion of  the organ’s diameter to store a 
large volume of  food[16,17], another common characteristic 
of  carnivorous fish species[30].

The intestine of  O. hepsetus has two distinct parts, the 
same as in Tilapia spp.[31]. The anterior part is characterized 
by a larger number of  thin and elongated longitudinal folds, 

Figure 5  Somatostatin-immunorective cells in the esophagus. Somatosta-
tin-immunorective cell were detected in the basal layer of the stratified squa-
mous epithelium (arrow).
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Figure 6  Serotonin-immunorective cells in the stomach. A-B: Glandular 
region; C: Non-glandular region. A: Presence of open (arrow) and closed (ar-
rowhead) type cells interspersed in the epithelium (Ep); B: Highlight of open 
(arrow) and closed (arrowhead) type immunorective (IR) cells; C: Indications of 
open (arrow) and closed (arrowhead) IR cells.
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Figure 7  Somatostatin-immunorective cells in the stomach. A: Glandular 
region. Immunorective (IR) cells along the entire region, of the open (arrow) and 
closed (arrowhead) types, present both in the lining epithelium and the glandu-
lar epithelium; B: Non-glandular region. Indications of IR cells of the open (arrow) 
and closed (arrowhead) types. Gl: Glandular.
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which branch out to form villi, making the organ’s lumen 
very small. The posterior region, endowed with thicker 
and less sinuous longitudinal folds, contains a larger num-
ber of  goblet cells, similar to the pattern observed in the 
large intestine of  mammals. This pattern of  ample folds 
of  the mucosa is common in carnivores, acting to expand 
the surface absorption area, since carnivores have a rela-
tively short intestine compared to animals with other feed-
ing habits[30]. Sections of  the lining epithelium of  both 
regions, when submitted to the PAS and AB histochemi-
cal protocols, reacted positively, showing cells with pink 
(PAS) and blue (AB) coloring, indicating the presence of  
neutral and acid GCs, respectively, as also observed by 
Cinar et al[32] in Pseudophoxinus antalyae, by Carrassón et al[21] 
in D. dentex and by Leknes[26] in H. anisitsi, but unlike that 
observed in P. fulvidraco[25] and Chanos chanos[29].

This allows the hindgut to lubricate the tube and to 
trap particles to be eliminated, permitting the food bolus 
to reach this region in dehydrated form[33].

The organization of  the muscular layer along the 
entire DT of  O. hepsetus is the same as observed in P. 
maculatus[14] and P. fulvidraco[25], except in the esophagus, 
where the pattern resembled that found in mammals. The 
function of  this layer is to promote motility in the DT, 
carrying and mixing food with the digestive secretions. 
This motility and also the release of  these secretions are 
favored by the existence of  a myenteric plexus between 
the muscular tissue sub-layers, observed in the glandular 
region of  the stomach as well as in the posterior intestine. 
Unlike in mammals, the myenteric plexus does not have 
the form of  ganglia, but rather appears in sparse form or 
in continuous layers, as seen in Pimelodus maculatus[34], but 
unlike that observed in Salmo trutta[20] and P. fulvidraco[25].

The results obtained in this study demonstrate that 
the DT of  O. hepsetus has three types (5-HT-, SOM- and 
CCK) of  endocrine cells, but three other types (GAS-, 
GLUC- and INS-IR cells) were not present. However, 
these cells have been observed in other fish, such as: 
GLU-IR cells in the gastric mucosa of  cartilaginous 
fishes[35]; GAS-IR cells in the stomach pyloric region of  
Oncorhynchus mykiss; and INS-IR cells in the stomach py-

loric region of  Monopterus albus (M. albus) and the stomach 
cardiac and pyloric regions of  Pelteobagrus fulvidraco[36]. The 
reason for the absence of  these endocrine cells in the DT 
of  O. hepsetus may be related to its digestive histophysiol-
ogy, but further studies should be conducted to confirm 
this relationship.

The peptide SOM is a component responsible for 
inhibiting many substances, such as GAS, CCK, GLUC, 
INS, secretin, motilin and gastric acid[37]. In mammals, 
it also controls the absorption of  amino acids and glu-
cose[38]. It is thus essential in the DT, since it participates 
in basic mechanisms for efficient food processing. Ku et 
al[39] identified the production of  this hormone along the 
DT of  the reptile Trachemys scripta elegans, including in the 
esophagus, where we found SOM-IR cells in O. hepsetus. 
Other studies investigating the presence of  this hormone 
in the DT have been performed by Lee et al[40] and Pan et 
al[36], the latter analyzing the presence of  endocrine cells 
in eight fish species: P. fulvidraco, M. albus, Siniperca chuatsi 
(S. chuatsi), Colossoma brachypomum and Tilapia nilotica, all 
of  which presented SOM-IR cells in the gastric mucosa, 
as observed in O. hepsetus. Although we did not visualize 
this hormone in the intestinal parts of  the thin dogfish, 
it was reported in the gut of  the spiny dogfish Squalus 
acanthias[41], Oncorhynchus mykiss[42], P. fulvidraco, M. albus, S. 
chuatsi[36], Zacco platypus[43] and Coreoperca herzi (C. herzi)[44].

5-HT-IR cells have been detected in the DT of  various 
vertebrates: fish[44], amphibians[45], reptiles[46], birds[47] and 
mammals[48,49]. Researchers state that all vertebrates have 
this type of  endocrine cell in the DT, assuming that these 
cells’ location is based on the evolution of  these higher 
life forms[50]. It is known that in fish, serotonin promotes 
gastrointestinal motility[51] and blood flow, in the latter case 
by triggering vasoconstriction[52,53]. In O. hepsetus, 5-HT-IR 
cells were observed only in the regions of  the stomach, 
both in the lining epithelium and the glandular epithelium, 
as also observed in C. herzi by Lee et al[44].

As was described for the fish species Oncorhynchus mykiss[54], 
Salmo trutta[55], Odontesthes bonariensis[56] and Rhamdia quelen[57], 
in O. hepsetus we observed CCK-IR cells in the intestine; in 
this case only in the posterior part, while in O. bonariensis[56] 
these cells were observed throughout the gut, but with 
greater concentration in the hindgut. There were no CCK-
IR cells in the other regions of  the DT of  O. hepsetus. This 
hormone controls intestinal motility, by stimulating the 
release of  pancreatic juice and inhibiting gastric empty-
ing[58,59]. The existence of  these cells has been verified in 
fish[35,42], reptiles[39], birds[60] and mammals[61].

In conclusion, our histological and histochemical 
study of  the DT of  O. hepsetus revealed adaptation for the 
species’ feeding habits, to protect the tract and increase 
the absorptive processes. The immunohistochemical 
study showed that the DT of  this fish species contains 
different types of  endocrine cells similar to those found 
in other vertebrate species. This study will help compre-
hension of  the digestive physiology of  this species and 
provide a basis for diagnosing diseases that affect the di-
gestive tract of  carnivorous teleosts.
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Figure 8  Cholecystokinin-immunorective cells in the posterior region of 
the intestine. Epithelial marking of open (arrow) and closed (arrowhead) im-
munorective cells.
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COMMENTS
Background
Studies indicate the importance of knowledge of the morphology of the diges-
tive tract (DT) because of the different physiological conditions in which animals 
live and their varied eating habits, which are manifested by adaptations and 
modifications in the digestive system. Information about the morphological 
aspects of the DT provides support for research on physiology and nutrition, 
aiming to improve the diet and management of livestock and support activities 
for restocking and restoration of natural ecosystems, besides being important 
for various research areas, including biological systems and conservation. 
Research frontiers
The integration of the motor, secretory and absorptive phenomena of the DT 
is fundamental for the reduction of food into simpler particles that can be ab-
sorbed. This association is achieved by actions and interactions of the nervous 
and endocrine systems, which in the digestive system are represented by the 
endocrine cells. The diffuse neuroendocrine system (DNS) acts to control the 
motility and transit speed of the ingesta, the various secretions of the DT, the 
absorption of nutrients and the blood flow, to assure the activation and action of 
enzymes at the proper moment. Therefore, the products of the digestive system 
can be absorbed by the organism and reach the blood and lymphatic circulation 
systems. 
Innovations and breakthroughs
The avidin-biotin-peroxidase complex method was applied to study the en-
docrine cells in the DT of Oligosarcus hepsetus (O. hepsetus). This method 
involves the use of three reagents: the primary antibody, which binds to the 
receptor of the specific hormone of interest; the secondary antibody, which is 
produced linked to a molecule of the vitamin biotin (C) and binds to receptors of 
the primary antibody; and the glycoprotein-avidin complex, produced from biotin 
and peroxidase, with joins with the previous reagent, the secondary antibody. 
Applications
The immunohistochemical study showed that the DT of O. hepsetus contains 
different types of endocrine cells similar to those found in other vertebrate spe-
cies. This study will help comprehension of the digestive physiology of this spe-
cies and provide a basis for diagnosing diseases that affect the digestive tube 
of carnivorous teleosts.
Terminology
The gastrointestinal epithelium is permeated by a set of cells, originating from 
the DNS, called endocrine cells. The secretions of these cells control the di-
gestion of food to ensure it is efficient, by regulating the digestive processes. 
Besides controlling the absorption of nutrients, they play an important role in 
determining secretions from the gut and associated glands and in regulating the 
intestinal blood flow. 
Peer review
In this study, the authors describe the microscopic anatomy of the DT of a 
carnivorous fish species and analyze the functional components that aid the di-
gestion of food. The results are relevant by enabling comparison with other fish 
species, contributing to phylogenetic studies.
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Abstract
AIM: To evaluate the prevalence of celiac disease in a 
group of Brazilian individuals over 60 years of age and 

compare it with the previously known prevalence in a 
pediatric group living in the same geographical area. 

METHODS: The research protocol was approved by 
the Ethics Committee of the University of Brasilia School 
of Medicine, Brasilia, Brazil. Blood samples from 946 in-
dividuals (295 male and 651 female) aged 60 years or 
older were collected between May 2010 and July 2011. 
The study subjects’ mean and median ages were 68.1 
and 67 years, respectively, ranging from 60 to 92 years. 
That age distribution closely corresponded to the age 
distribution of the Brazilian population according to the 
Brazilian 2010 census. The participants were consecu-
tive and unselected outpatients undergoing blood tests 
at the University of Brasilia Hospital’s Clinical Pathology 
Laboratory. All sera were tested for immunoglobulin A 
anti-transglutaminase antibodies (IgA-tTG) by enzyme- 
linked immunosorbent assay, and those that were 
positive were further tested for immunoglobulin A anti-
endomysium antibodies (IgA-EMA). Human leukocyte 
antigen (HLA) genotyping was performed for all indi-
viduals who exhibited positive serologic results for IgA-
tTG and/or IgA-EMA. 

RESULTS: Out of the 946 studied patients, only one 
previously diagnosed case of biopsy-proven celiac dis-
ease was detected. For the remaining subjects, nine 
serum samples tested positive for IgA-tTG antibodies; 
however, none of them tested positive for IgA-EMA an-
tibodies. The HLA genotyping of those nine subjects re-
vealed that one was carrying DQA1*0501 and two were 
carrying DQB1*0201 alleles. These data showed that, 
among those 946 elderly individuals, the prevalence of 
celiac disease (CD) was 0.1% (95%CI: 0.00-0.59). The 
prevalence of CD for the elderly group was compared 
with that observed for the group of 2034 children 
younger than 15 years (age range, 1-14 years; mean 
age, 8 years) who took part in our previous CD preva-
lence screening study. All the children came from the 
same geographical region and shared a similar ethnic 
and low-income background. As in the elderly group in 
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the current study, the younger group was made up of 
consecutive outpatients who underwent blood evalu-
ation at the University of Brasilia Hospital’s Clinical 
Laboratory. The prevalence of biopsy-proven CD among 
those children was 0.54% (95%CI: 0.27-0.57). The 
comparative analysis between the two groups resulted 
in the following values: odds ratio = 0.19 (95%CI: 
0.01-1.45) Fisher test P  = 0.06.

CONCLUSION: The prevalence of CD among the chil-
dren of our previous study was 5.4 times higher than 
that found in the present elderly group. 

© 2013 Baishideng. All rights reserved.
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INTRODUCTION 
Celiac disease (CD) is a chronic autoimmune-mediated 
disease with both intestinal and systemic manifestations 
that are induced by the ingestion of  gluten in genetically 
predisposed individuals. CD-related intestinal abnormali-
ties are mainly characterized by villous atrophy, crypt hy-
perplasia, and lymphocyte infiltration of  the small mucosa 
caused by T-cell responses to the enzyme transglutaminase 
2[1]

 

and gluten-derived gliadin peptides[2]. CD is a lifelong 
disease that can start at any age. As it involves multiple or-
gans or systems, it may manifest in a wide range of  clinical 
pictures. The only effective therapy for CD is strict dietary 
abstinence from gluten-containing foods.

During the last few decades, the advent of  reliable se-
rologic tests has greatly facilitated in the diagnosis of  CD, 
allowing large-scale screening studies to be performed. 
Worldwide prevalence rates, determined by a similar se-
quential testing paradigm [i.e., immunoglobulin A anti-
transglutaminase (IgA-tTG) antibodies and/or anti-endo-
mysium antibodies (IgA-EMA) tests] averaged 1:160 in 
the Western world[3]. Recent epidemiological data showed 
that CD is also a common disease in developing countries 
(Middle East, South Asia, Africa, and South America), 
with a prevalence similar to that in Western countries[4]. 
The prevalence of  CD in Brazil has shown significant 
variation, probably due to the different degrees of  misce-
genation of  the ethnic groups that make up the Brazilian 
population, especially Amerindians, Afro-descendants, 
and Europeans. Screening studies performed during the 
last decade in distinct Brazilian regions showed preva-
lence rates varying from 1:214 to 1:681 in presumably 
healthy blood donors[5-8], and from 1:119 to 1:417 in the 

general population[9,10]. The geographical variation in the 
prevalence rates may also be due to differences in genetic 
background, age-related differences of  exposure to glu-
ten, and/or to changes in environmental risk factors. Due 
to the widely variable pattern of  its clinical spectrum, the 
confirmatory diagnosis of  CD can be delayed, after being 
left unrecognized for many years[11,12].

Traditionally, CD has been regarded as a disease of  
childhood and early adulthood that rarely develops in older 
people. Nevertheless, during the last few decades, diagnosis 
of  CD among adults and the elderly has increased, includ-
ing patients 70 years of  age and older. CD is considered a 
lifelong disease and consequently a progressive increase in 
its prevalence would be expected in older age groups. 

Nevertheless, studies focusing on this topic are rather 
controversial. While some of  the studies pointed to a high 
prevalence of  CD in older age groups[13,14], others showed 
a higher prevalence in children and adolescents[10,15,16].

In a previous study, we found an increased prevalence 
of  CD in children compared with adults and elderly in-
dividuals[10]. Following the same line of  research, in this 
study we aimed to determine the prevalence of  CD in 
elderly Brazilians over 60 years of  age, all of  them living 
in the same geographic region and belonging to similar 
socioeconomic and cultural backgrounds as the children 
evaluated in our previous study.

MATERIALS AND METHODS
The research protocol was approved by the Ethics Com-
mittee of  the University of  Brasilia School of  Medicine. 
All individuals included in the protocol were informed 
about the objectives, related risks, and benefits of  this 
study, and agreed with the use of  the collected specimens 
for research. Between May 2010 and July 2011, a total 
of  946 outpatients (295 male and 651 female) aged 60 
years or older had a blood sample collected and stored 
at -20 ℃ until their use. The subjects’ mean and median 
ages were 68.1 and 67 years, respectively, ranging from 60 
to 92 years. That age distribution closely corresponded to 
the age distribution of  the Brazilian population according 
to the 2010 census[17].

The participants were consecutive and unselected 
outpatients undergoing blood tests at the Clinical Pathol-
ogy Laboratory of  the University of  Brasilia Hospital. 
The most frequent reasons for blood testing were rou-
tine health check-up, suspected or recurrent infections, 
chronic ailments, metabolic disorders, and pre-operative 
check-up. Patients from the gastroenterology outpatient 
clinic were excluded to avoid a selection bias. No other 
exclusion criteria were applied, regardless of  the possible 
existence of  symptoms or conditions commonly associ-
ated with CD.

The University of  Brasilia Hospital is a public refer-
ence hospital that predominately serves a low-income 
population from the city of  Brasilia and the surrounding 
area in the midwest region of  Brazil. Such individuals 
usually depend on the Governmental National Health 
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System. They exhibit mixed ancestry, with a considerable 
contribution of  European intermixed with variable par-
cels of  other races, mainly Afro-descendants and Amer-
indians.

The serum samples from the patients were tested 
for IgA-human anti-tissue-transglutaminase-IgA (htTG) 
antibodies using an IgA-htTG enzyme- linked immu-
nosorbent assay Kit (QUANTA Lite® h-tTG IgA Inova 
Diagnostic, Inc. San Diego, CA, United States). The limit 
of  positivity was set at 20 arbitrary units, in accordance 
with the manufacturer’s instructions. As a second step, 
all IgA-htTG positive samples were further tested for 
the presence of  IgA-EMA antibodies using indirect im-
munofluorescence on primate distal esophagus cryostatic 
sections (Inova Diagnostic, Inc. San Diego, CA, United 
States).

All individuals who exhibited positive serologic re-
sults for IgA-tTG and/or IgA-EMA antibodies under-
went HLA genotyping. Genomic DNA was extracted 
from peripheral venous blood samples using the Illustra
™ blood genomicPrep. Mini Spin Kit (GE Healthcare, 
Buckinghamshire, United Kingdom). HLA-DQA1*0501 
(DQ2 α chain), HLA-DQB1*02 (DQ2 β chain), HLA-
DQA1*0301 (DQ8 α chain), and DQB1*0302 (DQ8 β 
chain) genotyping was performed by polymerase chain 
reaction amplification using sequence-specific primers 
(PCR-SSP). For internal positive amplification control, 
each PCR reaction included a primer pair for a con-
served region of  the DRB1 gene. The amplified prod-
ucts were separated using 2% agarose gel, stained with 
ethidium bromide and then visualized under an ultravio-
let transilluminator.

RESULTS
Out of  the 946 subjects, only a single previously diag-
nosed case of  biopsy-proven CD in a 66-year-old woman 
was detected. Among the remaining subjects, nine serum 
samples tested positive for IgA-tTG antibodies. None 
of  the patients tested positive for IgA-EMA antibodies. 
HLA genotyping disclosed the presence of  one CD pre-
disposing allele in three of  the IgA-tTG positive elderly. 
The clinical and laboratory data of  the nine patients who 
tested positive for IgA-tTG antibodies are depicted in 
Table 1. These data showed that among those 946 el-
derly individuals, the prevalence of  CD (n = 1) was 0.1% 
(95%CI: 0.00-0.59).

The prevalence of  CD for the elderly group was com-
pared with that observed for the group of  2034 children 
younger than 15 years (age range, 1-14 years; mean age, 
8 years) who took part in our previous CD prevalence 
screening study[10]. All the children came from the same 
geographical region and presented a similar ethnic and 
low-income background. As in the elderly group in the 
current study, the younger group was made up of  con-
secutive outpatients who underwent blood evaluation at 
the University of  Brasilia Hospital’s Clinical Laboratory. 
The prevalence of  biopsy-proven CD (n = 11) among 

those 2034 children was 0.54% (95%CI: 0.27-0.57). 

DISCUSSION 
Out of  the 946 elderly individuals tested in this study, 
only a single case of  previously-detected CD was found. 
Although nine individuals showed moderately increased 
levels of  anti-tTG antibodies ranging from 30.6 to 52.3, 
no subjects tested positive for IgA-EMA antibodies. 
Although IgA-tTG is an effective screening test for CD, 
occasional anti-tTG false positive results cannot be ex-
cluded, especially in the presence of  other autoimmune 
diseases[18,19]. The clinical effectiveness of  the IgA-tTG 
test is improved if  its positive results are confirmed with 
the IgA-EMA test[20] and by the presence of  predisposing 
alleles on HLA PCR-SSP typing. Typing for HLA-DQ2 
and HLA-DQ8 is a useful tool for either excluding CD 
or making its diagnosis unlikely in the case of  a nega-
tive test result for both markers[21,22]. Predisposing HLA 
alleles were present in only three of  the subjects who 
tested positive for IgA-tTG antibodies. A jejunal biopsy 
was suggested and refused by both patients carrying the 
higher degree of  risk allele DQB1*0201, although they 
agreed in being followed with periodical clinical evalua-
tions and serological testing.

The results of  this current screening are in agreement 
with the result obtained in our previous study, in which 
an unanticipated variation in the prevalence of  CD was 
found[10]. In this study performed in the same geographi-
cal area with a similar population group, most cases of  
CD were clustered in the younger age group, with the 
prevalence of  CD in children aged 1 to 14 years being 
2.6 times higher than the one found for adults and elderly 
individuals (5.44 vs 2.11 per 1000, respectively). This 
variation in the prevalence of  CD between different age 
groups was actually unexpected, considering that intesti-
nal sensitivity to gluten is a permanent condition. Aside 
from gluten ingestion, CD might be triggered at any stage 
of  life by additional environmental factors that remain 
largely unknown. Thus, a progressive increase in preva-
lence rates towards advanced ages or, at least, a similar 
rate throughout life would be expected. Recent studies 
in Finland by Vilppula et al[13,14] showed an increase in the 
prevalence of  CD among individuals over 52 years of  age 
compared with the general prevalence in Finnish children 
(2.13% vs 1%). Furthermore, the authors also demon-
strated an increasing prevalence throughout a three-year 
period for the same group, going from 2.13% to 2.34%, 
and resulting in an annual CD incidence of  0.08% in that 
population. However, several other studies report contra-
dictory results by showing a higher prevalence of  CD in 
younger populations[15,16,23,24].

Several hypotheses have been suggested to explain 
this discordance in the prevalence rates among different 
age groups, although none have been definitely proven. 
One hypothesis offered to justify a higher prevalence 
in the younger age group is that the incidence of  CD, 
similarly to other autoimmune diseases, is progressively 
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increasing worldwide. CD was considered a rare disease 
until the late 1970s, and its prevalence was estimated to 
be as low as 0.03%[25]. With the advent of  highly sensi-
tive and specific serological tests, a dramatic rise in its 
prevalence was observed during the following decades. 
However, this increase would not be solely due to bet-
ter diagnostic methods that enabled extensive screening 
studies and diagnosis of  atypical forms of  the disease; 
consistent with other autoimmune disorders that have 
shown rising incidence rates over the last few decades[26], 
CD would also have shown a significant increase in its 
prevalence, consequently justifying the increased number 
of  cases found among younger age groups[27,28]. Although 
the causes underlying this increased age-related preva-
lence remain unknown, likely explanations include en-
vironmental influences (such as changes in quantity and 
quality of  cereal processing), changed patterns of  early 
childhood exposure to infectious agents that impair the 
natural development of  the immune system (hygiene hy-
pothesis)[29],

 

and changes in infant dietetic habits[30]. 
Another possible cause for an increased CD preva-

lence in the younger population was suggested by Mariné 
et al[15], who proposed that a significant number of  CD 
cases that appear during childhood progress to a latent 
form or into total gluten tolerance. Those patients would 
therefore exhibit negative serologic results as they got 
older. Several other studies support this hypothesis[31-33], 
although the number of  described spontaneous recover-
ies of  normal villous architecture in CD patients on a glu-
ten-containing diet is generally small[34]

 

and it is uncertain 
as to whether these clinically silent periods accompanied 
by negative serologic tests can be considered only tempo-
rary remissions or actual definitive recoveries. Extended 
follow-up is therefore required for these patients[32,35].

A third explanation is the postulated existence of  an 
increased mortality rate among CD patients. Publications 
addressing this issue are numerous, but conflicting[28,36,37]. 
The reported overall mortality rates among CD patients 
vary from 1.26%[29] to 3.9%[19] in studies focusing on 
undiagnosed CD in adults. Despite the differing results, 
at least two publications point to undiagnosed CD as a 
major cause of  increased morbidity and mortality among 
individuals with the disease[28,38].

These three hypotheses are not mutually exclusive, and 
it is both possible and probable that each of  these factors 
contribute, to a greater or lesser degree, to the observed 
variation in the prevalence of  CD in elderly individuals, 
depending on the different environmental conditions 
found in distinct regions or countries.

In Brasilia, many of  the low-income adult population 
came from poor regions of  the country, where they have 
had little or no access to medical care during childhood, 
and awareness of  CD was somehow deficient among 
healthcare professionals. In these regions, CD knowledge 
several decades ago was not much different from that 
before effective treatment for CD was established. Even 
with the current facilities for the proper diagnosis and 
compliance of  CD patients, diet behaviors among indi-
viduals of  economically disadvantaged backgrounds in 
Brazil is still far from ideal. 

In Finland, the higher prevalence of  CD in patients 
aged over 52 years and the lower CD mortality rate[13,14] 

are noteworthy. Comparisons between Finland and Brazil 
are contentious at best, since they occupy different posi-
tions in the World Health Organization’s health system 
ranking of  countries[39] (31st

 

and 125th, respectively). If  
this same survey was again performed in Brasilia, but 
instead focused on a higher socioeconomic group with a 
higher quality of  life, the outcomes would probably have 
been different. 

Our study has potential limitations that should be 
noted. The screening of  the elderly group was conducted 
in a single geographic setting and the participants were 
unselected outpatients undergoing routine blood tests, 
although both groups, children and elderly, were similar 
with regard to their ethnicity and socioeconomic level. 
In addition, the number of  elderly screened was insuf-
ficient to reach statistical significance (P = 0.06). In spite 
of  these drawbacks, this study supports our previous 
findings of  an age-related variation in the prevalence 
rate of  CD. Only a single biopsy-proven previously di-
agnosed case of  CD was identified among the elderly 
group, showing that the prevalence of  CD among the 
children of  our previous study was 5.4 times higher than 
that found in the present elderly group. These findings 
reinforce that, for the low socioeconomic populations 

Table 1  Clinical and laboratory data of patients who tested positive for immunoglobulin A anti-transglutaminase antibodies by 
enzyme-linked immunosorbent assay

Patient Sex Age (yr) tTG EMA    HLA               Symptomatology and associated disorders

1  M      63 39.9  Neg Negative Anemia, arthritis
2  M      71 34.5  Neg DQB1*0201 Hyperthyroidism
3  M      81 31.3  Neg Negative No complaints
4   F      60 42.9  Neg DQB1*0201 No complaints
5   F      60 30.6  Neg Negative Osteopenia, arthritis, recurrent abdominal pain, flatulence
6   F      63 52.3  Neg Negative Arthritis, osteoporosis, hyperthyroidism
7   F      65 34.0  Neg Negative No complaints
8   F      68 45.3  Neg DQA1*0501 Osteoporosis, weight loss, flatulence
9   F      72 45.2  Neg Negative Osteoporosis

M: Male; F: Female; Neg: Negative; tTG: Transglutaminase; EMA: Endomysium; HLA: Human leukocyte antigen.
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of  our region, prevalence of  CD is unexpectedly higher 
in children compared to older individuals, and that this 
discrepancy increases towards older ages. We hypothesize 
that among the plausible explanations for the discrepancy 
between the CD prevalence rates among children and 
elderly, the most likely culprit would be an increased mor-
tality rate among undiagnosed celiac disease patients. 
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Abstract
AIM: To compare the new Olympus V-scope (VS) to 
conventional endoscopic retrograde cholangiopancreati-
cography (ERCP). 

METHODS: Forty-nine patients with previous endo-
scopic papillotomy who were admitted for interventional 
ERCP for one of several reasons were included in this 
single-centre, prospective randomized study. Consecutive 
patients were randomized to either the VS group or to 
the conventional ERCP group. ERCP-naïve patients who 
had not undergone papillotomy were excluded. The main 
study parameters were interventional examination time, 
X-ray time and dose, and premedication dose (all given 
below as the median, range) and were investigated in 
addition to each patient’s clinical outcome and complica-
tions. Subjective scores to assess each procedure were 
also provided by the physicians and endoscopy assis-
tants who carried out the procedures. A statistical analy-
sis was carried out using the Wilcoxon rank-sum test. 

RESULTS: Twenty-five patients with 50 interventions 
were examined with the VS ERCP technique, and 24 
patients with 47 interventions were examined using the 
conventional ERCP technique. There were no significant 
differences between the two groups regarding the age, 
sex, indications, degree of ERCP difficulty, or interven-
tions performed. The main study parameters in the VS 
group showed a nonsignificant trend towards a shorter 
interventional examination time (29 min, 5-50 min vs  
31 min, 7-90 min, P  = 0.28), shorter X-ray time (5.8 
min, 0.6-14.1 min vs  6.1 min, 1.6-18.8 min, P  = 0.48), 
and lower X-ray dose (1351 cGy/m2, 159-5039 cGy/m2 
vs  1296 cGy/m2, 202.2-6421 cGy/m2, P  = 0.34). A 
nonsignificant trend towards fewer adverse events oc-
curred in the VS group as compared with the conven-
tional ERCP group (cholangitis: 12% vs  16%, P  = 0.12; 
pain: 4% vs  12.5%, P  = 0.33; post-ERCP pancreatitis: 
4% vs  12.5%, P  = 0.14). In addition, there were no 
statistically significant differences in assessment by the 
physicians and endoscopy assistants using subjective 
questionnaires. 

CONCLUSION: ERCP using the short-guidewire V-sys-
tem did not significantly improve ERCP performance or 
patient outcomes, but it may reduce and simplify the 
ERCP procedure in difficult settings. 
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INTRODUCTION
Endoscopic retrograde cholangiopancreaticography 
(ERCP) is a complex diagnostic and therapeutic approach 
that is used to identify and treat various hepatobiliary and 
pancreatic diseases. ERCP is a time-consuming, expen-
sive, and laborious method that requires the patient to be 
exposed to substantial doses of  premedication, contrast 
medium, and X-rays, especially when difficult cannulation 
of  the papilla, biliary, or pancreatic ducts or strictures 
occurs and/or difficult interventions are performed[1-5]. 
Thus, future advances to simplify the technical process 
of  ERCP, reduce known ERCP risks for the patient, and 
reduce the time and effort of  the physician for this pro-
cedure, as well as attempts to reduce costs, are important 
issues given the restricted financial resources of  hospitals 
regarding radiation protection, hygiene, and the need for 
greater patient safety[5-10].  

With the release of  a specialised side-viewing endo-
scope from Olympus [V-scope (VS)], which contains a 
specialised elevator lever with a V-groove in combina-
tion with the use of  a specialised short guidewire system 
and a V-holder, further optimization of  the entire ERCP 
process appears possible. The VS, including the V-groove 
of  the elevator lever and the V-holder and its dedicated 
guidewires, was constructed to help the endoscopist se-
cure the guidewire at a particular visible length during ac-
cessory exchange. This allows the physician to perform a 
guidewire or accessory exchange by him/herself  and may 
thus lead to quicker instrumentation when working with 
or without assistance[11-14]. In addition, the availability of  
a specialised short guidewire (2.6 m in length) and cor-
responding accessories promises to improve guidewire 
handling during ERCP and to increase hygienic aspects 
of  ERCP, and it may also reduce the efforts of  physicians 
and assistants[12-14]. 

To analyse this procedure systematically, we per-
formed a randomized prospective pilot trial to explore 
and document whether clinical, practical, and subjec-
tive improvements occur in daily ERCP practice when 
using the VS and its dedicated guidewire system as 
compared with conventional ERCP (without a VS, usu-
ally using long guidewires of  4.0-4.5 m in length). The 
main objectives were to evaluate the parameters of  
interventional examination time, X-ray time and dose, 
premedication dose, and interventions. In addition, 
subjective scores from physicians and endoscopy assis-
tants were obtained to provide information about prac-
tical handling, hygienic aspects, and the convenience 
of  this new ERCP method at a tertiary care university 
medical centre. 

MATERIALS AND METHODS
Patient population 
From June to October, 2007, 49 consecutive patients 
who were admitted to the Department of  Medicine 1 of  
the University Erlangen-Nuremberg for interventional 
ERCP were included in this ERCP pilot trial if  they 

had a previous endoscopic papillotomy and had one or 
more of  the following conditions choledocholithiasis or 
hepaticolithiasis, malignant or benign bile duct stenosis, 
and chronic pancreatitis or pancreatic tumour. In addi-
tion, patients agreed to participate in this pilot trial with 
randomization to one ERCP technique, the collection of  
prospective scientific documentation, and the evaluation 
of  their clinical and ERCP findings. Patient characteris-
tics and indications for interventional ERCP are given in 
Table 1. All patients gave informed consent to participate 
and agreed to the collection of  scientific documentation 
of  the examination results. This clinical study was carried 
out in accordance with the Helsinki declaration. 

Because cannulation of  native papilla, papillotomy, 
and potential treatment of  its associated risks may require 
a substantial amount of  time, ERCP-naïve patients with-
out papillotomy were excluded from this study, as were 
patients with coagulation disorders, septic cholangitis, or 
severe cardiovascular or pulmonary disease or who were 
pregnant[5,9,15,16].

Informed consent to participate in this practice study 
was obtained the evening before the scheduled ERCP. 
Thirty minutes before the scheduled ERCP procedure, 
patients were randomized either to ERCP using the VS 
and its dedicated (short) guidewire system (VS group) or 
to conventional ERCP. 

ERCP and interventions
ERCP in the VS group was performed with the com-
mercially available Olympus side-viewing VS (TJF160 
VR; Olympus, Hamburg, Germany), which contains a 
modified elevator lever with a V-groove and a specialised 
fixable guidewire system. The V-groove of  the elevator 
lever induces an increased angle of  articulation in the VS 
and allows complete locking of  a specialised guidewire 
for use with the VS[13,14,17]. This guidewire consists of  a 
linear guide and a flexible hydrophilic tip (5 cm in length) 
combined with a long, stiff nitinol wire (0.35 mm in di-
ameter, 2.6 or 4.2 m in length); both the linear guide and 
the nitinol wire have endoscopically visible markings at 5 
cm (Olympus). In addition, a V-holder, which attaches to 
the working channel of  the VS, allows the physician, in 
conjunction with securing the guidewire with the newly 
constructed V-elevator, to perform changes of  instru-

1937 March 28, 2013|Volume 19|Issue 12|WJG|www.wjgnet.com

Raithel M et al . Olympus V-scope vs  conventional ERCP

    ERCP with 
V-scope/V-system

Conventional     
      ERCP

Examinations (n)              25            24
Age, median (range), yr       57 (33–83)     57 (19–96)
Sex (male/female)            8/17           8/16
Hepaticolithiasis                4              5
Biliary strictures 
(benign/malignant)

          7 (4/3)        5 (4/1)

Chronic pancreatitis              12            12
Pancreatic tumour                2              2

ERCP: Endoscopic retrograde cholangiopancreaticography.

Table 1  Patient characteristics and indications for endoscopic 
retrograde cholangiopancreaticography



ments and accessories (e.g., appropriate baskets, balloons, 
papillotomes, etc.; Olympus) with or without assistance. 
This procedure accelerates instrumentation and may re-
duce X-ray time because of  endoscopically visible control 
of  the fixed guidewire[13,14,17].

ERCP in the conventional ERCP group was per-
formed with a side-viewing duodenoscope (Olympus 
TJF160) and typical 4.0- to 4.8-m-long guidewires (Teru-
mo radifocus guidewire, flexible hydrophilic; Terumo 
Corporation, Leuven, Belgium; straight green guidewire, 
Teflon coated; Dispomedica, Hamburg, Germany; tracer 
metro wire guide; Aqua Coat Tip, Cook Ireland Ltd., 
Limerick, Ireland) and corresponding accessories (cath-
eters, bougies, baskets, balloons, etc.)[1,2,18-20]. Exchange of  
instruments was performed conventionally, and only if  
necessary, using fluoroscopy with the endoscopist press-
ing down the elevator lever and carefully withdrawing the 
instrument, while the assistant tried to retain the position 
of  the guidewire in the cannulated area. 

In brief, interventional ERCP in both groups was 
performed using the following steps: first prosthesis ex-
traction (if  necessary for exchange), cannulation of  the 
papilla, visualization of  the biliary system or pancreatic 
ducts with contrast medium (Peritrast 300/60%; Dr. 
Köhler Chemie GmBH, Alsbach Hähnlein, Germany), 
radiological documentation of  pathological findings in 
two radiological axes, selective cannulation of  pathologi-
cally changed biliary or pancreatic ducts using appropriate 
guidewires, performance of  one or more interventions 
(e.g., bougienage, concrement extraction, prosthesis inser-
tion, etc.), and radiological and endoscopic documentation 
of  results.

Of  note, the interventional examination time for 
ERCP did not include insertion of  the side-viewing 
duodenoscope down to the papilla or extraction of  the 
endoprosthesis. To appropriately determine the effects 
of  VS-guided ERCP, the interventional examination 
time was defined as the start of  the ERCP once the side-
viewing endoscope had been appropriately positioned in 
front of  the papilla. Timing was started with a stopwatch 
once the cannulation catheter had been introduced to 
the working channel of  the endoscope for the first time. 
The interventional examination time ended when the last 
intervention (endoprosthesis insertion, stone extraction, 
etc.) was completed and the final endoscopic photograph 
for documentation had been taken. Withdrawal of  the 
endoscope from the patient was not included in the in-
terventional examination time.

X-ray time and dose of  each ERCP procedure from 
the first cannulation until the entire procedure and the 
final intervention had been finished were automatically 
registered and documented with the multifunctional digi-
tal Axiom artis fluoroscope (AXIOM Artis MP, Siemens, 
Munich, Germany) for each patient.

ERCPs were performed by two experienced inves-
tigators with > 10 years experience in gastrointestinal 
endoscopy, each of  whom had performed more than 
1500 ERCPs. Before the start of  the trial, both investiga-
tors and the endoscopy assistants underwent 2 mo of  

learning and training to become familiar with the VS and 
its fixable guidewire system. During this learning phase, 
each investigator performed more than 20 VS ERCPs. 
From this training phase, it became clear that handling, 
time requirements, radiological or endoscopic control of  
intrahepatically or intrapancreatically placed guidewires, 
and the method of  performing instrument exchange had 
to be learned and require repeated training to improve 
skills and perhaps to reduce intervention times. From the 
team of  endoscopy assistants, four individuals, each with 
experience of  > 1000 ERCPs, were involved in this pro-
spective randomised study.

Physicians and assistants completed the study docu-
ments immediately after the end of  the ERCP and in-
dependently gave subjective scores (0-10, best to worst) 
in terms of  “overall performance of  ERCP”, “difficulty 
of  ERCP” and “hygienic performance”. “Overall per-
formance of  ERCP” concerned global assessment of  
the course of  the entire ERCP process. “Difficulty of  
ERCP” was described as the degree of  interventional 
technical difficulty of  the ERCP. “Hygienic performance” 
concerned whether the guidewire or accessories exchange 
was perfectly hygienic and whether guidewires contacted 
the patient’s face or head, were ever outside the covered 
sterile working area, etc.

Premedication was achieved in most patients with 
midazolam/pethidine and in younger patients with high 
levels of  anxiety or in patients with high consumption of  
alcohol with propofol/pethidine. Conscious sedation was 
administered and monitored by a second physician who 
was responsible for analgo-sedation and documentation 
of  all findings relevant to the study. All patients received 
continuous measurement of  cutaneous oxygen saturation, 
pulse, blood pressure, and adequate oxygen supply during 
ERCP, which was performed in the prone position. 

Cost analysis was also performed for each ERCP case 
for all consumables used during the study. The institu-
tional costs for the side-viewing endoscopes and person-
nel costs for training purposes were not included in this 
analysis.

Statistical analysis
Statistical analysis was done using SPSS (SPSS for Win-
dows Version 16.0.2, Ehningen, Germany) with descrip-
tive statistics (median and range) for all parameters and 
performance of  the Wilcoxon rank-sum test (U test). 
The statistical hypothesis was that use of  the Olympus 
VS and its fixable guidewire system in the VS group 
would make ERCP faster (interventional examination 
time), reduce the X-ray time and dose, and reduce the 
premedication dose. Additional statistical descriptions are 
provided for subjective scores describing the convenience 
and performance of  each ERCP procedure given by the 
endoscopists and the assistants.

RESULTS
Table 2 list all objective and subjective parameters used to 
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cant. Similarly, the median X-ray time and dose, as well 
as the premedication dose, were nearly the same in both 
groups. Interestingly, fewer adverse events were seen in 
the VS group, but this difference was also not statistically 
significant, perhaps because of  the low number of  cases 
(Table 2).

Subjective assessment scores by physicians and en-
doscopy assistants concerning “overall performance of  
ERCP” also did not reveal any significant differences be-
tween the VS group and the conventional ERCP group. 
Scores were also the same for “hygienic aspects of  the 
ERCP” as assessed by the assistants.  

Individual cost analysis of  the ERCP materials and 
accessories used during the ERCP study revealed no sig-
nificant difference in consumables used. Accessories used 
in the VS group amounted to 349 EUR (range, 44-673 
EUR), and costs in the conventional ERCP group were 
335 EUR (range, 135-604 EUR). 

DISCUSSION
ERCP is a resource-intensive, complex, interventional, 
multi-step endoscopic-radiologic procedure for the treat-
ment of  various biliary and pancreatic diseases[1-5,19-22]. 
However, performance of  ERCP, whether it results in 
therapeutic success or technical failure, harbours a known 
risk of  side effects for the patient (e.g., cholangitis, post-
ERCP pancreatitis, analgo-sedation-induced complica-
tions, etc.), including a radiation risk, which the endoscopy 
team also experiences. ERCP requires the substantial use 
of  fluoroscopy and expensive materials (balloons, guide-
wires, etc.), and technical success is often accompanied by 
substantial time and physical efforts on the part of  the 
endoscopist and his/her team of  assistants. Thus, further 
innovations are currently being studied to make ERCP 
safer for patients, to reduce X-ray dose and premedica-
tion, and to simplify the technical ERCP process[2-6,9,17,21]. 

One possible future approach for a more convenient 
and perhaps safer, faster, and easier ERCP procedure 
may be the use of  specialized fixable (short) guidewire 
systems as compared with the use of  conventional long 
guidewires (4.0-4.5 m), which require longer exchange 
times. Several studies have been published using proto-
type VSs and prototype linear guidewires that demon-
strated shorter accessory exchange times and a reduced 
need for guidewire adjustments[13,14,17,23]. However, the 
benefit of  the use of  this Olympus V-system with respect 
to the overall ERCP outcome, interventional examina-
tion time, and fluoroscopy requirements has not been 
completely evaluated in daily ERCP practice. Thus, in an 
effort to optimize ERCP quality and hospital costs in a 
high-volume ERCP centre, an investigator-driven, pro-
spective, randomized pilot trial was performed to explore 
whether the use of  the Olympus VS and its dedicated 
guidewire system significantly improves the outcome of  
patients undergoing ERCP or reduces intervention time, 
fluoroscopy, or the endoscopists’ and assistants’ work, 
handling, and efforts.

This prospective, single-centre study did not, how-

compare ERCP in the VS group and in the conventional 
group. 

Age, indications, and the number and difficulty of  in-
terventions were not different between the VS group and 
the control group. Although the median interventional 
examination time was 2 min shorter in the VS group (29 
min vs 31 min), the difference was not statistically signifi-

Table 2  Objective and subjective score results from 
comparison of endoscopic retrograde cholangiopancreaticograp
hy using the V-scope with conventional endoscopic retrograde 
cholangiopancreaticography

ERCP with
V-scope/V-system

Conventional
 ERCP P value

Objective results
  Total interventions (n)  50 47
    Bougienage bile ducts   7   6
    Bougienage pancreas   2   8
    Endoprosthesis insertion 24 16
    Extraction of biliary 
    concrements

10   9

    Extraction of pancre-
    atic concrements

  3   3

    Bile duct biopsy   1   0
    Nasobiliary catheter   1   2
    Partial guidewire 
    dislocation

  1   3

    Loss of guidewire    1   0
  Examination time (min),   
  median (range)

29 (5–50) 31 (7–90) 0.28

  X-ray time (min), 
  median (range)

     5.87 (0.6–14.15) 6.12 (1.67–18.85) 0.48

  X-ray dose (cGy/m2), 
  median (range)

  1351 (159–5039.2) 1296 (202.3–6421) 0.34

  Premedication dose (mg), median (range)
    Midazolam      7 (0–11.5) 6.75 (0–11.5) 0.33
    Pethidine 100 (0–200) 100 (0–200) 0.48
    Propofol     0 (0–720)     0 (0–490) 0.42
    Diazepam    0 (0–10)    0 (0–15) 0.33
  Adverse events (n patients, % of each group)
    Abdominal pain >24 h 
    without inflammation

           1 (4)  3 (12.5) 0.59

    Cholangitis1            3 (12)  4 (16.7) 0.77
    Post-ERCP pancreatitis2            1 (4)  3 (12.5) 0.59 
    Perforation 0 0
Subjective score results
  Endoscopy assistants (n = 4), median (range)
    Overall performance of     
    ERCP

3 (1–8) 2 (1–7) 0.51

    Hygienic aspects of 
    ERCP

3 (1–6) 3 (1–7) 0.33

  Endoscopists (n = 2), median (range)
    Overall performance of   
    ERCP

3 (1–8) 3 (1–7) 0.47

    Position to papilla 3 (1–7) 4 (1–7) 0.29
    Difficulty of ERCP, 
    median (range)

2 (1–2) 2 (1–3) 0.49

1Cholangitis was diagnosed by post-procedural elevation of inflammatory 
markers in conjunction with an intermittent increase in cholestatic 
enzymes and/or bilirubin, or subfebrile/febrile temperatures after 
endoscopic retrograde cholangiopancreaticography (ERCP). Cholangitis 
was mild, and cases resolved within a median of 8 d (range, 2–10 d); 
2Post-ERCP pancreatitis was diagnosed by elevation of lipase (more than 
twofold of the upper normal value) and the presence of abdominal pain 
after ERCP. These patients had mild pancreatitis, and cases resolved after 
a median of 4 d (range, 2–7 d). 
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ever, reveal any statistically significant differences be-
tween ERCP using the V-system and conventionally 
performed ERCP in terms of  interventional examina-
tion time, fluoroscopy, analgo-sedation requirements, or 
subjective assessments obtained from the endoscopists 
and the endoscopy assistants. Interestingly, interventional 
examination time was somewhat shorter in the VS group 
(29 min) than in the control group (31 min), despite the 
need to perform additional endoprosthesis insertions in 
the VS group (Table 2), raising the question of  whether 
the study population was too small to observe significant 
differences. Alternatively, this result may merely reflect 
the high quality and training status of  the individuals who 
carry out conventional ERCP at a high-volume tertiary 
ERCP centre (> 1000 ERCPs per year). 

Joyce et al[17], in a previous multicentre comparative 
trial, also did not demonstrate any significant effect of  
the V-system on ERCP examination time or on fluo-
roscopy time, although they did demonstrate significant 
benefits of  the V-system when particular individual 
ERCP working steps were analysed, such as the median 
exchange time of  accessories or the need for guidewire 
repositioning. Combined with our findings, these data 
show that a possible improvement in one single working 
step in ERCP (e.g., exchange of  accessories) is not neces-
sarily coupled with an improvement or reduction in the 
entire examination or fluoroscopy time, especially when 
varying degrees of  case difficulties are being treated by 
various experienced endoscopists[5,7,11-14,17,24]. However, 
the real benefit of  V-system-guided ERCP may become 
relevant when the high interindividual variation in ERCP 
complexity and the different experiences of  endosco-
pists are compensated for in an appropriate follow-up 
study protocol in which one patient is examined by the 
same investigator during follow-up interventions, such as 
endoprosthesis replacement, stone extraction, etc., using 
both ERCP techniques. Such a stratified study protocol 
that would compare both ERCP techniques performed 
by one endoscopist on the same patient with the same 
therapeutic indication promises to better demonstrate 
whether a real benefit exists concerning interventional 
examination time and possibly other ERCP parameters 
including quality or outcome findings when using the 
V-system. 

This small, prospective, randomized, single-centre 
pilot ERCP study in routine patients showed that several 
other uncontrolled factors during ERCP intervention in-
fluenced the examination time and radiation requirements 
more than the proposed time saving that is attributed to 
the V-system[11-14,17-19,21,25,26]. Thus, from the experience 
gained during the use of  the VS and its short guidewire 
system, it became apparent that the V-system may be 
helpful in individual cases with repetitive interventions 
and several instrument changes (e.g., multiple stenting, 
numerous stone extractions), but these impressions have 
not yet been objectively proven with a corresponding in-
terventional ERCP study.  

Although previous studies dealing with the use of  the 
V-system have focused primarily on technical aspects and 

time requirements of  single ERCP working steps[14,15,17], 
this prospective pilot trial also documented all adverse 
events and analgo-sedation requirements in each group. 
Interestingly, in the VS group, the frequency of  adverse 
events in terms of  abdominal pain lasting longer than 
24 h, cholangitis, and post-ERCP pancreatitis was not 
significantly different as compared with that of  the con-
ventional ERCP group. However, the tendency of  fewer 
instances of  post-ERCP pancreatitis in the VS group 
raises the question of  whether the completely fixed 
guidewire within the pancreatic duct reduces mechanical 
irritation of  the pancreatic tissue, which may be a cause 
of  an inflammatory response during conventional ERCP. 
This unexpected observation warrants further prospec-
tive studies, because post-ERCP pancreatitis is still a ma-
jor adverse event following ERCP procedures[4,16,18,19].

Cost evaluation of  the consumables used in each case 
revealed that both ERCP techniques have nearly the same 
cost to the hospital according to Germany University 
prices. This analysis does not favour the exclusive use of  
only one ERCP technique. 

In addition, evaluation of  the subjective assessment 
scores from endoscopists and the endoscopy assistants 
also demonstrated no advantage of  the V-system as com-
pared with the conventional ERCP technique. The over-
all performance of  ERCP and the hygienic aspects of  
ERCP were similar in the VS group and in the conven-
tional group, although working with shorter guidewires 
may be more convenient for the personnel than longer 
guidewires[12-15,17]. However, as discussed above, these re-
sults may be related to the high training status of  the per-
sonnel at our high-volume ERCP centre and to the fact 
that performing a safe and effective bougienage within 
the biliary system or pancreas requires the use of  the 
long linear guidewire (4.2 m), which may have influenced 
the judgement of  the personnel. Subjective assessment 
may vary according to the training status of  the endos-
copy team, which would preclude the translation of  these 
results to low-volume endoscopy hospitals.

In conclusion, this prospective ERCP trial using the 
VS and V-system did not show a significant advantage of  
this dedicated short guidewire system at a high-volume 
ERCP centre as compared with the conventional ERCP 
technique. The real value of  this V-system in ERCP prac-
tice requires further investigation in follow-up interven-
tional studies that compensate for interindividual varia-
tion in both patients and endoscopists. Studies should be 
performed in low-volume endoscopy centres as well.
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treatment of hepatobiliary and pancreatic disorders. To simplify this method, 
many new endoscopic techniques and instruments are currently being devel-
oped. In this pilot study, authors compared the new Olympus V-Scope (VS) 
system with the normal Olympus duodenoscope in patients admitted for inter-
ventional ERCP. 
Research frontiers
The new VS system with its specialized fixable guidewire system (Olympus 
TJF160 VR) was evaluated and compared to the conventional ERCP technique 
(Olympus TJF160) with respect to the interventional examination time, X-ray 
time and dose, premedication dose, frequency of adverse events, handling in 
daily routine, and cost effectiveness. 
Innovations and breakthroughs
Although detailed parameters of the ERCP technique and the outcomes were 
carefully assessed, no statistically significant differences were found between 
ERCPs performed with the VS and V-system and those performed using the 
conventional ERCP technique. Objective parameters such as interventional ex-
amination time and X-ray dose, outcome parameters such as adverse events, 
and subjective assessment scores by the endoscopy personnel were all similar 
in both ERCP technique groups. However, the study group was small, vari-
ous levels of ERCP difficulty were included, and the results may have been 
influenced by the high-level training status of the personnel at our high-volume 
ERCP centre.     
Applications 
Regarding the fairly small number of patients, this study was designed as a 
pilot study to provide preliminary results concerning future study parameters for 
sample size estimations, outcome parameters and cost assessments. In further 
studies with a larger number of patients, the potential benefits of the Olympus 
V-system may be better evaluated when including only one or two defined 
ERCP indications and by including endoscopists who examine the same patient 
during follow-up and use both ERCP techniques. 
Terminology
ERCP: A diagnostic and therapeutic tool for selective radiographic illustration 
of the biliary tract and pancreatic ducts that enables important interventions 
such as endoprosthesis insertion for drainage, stone extraction, or tumour 
palliation via short or long guidewire techniques. The Olympus side-viewing 
VS contains a modified elevator lever with a V-groove, which allows the use of 
short guidewires that can be fixed. However, these potential advantages have 
not yet been shown to improve the technical aspects of ERCP instrumentation, 
patient outcomes, or adverse events. 
Peer review
This pilot study carefully assessed several outcomes and technical and sub-
jective parameters of both ERCP techniques. Perhaps because of the small 
number of patients, no significant differences were demonstrated between 
ERCP using the V-system technique and conventional ERCP. The results 
obtained may be used for sample size calculation for a larger, more definitive 
study with more homogeneous ERCP indications.  
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Abstract
AIM: To evaluate the impact of sociodemographic/clini-
cal factors on early virological response (EVR) to pegin-
terferon/ribavirin for chronic hepatitis C (CHC) in clinical 
practice. 

METHODS: We conducted a multicenter, cross-sec-

tional, observational study in Hepatology Units of 91 
Spanish hospitals. CHC patients treated with peginter-
feron α-2a plus ribavirin were included. EVR was de-
fined as undetectable hepatitis C virus (HCV)-ribonucleic 
acid (RNA) or ≥ 2 log HCV-RNA decrease after 12 wk 
of treatment. A bivariate analysis of sociodemographic 
and clinical variables associated with EVR was car-
ried out. Independent factors associated with an EVR 
were analyzed using a multiple regression analysis that 
included the following baseline demographic and clini-
cal variables: age (≤ 40 years vs  > 40 years), gender, 
race, educational level, marital status and family sta-
tus, weight, alcohol and tobacco consumption, source 
of HCV infection, alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) levels, and gamma 
glutamyl transpeptidase (GGT) (≤ 85 IU/mL vs  > 85 
IU/mL), serum ferritin, serum HCV-RNA concentration 
(< 400 000 vs  ≥ 400 000), genotype (1/4 vs  3/4), cir-
rhotic status and ribavirin dose (800/1000/1200 mg/d).

RESULTS: A total of 1014 patients were included in 
the study. Mean age of the patients was 44.3 ± 9.8 
years, 70% were male, and 97% were Caucasian. The 
main sources of HCV infection were intravenous drug 
abuse (25%) and blood transfusion (23%). Seventy-
eight percent were infected with HCV genotype 1/4 
(68% had genotype 1) and 22% with genotypes 2/3. 
The HCV-RNA level was > 400 000 IU/mL in 74% of 
patients. The mean ALT and AST levels were 88.4 ± 
69.7 IU/mL and 73.9 ± 64.4 IU/mL, respectively, and 
mean GGT level was 82 ± 91.6 IU/mL. The mean fer-
ritin level was 266 ± 284.8 μg/L. Only 6.2% of patients 
presented with cirrhosis. All patients received 180 mg 
of peginterferon α-2a. The most frequently used riba-
virin doses were 1000 mg/d (41%) and 1200 mg/d 
(41%). The planned treatment duration was 48 wk for 
92% of patients with genotype 2/3 and 24 wk for 97% 
of those with genotype 1/4 (P  < 0.001). Seven percent 
of patients experienced at least one reduction in ribavi-
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rin or peginterferon α-2a dose, respectively. Only 2% of 
patients required a dose reduction of both drugs. Treat-
ment was continued until week 12 in 99% of patients. 
Treatment compliance was ≥ 80% in 98% of patients. 
EVR was achieved in 87% of cases (96% vs  83% of 
patients with genotype 2/3 and 1/4, respectively; P  
< 0.001). The bivariate analysis showed that patients 
who failed to achieve EVR were older (P  < 0.005), had 
higher ALT (P  < 0.05), AST (P  < 0.05), GGT (P  < 0.001) 
and ferritin levels (P  < 0.001), a diagnosis of cirrhosis 
(P  < 0.001), and a higher baseline viral load (P  < 0.05) 
than patients reaching an EVR. Age < 40 years [odds 
ratios (OR): 0.543, 95%CI: 0.373-0.790, P  < 0.01], 
GGT < 85 IU/mL (OR: 3.301, 95%CI: 0.192-0.471, 
P  < 0.001), low ferritin levels (OR: 0.999, 95%CI: 
0.998-0.999, P  < 0.01) and genotype other than 1/4 
(OR: 4.716, 95%CI: 2.010-11.063, P  < 0.001) were 
identified as independent predictors for EVR in the mul-
tivariate analysis.  

CONCLUSION: CHC patients treated with peginterferon-
α-2a/ribavirin in clinical practice show high EVR. Older 
age, genotype 1/4, and high GGT were associated with 
lack of EVR. 

© 2013 Baishideng. All rights reserved. 
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INTRODUCTION 
Until recent approval of  the first direct acting antivirals 
(DAAs) against hepatitis C virus (HCV)[1-4], the combina-
tion of  pegylated interferon and ribavirin was the standard 
of  care (SOC) for chronic hepatitis C (CHC)[5-8] with the 
goal of  achieving a sustained viral response (SVR) [un-
detectable hepatitis C virus ribonucleic acid (HCV-RNA) 
at week 24]. However, the overall SVR rate with stan-
dard peginterferon and ribavirin combination does not 
exceed 56%-63%[5,9,10], and is even lower in some patient 
subgroups[10]. Indeed, pivotal studies showed that HCV 
genotype 1 patients achieve a SVR rate of  41%-56%, 
whereas in those infected with HCV genotype 2/3, a 
SVR is obtained in 74%-80%[5,9-11]. Variability in virologi-
cal response depends on diverse patient factors as well 
as virological and histological factors. Genotype other 
than 1, low baseline viral load, age less than 40 years, 
body weight ≤ 75 kg and absence of  advanced fibrosis 
and/or cirrhosis have been identified as predictive factors 
of  SVR in the studies evaluating peginterferon α-2a plus 

ribavirin combination[9,12]. 
Pivotal studies have shown that early virological re-

sponse (EVR) is highly predictive of  SVR[9,13]. According-
ly, patients who do not achieve an EVR have an almost 
null probability of  achieving a SVR[9,13-15]. The study con-
ducted by Fried et al[9] showed that only 3% of  patients 
who did not obtain an EVR with peginterferon α-2a plus 
ribavirin achieved a SVR. The high negative predictive 
value (PPV) of  EVR has great clinical value as it allows 
us to decide whether to continue or discontinue treat-
ment at week 12, therefore preventing or minimizing the 
adverse effects related to treatment continuation. Current 
treatment guidelines for hepatitis C include this decision 
criteria at week 12[5,7,8,16] and recommend discontinuation 
of  treatment in patients who fail to achieve an EVR. In 
addition, the clinical utility of  EVR has been demon-
strated in the routine clinical practice setting, particularly 
in genotype 1-infected patients[17]. 

Limited data have been reported regarding the EVR 
predictive factors in patients receiving peginterferon α-2a 
plus ribavirin combination therapy. Correct identification 
of  these factors could be a useful strategy to optimize 
treatment in CHC and improve SVR rates, particularly in 
patients with genotype 1. On the other hand, treatment 
adherence is key to achieve successful treatment. The oc-
currence of  adverse effects associated with peginterferon 
and/or ribavirin is the main reason for dose reduction 
or treatment discontinuation. As a result, 15%-20% of  
patients participating in clinical trials and approximately 
25% of  those in routine clinical practice discontinue 
treatment[18]. Lack of  adherence during the first 12 wk of  
treatment has been shown to have a particularly negative 
impact on EVR[13,19]. Thus, the PPV of  EVR associated 
with good treatment compliance is very high, achieving 
a SVR in 75% of  cases with EVR and good treatment 
adherence[9]. 

Given that sociodemographic and clinical factors asso-
ciated with EVR are not well known and considering that 
treatment adherence is a variable closely related to EVR, 
characterization of  viral and patient factors associated 
with treatment compliance, and hence EVR, has impor-
tant clinical implications. The present study was designed 
to analyze baseline sociodemographic and clinical charac-
teristics associated with EVR and antiviral treatment com-
pliance in CHC patients treated with peginterferon α-2a 
in the routine clinical practice setting in Spain. 

MATERIALS AND METHODS
Study design 
This was a national, multicenter, cross-sectional, observa-
tional study. The study was carried out in the Hepatology 
Units of  91 Spanish hospitals. All participating patients 
gave their written informed consent, and the study was 
approved by the Clinical Research Ethics Committee of  
the Hospital Carlos Ⅲ of  Madrid. The study was con-
ducted in accordance with the Declaration of  Helsinki 
and Good Clinical Practice Guidelines and their amend-
ments. 
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The study included adult patients (over 18 years of  
age) diagnosed with CHC and treated with peginterferon 
α-2a plus ribavirin under routine clinical practice condi-
tions. Patients with any contraindication to hepatitis C 
treatment according to the prescribing information and 
those with HBV and/or human immunodeficiency virus 
coinfection were excluded. 

The main purpose of  the study was to analyze EVR in 
relation to sociodemographic and clinical characteristics. 
For this purpose, the following variables were recorded 
at the start of  treatment: age, sex, race, nationality, educa-
tional level, marital status, occupation and family status, 
weight, cigarette smoking, alcohol consumption, source 
of  HCV infection, methadone replacement therapy, ala-
nine aminotransferase (ALT), aspartate aminotransferase 
(AST), gamma glutamyl transpeptidase (GGT) and fer-
ritin levels, cirrhotic status, viremia and HCV genotype. 
In addition, ribavirin dose and scheduled duration of  
treatment, dose reductions of  peginterferon α-2a and/or 
ribavirin up to week 12, data on premature treatment 
discontinuation (week and reason for discontinuation) 
were also collected. Furthermore, data on HCV-RNA 
concentrations at week 12 were recorded and EVR was 
analyzed (complete/partial). HCV-RNA levels were mea-
sured using quantitative polymerase chain reaction assays, 
mostly the Amplicor HCV Monitor (Roche, Kenilworth 
NJ, United States), although other commercial tests were 
used in some centers. A lower limit of  detection of  50 
IU/mL was considered in all participating hospitals. The 
secondary objective of  the study was to evaluate treat-
ment adherence at week 12. 

Virological response criteria 
EVR was defined as undetectable levels of  HCV-RNA at 
week 12 (complete EVR) or ≥ 2 log reduction in HCV 
viral load from baseline (partial EVR). 

Treatment adherence criteria 
To evaluate treatment adherence, compliance was re-
corded according to the 80/80/80 rule[20] and modified 
according to the study design. Treatment compliant or 
adherent patients were those receiving 80% or more of  
the total dose of  peginterferon α-2a plus ribavirin during 
80% of  the time until week 12. Likewise, noncompliant 
patients included those who received < 80% of  the pre-
scribed dose of  one or both drugs during < 80% of  the 
expected duration (12 wk). 

Statistical analysis 
A descriptive statistical analysis was performed on the 
sociodemographic and clinical variables collected from 
the medical records at the start of  treatment with pegin-
terferon α-2a plus ribavirin. Quantitative variables were 
described using measures of  central tendency and dis-
persion (mean, median, SD, minimum, maximum, first 
quartile and third quartile) and the results are expressed 
as mean ± SD or median (range). Qualitative variables 
are presented as absolute and relative frequencies. To 
characterize the population based on patient sex and the 

influence of  sociodemographic and clinical characteristic 
on EVR, a bivariate analysis was carried out using Stu-
dent’s t test for quantitative variables and the chi-square 
test for the remaining sociodemographic and clinical 
qualitative independent variables. Similarly, a bivariate 
analysis of  sociodemographic and clinical variables asso-
ciated with EVR was carried out based on patient race. 
Variables with statistical significance or with P < 0.10 in 
the bivariate model were analyzed in a multivariate lo-
gistic regression model. Some factors that were not sta-
tistically significant were retained in the model based on 
previous clinical evidence. Odds ratios (OR) and 95%CI 
were calculated for the independent predictive factors of  
EVR. In the multivariate logistic regression analysis, only 
patients with available data for all the variables taken 
into account for the analysis were included. Significance 
level was set at P < 0.05. The statistical analysis was per-
formed using the Statistical Package for the Social Sci-
ences (SPSS) version 17.0 (SPSS Inc, Chicago, IL, United 
States). 

RESULTS 

Baseline patient characteristics 
Baseline patient characteristics are shown in Table 1. A 
total of  1202 patients were included in the study. Thirty-
six were excluded as they met at least one of  the fol-
lowing criteria: peginterferon dose other than 180 mg 
(30 patients), negative HCV-RNA at baseline visit (1 
patient), HCV-RNA level not available at week 12 when 
withdrawal had not occurred (8 patients). The number 
of  evaluable patients was 1166, of  which 1014 were 
analyzed and 152 were excluded for having a detectable 
viral load at week 12 without specifying the value and/or 
detection level. 

Sociodemographic characteristics 
Seven hundred and twelve (70%) patients were male. The 
vast majority of  patients were Spanish (91%) and Cauca-
sian (97%). Fifty percent of  patients had completed com-
pulsory education. Of  the total number of  patients, 580 
(57%) were married and 898 (89%) patients lived with 
another person (Table 1). 

The mean age was 43.3 ± 9.0 years in men and 46.6 
± 11.4 years in women (P < 0.001). No differences 
were found in race, educational level or family status 
based on gender. No significant differences were found 
in baseline sociodemographic characteristics based on 
race. The only differences noted were a greater propor-
tion of  women over 40 who were Caucasian (P < 0.005) 
and a higher educational level among Caucasian patients 
(P < 0.01). 

Clinical characteristics 
Alcohol consumption was reported in 154 (15%) patients 
and 514 (51%) were smokers. The most common source 
of  HCV infection was intravenous drug use (25%) fol-
lowed by transfusion (23%). Mean ALT and AST levels 
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with tobacco and alcohol consumption habit was greater 
in men (P < 0.001). The diagnosis of  cirrhosis was also 
more common in men (P < 0.05). Intravenous drug 
abuse as the source of  HCV infection was more frequent 
in men and transfusion was more frequent in women (P 
< 0.001). Among the clinical variables analyzed, there 
were no differences in baseline viral load level or HCV 
genotype according to gender, but men had higher ALT, 
AST and GGT values (P < 0.001) and higher levels of  
ferritin (P < 0.001). With regard to ribavirin dose, 800 
mg/d and 1000 mg/d were the most common doses 
given to women, whereas men received the 1200 mg/d 
dose more frequently (P < 0.001). 

Peginterferon α-2a plus ribavirin treatment 
All patients received 180 μg of  peginterferon α-2a. The 
most frequently used ribavirin doses were 1000 mg/d 
(41%) and 1200 mg/d (41%) (Table 2). In accordance 
with current treatment recommendations, the 1000 
mg/d and 1200 mg/d doses of  ribavirin were used 
more often for patients with genotype 1/4 (49% and 
45% of  patients received doses of  1200 and 1000 mg/d, 
respectively), whereas more than half  of  those with 
genotype 2/3 (58%) received 800 mg/d of  ribavirin (P 
< 0.001). 

In more than three-quarters of  patients, the sched-
uled duration of  treatment was 48 wk (Table 2). For 97% 
of  patients with genotype 1/4, the planned treatment du-
ration was 48 wk and in 92% of  those with genotype 2/3 
the scheduled duration was 24 wk (P < 0.001). 

Treatment discontinuation and dose reduction 
Sixty-six (7%) patients had their peginterferon α-2a dose 
reduced on at least one occasion. Of  these, 46 (81%) 
patients had only one dose reduction. Similarly, 66 (7%) 
patients experienced at least one dose reduction of  riba-
virin. Of  these, 56 (89%) patients had at least one dose 

were 88.4 ± 69.7 and 73.9 ± 64.4 IU/mL, respectively, 
and the mean GGT level was 82 ± 91.6 IU/mL. The 
mean ferritin level was 266 ± 284.8 μg/L. Only 62 (6.2%) 
patients presented with cirrhosis. 

Of  the total number of  patients, 784 (78%) had 
genotype 1/4, of  which 694 (68%) had genotype 1. The 
HCV-RNA level was greater than 400 000 IU/mL in 744 
(73.8%) patients (Table 1). The proportion of  patients 

Table 1  Patient baseline characteristics  n  (%)

Characteristics

Patient sociodemographics 
  Sex 
    Male 712 (70)
    Female 302 (30)
  Age (yr), mean ± SD   44.3 ± 9.8
  Nationality 
    Spanish 919 (91)
    Other   93 (9)
  Race
    Caucasian 980 (97)
    Other   27 (3)
  Educational level 
    Did not complete compulsory education 125 (12)
    Compulsory education 506 (50)
    Professional training 243 (24)
    University 131 (13)
    Postgraduate/Master/PhD     7 (1)
  Marital status 
    Single 280 (28)
    Married 580 (58)
    Separated 138 (14)
    Widowed   11 (1)
  Family status 
    Lives with another person 898 (89)
    Lives alone   97 (10)
    Prison inmate   16 (2)
Clinical characteristics 
  Weight (kg), mean ± SD   75.7 ± 13.4
  Alcohol consumption 154 (15)
  Tobacco consumption 514 (51)
  Source of HCV infection1 
    IVDU 256 (25)
    Transfusion 234 (23)
    Other   55 (6)
    Unknown 462 (46)
  Methadone replacement therapy   65 (7)
  ALT (IU/mL), mean ± SD   88.4 ± 69.7
  AST (IU/mL), mean ± SD   73.9 ± 64.4
  GGT (IU/mL), mean ± SD   82.0 ± 91.6
  Ferritin (μg/L), mean ± SD 266.0 ± 284.8
  Cirrhosis   62 (6.2)
  HCV genotype 
    1/4 784 (78)
    2/3 223 (22)
  HCV-RNA 
    < 400 000 IU/mL 264 (26)
    ≥ 400 000 IU/mL 744 (73)

1One patient could have more than one presumed source of infection. 
Data are presented as number (percentage) of patients unless otherwise 
indicated. Proportions of patients are presented as valid percentages. 
Percentages may not add up to 100 due to rounding error. Values for age, 
weight and serum levels of alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), gamma glutamyl transferase (GGT) and ferritin 
are expressed as mean ± SD. IVDUs: Intravenous drug users; HCV RNA: 
Hepatitis C virus ribonucleic acid. 

Table 2  Treatment  n  (%)

Treatment data 

Peginterferon α-2a 
  Dose: 180 mg 1014 (100)
  At least one dose reduction of peginterferon     66 (7)1

  At least one discontinuation of peginterferon     46 (81)
Ribavirin 
  Dose 
      800 mg/d   183 (18)
    1000 mg/d   413 (41)
    1200 mg/d   416 (41)
    1400 mg/d       1 (0.1)
  At least one dose reduction of ribavirin     66 (7)1

  At least one discontinuation of ribavirin     56 (89)
Scheduled treatment duration 
  24 wk   234 (23)
  48 wk   773 (77)

1The percentage of patients with dose reduction of peginterferon α-2a and 
the frequency of patients with dose reduction of ribavirin coincide, but are 
not exactly the same patients. The frequencies presented correspond to valid 
percentages. Percentages may not add up to 100 due to rounding error. 
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reduction before week 12. Only 15 (2%) patients required 
a dose reduction of  both drugs (Table 2). 

Early virological response 
Of  1014 patients included in the analysis, 866 (87%) 
achieved an EVR. Of  these patients, 699 (70%) had a 
complete EVR and 176 (18%) achieved a partial EVR. 
The results showed significant differences in EVR de-
pending on genotype, and the percentage of  patients with 
EVR at week 12 was higher in the group of  patients with 
genotype 2/3 (96% vs 83% of  patients with genotype 2/3 
and genotype 1/4, respectively; P < 0.001). 

Predictive factors of early virological response 
Table 3 shows the sociodemographic and clinical charac-
teristics of  the early responders (EVR) and non-respond-
ers (non-EVR). According to the results obtained from 
the bivariate analysis, the only sociodemographic variable 
associated with EVR was age (P < 0.005). The clinical 
variables associated with EVR were ALT (P < 0.005), 
AST (P < 0.05) and GGT values (P < 0.001), ferritin 
levels (P < 0.001), presence of  cirrhosis (P < 0.001), viral 
genotype (P < 0.001), and baseline viral load (P < 0.05). 

In the multivariate analysis, the only sociodemo-
graphic factor identified as a predictor of  EVR was age 
(OR: 0.543, 95%CI: 0.373-0.790, P < 0.01) and the clini-
cal factors predictive of  EVR were GGT level (OR: 3.301, 
95%CI: 0.192-0.471, P < 0.001), ferritin level (OR: 0.999, 
95%CI: 0.998-0.999, P < 0.01) and genotype (OR: 4.716, 
95%CI: 2.010-11.063, P < 0.001). Age ≤ 40 years, GGT 
level ≤ 85 IU/mL, low ferritin levels and HCV genotype 
other than 1/4 were independent predictors of  EVR 
(Figure 1). 

Adherence to treatment and predictive factors 
associated with compliance 
Treatment compliance was greater than 80% in 971 
(97.8%) patients. No significant differences were found 
between patients with treatment adherence greater than 
80% and those whose compliance was less than 80% 
with regard to their sociodemographic and clinical char-
acteristics (data not shown). 

DISCUSSION 

The response to treatment with peginterferon plus riba-
virin is heterogeneous and non-optimal in several HCV 
patients, as occurs in those infected with genotype 1, 
high viral load, advanced fibrosis, metabolic syndrome 
or non-CC polymorphisms of  the interleukin 28b gene 
(IL28b)[12,13,15,21,22]. 

EVR is highly predictive of  SVR[9,23] and provides 
hepatologists with a valuable tool to decide on continu-
ation and duration of  treatment, as well as providing 
patients with an additional motivation to adhere to treat-
ment. The predictive value of  EVR in patients infected 
with genotype 1 in the clinical practice setting in Spain[17] 
was previously shown to be comparable to that obtained 
in pivotal trials[9,23]. However, although identification of  
both viral and host factors associated with EVR may be 
very useful to predict SVR and therefore guide thera-

Table 3  Sociodemographics, clinical and pathological 
characteristics of patients with early virological response and 
non-early virological response by bivariate analysis    n  (%)

Factors    EVR  Non-EVR  P value1

Patient sociodemographics 
  Age (yr), mean ± SD 43.9 ± 9.7  47.0 ± 10.0   < 0.005
  Sex
    Male   602 (86)    101 (14)     NS
    Female   264 (89)      33 (11)
  Origin
    Developed country     64 (93)        5 (7)     NS
    Developing country   801 (86)    129 (14)
  Race
    Caucasian   836 (87)    130 (14)     NS
    Other     24 (89)        3 (11)
  Educational level
    Equivalent to or less than high   537 (86)      85 (14)     NS
    Professional training   209 (87)      31 (13)
    University or higher   119 (88)      17 (13)
  Marital status
    Single   235 (85)      41 (15)     NS
    Married   491 (86)      81 (14)
    Separated/divorced/widowed   135 (92)      12 (8)
  Family status
    Lives alone     82 (85)      15 (16)     NS
    Lives with another person   769 (87)    117 (13)
Clinical characteristics  
  Weight (kg), mean ± SD 75.6 ± 13.4 77.2 ± 13.5     NS
  Alcohol consumption 
    No   731 (86)    115 (14)     NS
    Yes   133 (88)      19 (13)
  Tobacco consumption 
    No   414 (85)      75 (15)     NS
    Yes   450 (88)      59 (12)
  Source of HCV infection 
    Injection drug use   221 (90)      26 (11)     NS
    Transfusion   126 (89)      16 (11)
    IV route     79 (87)      12 (13)
    Other   435 (85)      78 (15)
  Methadone replacement therapy 
    No   803 (86)    126 (14)     NS
    Yes     57 (89)        7 (11)
  ALT (IU/mL), mean ± SD 86.3 ± 69.4  101.7 ± 71.5   < 0.05
  AST (IU/mL), mean ± SD 72.1 ± 65.3    84.8 ± 58.5   < 0.05
  GGT (IU/mL), mean ± SD 73.6 ± 85.2  134.0 ± 114.4   < 0.001
  Ferritin (μg/L), mean ± SD       248.0  ± 268.8  388.8 ± 357.3   < 0.001
  Cirrhosis
    No   817 (88)    112 (12)   < 0.001
    Yes     41 (67)      20 (33)
  HCV genotype
    1/4   645 (84)    126 (16)   < 0.001
    2/3   214 (96)        8 (4)
  HCV-RNA (IU/mL), 
  mean ± SD

3 354 135.6 ±
5 978 359.9

 3 781 940.0 ±
 4 780 000.6

    NS

  Baseline viral load
    < 400 000 IU/mL   237 (91)      25 (10)   < 0.05
    ≥ 400 000 IU/mL   623 (85)    109 (15)

Data are presented as number (percentage) of patients unless otherwise 
indicated. Proportions of patients are presented as valid percentages. 
Values for age, weight, and alanine aminotransferase/aspartate 
aminotransferase (ALT/AST), gamma glutamyl transferase (GGT) and 
ferritin are expressed as mean ± SD. 1P value of bivariate analysis. EVR: 
early virological response; HCV-RNA: Hepatitis C virus ribonucleic acid; 
IV route: Intravenous route; NS: Not significant. 
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py[13], to date, there are limited data available addressing 
this issue.  

To our knowledge, the present study is the largest 
series from a clinical setting to analyze factors associated 
with EVR in CHC patients treated with peginterferon 
plus ribavirin under routine clinical practice conditions. 
The data analysis showed that 87% of  patients achieved 
EVR. This response rate is comparable or even higher 
than that reported in international pivotal trials with pe-
ginterferon α-2a plus ribavirin[9,23] and confirm the results 
reported in previous studies conducted in Spain, also 
under routine clinical practice conditions, but with a con-
siderably lower number of  patients[17,24]. A complete EVR 
was observed in 70% of  our patients and again this rate 
was higher than that reported in other previous studies, 
which ranged from 34% to 64%[9,10,12,25,26]. 

As expected, the percentage of  patients with EVR 
was higher in the group of  patients with genotype 2/3 
than in those with genotype 1/4 according to previous 
studies[9,10,27-29]. However, despite including a high per-
centage of  patients with genotype 1 (the most difficult to 
cure), our study achieved response rates as high as those 
in the pivotal trials.  

Patients who failed to achieve EVR were older, had 
higher ALT, AST, GGT and ferritin levels, a more fre-
quent diagnosis of  cirrhosis and a higher baseline viral 
load than patients achieving EVR. Most of  the limited 
available studies on factors associated with EVR have 
shown that low baseline viral load, younger age, absence 
of  overweight/obesity and lack of  cirrhosis are indepen-
dent factors associated with EVR[30-33]. In our study, age < 
40 years, GGT levels < 85 IU/mL, low ferritin levels and 

genotype non-1/4 were identified as independent predic-
tive factors of  EVR in the multivariate analysis.  

Interestingly, a recent study has identified high GGT 
as a predictor of  nonresponse to treatment with peginter-
feron in patients infected with genotype 1[34]. The precise 
mechanism whereby increased GGT levels may affect 
treatment response in CHC remains a matter of  debate, 
although it may be related either to a more intense degree 
of  necroinflammatory activity, more advanced fibrosis, 
or to hepatic steatosis[35,36]. In this regard, a positive cor-
relation between serum GGT levels and the hepatic 
expression of  proinflammatory tumor necrosis factor-α 
(TNF-α) mRNA in CHC has been suggested[37]. Indeed, 
hepatic levels of  TNF-α mRNA have been found to be 
significantly higher in nonresponders to IFN-α-based 
therapy than in those with a SVR. On the other hand, 
although the multivariate analysis identified high levels of  
ferritin as an independent predictor of  EVR, this associa-
tion was clearly irrelevant (OR = 0.999). Therefore, ferri-
tin level may lack clinical validity as a predictive factor of  
EVR in this setting. 

Age was found to be an independent factor for EVR 
in our study, in agreement with previous series where it 
was shown that age greater than 40 years is an indepen-
dent predictor of  nonresponse to treatment[12,29,34]. Fur-
thermore, older patients have been suggested to be more 
resistant to peginterferon-based therapies since they are 
more frequently infected by HCV genotype 1b, have a 
longer disease duration and exhibit greater liver damage 
than younger patients. 

Consistent with most published studies[10,12,17,38], our 
findings show that the proportion of  women with CHC 
treated with peginterferon plus ribavirin in routine prac-
tice in Spain is much lower in comparison to the propor-
tion of  men, in the absence of  demographic variables 
justifying this difference, or known barriers of  access to 
treatment for women. In addition, women are treated at 
an older age than men. We can speculate that the lower 
fibrosis severity as well as the higher rate of  normal ALT 
levels in women with CHC can explain the relatively 
low proportion of  female patients treated in our series. 
Although in some studies women have shown higher 
response rates than men[31,38], our data did not show dif-
ferences in EVR based on gender despite the high pro-
portion of  male patients. In light of  these results, new 
epidemiological studies on the prevalence of  HCV infec-
tion, as well as clinical studies including a larger number 
of  women are needed to determine if  there is gender 
inequality in the prescription of  antiviral therapy. 

Baseline HCV viral load is a well-known independent 
predictive factor of  treatment response[12,29-31,33]. In agree-
ment with previous evidence, the patients in our study 
who achieved EVR were those who had lower baseline 
viral loads (< 400 000 IU/mL), although viral load did 
not constitute a predictive factor for EVR in the multiple 
logistic regression analysis.  

Race has been identified as a predictive factor of  
EVR in previous studies[12]. The data from our study, de-
spite its large sample size, does not allow us to conclude 

Age
(P  < 0.01)

GGT
(P  < 0.01)

Ferritin
(P  < 0.01)

Genotype
(P  < 0.01)

-1          1            3           5           7            9           11

0.533

0.301

0.999 

4.716

Odds Ratio

Figure 1  Independent factors associated with an early virologic response 
according to multiple logistic regression analysis. Baseline demographic 
factors used in the multiple regression analysis included age (≤ 40 years vs > 
40 years), gender, race, educational level, marital status and family status. Cli-
nical baseline factors included in the multiple regression analysis were weight, 
alcohol and tobacco consumption, source of hepatitis C virus (HCV) infection, 
alanine aminotransferase, aspartate aminotransferase and gamma glutamyl 
transpeptidase (GGT) levels (≤ 85 vs > 85), serum ferritin, serum HCV-RNA 
concentration (< 400 000 vs ≥ 400 000), genotype (1/4 vs 3/4), cirrhotic status 
and ribavirin dose (800/1000/1200 mg/d). An odds ratio equal to 1 (dashed 
lines) indicates no difference between the subgroups defined according to the 
given factors. Bars indicate 95%CI. The results demonstrated that age ≤ 40 
years (P < 0.01), low levels of GGT (≤ 85 IU/L) (P < 0.001), low ferritin (P < 
0.01) and genotype 1/4 (P < 0.001) were independent predictors of early virolo-
gical response.
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that race plays a role in EVR because the vast majority of  
patients included in the study were Caucasian (97.3%). 
Furthermore, when the study was designed, genetic 
analysis of IL28b gene polymorphisms, which are related 
to race[21], was not available. Indeed, one limitation of  our 
study is the lack of  information on IL-28B genotype as 
it has been described as a relevant predictor of  treatment 
response[39,40]. However, the impact of  the imbalance of  
this genetic polymorphism between groups on treatment 
response was described just after the data from this study 
were collected. 

Our study also revealed that Spanish CHC patients 
treated in routine clinical practice receive the correct 
doses of  each drug according to current treatment guide-
lines, and this is critical since both dose optimization and 
treatment duration are essential to maximize response[17]. 
The treatment regimen is individualized, according to 
current guideline recommendations, based on the viral 
genotype, so that patients with genotype 1/4 are treated 
with ribavirin in weight-adjusted doses of  1000-1200 
mg/d for 48 wk, whereas patients carrying genotypes 2/3 
are treated in most cases with ribavirin at a dose of  800 
mg/d for 24 wk. 

Combination therapy frequently causes adverse ef-
fects. Most are mild and controlled by reducing the dose 
of  each drug or with additional treatments including 
growth factors, but in some cases they require discon-
tinuation of  treatment. Various studies have shown that 
dose reductions and particularly treatment discontinua-
tion are associated with a marked reduction in the EVR 
rate[20]. Other reports have noted that dose reductions of  
peginterferon and/or ribavirin are quite frequent during 
the first 12 wk of  treatment[13]. However, in the current 
analysis, only 7% of  patients required dose reduction of  
peginterferon or ribavirin. Moreover, it should be noted 
that only 7 patients of  the total population analyzed dis-
continued treatment due to serious adverse effects in the 
first 12 wk. This percentage (less than 1%) is markedly 
lower than that reported in other studies[11,41]. 

Treatment compliance is a variable closely related to 
EVR[13,19,20]. It has been shown that lack of  adherence 
during the first 12 wk of  treatment has a negative impact 
on EVR. Previous studies have demonstrated that pa-
tients who met the 80/80/80 rule have a greater response 
than those receiving lower doses or for less time[20]. In our 
series, 98% of  patients met the 80/80/80 rule up to week 
12. Good treatment compliance is one of  the factors 
explaining the high rate of  EVR seen in our study. Treat-
ment modifications and the motivation of  patients may 
have had a significant impact on adherence to treatment. 
The low dose reductions required for both drugs could 
have encouraged patients to complete the prescribed 
course of  treatment. Additionally, determination of  EVR 
provides patients and physicians with an early goal and 
motivates them to adhere to treatment recommendations. 
Moreover, it is noteworthy that patients were treated by 
hepatologists belonging to units with wide experience in 
the care of  CHC patients. 

The main limitations of  this study arise from the oc-

currence of  the major advance in CHC in the last years, 
the development of  DAAs and the recent approval of  
the triple therapy as the new SOC for CHC. Neverthe-
less, despite the obvious change in treatment paradigm, 
therapy based on peginterferon plus ribavirin will con-
tinue to play an important role as SOC, especially for 
non-1 HCV patients, considering that protease inhibitors 
must be combined with peginterferon plus ribavirin in 
genotype 1 patients. In addition, while remarkably effec-
tive, the recently approved protease inhibitors are also 
accompanied by frequent serious toxicities and consider-
able costs. Therefore, some patients who cannot tolerate 
protease inhibitors will need to be treated with dual com-
bination given that triple combination regimens have a 
higher side effect burden[3,42,43]. Additionally, the high cost 
of  the DAAs will probably preclude the use of  triple-
combination therapies in health care systems constrained 
by rising costs and economically disadvantaged regions. 
It is well known that patients with rapid virological re-
sponse to dual combination achieve SVR in higher rates, 
close to 90%, and therefore, despite the above limitations, 
our findings may be relevant and applicable at the onset 
of  the DAAs era. Furthermore, our findings provide a 
meaningful assessment of  factors associated with EVR 
regarding applicability to guide therapy of  real-world 
patients given that our study population comprises a 
larger, more representative cohort of  patients than those 
included in clinical trials evaluating predictive factors of  
EVR. However, further studies will be needed to validate 
whether the predictive factors of  EVR to dual therapy re-
main a predictive tool in the context of  new DAA agents 
in the routine clinical practice setting. 

In summary, CHC patients treated with peginterferon 
α-2a plus ribavirin in routine clinical practice in Spain 
have high EVR rates, similar to those obtained in pivotal 
studies, and a high level of  treatment compliance. Age > 
40 years, genotype 1/4 and GGT ≥ 85 IU/mL were in-
dependent predictive factors of  lack of  EVR. In the new 
era of  hepatitis C treatment where standard treatment is 
incorporated with DAAs, identification of  predictive fac-
tors such as the new definitions of  extended rapid viral 
response will be an essential tool to achieve maximum 
response rates. 

ACKNOWLEDGMENTS
Editorial and medical writing assistance was provided 
by Cristina Vidal and Antonio Torres from Dynamic 
Science. The authors would like to acknowledge the in-
vestigators and collaborators of  MONOTRANS Study 
Group: Pérez R, Hospital Central de Asturias, Oviedo, 
Spain; Muñoz R, Hospital 12 de Octubre, Madrid, Spain; 
Manzano M, Hospital 12 de Octubre, Madrid, Spain; 
Fernández I, Hospital 12 de Octubre, Madrid, Spain; 
Domínguez F, Clínica Santa Cristina, Vigo, Spain; Faja-
rdo JM, Hospital Infanta Elena, Huelva, Spain; Pastor 
E, Hospital Arquitecto Marcide, Ferrol, Spain; Suárez I, 
Hospital Hospital Infanta Elena, Huelva, Spain; Morano 
LE, Hospital Meixoeiro, Vigo, Spain; Espinosa MD, 

García-Samaniego J et al . Factors related to early virological response



1950 March 28, 2013|Volume 19|Issue 12|WJG|www.wjgnet.com

Hospital Virgen de las Nieves, Granada, Spain; Sansó A, 
Hospital de Manacor, Mallorca, Spain; Montoliú S, Hos-
pital Joan XXIII, Tarragona, Spain; Pardo A, Hospital 
Joan XXIII, Tarragona, Spain; Sánchez J, Hospital Río 
Carrión, Palencia, Spain; Amine S, Hospital General de 
Lanzarote, Las Palmas de Gran Canaria, Spain; Alonso 
MM, Hospital Universitario de Canarias, Tenerife, Spain; 
Eraña L, Hospital Santiago Apóstol, Vitoria, Spain; 
Guerrero J, Hospital Cruz Roja del INGESA, Ceuta, 
Spain; García E, Hospital General de Fuerteventura, 
Las Palmas de Gran Canaria, Spain; Sánchez JJ, Virgen 
de la Salud, Toledo, Spain; Calvo S, Hospital Comarcal 
de El Escorial, Madrid, Spain; Vázquez E, Complejo 
Hospitalario Pontevedra, Pontevedra, Spain; Moreno 
D, Hospital de Móstoles, Madrid, Spain; González R, 
Hospital de Móstoles, Madrid, Spain; Morán S, Hospital 
Santa María del Rosell, Cartagena, Spain; Torrente V, 
Hospital Sant Joan de Reus, Tarragona, Spain; Jiménez E, 
Hospital Universitario Insular de Gran Canaria, Las Pal-
mas de Gran Canaria, Spain; Lee C, Hospital Dr. Negrín, 
Las Palmas de Gran Canaria, Spain; Hervias D, Hospital 
Virgen de Altagracia-Manzanares, Ciudad Real, Madrid, 
Spain; Rincón JP, Santa María del Rosell, Cartagena, 
Spain; Gimenez A, Hospital General de Granollers, 
Barcelona, Spain; Rodriguez R, Complejo Hospitalario 
Santa María Madre, Orense, Spain; Moreno M, Hospital 
General de Fuerteventura, Las Palmas de Gran Canaria, 
Spain; Casanova C, Hospital Universitario de Canarias, 
Tenerife, Spain; Sánchez H, Hospital La Inmaculada, 
Almeria, Spain; Juan Carlos Penalva, Hospital de Tor-
revieja, Alicante, Spain; Compañy L, Hospital General 
de Alicante, Alicante, Spain; Sáez J, Hospital de Elche, 
Alicante, Spain. 

COMMENTS
Background
Peginterferon plus ribavirin is the standard therapy for chronic hepatitis C (CHC) 
world-wide. Early virological response (EVR) predicts sustained virological 
response (SVR) in CHC. Although identification of both viral and host factors 
associated with EVR may be very useful to predict SVR and therefore guide 
therapy, to date, there are limited data available addressing this issue in clinical 
practice. 
Research frontiers
The high negative predictive value of EVR has remarkable value in clinical 
practice since it allows to decide whether to continue or discontinue treatment 
at week 12, therefore preventing or minimizing the adverse effects related to 
treatment continuation. Indeed, current treatment guidelines for hepatitis CHC 
include this decision criterion and recommend discontinuing treatment in pa-
tients who fail to achieve an EVR. 
Innovations and breakthroughs
The present study is the largest series from a clinical setting to analyze pre-
dictive factors of EVR in CHC patients treated with peginterferon α-2a plus 
ribavirin in routine clinical practice. The remarkably high EVR rates obtained in 
our study were similar to those reported with this dual therapy in pivotal studies, 
and confirm the data from previous studies in clinical practice in Spain which 
included a significantly lower number of patients. Age > 40 years, genotype 
1/4 and gamma glutamyl transpeptidase (GGT) ≥ 85 IU/mL were identified as 
independent predictive factors of lack of EVR. 
Applications 
The results from this study may be useful in guiding treatment decision making. 
In particular, early prediction of virological response to dual therapy can help to 

identify candidates who are unlikely to have a SVR before treatment initiation or 
in the early treatment phase.  
Terminology
EVR indicates EVR which is defined as undetectable hepatitis C virus ribonucleic 
acid (HCV-RNA) or ≥ 2 log decrease in HCV-RNA after 12 wk of treatment. 
Peer review
This study is well constructed and it is based in a big CHC patient cohort com-
ing from 91 hospitals through all Spanish territory. This is an interesting and 
relevant study which confirms the results of previous studies with a notably 
lower number of Spanish cases. Moreover, this study consolidates some basal 
factors such a GGT levels, age or viral genotype as predictive factors of EVR. 
This study also highlights the higher rate of ERV in Spain compared with other 
regions.  
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Abstract
AIM: To investigate the indications, resection rate, and 
safety of endoscopic submucosal dissection (ESD) for 
neoplastic lesions in the gastrointestinal tract at a Eu-
ropean referral center.  

METHODS: We carried out a retrospective analysis of 
the ESD procedures performed in our center for mu-
cosal neoplastic and submucosal lesions of the gastro-
intestinal tract. The duration of the procedure, en bloc  
and complete (R0) resection rates, and complication 
rates were evaluated. Variables were reported as mean 
± SD or simple proportions. Univariate analysis and 

comparisons of procedure times and resection rates 
were performed using Mann-Whitney U  tests, or χ 2 

tests for dichotomous variables. 

RESULTS: Between 2007 and 2011, ESD was per-
formed in a total of 103 patients (46.7% male, mean 
age 64.0 ± 12.7 years). The indications for the pro-
cedure were epithelial tumor (n  = 54), submucosal 
tumor (n  = 42), or other (n  = 7). The total en bloc  re-
section rate was 90.3% (93/103) and R0 resection rate 
80.6% (83/103). The median speed of the procedure 
was 15.0 min/cm2. The complete resection rate was 
lower for submucosal tumors arising from the muscle 
layer (68%, 15/22, P  < 0.05). Resection speed was 
quicker for submucosal tumors localized in the submu-
cosal layer than for lesions arising from the muscularis 
propria layer (8.1 min/cm2 vs  17.9 min/cm2, P  < 0.05). 
The R0 resection rate and speed were better in the last 
24 mo (90.1%, 49/54 and 15.3 min/cm2) compared to 
the first 3 years of treatment (73.5%, 36/49, P  < 0.05 
and 22.0 min/cm2, P  < 0.05). Complications occurred 
in 14.6% (n  = 15) of patients, including perforation 
in 5.8% (n  = 6), pneumoperitoneum in 3.9% (n  = 4), 
delayed bleeding in 1.9% (n  = 2), and other in 2.9% 
(n  = 3). Only one patient with delayed perforation re-
quired surgical treatment. During the mean follow-up 
of 26 ± 15.3 mo, among patients with R0 resection, 
recurrence occurred in one patient (1.2%). 

CONCLUSION: ESD is an effective and safe method 
for resection of neoplastic lesions with low recurrence. 
Speed and the R0 resection rate increased after 50 
procedures.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
In Japan and South Korea, endoscopic submucosal dis-
section (ESD) is a commonly accepted method for the re-
section of  early neoplastic lesions in the upper and lower 
gastrointestinal tract. Good results from and the safety of  
procedures performed in the last few years have resulted 
in an increase in the number of  procedures. Publications 
of  the results of  treatment with this method include more 
than 1000 patients. Although the dynamic development 
of  this method is visible in Far East countries, this meth-
od is still in development in Europe and has not gained 
in popularity. A few publications describe the results of  
treatment in more than 50 patients, and some small series 
of  patients or case reports have been published, but there 
is an overall lack of  new European data. 

ESD involves the removal of  both benign neoplas-
tic (premalignant) and malignant non-invasive lesions, 
aiming for the highest R0 resection rate (83%-98%) and 
lowest rate of  local recurrence (0%-3%) of  all endo-
scopic techniques[1]. The removal of  submucosal lesions 
is also possible, including those growing out of  the 
proper muscle layer[2].

The papers from Japan and Asia focus on confirm-
ing that ESD is a safe method with few complications 
and a mortality rate of  0%. The time needed to perform 
the procedure significantly decreases with the number of  
procedures performed, but it is still longer than the time 
needed for mucosectomy.

The present paper is one of  the few European re-
ports showing the results of  treating gastrointestinal 
malignancies with ESD in a referral center. We present 
the indications, results, and complications with regard to 
different parts of  the gastrointestinal tract.

MATERIALS AND METHODS
Patients
The procedures were performed between April 2007 and 
December 2011. Before qualifying for the procedure, pa-
tients received both oral and written explanations of  the 
endoscopic examination and possible treatment options, 
and they signed an informed written consent form.

For each patient with pathology of  the upper gastro-
intestinal tract, endoscopic ultrasound (EUS) was per-
formed before admission for ESD. The sector-scanning 
echoendoscope (Olympus GF-UM130 or GF-UE160 
Olympus Medical Systems Co., Tokyo, Japan) or linear 
echoendoscope (Olympus GF-UCT140) were used to 

examine lesion size, EUS layer from which it derives 
(submucosal tumors, SMTs) or infiltrated layers (other 
lesions), SMT growth type (inside or outside the walls of  
the gastrointestinal tract), and lymph node diameter.

Neoplastic lesions of the upper gastrointestinal tract
Neoplastic mucosal tumors were included in the study if  
> 10 mm with a low risk of  lymph node metastases. Le-
sions in the stomach were included based on the expand-
ed criteria from the Japanese Gastric Cancer Association 
(JGCA)[3]: well-differentiated carcinoma without ulcer-
ation, irrespective of  size; well-differentiated carcinoma 
with ulceration (type Ⅲ) ≤ 30 mm; or well-differentiated 
carcinoma with submucosal invasion and no more than 
500 μm in size.

Exclusion criteria were lack of  consent from the pa-
tient for the endoscopic procedure, massive infiltration 
of  the submucosal layer or infiltration of  muscle layers 
assessed in EUS, or enlarged local lymph nodes or metas-
tases found in imaging studies (i.e., EUS, ultrasound, and 
computed tomography).

Neoplastic lesions of the lower gastrointestinal tract
Patients were qualified for ESD if  any of  the following 
were in the previous endoscopic examination: large ses-
sile polyp (LST) (type Ⅰs) that could not be removed 
in one piece, granular type (LST-G) flat polyps with a 
dominant nodule greater than 2 cm, non-granular type 
(LST-NG) flat polyps of  any size, or scars from previous 
non-therapeutic tumor resections. Exclusion criteria were 
a lack of  consent from the patient for the endoscopic 
procedure or deep ulceration apparent in the lesion, sug-
gesting massive submucosal invasion.

Submucosal tumors
Resection of  SMT by ESD was performed if  the tumor was 
1 to 8 cm in size with no growth outside the gastrointestinal 
tract on EUS. Patients who did not meet these criteria were 
referred to follow-up (submucosal lesions < 1 cm), muco-
sectomy (smaller or pedunculated lesions), or surgical treat-
ment (submucosal lesions > 8 cm, epithelial tumors). All 
cases but one lipoma (bleeding gastric tumor) were excluded 
from endoscopic treatment.

Procedural technique
Before the treatment of  epithelial malignancies by ESD, 
indigo carmine chromoendoscopy, magnifying endoscopy, 
NBI, or a combination of  these techniques was per-
formed to qualify the patients for the procedure based on 
the classification of  Paris[4] and properly assess the lateral 
margins of  the lesion. ESD in the upper gastrointestinal 
tract was performed under general anesthesia, whereas 
analgosedation with midazolam (2.5-5 mg iv) and fen-
tanyl (50-100 μg iv) was used for procedures in the lower 
gastrointestinal tract. An Olympus endoscope GIF-T140 
with a transparent cap (Olympus D-201-12 704) was used, 
allowing a better view of  the submucosal layer during the 
procedure. For submucosal injection, 0.9% NaCl solution 

1954 March 28, 2013|Volume 19|Issue 12|WJG|www.wjgnet.com

Białek A et al . Endoscopic submucosal dissection of neoplastic lesions



with epinephrine (1 mg/250 mL NaCl) and indigo car-
mine dye was used. In some cases in which the elevation 
of  the mucosa after the injection of  the solution was too 
short, a solution of  hyaluronic acid was used (Sigmavisc, 
Hyaltech Ltd, Livingston, United Kingdom).

The resection was started by marking the lesion bor-
ders with the needle knife (Olympus KD-441Q) or dual 
knife (Olympus KD-650L) using forced coagulation 
of  35 W (Erbe ICC 200, Erbe Elektromedizin GmbH, 
Tübingen, Germany). The solution was injected submu-
cosally next to the markers. The initial incision, approxi-
mately 3-5 mm in length, was made with a needle knife, 
and then a circular incision was made around the lesion 
using the isolated-tip knife IT or IT-2 (Olympus KD-
611L, EndoCut mode, effect 3, 100 W) or a dual knife 
(EndoCut mode, effect 3, 35-50 W). The next step was 
the injection of  the same solution directly into the sub-
mucosal layer under the lesion. The blue color of  the in-
digo carmine allowed this layer to be distinguished from 
the proper muscle and the lesion itself. Dissection of  the 
submucosal layer and the tumor was performed using the 
IT knife, hook-knife (Olympus KD-620LR, EndoCut 
mode, effect 2-3, 50-90 W), flex-knife (Olympus KD-
630L), or dual knife (Figures 1 and 2). Muscular SMTs 
attached to the muscle layer by muscle fibers or muscle 
pedicle were cut away from the muscle layer of  the wall 
(Figure 3). Tumors that were fused tightly with muscle 
and over a larger area were cut away with a loop, or most 
of  the lesion was cut away to obtain enough material 
for pathological examination. Scar tissue was cut using a 

needle knife along the muscle layer. Lesions located in the 
cardia and just behind the anal canal were removed most-
ly in retroflexion. During the procedure and immediately 
after the removal of  a tumor, all visible blood vessels in 
the submucosal and muscle layer were coagulated using a 
coagrasper (Olympus FD-410LR, soft coagulation 35 W) 
or argon coagulation (Erbe APC 300, 35 W, flow 1.6 L/
min), or hemoclips (Olympus HX-610-135) applied. The 
removed lesion was affixed to a polystyrene substrate, 
fixed in formalin, and examined morphologically.

Bleeding during the procedure that did not cause 
hemodynamic disorders or anemia was not considered 
a complication. All bleeding was treated endoscopi-
cally with coagrasper hemostatic forceps, argon beamer 
coagulation, or hemoclip application. Perforations no-
ticed during the procedure were treated endoscopically 
by closing the wall defect using hemoclips. After the 
procedure, antibiotics were administered intravenously 
(amoxicillin 2 × 1000 mg) for 5 d, as well as proton 
pump inhibitors if  the lesion was resected in the up-
per gastrointestinal tract (omeprazol 8 mg/h iv for 2 d, 
then 2 × 20 mg orally for 8 wk). After ESD in the lower 
gastrointestinal tract, patients received ciprofloxacin (2 
× 200 mg iv) and metronidazol (3 × 500 mg iv). On the 
day of  the procedure (day zero) the patients fasted. The 
first day after the procedure the patients received neutral 
fluids orally, and normal diet the next day. Colon patients 
received normal diet from the first day after the proce-
dure. The patients were discharged from the hospital on 
day 3-5 after the procedure.
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Figure 1  Endoscopic submucosal dissection of gastric neoplastic lesion. A: Lesion type Ⅱa+c localized in the antrum; B: Margins of the lesion border were 
marked with the needle knife; C: Solution of indigo carmine in saline was injected into the submucosal space; D: An incision was made in the mucosa and submucosa 
around the lesion with normal mucosal margin; E: Submucosal dissection performed directly under vision control; F: Mucosal defect after the completed procedure.
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antibodies. Leiomyomas were diagnosed when the mesen-
chymal tumors had a positive reaction for smooth muscle 
actin and desmin. A positive reaction for S-100 protein and 
negative reaction for muscle markers and CD117 indicated 
nerve tumors. The neoplastic potential of  the stromal tu-
mors was determined on the basis of  their size and mitotic 
index (MI, number of  mitoses counted in 50 large fields) 
according to the classification of  Miettinen et al[5].

The criteria for curative resection of  cancer lesions 
were: the depth of  neoplasm infiltration limited to the 
mucosal or superficial submucosal layer (up to 500 μm in 
the cardia and stomach and up to 1000 μm in the large in-
testine as measured from the lower border of  the muscle 
layer of  the mucosa), no infiltration or congestion of  car-
cinoma cells in blood vessels and lymph vessels (angioin-
vasion), lateral and bottom margins free of  neoplasm, and 

Pathological examination
The resected specimens were pinned to a mounting board 
with clearly marked oral and anal orientations and routine 
formalin fixation performed. The borders of  each speci-
men were colored with ink and sections taken every 2 
mm. The pathological reports of  the resected specimens 
included the macroscopic appearance, size, histological 
type (the most important Lauren classification of  gastric 
cancer), and extent of  the tumor depth. The presence of  
ulceration and lymphovascular involvement, as well as the 
status of  the vertical and lateral resection margins, were 
reported in detail. 

In addition, the SMT preparations were labeled with 
DAKO antibodies (Dako Polska Sp.z o.o.). Gastrointesti-
nal stromal tumors (GISTs) were characterized by a posi-
tive reaction to c-KIT (CD 117) or DOG-1 and CD34 
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Figure 2  Endoscopic submucosal dissection of gastric submucosal tumor. A, B: Submucosal tumor in the stomach; C: Endosonographic view of the tumor, 
which is not connected to the muscle layer of the gastric wall; D: An incision was made in the mucosa and submucosa after indigo carmine solution injection into the 
submucosal layer around the lesion; E-G: Submucosal dissection of the tumor, exposing the tumor in the submucosa and carefully cutting after injecting the solution; H: 
Resected tumor (GIST, 25 mm, MI 2/50 HPF). GIST: Gastrointestinal stromal tumor; MI: Mitotic index; HPF: High power field.
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well or medium-differentiated cancer. For GIST, the only 
criterion was confirmed tissue-free margins.

Follow-up
All side effects of  the dissection were recorded accord-
ing to standard procedures[6,7]. The first follow-up visit 
was 2-3 wk after ESD. The first follow-up endoscopy 
was performed 3 or 12 mo after surgery using a standard 
endoscope or EUS. Patients with incompletely resected 
neoplastic changes were referred for surgery. A control 
endoscopy after 3 mo was performed in the case of  
piecemeal resection of  the tumor or uncertain histopath-
ological confirmation of  the complete tumor resection 
(Rx). The following cases were qualified for endoscopy 
after 12 mo: removal of  a tumor that fulfilled the criteria 
for R0, resection of  non-neoplastic lesions, and incom-
plete SMT resection of  non-stromal tumors.

Statistical analysis
Variables were reported as mean ± SD or simple proportions. 
Univariate analysis and comparisons of  procedure times and 
resection rates were performed using Mann-Whitney U tests, 
or χ2  tests for dichotomous variables. Statistica 9.1 software 
was used for all data analyses (StatSoft, Inc. 2010; Statistica).

RESULTS
Over a period of  57 mo, ESD was performed in 103 pa-
tients (46 males, 44.66%). The mean patient age was 64.0 
± 12.7 years. A total of  69 procedures were performed 
in the upper gastrointestinal tract, 34 in the colon. The 
indications for resection were epithelial tumors (n = 54), 
SMT (n = 42), scars from previous non-therapeutic tumor 
resection (n = 2), and others (n = 5). All procedures were 
performed by two physicians (Białek A, Pertkiewicz J).

The total en bloc and R0 resection rates were 90.3% 
(93/103) and 80.6% (83/103), respectively. The rate of  en 
bloc and R0 resection for epithelial lesions reached 85.3% 
(52/61), for overall SMT the rates were 97.6% (41/42) 
and 73.8% (31/42), respectively, but did not differ signifi-
cantly. The complete resection rate for SMTs arising from 
the muscle layer was 68% (15/22), which is significantly 

lower than that of  epithelial lesions (P < 0.05). 
The mean speed of  performing the procedure was 

19.0 ± 14.6 min/cm2. The overall resection speed for 
SMTs was 15.85 ± 10.99 and 21.17 ± 16.41 min/cm2 for 
mucosal lesions, but this difference was not significant. 
The resection speed was faster for SMTs localized in the 
submucosal layer compared to lesions arising from the 
muscularis propria layer (8.1 min/cm2 vs 17.9 min/cm2, 
P < 0.05).

During the first 3 years following ESD, 49 procedures 
were performed. Thirty-six of  the procedures (73.5%) 
were R0 resections, and the procedure speed was 22.02 ± 
15.33 min/cm2. In the last 24 mo, the R0 resection rate in-
creased to 90.1% (49/54, P < 0.05, Table 1; Figure 4) with 
a mean speed of  15.3 ± 13.25 min/cm2 (P < 0.05, Table 1; 
Figure 4). The complication rates did not differ significant-
ly. During a mean follow-up of  26 ± 15.3 mo, recurrence 
was detected in only one patient who underwent R0 resec-
tion (1.2%, 1/83), a 54-year-old female with intestinal type 
gastric cancer (G1, M2), and recurrence occurred within 6 
mo of  the procedure. The patient was sent for surgery and 
middle grade dysplasia diagnosed in the resected specimen.

Esophagus and cardia
ESD procedures were performed in the lower esophagus 
and cardia in 14 patients. The indications for the procedure 
were SMTs suspected to be GISTs in 5 patients and mucosal 
tumors in 9 patients. 

Morphologically, tumors were type Ⅰ-1, Ⅱa-2, Ⅱ
a+c-3, Ⅱb+c-2 and Ⅱb-1 according to the Paris classifi-
cation. The mean tumor size was 2.37 ± 0.95 cm for all 
lesions, 2.36 ± 1.0 cm for mucosal lesions, and 2.4 ± 0.96 
cm for SMTs. The en bloc and R0 resection rates as well as 
the histological diagnoses of  resected tumors are shown 
in Table 2.

The mean procedure duration was 99 ± 77.2 min 
and significantly shorter for the resection of  SMTs (38 

Figure 3  Submucosal tumor (leiomyoma) resected by endoscopic sub-
mucosal dissection and connected to the gastric wall with the muscle 
peduncle (arrow). 
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Figure 4  R0 resection rate and mean speed of the procedure in the years 
following endoscopic submucosal dissection. A: R0 resection rate; B: Mean 
speed of the procedure.
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± 13.03 min) than for mucosal lesions (128 ± 80.06 min, 
P < 0.05). Overall, the speed of  resection was 24.96 ± 
22.71 min/cm2 and significantly slower for the resec-
tion of  mucosal lesions (33.29 ± 24.4 min/cm2) than for 
SMTs (9.96 ± 6.9 min/cm2, P < 0.05). The overall rate 
of  en bloc and R0 resection was 100% (14/14) and 64.3% 
(9/14), respectively, and it did not differ significantly be-
tween mucosal lesions and SMTs. 

Both of  the incompletely removed SMTs were leio-
myomas. The three neoplastic lesions were adenocarci-
nomas; cancerous infiltration was present in the lower 
margin (SM3) in two cases and in the lateral margin in 
one case. One of  the patients was treated surgically; the 
adenocarcinoma was found in neither the cardia nor the 
lymph nodes of  the surgical specimen. The other two 
patients were not qualified for surgery because of  a lack 
of  consent and high risk of  surgery due to serious co-
morbidities.

Stomach
ESD was performed in the stomach in 54 patients, among 
which 35 were suspected to have GIST (mean size 2.9 
± 1.2 cm) and 19 mucosal neoplastic lesions (mean size 
2.6 ± 1.1 cm). According to the Paris classification, the 
mucosal lesions were type Ⅰs-2, Ⅱa+c-11, Ⅱa-4, Ⅱb-1 
and Ⅱb+c-1. Histological diagnoses and the rates of  en 
bloc and R0 resection are shown in Table 2. Four lesions in 
the stomach qualified according to JGCA classic criteria[7] 
were removed completely (R0 resection rate 100%). Out 
of  12 lesions, only 9 (75.0%) reached R0 resection accord-
ing to expanded criteria.

In two cases of  incomplete resection of  SMT, GIST 
was diagnosed. In one of  these patients, the tumor was 
4 cm, MI = 6 (risk of  progression: moderate), and the 
patient referred for surgery; in the other, the tumor was 
1.9 cm, MI = 3 (risk of  progression: low), and the patient 
referred for follow-up examination. In two cases of  in-
complete resection of  adenocarcinoma, one had a lower 
margin positive for cancer (sm3) and the other a lateral 
margin positive for cancer (piecemeal resection). The 
first patient qualified for surgical resection, but the other 
did not give consent for surgical treatment; in 33 mo of  
follow-up no tumor recurrence was found.

The mean duration of  the endoscopic procedure was 
103.8 ± 77.3 min for all lesions, 108.1 ± 88.0 min for 
epithelial lesions, and 101.4 ± 72.1 min for SMTs. The 

mean speed of  dissection was 18.05 ± 12.1 min/cm2 for 
all lesions, 20.1 ± 13.4 min/cm2 for epithelial lesions, and 
16.9 ± 11.4 min/cm2 for SMTs. The speed of  the resec-
tion of  SMTs connected to the muscle layer (n = 19) was 
19.7 ± 8.5 min/cm2 and 14.2 ± 15.2 min/cm2 for tumors 
without such a connection (n = 12).

Colon
In the large intestine, ESD was performed in 34 patients. 
The main indications were laterally spreading tumor 
(LST) type Ⅱa-11 or Ⅱa+c-9 and polyps type Ⅰs-10. In 
two cases, ESD was performed for the radicalization of  
previously incomplete polypectomy procedures and in 
two cases due to symptomatic SMTs of  the rectum. Low 
or middle grade dysplasia was diagnosed in 11 cases, and 
high-grade dysplasia or adenocarcinoma in 21 cases (Table 
2). Two SMTs were diagnosed as fibroepithelioma and 
leiomyoma. The majority of  lesions were located in the 
rectum (n = 28), followed by the sigmoid colon (n = 5) 
and ascending colon (n = 1). The rate of  en bloc and R0 
resection was 87.5% (28/32) and 90.6% (29/32), respec-
tively. Among the lesions with incomplete resection, two 
adenocarcinomas with infiltration of  the lower cut bor-
der (sm3) and tubular adenoma with low-grade dysplasia 
were diagnosed. In both cases of  adenocarcinoma, the 
patients underwent surgical treatment, but cancerous tis-
sue was not found in the surgical specimen. The patient 
with non-radically resected adenoma was administered 
follow-up examinations (20 mo) with no recurrence.

The average overall time and speed of  treatment was 
82.0 ± 56.6 min and 17.9 ± 14.2 min/cm2, respectively, 

  Performing ESD (yr) Procedures (n) Speed (min/cm2) 
(mean ± SD) R0

  1 10 25.5 ± 25.54 70.0%
  2 17 17.6 ± 25.54 70.0%
  3 22 23.4 ± 11.87 77.0%
  4 32 17.4 ± 15.33 84.0%
  5 22 15.1 ± 12.94 90.9%

Table 1  Mean speed of endoscopic submucosal dissection and 
R0 resection rate related to time

ESD: Endoscopic submucosal dissection.

Diagnosis Patients En bloc R0

  Esophagus SMT   5     5 (100.0)    3 (60.0)
GIST   1     1 (100.0)    1 (100.0)
Leiomyoma   4     4 (100.0)    2 (50.0)
Non-SMT   9     9 (100.0)    6 (66.7)
Early cancer/HGD   6     6 (100.0)    3 (50.0)
Neoplasia grade    3     3 (100.0)    3 (100.0)
min/med

  Stomach SMT 35   34 (97.1)a  27 (77.1)
GIST 18   18 (100.0)  16 (88.9)
Leiomyoma   6     5 (83.3)    3 (50.0)
Other 11   11 (100.0)    8 (72.7)
Non-SMT 19   14 (73.7)a  16 (84.2)
Early cancer/HGD 12     8 (66.7)  10 (83.3)
Neoplasia grade min/med   4     3 (75.0)    3 (75.0)
Other   3     3 (100.0)    3 (100.0)

  Colon SMT   2     2 (100.0)    2 (100.0)
Fibroepithelioma   1     1 (100.0)    1 (100.0)
Leiomyoma   1     1 (100.0)    1 (100.0)
Non-SMT 32   28 (87.5)  29 (90.6)
Early cancer/HGD 19   17 (89.5)  17 (89.5)
Neoplasia grade min/med 11   10 (90.9)  10 (90.9)
Other   2     1 (50.0)    2 (100.0)

Table 2  Endoscopic submucosal dissection resection rate 
according to histology in esophagus and cardia, stomach and 
colon  n  (%)

aP < 0.05 vs non-submucosal tumor (SMT). GIST: Gastrointestinal stromal 
tumor; HGD: High grade dysplasia. 
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85.1 ± 56.9 min and 18.2 ± 14.5 min/cm2, respectively, 
for epithelial neoplastic lesions, and 32.5 ± 3.5 min/cm2 

and 11.9 ± 9.3 min/cm2, respectively, for SMTs.

Complications after ESD
Severe complications occurred in two patients in the 
form of  perforations, resulting in prolonged hospitaliza-
tion for more than 10 d, including surgical treatment in 
one case. Mild or moderate complications occurred in 13 
patients: 2 patients with delayed bleeding treated by trans-
fusion, 1 patient with a mucosal pharyngeal sphincter tear 
who required prolonged hospitalization for less than 3 d, 
4 with pneumoperitoneum who required prolonged hos-
pitalization for less than 3 d, 4 patients with perforation 
treated conservatively and requiring prolonged hospital-
ization for 4-10 d, and 2 patients with pyloric stenosis 
requiring additional endoscopy. The complication rate 
according to localization is presented in Table 3.

In six patients with perforation, endoscopic closure 
of  the defect was performed using hemoclips, decom-
pression of  the peritoneum by puncture, and conserva-
tive treatment with fasting, antibiotic therapy, and active 
suction with a nasogastric tube. In one of  the patients, 
delayed perforation occurred on the fourth day when try-
ing to implement oral feeding.

Bleeding in two patients was controlled by hemoclip 
application, and patients required the transfusion of  two 
units of  blood. In two patients, stenosis occurred within 
4 wk after dissection of  neoplastic lesions in the pylorus. 
Both patients were successfully treated with 20-mm bal-
loon dilatation in one and two sessions. In one patient 
a mucosal tear in the throat sphincter occurred when 
removing a large, > 3 cm resected SMT. The patient had 
no symptoms and did not require additional treatment. 

DISCUSSION
ESD is a technique aimed at resecting early neoplastic le-
sions in the gastrointestinal tract without compromising 
the integrity of  the wall. The technique allows R0 resec-
tion to be achieved, even for large mucosal and submuco-
sal lesions, by removing them in one piece (en bloc), which 

allows proper pathological evaluation of  specimens. The 
method is the most effective of  the endoscopic resection 
techniques and used by many centers in Japan and the 
Far East. Many papers, including the multicenter stud-
ies and those presenting the results of  treatment in over 
1000 patients, confirm the technique’s efficacy in both 
the upper and lower parts of  the gastrointestinal tract[8-12]. 
The percentage of  en bloc resection is estimated to range 
from 92%-100% in the upper gastrointestinal tract and 
81.6%-92.7% in the lower gastrointestinal tract, and the 
rate of  R0 resection is estimated to be 73.6%-94.7% in the 
upper gastrointestinal tract and 69.7%-89% in the lower 
gastrointestinal tract, which is significantly higher than 
that of  mucosectomy techniques, in which R0 resection is 
estimated to be 33%-56%[1,9,13], especially for the resection 
of  large tumors (> 2 cm in size). ESD also allows resec-
tion of  SMTs, even those growing from the muscularis 
propria[2,10-18], and allows surgeons to save the organ via a 
minimally invasive resection of  the lesion itself.

Despite such good results of  treatment, the method 
is still rarely used in Europe[2,19-22]. To the best of  our 
knowledge, only two European papers from Augsburg, 
Germany, present the results of  treating more than 100 
patients in one center[19,20]. One of  the reasons for this 
low usage could be the time it takes to perform the pro-
cedure, especially at the beginning of  the learning curve. 
In the Japanese centers, which have published the results 
of  treating more than 1000 patients, the average time for 
ESD in the stomach is approximately 37 min[19]. In the 
present study, both time and speed were worse than in 
the Japanese studies due to the relatively low volume at 
the center. The number of  ESD procedures necessary to 
master the method is thought to be approximately 50. In 
the present study, the speed of  performing the procedure 
increased approximately 30% after the first 49 procedures 
over 3 years. Similarly, Probst et al[20] and Japanese authors 
noted a significant increase in the speed of  the resection 
after 40-50 procedures[13,19].

The location of  the lesions in the upper part of  the 
stomach, their size, and the presence of  submucosal 
fibrosis are associated with longer procedure duration, 
a lower resection rate, and a higher rate of  complica-
tions[23-25]. In the present study, the percentage of  re-
section related to lesion localization and timing in the 
stomach did not differ significantly, probably due to a 
heterogeneous patient group and a small number of  pro-
cedures in different locations. 

The other factor responsible for the small number of  
ESD procedures in Europe may be the greater number 
of  complications compared to mucosectomy. The most 
serious complication of  ESD is perforation, which oc-
curs in 1.2%-9.7% of  cases, and bleeding, which occurs 
in 0.1%-15.6% of  procedures[1,8,13,20]. In the present study, 
the percentage of  complications was similar, 4.9% for 
perforation and 1.9% for delayed bleeding, and surgical 
treatment was required in only one case. Importantly, the 
mortality rate after endoscopic treatment is 0% in both 
the present study and most published papers. Factors as-
sociated with a higher incidence of  complications have 

Patients Delayed 
bleeding Perforation Other (n )

  Cardia   14 0 1 Pneumoperitoneum 2
  Stomach   54 2 5
  Upper part   21 1 4 Mucosal tear of 

lower pharyngal 
sphincter region, 
pneumoperitoneum

3

  Middle part     7 0 1
  Lower part   26 1 0 Stenosis of the pylorus 2
  Colon   34 0 0 0
  Duodenum     1 0 0 0
  All 103 2 6 7

Table 3  Complications after endoscopic submucosal dissec-
tion according to location 
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been identified, including location in the upper and mid-
dle part of  the stomach, lesion size, and the number of  
procedures performed when less than 50[11-12,25,26]. Also, in 
the present study, lesions located in the upper and middle 
third of  the stomach were associated with a higher inci-
dence of  perforation, as five of  six perforations occurred 
in these locations.

In the present study, the rate of  en bloc resection and 
R0 resection was 90.3% and 80.6%, respectively, which is 
comparable with other European studies but lower than 
that of  studies from Japan and South Korea. This dif-
ference is due to the lesser experience of  authors in the 
first years of  implementing the procedure. In the last two 
years, the rate of  R0 resection increased from 73.5% to 
90.1%, which approached the level of  Japanese authors 
(Table 1; Figure 2). This finding confirms a long learning 
curve for this technique, which was nearly three years in 
our study, with 49 treatments completed. A similar ten-
dency has been noticed by other authors, with the rate of  
total en bloc resection beginning at 50%-65.7% and increas-
ing to 72.2%-100%[1,19]. An important factor in achieving 
R0 resection was a larger proportion of  eligible patients 
fulfilling extended (n = 12), compared to classical (n = 4), 
indications for endoscopic resection of  gastric cancer. The 
rate of  R0 resection for classical indications in the pres-
ent study was 100% (4/4), which was higher than the rate 
with the extended criteria (9/12, 75%). A similar tendency 
was observed by Probst et al[20], who reported 90% (9/10) 
and 68.6% (35/51), respectively, and Japanese authors, 
who reported 97.1% and 91.1%, respectively[19,27,28]. 

In the present study, the significant effect on the 
lower total resection rate comprised a relatively large 
proportion of  patients with SMTs, including tumors aris-
ing from the muscularis propria layer, for which the R0 
resection rate was significantly lower. Among the patients 
with confirmed complete R0 resection, only one recur-
rence occurred within 6 mo of  the procedure (1.2%). In 
the publications from the last few years, the rate of  recur-
rence after R0 resection was 0%-5.1%[29-31].

A limitation of  this study is the relatively small num-
ber of  procedures performed in the reference center and 
retrospective type of  analysis.

In summary, ESD allows endoscopic resection of  tu-
mors with high efficacy and low complication rates, even 
in a low-volume center. Most complications, including 
perforation, are mild or moderate in severity and can be 
treated endoscopically or conservatively. Both speed and 
complete resection rate improved after approximately 50 
procedures.
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Applications
ESD allows endoscopic resection of tumors with high efficacy and low compli-
cation rates, even in a low-volume center. Most complications, including per-
forations, are mild or moderate in severity and can be treated endoscopically 
or conservatively. Both speed and the complete resection rate improved after 
approximately 50 procedures.
Terminology
R0 resection: Complete resection of the lesion confirmed by a pathologist by 
microscopic examination of the tumor-free borders of resected species.
Peer review
The authors report European experience for ESD. Though the number of cases is 
small and some points need to be clear, this is valuable study as they mentioned 
that is European own experience. 
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Abstract
AIM: To investigate whether curcumin could attenuate 
hepatitis in mice with paracetamol overdose.

METHODS: Male mice were divided into four groups. 
Group 1 (control, n  = 8); was fed with distilled water; 
Group 2 [N-acetyl-P-aminophenol (APAP), n  = 8]; was 
fed with a single dose of 400 mg/kg APAP dissolved in 
distilled water; Group 3 [APAP + curcumin (CUR) 200, n 
= 8], was fed with a single dose of 400 mg/kg APAP and 
200 mg/kg CUR; Group 4 (APAP + CUR 600, n = 8), was 
fed with a single dose of 400 mg/kg APAP and 600 mg/
kg CUR. Twenty-four hours later, the liver was removed 
to examine hepatic glutathione (GSH), hepatic malondial-
dehyde (MDA), and histopathologically. Then whole blood 
was withdrawn from heart to determine transaminase 

(serum glutamic oxaloacetic transaminase and serum glu-
tamic pyruvic transaminase) and inflammatory cytokines 
[interleukin (IL)-12 and IL-18] levels by enzyme linked 
immunosorbent assay.

RESULTS: Serum transaminase, hepatic MDA, and in-
flammatory cytokines increased significantly in the APAP 
compared with the control group. Curcumin supplemen-
tation in APAP + CUR 200 and APAP + CUR 600 groups 
significantly decreased these parameters compared with 
the APAP group. The level of GSH decreased significant-
ly in the APAP compared with the control group. Cur-
cumin supplementation in APAP + CUR 200 and APAP 
+ CUR 600 groups significantly increased these param-
eters compared with the APAP group. The histological 
appearance of the liver in the control group showed 
normal. In the APAP-treated group, the liver showed ex-
tensive hemorrhagic hepatic necrosis at all zones. Cur-
cumin supplementation in APAP + CUR 200 and APAP + 
CUR 600 groups, caused the liver histopathology to im-
prove. In the APAP + CUR 200 group, the liver showed 
focal necrosis and but the normal architecture was well 
preserved in APAP + CUR 600 group.  

CONCLUSION: APAP overdose can cause liver injury. 
Results indicate that curcumin prevents APAP-induced 
hepatitis through the improvement of liver histopathol-
ogy by decreased oxidative stress, reduced liver inflam-
mation, and restoration of GSH.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
In therapeutic doses, N-acetyl-P-aminophenol (APAP) 
or paracetamol is mainly metabolized via glucuronidation 
and sulfation pathway and in conjugated forms is excre-
ted from the cells. Besides, APAP is partly metabolized 
by cytochrome P450 (CYP 2E1), to produce toxic me-
tabolites such as N-acetyl-p-benzoquinone imine. These 
metabolites are produced in the liver and detoxified by 
reduced glutathione (GSH) and then removed from cells. 
In APAP overdose, it is mainly metabolized by CYP 2E1 
and causes increase of  toxic metabolites and GSH deple-
tion. These metabolites interact with biomolecules such 
as protein, lipid, and nucleic acid via covalent binding, 
which disrupts hepatocytes function causing hepatic ne-
crosis and liver injury[1-6].

A previous study demonstrated that APAP overdose 
treatment showed significantly increase in serum trans-
aminase, hepatic malondialdehyde (MDA), and decreased 
hepatic GSH. Histological examination showed a severe 
centrilobular hepatic necrosis with fatty changes[7-9].

Curcumin (diferuloymethane), a polyphenol, is an ac-
tive ingredient of  turmeric (Curcuma longa) and is pharma-
cologically safe for humans and animals. Curcumin has 
many biological activities, including anti-inflammatory, anti-
oxidant, anti-carcinogenic, anti-mutagenic, and anti-diabetic 
activities[10-13]. The hepatoprotection of  curcumin has been 
widely acknowledged and used in traditional medicines for 
treatment of  inflammatory conditions such as hepatitis[14].

A previous study demonstrated that curcumin treat-
ment showed significantly decrease in serum transami-
nase, hepatic MDA, increase hepatic GSH, and caused 
improvement of  liver histopathology[7-9].

However, it is still unclear whether curcumin has any 
effect in APAP-induced hepatotoxicity. Therefore, the 
present study aims to examine the protective effect of  
curcumin on hepatitis in mice with APAP overdose.

METERIALS AND METHODS
Animal preparation
Male mice (4-5 wk), weighing 25-30 g, were purchased 
from the National Laboratory Animal Center, Mahidol 
University (Bangkok, Thailand). They were acclimatized 
at least 1 wk in a climate-controlled room on a 12-h light-
dark cycle and were fed ad libitum. The experimental pro-
tocol was approved by the Ethical Committee of  Faculty 
of  Medicine, Chulalongkorn University, Thailand.

Paracetamol and curcumin preparation
A single dose of  400 mg/kg of  APAP (Tylenol®) was 
dissolved in distilled water that was freshly prepared for 
the experiment. A single dose of  200 and 600 mg/kg of  
curcumin (95% purified curcumin, Cayman Chemical 
Company, Ann Arbor, MI, United States) were dissolved 
in corn oil that was freshly prepared for the experiment. 

Experimental protocol
All mice were fasted, with free access to water ad libitum, 

for 18 h before the experiment. They were randomly di-
vided into four experimental groups.

Group 1 (control, n = 8); mice were fed distilled wa-
ter orally via an intragastric tube; Group 2 (APAP, n = 8); 
mice were fed a single dose of  400 mg/kg of  APAP orally 
via an intragastric tube; Group 3 [APAP + curcumin (CUR) 
200, n = 8]; mice were fed a single dose of  400 mg/kg of  
APAP with a single dose of  200 mg/kg of  curcumin oral-
ly via an intragastric tube; Group 4 (APAP + CUR 600, n 
= 8); mice were fed a single dose of  400 mg/kg of  APAP 
with a single dose of  600 mg/kg of  curcumin orally via an 
intragastric tube.

Twenty-four hours later, the mice were anesthetized 
with intraperitoneal injection of  thiopental (50 mg/kg 
body weight). The abdominal wall was incised and liver 
was removed and washed with cold normal saline (4 ℃
-8 ℃). The liver was chopped into small pieces, frozen in 
liquid nitrogen, and stored at -80 ℃ to examine hepatic 
MDA and hepatic GSH. The hepatic MDA was quanti-
fied by thiobarbituric acid reaction as described by Oh-
kawa et al[15]. The hepatic GSH was quantified by GSH 
Assay Kit (Cayman Chemical Company, United States). 
The remaining liver was fixed in 10% formalin solution 
to examine histologically. Then whole blood was with-
drawn from heart. The blood was allowed to coagulate 
at room temperature (2 h) and centrifuged for 20 min 
at 3000 × g to obtain serum. The serum was collected 
to examine transaminase (serum glutamic oxaloacetic 
transaminase, serum glutamic oxaloacetic transamina-
se (SGOT) and serum glutamic pyruvic transaminase, 
SGPT) and inflammatory cytokines interleukin (IL)-12 (R 
and D Systems, Inc., United States) and IL-18 (Medical 
and Biological Laboratory Co., Ltd, Japan) by enzyme-
linked immunosorbent assay method.

Histopathology
Samples of  the liver were excised and transferred to for-
malin and later processed by routine techniques prior to 
embedding in paraffin. Sections were cut at the thickness of  
5 μm and stained with hematoxylin and eosin (HE). An ex-
perienced pathologist blinded to the experiment evaluated 
all samples. All histopathological changes were observed 
under light microscope. Hepatic necroinflammation score 
in each section was graded according to the criteria de-
scribed by Brunt et al[16] from 0 to 3 as follow; Score 0 = No 
hepatocyte injury/inflammation; Score 1 = Sparse or mild 
focal zone 3 hepatocyte injury/inflammation; Score 2 = 
Noticeable zone 3 hepatocyte injury/inflammation; Score 3 
= Severe zone 3 hepatocyte injury/inflammation.

Statistical analysis
The data were expressed as mean ± SD. For comparison 
among all groups of  animals, one-way analysis of  vari-
ance (one-way ANOVA) and Tukey PostHoc compari-
sons were employed. P-value at less than 0.05 was consid-
ered statistically significant. The data were analyzed using 
the SPSS software version 17.0 for windows.
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RESULTS
Effects of curcumin on serum transaminase in mice with 
paracetamol overdose
Serum SGOT increased significantly in the APAP when 
compared to the control group (SGOT, 583.25 ± 118.30 
U/L vs 86.13 ± 6.90 U/L, P < 0.001). These were signifi-
cantly lower in the APAP + CUR 200 and APAP + CUR 
600 groups than that in the APAP group (197.38 ± 14.39 
U/L vs 538.25 ± 118.30 U/L and 111.38 ± 8.33 U/L vs 
583.25 ± 118.30 U/L, P < 0.001, respectively). There 
was statistically significant difference in serum SGOT in 
APAP + CUR 200 and APAP + CUR 600 groups (197.38 
± 14.39 U/L vs 111.38 ± 8.33 U/L, P < 0.05) (Figure 1A).

Serum SGPT increased significantly in the APAP group 
when compared to the control group (186.00 ± 43.73 
U/L vs 42.63 ± 6.95 U/L, P < 0.001). They were signifi-
cantly lower in the APAP + CUR 200 and APAP + CUR 
600 groups than in the APAP group (65.25 ± 3.11 U/L 
vs 186.00 ± 43.73 U/L and 47.50 ± 4.72 U/L vs 186.00 ± 
43.73 U/L, P < 0.001, respectively). There was no statisti-
cally significant difference in serum SGPT in APAP + CUR 
200 and APAP + CUR 600 groups (65.25 ± 3.11 U/L vs 
47.50 ± 4.72 U/L, P > 0.05) (Figure 1B).

Effects of curcumin on hepatic GSH in mice with 
paracetamol overdose
Hepatic GSH were significantly lower in the APAP group 
compared to the control group (2.75 ± 0.16 nmol/mg pro-
tein vs 10.17 ± 0.11 nmol/mg protein, P < 0.001). Hepatic 
GSH in APAP + CUR 200 and APAP + CUR 600 groups 
were significantly higher than in the APAP group (9.16 ± 
0.49 nmol/mg protein vs 2.75 ± 0.16 nmol/mg protein and 
9.72 ± 0.22 nmol/mg protein vs 2.75 ± 0.16 nmol/mg pro-
tein, P < 0.001, respectively). There was statistically signifi-
cant difference in hepatic GSH in APAP + CUR 200 and 
APAP + CUR 600 groups (9.16 ± 0.49 nmol/mg protein vs 
9.72 ± 0.22 nmol/mg protein, P < 0.05) (Figure 1C).

Effects of curcumin on hepatic MDA in mice with para-
cetamol overdose
Hepatic MDA was elevated significantly in the APAP 
group when compared to the control group (3.55 ± 0.05 
nmol/mg protein vs 1.45 ± 0.01 nmol/mg protein, P < 
0.001). Hepatic MDA in APAP + CUR 200 and APAP 
+ CUR 600 groups were significantly lower than in the 
APAP group (1.47 ± 0.01 nmol/mg protein vs 3.55 ± 0.05 
nmol/mg protein and 1.46 ± 0.01 nmol/mg protein vs 3.55 
± 0.05 nmol/mg protein, P < 0.001, respectively). There 

700

600

500

400

300

200

100

    0

SG
O

T 
co

nc
. (

U
/L

)

b

bd

de

1             2             3             4

12

10

  8

  6

  4

  2

  0

G
SH

 c
on

c.
 (

nm
ol

/m
g 

pr
ot

)

b

bd

bde

1             2             3             4

200

180

160

140

120

100

  80

  60

  40

  20

    0
SG

PT
 c

on
c.

 (
U

/L
)

b

d
d

1             2             3             4

A B C

35

30

25

20

15

10

  5

  0

IL
-1

2 
co

nc
. (

pg
/m

L)

b

bd
d

1             2             3             4

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

M
D

A 
co

nc
. (

nm
ol

/m
g 

pr
ot

)

b

d d

1             2             3             4

160

140

120

100

  80

  60

  40

  20

    0

IL
-1

8 
co

nc
. (

pg
/m

L)

b

b

de

1             2             3             4

Figure 1  Effects of curcumin on serum glutamic oxaloacetic transaminase, serum glutamic pyruvic transaminase, hepatic glutathione, hepatic malondial-
dehyde, interleukin-12, interleukin-18 in mice with paracetamol overdose. A: Serum glutamic oxaloacetic transaminase (SGOT); B: Serum glutamic pyruvic trans-
aminase (SGPT); C: Hepatic glutathione (GSH); D: Hepatic malondialdehyde (MDA); E: Interleukin (IL)-12; F: IL-18. bP < 0.01 vs control group; dP < 0.01 vs N-acetyl-
P-aminophenol (APAP) group; eP < 0.05 vs APAP + curcumin (CUR) 200 group. 1: Control; 2: APAP; 3: APAP + CUR 200; 4: APAP + CUR 600.
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was no statistically significant difference in hepatic MDA 
in APAP + CUR 200 and APAP + CUR 600 groups (1.47 
± 0.01 nmol/mg protein vs 1.46 ± 0.01 nmol/mg pro-
tein, P > 0.05) (Figure 1D). 

Effects of curcumin on serum IL-12 and IL-18 in mice 
with paracetamol overdose
The level of  serum IL-12 increased significantly in the 
APAP group compared with the control group (29.16 ± 
3.34 pg/mL vs 7.08 ± 1.40 pg/mL, P < 0.001). Serum 
IL-12 significantly decreased in the APAP + CUR 200 
and APAP + CUR 600 groups compared with the APAP 
group (11.60 ± 1.68 pg/mL vs 29.16 ± 3.34 pg/mL and 
9.63 ± 1.38 pg/mL vs 29.16 ± 3.34 pg/mL, P < 0.001, 
respectively). There was no statistically significant dif-
ference in serum IL-12 in APAP + CUR 200 and APAP 
+ CUR 600 groups (11.60 ± 1.68 pg/mL vs 9.63 ± 1.38 
pg/mL, P > 0.05) (Figure 1E).

The level of  serum IL-18 increased significantly in the 
APAP group compared with the control group (139.52 ± 
15.59 pg/mL vs 29.17 ± 3.72 pg/mL, P < 0.001). Serum 
IL-18 significantly decreased in the APAP + CUR 200 
and APAP + CUR 600 groups compared with the APAP 
group (53.48 ± 18.19 pg/mL vs 139.52 ± 15.59 pg/mL 
and 35.21 ± 2.18 pg/mL vs 139.52 ± 15.59 pg/mL, P < 
0.001, respectively). There was statistically significant dif-
ference in serum IL-18 in APAP + CUR 200 and APAP 
+ CUR 600 groups (53.48 ± 18.19 pg/mL vs 35.21 ± 2.18 
pg/mL, P < 0.05) (Figure 1F).

Effects of curcumin on histopathology in mice with 
paracetamol overdose
The histological appearance of  the liver in the control 

group showed normal (Figure 2A). In the APAP group, 
the liver showed extensive hemorrhagic hepatic necrosis 
of  all zones (Figure 2B). In APAP + CUR 200 and APAP 
+ CUR 600 groups, the liver histopathology improved. 
The APAP + CUR 200 group showed focal necrosis (Fi-
gure 2C), whereas the majority of  hepatic lobules were 
preserved as normal architecture with limited hepatic 
change in the APAP + CUR 600 groups (Figure 2D). 
The summary of  hepatic necroinflammation score in the 
control and experimental groups are shown in Table 1.

DISCUSSION
This study demonstrated that treatment of  APAP over-
dose induced hepatitis in mice and could be attenuated 
by treatment with curcumin. This result corresponds to 
previous observations studied in mice and rat models[7-9].

Chemoprevention is promising as a preventive ap-
proach for hepatitis. Curcumin (diferuloylmethane), a 
polyphenol compound, is an active ingredient of  turmer-
ic (Curcuma longa)[10]. The phenolic and methoxy groups 
on the benzene rings of  curcumin are important struc-
tural features that contribute to its anti-oxidant properties 
and its ability to reduce the amount of  free radicals[17-20]. 
Curcumin shows beneficial effects in inflammatory con-
ditions including hepatitis[14].

To assess lipid peroxidation we used MDA as a mark-
er[21] and reduced GSH as indicator of  hepatoprotectivity 
for cells. In this study the oxidative damage caused by 
APAP overdose was significantly attenuated by adminis-
trating curcumin. It was conceivable that curcumin could 
protect against free radical mediated oxidative stress by 
scavenging for free radicals that limits lipid peroxidation 

CV

CV

CV

CV

PT

A B

DC

Figure 2  Effects of cur-
cumin improved liver his-
topathology (hematoxylin 
and eosin stain, ×10). A: 
Control group showed normal; 
B: N-acetyl-P-aminophenol 
(APAP) group showed ex-
tensive hemorrhagic hepatic 
necrosis at all zones; C: APAP 
+ curcumin (CUR) 200 group 
showed mild focal necrosis 
and hepatic lobule was pre-
served; D: APAP + CUR 600 
group showed the hepatic 
lobule was preserved with lim-
ited hepatic change. Arrows 
indicate hepatic necrosis, CV 
indicate central vein, and PT 
indicate portal system.
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involved in membrane damage. In this study the GSH de-
pletion caused by APAP overdose was significantly attenu-
ated by administrating curcumin. The protective action 
of  curcumin can be explained by GSH inducer through 
induction of  glutathione reductase enzyme system.

Serum transaminase, SGOT and SGPT, are often used 
as markers as their increase indicates liver damage[22,23]. 
There is a significant increase of  both SGOT and SGPT 
in APAP overdose. We demonstrated that this increase 
was reduced by the administration of  curcumin. 

It has been reported that IL-12 is produced by den-
dritic cells, monocytes, Langerhans cells, neutrophils, and 
keratinocytes[24]. IL-18 is produced by activated macro-
phages, keratinocytes, intestinal epithelial cells, oeteo-
blasts, adrenal cortex cells, and the murine diencepha-
lon. IL-18 is synthesized as a precursor 24 kilodalton 
molecule without a signal peptide and must be cleaved 
to produce an active molecule. IL-1 converting enzyme 
(or caspase-1) cleaves pro-IL-18, producing the mature, 
bioactive peptide that is readily released from cells[25-29]. 
Importantly, both of  these cytokines are produced from 
Kupffer cells or hepatic macrophages in the liver. It may 
be possible that inflammation is due to hepatocytes re-
leasing cytokines into the blood stream. Furthermore, 
IL-12, in combination with IL-18, causes inflammation 
via the activity of  interferon-gamma, which is produced 
from T-lymphocyte and NK cells. 

Curcumin is modulates the inflammatory response 
by down-regulating the activity of  COX-2, inducible NO 
synthase, tumor necrosis factor-α, IL-1, IL-2, IL-6 and 
IL-8[30]. This shows that curcumin is an anti-inflammatory 
substance. These cytokines are required for the expres-
sion of  many cells linked with the inflammatory response. 
However, there are no experiments which study the effect 
of  curcumin in preventing hepatitis resulting from APAP 
overdose and influence the levels of  cytokines IL-12 and 
IL-18. Therefore, we studied the effect of  curcumin on 
decreasing hepatitis resulting from APAP overdose. We 
showed that curcumin could prevent hepatitis resulting 
from APAP overdose and cause decrease in IL-12 and 

IL-18 levels. It may be possible that curcumin can inhibit 
caspase-1 enzyme, which is cleaved pro-IL-18 into bioac-
tive peptide or active-IL-18[26]. This could explain that 
another pathway may also reduce liver inflammation that 
is indirectly mediated by oxidative stress inhibition.

In the present study, APAP overdose caused exten-
sively hepatic necrosis. In curcumin supplementation, 
liver histopathology improved and showed only a focal 
hepatic necrosis of  lobules.

In conclusion, APAP overdose can cause liver in-
jury. Our results show curcumin could attenuate APAP-
induced liver injury by decrease oxidative stress, reduce 
liver inflammation, restore hepatic GSH, and improve 
liver histopathology. In addition, curcumin at the dose of  
600 mg/kg tends to be more potent than 200 mg/kg in 
preventing the effects of  APAP hepatotoxicity. Hence, 
curcumin might be a novel therapeutic strategy against 
hepatitis caused by APAP overdose.

COMMENTS
Background 
N-acetyl-P-aminophenol (APAP) overdose induced liver damage is one of the 
most widespread drug-induced side-effects. Although the exact mechanism 
of APAP remains largely unknown, it appears to involve two pathways: direct 
hepatotoxicity and adverse immune reactions. This impairment of liver functions 
can culminate in cell death, leading to a variety of pathological conditions, in-
cluding acute hepatitis. Curcumin has been shown to possess a wide spectrum 
of biological actions. These include anti-inflammatory and anti-oxidant activities. 
Authors postulated that curcumin, acting through the oxidative stress inhibition, 
could reduce the production of inflammatory cytokines; thus resulting in the at-
tenuation of liver injury in APAP-induced hepatitis in mice.
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cytokines. APAP can cause liver injury through the increase in oxidative stress 
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this study was that we showed an attenuation of liver damage and decrease in 
oxidative stress, reduced liver inflammation, restoration of hepatic glutathione 
(GSH), and improved liver histopathology after curcumin administration in 
APAP-treated animals.
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The previous study showed that curcumin is an anti-inflammatory and anti-
oxidant agent in an in vivo study. However, it is unclear whether curcumin has 
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examined the protective effects of curcumin in APAP-induced liver damage in 
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APAP overdose.
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Abstract
AIM: To investigate the expression deficiency of key 
molecular markers in the homologous recombination 
pathway.  

METHODS: Expression loss of breast cancer type 1 
susceptibility protein (BRCA1), ataxia telangiectasia 
mutated (ATM), ATM-Rad3-related (ATR), mediator of 
DNA damage checkpoint protein 1 (MDC1) and meiotic 
recombination 11 (Mre11) were correlated with their 
clinicopathological parameters in gastric cancer (GC). 
One hundred and twenty treatment-naive GC samples 
were formalin-fixed and paraffin-embedded into tissue 
blocks. Two representative cores from each block were 
extracted and constructed into tissue microarrays. Ex-
pression levels of BRCA1, ATM, ATR, MDC1 and Mre11 
were determined using immunohistochemical analysis, 
and correlated with clinical parameters, including age, 
gender, Lauren subtype, tumor grades, clinical stage 
and overall survival. 

RESULTS: Expression loss of BRCA1, ATM, ATR, MDC1, 
and Mre11 was found in 21.4%, 20.2%, 21.0%, 11.1% 
and 4.6%, respectively, of interpretable cases. BRCA1 
loss was significantly associated with patients of dif-
fused subtype (intestinal vs  diffused, 8.2% vs  31.7%, 
P  = 0.001), higher tumor grade (Ⅰ/Ⅱ vs  Ⅲ, 10.7% vs  
20.5; Ⅰ/Ⅱ vs  Ⅳ, 10.7% vs  54.5%, P  = 0.047) and ad-
vanced clinical stage (Ⅰ/Ⅱ vs  Ⅲ, 12.9% vs  16.9%; Ⅰ
/Ⅱ vs  Ⅳ, 12.9% vs  45.5%, P  = 0.006). MDC1 loss was 
significantly associated with patients of diffused subtype 
(intestinal vs  diffused, 0% vs  19.7%, P  = 0.001) and 
higher tumor grade (Ⅰ/Ⅱ vs  Ⅲ, 0% vs  12%; Ⅰ/Ⅱ vs  
Ⅳ, 0% vs  30.8%, P  = 0.012). In addition, the survival 
time of the patients with expression loss of BRCA1 was 
significantly shorter than those with positive expression 
of BRCA1 (2-year survival rate, 32.4% vs  62.8%, P  = 
0.015). No correlations were found between clinicopath-
ological parameters and expression loss of ATM, ATR 
and Mre11. 

CONCLUSION: Our results support the hypothesis 
that homologous recombination deficiency plays an 
important role in the progression of gastric carcinoma. 
Loss of expression of BRCA1 and MDC1 may serve as 
predictive factors in tumor development or progression 
in GC patients.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
DNA lesions constantly threaten the integrity of  our ge-
nome. Of  the major DNA lesions, double-strand DNA 
breaks (DSBs) pose the most dangerous threat[1]. DSBs 
occur when both complimentary strands of  DNA break 
simultaneously, and failure to repair these DSBs can re-
sult in chromosomal aberrations including mutations, 
deletions, amplifications, translocations, all of  which can 
lead to cancer predispositions. Cells employ two major 
pathways to repair DSBs: homologous recombination 
(HR) and non-homologous end joining (NHEJ). HR and 
NHEJ differ mainly in two aspects. First, they differ in 
the frequency of  errors that occur during DSB repairs. 
NHEJ employs a direct ligation mechanism that is highly 
error-prone, while HR utilizes the genomic information 
stored in homologous strands to proof-read the repair 
process and thus is essentially error-free. Second, the two 
pathways differ in the cell cycles in which they are pri-
marily involved. NHEJ is most commonly found in G0 
and G1 phases; meanwhile HR predominates in S and 
G2 phases, which are two critical stages that require high-
fidelity transmission of  genetic information. Attributed 
to its error-free mechanism and deployment in key cell-
cycle phases, HR plays a central role in the protection 
against DSBs and hence is crucial in maintaining the ge-
nomic stability of  the cells[2].

A complex and hierarchical network of  proteins is 
implicated in the HR pathway to detect, signal and repair 
DSBs. In this network, breast cancer type 1 susceptibility 
protein (BRCA1), ataxia telangiectasia mutated (ATM), 
ATM-Rad3-related (ATR), mediator of  DNA damage 
checkpoint protein 1 (MDC1) and meiotic recombina-
tion 11 (Mre11) are most important functionally. In brief, 
ATM/ATR located at the top of  the signaling cascades 
act as the core sensors of  DSBs[3] by collaborating with 
other sensor molecules, including MDC1[4] and the com-
plex of  MRE11-Rad50-NBSI[5]. Downstream substrates 
that are involved in checkpoint activation, among them 
BRCA1/2[6], are then phosphorylated by ATM and ATR, 
causing cell cycle arrest until DSBs are repaired[7]. 

Defects in the HR pathway or homologous recom-
bination deficiency (HRD) directly compromise the ge-
nomic stability and predispose to cancer formation[8]. The 
relationship between HRD and development of  many 
cancer types has been well established[9]. Genetic aberra-
tions of  BRCA1/2, the most widely studied markers in 
the HR pathway, have been found to promote both tu-
mor initiation and progression[10,11]. These genetic abnor-
malities, together with BRCA1/2 protein loss, were re-
ported in many carcinomas[12], especially in breast cancer 
(BC) and ovarian cancer (OC). In BC, BRCA1/BRCA2 
mutations are responsible for 3%-8% of  all cases and 
30%-40% of  familial cases. Ten percent of  patients with 
OC have a genetic predisposition. About 80% of  families 
with a history of  OC have BRCA1 mutations, while 15% 
have BRCA2 mutations[13]. Aberrations in ATM func-
tion are linked with head and neck squamous cell carci-
noma[14], chronic lymphocytic leukemia[15], colorectal can-

cer[16], BC and OC[17]. Genetic alterations of  ATR were 
frequently reported in BC and OC[18-20]. Dysfunctional 
MDC1 was implicated in BC development[21,22] among 
other cancer types[23,24]. Abnormal Mre11 signaling is 
strongly linked with BC, with mutations and protein loss 
found to be associated with BC pathogenesis[25-28].

These HRD tumors also demonstrated enhanced sen-
sitivity toward DNA-damaging agents, through the so-
called “synthetic lethality”[29]. These specific populations 
of  tumor cells, under DNA-damaging agents, such as 
poly (ADP-ribose) polymerase (PARP) inhibitors[30], are 
unable to recruit the necessary cellular machinery for the 
repair of  DSBs and will undergo apoptosis. Pre-clinical 
studies of  PARP inhibitors had raised the expectations 
for this highly selective therapeutic approach in HRD 
patients although these hypotheses need to be further 
validated in the clinical studies[31,32]. Therefore, it is useful 
to understand the status of  HRD-specific markers in dif-
ferent tumor types, such as GC.

GC is the second leading cause of  cancer-related death 
worldwide and is particularly prevalent in Asia. Previous 
reports suggested that HRD could play a role in the carci-
nogenesis of  the stomach[33-37]. Yet, HRD’s prognostic per-
spective in GC has not been fully explored and this study 
aims to address these questions. In order to assess the 
involvement of  HRD in gastric tumorigenesis, we have 
analyzed the immunohistochemical expression of  BRCA1, 
ATM, ATR, MDC1 and Mre11 in 120 GC samples and 
correlated them with clinicopathological parameters.

MATERIALS AND METHODS
Clinical samples and patient information
One hundred and twenty formalin-fixed and paraffin-
embedded (FFPE) tissue samples were collected from 
Shanghai Renji Hospital for the study. All patients un-
derwent radical resection between 2007 and 2010. The 
median age of  the patients (82 males and 38 females) was 
61.3 years (range: 22-87 years). All tumor tissues were 
diagnosed with gastric adenocarcinomas by two qualified 
pathologists. 

Immunohistochemistry
GC tumor tissue and adjacent non-tumor tissue samples 
were collected after surgery following standard FFPE pro-
cedure. Tissue microarray (TMA) was then made with 2 
representative cores withdrawn from FFPE block for each 
case. Four μm-thick tissue sections were cut from TMA 
for immunohistochemical (IHC) study. The slides were 
baked at 56 ℃ for 1 h, then de-paraffinized in xylene for 
20 min and rehydrated through a graded series of  ethanol 
concentrations (5 min in 100% ethanol first, followed 
by 5 min in 70% ethanol). Antigen retrieval was done in 
pressure cooker for 5 min using Target Retrieval Solution 
(Dako, Copenhagen, Denmark). Endogenous peroxidase 
activity was blocked by Peroxidase Blocking Reagent 
(Dako, Copenhagen, Denmark) for 5 min. Primary an-
tibodies (ATM, 1:50, Epitomics, cat. No. 1549-1; ATR, 
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1:100, Santa-Cruz Technology, cat. No. sc-1887; BRCA1, 
1:100, Merck, cat. No. OP92; MDC1, 1:500, Sigma, cat. 
No. M2444; Mre11, 1:200, Abcam, cat. No. ab214) were 
then applied to cover the specimen for 1 h at room tem-
perature, followed by incubation with labeled polymer-
HRP anti-rabbit or anti-mouse secondary antibody (Dako, 
Copenhagen, Denmark) for 30 min at room temperature. 
Thorough rinsing with TBST was done after incubation 
with each reagent. The slides were visualized using DAB 
substrate-chromagen (Dako, Copenhagen, Denmark) and 
washed with deionized water before counterstaining with 
haematoxylin. The slides were then dehydrated through a 
graded series of  ethanol concentrations, cleared in xylene 
and coverslipped in DPX mounting medium. 

Immunohistochemical scoring
The intensity of  the staining in the nuclear of  tumor cells 
was recorded. Scoring was established as follows: 0, if  ab-
sence of  staining was observed; 1+, if  the tumor cells had 
weak staining; 2+, if  tumor cells had moderate staining; 
and 3+, if  tumor cells had strong staining. Tumors with 
1+, 2+ and 3+ expression were interpreted as positive 
and tumors with no expression (0 score) were interpreted 
as expression loss. Given the heterogeneity of  protein 
expression in tumor cells, the highest scoring from either 
one of  TMA cores was counted as the final result.   

Statistical analysis
The analysis was conducted with SPSS 16.0 software. 
Characteristics of  the two groups were compared using the 
χ 2 likelihood ratio test. Logistic regression model was ap-
plied to interrogate association of  IHC data and individual 
clinical parameter. The Kaplan-Meier method was used to 
estimate the survival distributions. The log-rank test was 

used to compare the survival distributions. Two-sided P 
values < 0.05 were considered statistically significant.

RESULTS
Among the 120 cases, 69.2% of  tumors (83/120) in-
volved the ventricular sinuses, 14.1% (17/120) involved 
the ventricle corpora and 16.7% (20/120) involved the 
cardia in the stomach. All tumor samples were diagnosed 
with adenocarcinoma with different tumor grade and 
Lauren subtypes. 

The overall follow-up rate is 87% with a median 
follow-up time of  32 mo. At the time of  analysis, 49.2% 
(49/120) patients were alive and 50.8% (61/120) patients 
died. The overall 2-year survival rate was 54.2%. Loss 
of  BRCA1 expression was observed in 21.4% (24/112), 
ATM in 20.2% (23/114), ATR in 20.9% (18/86), MDC1 
in 11.1% (13/117), and Mre11 in 4.7% (4/86) of  the GC 
patients (Figure 1). Clinicopathological parameters and ex-
pression of  HRD biomarkers in the samples are displayed 
in Table 1. 

Expression loss of each marker and its correlation with 
clinicopatholofical parameters
The clinicopathological parameters of  patients in the 
study included age, gender, Lauren type, tumor grade 
and clinical stage according to 2010 World Health Orga-
nization tumor-node-metastesis classification. Statistical 
analysis of  IHC data and clinicopathological parameters 
are shown in Table 1. Loss of  ATM, ATR and Mre11 ex-
pression was not associated with gender or clinical stage. 
BRCA1 loss was significantly associated with patients of  
diffused subtype (P = 0.001), higher tumor grade (P = 
0.047) and advanced clinical stage (P = 0.006). MDC1 
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BRCA1 expression 
(n  = 112)

ATM expression 
(n  = 114)

ATR expression 
(n  = 86)

MDC1 expression 
(n  = 117)

Mre11 expression 
(n  = 86)

BRCA1-negative/ 
total cases

P  value ATM-negative/ 
total cases

P  value ATR-negative/ 
total cases

P  value MDC1-negative/ 
total cases

P  value Mre11-negative/ 
total cases

P  value

  Age, yr (median)
     < 61.3 15 (25.0) 0.043   9 (16.1) 0.133   8 (19.5) 0.193   8 (14.3) 0.625 2 (4.9) 0.119
     ≥ 61.3   9 (17.3) 14 (24.1) 10 (22.2) 5 (8.2) 2 (4.4)
  Gender
     Male 15 (19.7) 0.284 15 (19.5) 0.715 12 (21.1) 0.969 10 (12.7) 0.430 3 (5.0) 0.333
     Female   9 (25.0)   8 (21.6)   6 (20.7) 3 (7.9) 1 (3.4)
  Lauren type
     Intestinal 4 (8.2) 0.001 12 (24.0) 0.846   8 (21.6) 0.891 0 (0.0) 0.001 2 (5.0) 0.303
     Diffused 20 (31.7) 11 (17.2) 10 (20.4) 13 (19.7) 2 (4.3)
  Tumor grade
     Ⅰ/Ⅱ   3 (10.7) 0.047   7 (24.1) 0.513   5 (29.4) 0.327 0 (0.0) 0.012 1 (4.2) 0.742
     Ⅲ 15 (20.5) 15 (20.5) 10 (16.7)   9 (12.0) 3 (5.8)
     Ⅳ   6 (54.5) 1 (8.3)   3 (33.3)   4 (30.8) 0 (0.0)
  Clinical stage
     Ⅰ/Ⅱ   4 (12.9) 0.006   6 (19.4) 0.560   6 (23.1) 0.593 3 (9.4) 0.092 2 (7.7) 0.562
     Ⅲ 10 (16.9) 11 (17.7)   7 (16.7) 5 (7.7) 2 (4.2)
     Ⅳ 10 (45.5)   6 (28.6)   5 (27.8)   5 (25.0) 0 (0.0)

Table 1  Association between expression loss of homologous recombination markers and clinicopathological parameters in gastric 
cancer patients  n  (%)

BRCA1: Breast cancer type 1 susceptibility protein; ATM: Ataxia telangiectasia mutated; ATR: ATM-Rad3-related; MDC1: Mediator of DNA damage check-
point protein 1; Mre11: Meiotic recombination 11.  
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significantly shorter than BRCA1-positive patients (2-year 
survival rate, 32.4% vs 62.8%, P = 0.015; Figure 2). Ex-
pression of  the other four markers was not significantly 
associated with survival (P > 0.05). 

Combined biomarker analysis
Twenty-seven (51.9%, 27/52) cases had positive expres-
sion of  all 5 protein kinases (HR+ group) and 25 (48.1%, 
25/52) cases had expression loss of  at least one protein 
kinase (HRD group). Significant difference of  tumor 
grade was observed between the two groups, with the 
HRD group showing significant association with higher 
tumor grades (P = 0.013). But there was no significant 
difference in gender, Lauren type or clinical stage. Survival 
analysis also showed no significant difference between the 
two groups.

DISCUSSION
Gastric cancer is one of  the leading causes of  cancer-
related death worldwide, and although the incidence has 
decreased in Western countries, Asia remains the specific 
high-risk area. Various reports have suggested that HRD 
could play a role in gastric tumorigenesis. However, a sys-
tematic analysis of  the key markers in the HR pathway is 
largely missing. In the present study, the expression losses 
of  the five key markers, namely BRCA1, ATM, ATR, 
MDC1 and Mre11 were correlated with the clinicopatho-
logical parameters in a cohort of  Chinese GC patients.

Recent studies of  the relationship between BRCA1 

loss was significantly associated with patients of  diffused 
subtype (P = 0.001) and higher tumor grade (P = 0.012). 

Correlation between BRCA1 expression and survival
Expression loss of  BRCA1 was significantly associated 
with the progression of  the GC patients. The survival 
time of  the patients with BRCA1 expression loss was 
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Figure 1  Immunohistochemical expression of ataxia telangiectasia mutated, ataxia telangiectasia mutated-Rad3-related, breast cancer type 1 susceptibil-
ity protein, mediator of DNA damage checkpoint protein 1 and meiotic recombination 11 in gastric cancer tissues. ATM: Ataxia telangiectasia mutated; ATR: 
Ataxia telangiectasia mutated-Rad3-related; BRCA1: Breast cancer type 1 susceptibility protein 1; MDC1: Mediator of DNA damage checkpoint protein 1; Mre11: Mei-
otic recombination 11. 3,3'-Diaminobenzidine staining, ×200.

Figure 2  Negative effect of breast cancer type 1 susceptibility protein 
loss on patient overall survival. The survival time of the patients with positive 
expression of breast cancer type 1 susceptibility protein (BRCA1) was signifi-
cantly longer than those with negative expression of BRCA1.
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and tumors mainly focused on BC and OC. The frequency 
of  BRCA1 mutations among breast cancer patients is less 
than 5%[38], while the loss of  BRCA1 protein expression 
is higher at around 20%[39]. However, BRCA1 expression 
in gastric cancer has rarely been studied. Our data showed 
that BRCA1 expression deficiency occurred in 24/112 
(21.4%) GC patients. BRCA1 deficiency was significantly 
associated with patients of  diffused Lauren type, higher 
tumor grades and advanced clinical stage. Patients with 
BRCA1 deficiency lived significantly shorter (P = 0.015) 
than those patients with positive expression of  BRCA1, 
indicating that loss of  BRCA1 can serve as a prognostic 
marker. Mutations of  BRCA1 in gastric cancer were not 
found commonly[40]. Rather, microsatellite instability and 
loss-of-heterozygosity of  BRCA1 gene at locus D17S855 
were shown to be the predominant genetic abnormalities 
found in GC[41]. Both of  these genetic instabilities may 
lead to the reduction or loss of  the functional BRCA1 
protein. Recently, a high frequency of  hypermethylation 
on the BRCA1 promoter was found in tumor tissues and 
these epigenetic changes correlated with the loss or reduc-
tion of  protein expression[42]. These reports together with 
our data, suggest that BRCA1 protein loss may be a suit-
able indicator of  cancer development in GC.

Lack of  reports on MDC1 mutations suggests that 
down-regulation of  the marker at the protein level may 
serve as a better prognostic marker. MDC1 protein loss/
reduction was previously described[22], although its correla-
tion with survival was not assessed. Patel et al[21] addressed 
this question by profiling MDC1 in subsets of  early-stage 
BC patients who underwent breast-conserving surgery 
and radiation therapy and found that decreased MDC1 
was not related to overall survival. However, they found 
that MDC1 reduction correlated with nodal failure and 
concluded the role of  MDC1 in early cancer development. 
To our knowledge, our study is the first to assess MDC1 
expression in GCs. The strong association between MDC1 
deficiency and diffused subtype indicates that MDC1 plays 
a major role in this subtype’s development. In addition, 
the association between MDC1 and higher tumor grade 
also suggests that MDC1 deficiency is implicated in GC 
pathogenesis. Although MDC1 loss failed to establish a 
significant correlation with survival, the strong linkage of  
MDC1 loss with diffused type and higher tumor grades 
warrants further research into this marker.

Our data suggested ATM, ATR and Mre11 deficien-
cies were commonly found in GC patients. But there was 
no significant difference in clinicopathological features 
between the patients with negative and positive expression 
for each marker. Mutations of  ATM have been suggested 
to play a possible role in the carcinogenesis of  other can-
cer types. The rate of  ATM mutations in advanced GC 
has been previously studied and although several vari-
ants were found, there were no hot spots. In the same 
study, decreased level of  phosphorylated ATM at Ser1981 
significantly correlated with poor differentiation, lymph 
node metastasis and poor 5-year survival[43]. Mutation of  
ATR was previously reported in BC[19], OC[18] and colon 

cancers[44], but has never been found in GC. In addition, 
protein loss of  ATR has never been studied in GC and we 
report here for the first time that protein loss of  ATR is a 
common feature in GC. We investigated whether Mre11 
mutation could play a role in GC. In a previous study[45] 
that correlated MRE11 poly(T)11 mutations with clinico-
pathological features, a significant association was found 
only in patients with a family history of  GC. In addition, 
the authors demonstrated that this MRE11 mutation was 
associated with absent or strongly reduced Mre11 im-
munostaining, indicating that protein loss of  Mre11 may 
be a suitable surrogate for the detection of  Mre11-related 
HRD in GC. In our study, the same antibody (Clone 
12D7) for the detection of  Mre11 was used and the re-
sults agreed with those from the previous studies.

In the combined biomarker analysis, we found sig-
nificant difference in tumor grade between the HR+ and 
HRD groups, under the assumption that loss of  one 
protein kinase is sufficient to cause a non-functional HR 
pathway. Our data suggested that HR deficiency played 
an important role in the GC pathogenesis but is not 
necessarily crucial in gastric tumor maintenance. Further 
work will be done to address whether significant associa-
tion would appear when a larger patient population and a 
longer follow-up time are available. 

These results have made possible the clinical use of  
DNA-damaging agents in HRD GCs, although finding 
markers that could predict response is still a daunting 
challenge[46]. While most of  the PARP inhibitors in BC 
and OC employed BRCA1/2-mutation as the patient 
selection criteria[47,48], this may not be the best strategy in 
GC, as protein loss is evidently the driver. For the other 
HRD biomarkers, their prognostic and predictive values 
need to be further investigated. In our opinion, unless 
they are validated in both pre-clinical and clinical settings, 
BRCA1 remains the strongest predictor of  response to 
compounds that are exploiting the HRD pathway. 

COMMENTS
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DNA lesions constantly threaten the integrity of our genome. Of the major DNA 
lesions, double-strand DNA breaks (DSBs) pose the most dangerous threat. 
DSBs occur when both complimentary strands of DNA break simultaneously, 
and failure to repair these DSBs can result in chromosomal aberrations, includ-
ing mutations, deletions, amplifications and translocations, all of which can lead 
to cancer predispositions.
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sia mutated, ataxia telangiectasia mutated-Rad3-related, mediator of DNA dam-
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Applications
For the other HRD biomarkers, their prognostic and predictive values need to 
be further investigated. In author’s opinion, unless they are validated in both 
pre-clinical and clinical settings, BRCA1 remains the strongest predictor of re-
sponse to compounds that are exploiting the HRD pathway. 
Peer review
This is an interesting study in which authors investigated the expression defi-
ciency of key molecular markers in the HR pathway. The results are interesting 
and suggest that homologous recombination deficiency plays an important role 
in the progression of GC. 

REFERENCES
1 van Gent DC, Hoeijmakers JH, Kanaar R. Chromosomal 

stability and the DNA double-stranded break connec-
tion. Nat Rev Genet 2001; 2: 196-206 [PMID: 11256071 DOI: 
10.1038/35056049]

2 Krejci L, Altmannova V, Spirek M, Zhao X. Homologous 
recombination and its regulation. Nucleic Acids Res 2012; 40: 
5795-5818 [PMID: 22467216 DOI: 10.1093/nar/gks270]

3 Tichý A, Vávrová J, Pejchal J, Rezácová M. Ataxia-telangi-
ectasia mutated kinase (ATM) as a central regulator of radi-
ation-induced DNA damage response. Acta Medica (Hradec 
Kralove) 2010; 53: 13-17 [PMID: 20608227]

4 Stewart GS, Wang B, Bignell CR, Taylor AM, Elledge SJ. 
MDC1 is a mediator of the mammalian DNA damage 
checkpoint. Nature 2003; 421: 961-966 [PMID: 12607005 DOI: 
10.1038/nature01446]

5 Stracker TH, Petrini JH. The MRE11 complex: starting 
from the ends. Nat Rev Mol Cell Biol 2011; 12: 90-103 [PMID: 
21252998 DOI: 10.1038/nrm3047]

6 Powell SN, Kachnic LA. Roles of BRCA1 and BRCA2 in ho-
mologous recombination, DNA replication fidelity and the 
cellular response to ionizing radiation. Oncogene 2003; 22: 
5784-5791 [PMID: 12947386 DOI: 10.1038/sj.onc.1206678]

7 Shiloh Y. ATM and related protein kinases: safeguarding 
genome integrity. Nat Rev Cancer 2003; 3: 155-168 [PMID: 
12612651 DOI: 10.1038/nrc1011]

8 Hoeijmakers JH. DNA damage, aging, and cancer. N Engl 
J Med 2009; 361: 1475-1485 [PMID: 19812404 DOI: 10.1056/
NEJMra0804615]

9 Helleday T. Homologous recombination in cancer develop-
ment, treatment and development of drug resistance. Carci-
nogenesis 2010; 31: 955-960 [PMID: 20351092 DOI: 10.1093/
carcin/bgq064]

10 O’Donovan PJ , Livingston DM. BRCA1 and BRCA2: 
breast/ovarian cancer susceptibility gene products and par-
ticipants in DNA double-strand break repair. Carcinogenesis 
2010; 31: 961-967 [PMID: 20400477 DOI: 10.1093/carcin/
bgq069]

11 Miki Y, Swensen J, Shattuck-Eidens D, Futreal PA, Harsh-
man K, Tavtigian S, Liu Q, Cochran C, Bennett LM, Ding 
W. A strong candidate for the breast and ovarian cancer 
susceptibility gene BRCA1. Science 1994; 266: 66-71 [PMID: 
7545954]

12 Roy R, Chun J, Powell SN. BRCA1 and BRCA2: different 
roles in a common pathway of genome protection. Nat 
Rev Cancer 2012; 12: 68-78 [PMID: 22193408 DOI: 10.1038/
nrc3181]

13 Lux MP, Fasching PA, Beckmann MW. Hereditary breast 
and ovarian cancer: review and future perspectives. J Mol 
Med (Berl) 2006; 84: 16-28 [PMID: 16283147 DOI: 10.1007/
s00109-005-0696-7]

14 Lim AM, Young RJ, Collins M, Fox SB, McArthur GA, Cor-
ry J, Peters L, Rischin D, Solomon B. Correlation of Ataxia-
Telangiectasia-Mutated (ATM) gene loss with outcome in 
head and neck squamous cell carcinoma. Oral Oncol 2012; 
48: 698-702 [PMID: 22410096 DOI: 10.1016/j.oraloncology.20
12.02.014]

15 Guarini A, Marinelli M, Tavolaro S, Bellacchio E, Magliozzi 
M, Chiaretti S, De Propris MS, Peragine N, Santangelo S, 
Paoloni F, Nanni M, Del Giudice I, Mauro FR, Torrente I, 
Foà R. ATM gene alterations in chronic lymphocytic leuke-
mia patients induce a distinct gene expression profile and 
predict disease progression. Haematologica 2012; 97: 47-55 
[PMID: 21993670 DOI: 10.3324/haematol.2011.049270]

16 Gao Y, Hayes RB, Huang WY, Caporaso NE, Burdette L, 
Yeager M, Chanock SJ, Berndt SI. DNA repair gene poly-
morphisms and tobacco smoking in the risk for colorectal 
adenomas. Carcinogenesis 2011; 32: 882-887 [PMID: 21504893 
DOI: 10.1093/carcin/bgr071]

17 Thorstenson YR, Roxas A, Kroiss R, Jenkins MA, Yu KM, 
Bachrich T, Muhr D, Wayne TL, Chu G, Davis RW, Wagner 
TM, Oefner PJ. Contributions of ATM mutations to familial 
breast and ovarian cancer. Cancer Res 2003; 63: 3325-3333 
[PMID: 12810666]

18 Heikkinen K, Mansikka V, Karppinen SM, Rapakko K, 
Winqvist R. Mutation analysis of the ATR gene in breast 
and ovarian cancer families. Breast Cancer Res 2005; 7: 
R495-R501 [PMID: 15987455 DOI: 10.1186/bcr1037]

19 Durocher F, Labrie Y, Soucy P, Sinilnikova O, Labuda D, 
Bessette P, Chiquette J, Laframboise R, Lépine J, Lespérance 
B, Ouellette G, Pichette R, Plante M, Tavtigian SV, Simard 
J. Mutation analysis and characterization of ATR sequence 
variants in breast cancer cases from high-risk French Cana-
dian breast/ovarian cancer families. BMC Cancer 2006; 6: 
230 [PMID: 17010193 DOI: 10.1186/1471-2407-6-230]

20 Monsees GM, Kraft P, Chanock SJ, Hunter DJ, Han J. Com-
prehensive screen of genetic variation in DNA repair path-
way genes and postmenopausal breast cancer risk. Breast 
Cancer Res Treat 2011; 125: 207-214 [PMID: 20496165 DOI: 
10.1007/s10549-010-0947-3]

21 Patel AN, Goyal S, Wu H, Schiff D, Moran MS, Haffty BG. 
Mediator of DNA damage checkpoint protein 1 (MDC1) 
expression as a prognostic marker for nodal recurrence 
in early-stage breast cancer patients treated with breast-
conserving surgery and radiation therapy. Breast Cancer 
Res Treat 2011; 126: 601-607 [PMID: 20521098 DOI: 10.1007/
s10549-010-0960-6]

22 Bartkova J, Horejsí Z, Sehested M, Nesland JM, Rajpert-
De Meyts E, Skakkebaek NE, Stucki M, Jackson S, Lukas 
J, Bartek J. DNA damage response mediators MDC1 and 
53BP1: constitutive activation and aberrant loss in breast 
and lung cancer, but not in testicular germ cell tumours. On-
cogene 2007; 26: 7414-7422 [PMID: 17546051 DOI: 10.1038/
sj.onc.1210553]

23 Yuan C, Bu Y, Wang C, Yi F, Yang Z, Huang X, Cheng 
L, Liu G, Wang Y, Song F. NFBD1/MDC1 is a protein of 
oncogenic potential in human cervical cancer. Mol Cell 
Biochem 2012; 359: 333-346 [PMID: 21853275 DOI: 10.1007/
s11010-011-1027-7]

24 Liu ZK, Zhu SC, Wang YX. Expression of DNA damage 
checkpoint mediator 1 and p53-binding protein 1 in human 
esophageal cancer cell lines TE-1, TE-13, and Eca109. Nan-
fang Yike Daxue Xuebao 2007; 27: 1314-1317 [PMID: 17884766]

25 Bartkova J, Tommiska J, Oplustilova L, Aaltonen K, Tam-
minen A, Heikkinen T, Mistrik M, Aittomäki K, Blomqvist 
C, Heikkilä P, Lukas J, Nevanlinna H, Bartek J. Aberrations 
of the MRE11-RAD50-NBS1 DNA damage sensor complex 
in human breast cancer: MRE11 as a candidate familial 
cancer-predisposing gene. Mol Oncol 2008; 2: 296-316 [PMID: 
19383352 DOI: 10.1016/molonc.2008.09.007]

26 Dzikiewicz-Krawczyk A. The importance of making ends 
meet: mutations in genes and altered expression of pro-
teins of the MRN complex and cancer. Mutat Res 2008; 659: 
262-273 [PMID: 18606567 DOI: 10.1016/j.mrrev.2008.05.005]

27 Hsu HM, Wang HC, Chen ST, Hsu GC, Shen CY, Yu JC. 
Breast cancer risk is associated with the genes encoding the 
DNA double-strand break repair Mre11/Rad50/Nbs1 com-

Zhang ZZ et al . Homologous recombination deficiency in gastric cancer



1974 March 28, 2013|Volume 19|Issue 12|WJG|www.wjgnet.com

plex. Cancer Epidemiol Biomarkers Prev 2007; 16: 2024-2032 
[PMID: 17932350 DOI: 10.1158/1055-9965.EPI-07-0116]

28 Angèle S, Treilleux I, Brémond A, Tanière P, Hall J. Altered 
expression of DNA double-strand break detection and re-
pair proteins in breast carcinomas. Histopathology 2003; 43: 
347-353 [PMID: 14511253]

29 Helleday T. The underlying mechanism for the PARP and 
BRCA synthetic lethality: clearing up the misunderstand-
ings. Mol Oncol 2011; 5: 387-393 [PMID: 21821475 DOI: 
10.1016/j.molonc.2011.07.001]

30 Calvert H, Azzariti A. The clinical development of inhibi-
tors of poly(ADP-ribose) polymerase. Ann Oncol 2011; 22 
Suppl 1: i53-i59 [PMID: 21285153 DOI: 10.1093/annonc/
mdq667]

31 Irshad S, Ashworth A, Tutt A. Therapeutic potential of 
PARP inhibitors for metastatic breast cancer. Expert Rev 
Anticancer Ther 2011; 11: 1243-1251 [PMID: 21916578 DOI: 
10.101586/era.11.52]

32 Leung M, Rosen D, Fields S, Cesano A, Budman DR. 
Poly(ADP-ribose) polymerase-1 inhibition: preclinical and 
clinical development of synthetic lethality. Mol Med 2011; 17: 
854-862 [PMID: 21424107 DOI: 10.2119/molmed.2010.00240]

33 Ebi H, Matsuo K, Sugito N, Suzuki M, Osada H, Tajima K, 
Ueda R, Takahashi T. Novel NBS1 heterozygous germ line 
mutation causing MRE11-binding domain loss predisposes 
to common types of cancer. Cancer Res 2007; 67: 11158-11165 
[PMID: 18056440 DOI: 10.1158/0008-5472.CAN-07-1749]

34 Friedenson B. BRCA1 and BRCA2 pathways and the risk of 
cancers other than breast or ovarian. MedGenMed 2005; 7: 60 
[PMID: 16369438]

35 Hu H, Zhang Y, Zou M, Yang S, Liang XQ. Expression of 
TRF1, TRF2, TIN2, TERT, KU70, and BRCA1 proteins is as-
sociated with telomere shortening and may contribute to 
multistage carcinogenesis of gastric cancer. J Cancer Res Clin 
Oncol 2010; 136: 1407-1414 [PMID: 20127252 DOI: 10.1007/
s00432-010-0795-x]

36 Toller IM, Neelsen KJ, Steger M, Hartung ML, Hottiger 
MO, Stucki M, Kalali B, Gerhard M, Sartori AA, Lopes M, 
Müller A. Carcinogenic bacterial pathogen Helicobacter 
pylori triggers DNA double-strand breaks and a DNA 
damage response in its host cells. Proc Natl Acad Sci USA 
2011; 108: 14944-14949 [PMID: 21896770 DOI: 10.1073/
pnas.1100959108]

37 Falchetti M, Saieva C, Lupi R, Masala G, Rizzolo P, Zanna 
I, Ceccarelli K, Sera F, Mariani-Costantini R, Nesi G, Palli 
D, Ottini L. Gastric cancer with high-level microsatellite in-
stability: target gene mutations, clinicopathologic features, 
and long-term survival. Hum Pathol 2008; 39: 925-932 [PMID: 
18440592 DOI: 10.1016/j.humpath.2007.10.024]

38 Peshkin BN, Alabek ML, Isaacs C. BRCA1/2 mutations 
and triple negative breast cancers. Breast Dis 2010; 32: 25-33 
[PMID: 21778580 DOI: 10.3233/BD-2010-0306]

39 Galizia E, Giorgetti G, Piccinini G, Santinelli A, Loretelli C, 
Bianchi F, Gagliardini D, Carbonari G, Pisa E, Belvederesi L, 
Bracci R, Ferretti C, Corradini F, Cellerino R. BRCA1 expres-
sion in triple negative sporadic breast cancers. Anal Quant 
Cytol Histol 2010; 32: 24-29 [PMID: 20701084]

40 Semba S, Yokozaki H, Yasui W, Tahara E. Frequent micro-
satellite instability and loss of heterozygosity in the region 
including BRCA1 (17q21) in young patients with gastric 
cancer. Int J Oncol 1998; 12: 1245-1251 [PMID: 9592181]

41 Chen XR, Zhang WZ, Lin XQ, Wang JW. Genetic instability 
of BRCA1 gene at locus D17S855 is related to clinicopatho-
logical behaviors of gastric cancer from Chinese population. 
World J Gastroenterol 2006; 12: 4246-4249 [PMID: 16830385]

42 Liu WB, Ao L, Cui ZH, Zhou ZY, Zhou YH, Yuan XY, 
Xiang YL, Cao J, Liu JY. Molecular analysis of DNA repair 
gene methylation and protein expression during chemical-
induced rat lung carcinogenesis. Biochem Biophys Res Com-
mun 2011; 408: 595-601 [PMID: 21530494 DOI: 10.1016/
j.bbrc.2011.04.067]

43 Kang B, Guo RF, Tan XH, Zhao M, Tang ZB, Lu YY. Expres-
sion status of ataxia-telangiectasia-mutated gene correlated 
with prognosis in advanced gastric cancer. Mutat Res 2008; 638: 
17-25 [PMID: 17928013 DOI: 10.1016/j.mrfmmm.2007.08.013]

44 Lewis KA , Bakkum-Gamez J, Loewen R, French AJ, 
Thibodeau SN, Cliby WA. Mutations in the ataxia telangiec-
tasia and rad3-related-checkpoint kinase 1 DNA damage re-
sponse axis in colon cancers. Genes Chromosomes Cancer 2007; 
46: 1061-1068 [PMID: 17879369 DOI: 10.1002/gcc.20486]

45 Ottini L, Falchetti M, Saieva C, De Marco M, Masala G, 
Zanna I, Paglierani M, Giannini G, Gulino A, Nesi G, Mari-
ani Costantini R, Palli D. MRE11 expression is impaired in 
gastric cancer with microsatellite instability. Carcinogenesis 
2004; 25: 2337-2343 [PMID: 15319296 DOI: 10.1093/carcin/
bgh257]

46 Patel AG, De Lorenzo SB, Flatten KS, Poirier GG, Kaufmann 
SH. Failure of iniparib to inhibit poly(ADP-Ribose) poly-
merase in vitro. Clin Cancer Res 2012; 18: 1655-1662 [PMID: 
22291137 DOI: 10.1158/1078-0432.CCR-11-2890]

47 Ledermann J, Harter P, Gourley C, Friedlander M, Vergote 
I, Rustin G, Scott C, Meier W, Shapira-Frommer R, Safra T, 
Matei D, Macpherson E, Watkins C, Carmichael J, Matulo-
nis U. Olaparib maintenance therapy in platinum-sensitive 
relapsed ovarian cancer. N Engl J Med 2012; 366: 1382-1392 
[PMID: 22452356 DOI: 10.1056/NEJMoa1105535]

48 Gelmon KA, Tischkowitz M, Mackay H, Swenerton K, 
Robidoux A, Tonkin K, Hirte H, Huntsman D, Clemons M, 
Gilks B, Yerushalmi R, Macpherson E, Carmichael J, Oza 
A. Olaparib in patients with recurrent high-grade serous or 
poorly differentiated ovarian carcinoma or triple-negative 
breast cancer: a phase 2, multicentre, open-label, non-
randomised study. Lancet Oncol 2011; 12: 852-861 [PMID: 
21862407 DOI: 10.1016/S1470-2045(11)70214-5]

P- Reviewer  Joosse SA    S- Editor  Gou SX    L- Editor  Ma JY    
E- Editor  Li JY

Zhang ZZ et al . Homologous recombination deficiency in gastric cancer



BRIEF ARTICLE

Prognostic assessment of different metastatic lymph node 
staging methods for gastric cancer after D2 resection

Jia Xu, Yu-Hai Bian, Xin Jin, Hui Cao

World J Gastroenterol  2013 March 28; 19(12): 1975-1983
ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2013 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
doi:10.3748/wjg.v19.i12.1975

1975 March 28, 2013|Volume 19|Issue 12|WJG|www.wjgnet.com

Jia Xu, Yu-Hai Bian, Xin Jin, Hui Cao, Department of General 
Surgery, Ren Ji Hospital, Shanghai Jiao Tong University School 
of Medicine, Shanghai 200127, China
Author contributions: Xu J performed the majority of the re-
search and wrote the first draft; Bian YH and Jin X contributed 
to the follow-up of patients and were also involved in editing the 
manuscript; Cao H was the guarantor and designed the study.
Correspondence to: Dr. Hui Cao, Department of General Sur-
gery, Ren Ji Hospital, Shanghai Jiao Tong University School of 
Medicine, Dongfang Road No. 1630, Shanghai 200127, 
China. caohuishcn@hotmail.com
Telephone: +86-21-68383751  Fax: +86-21-58394262
Received: October 6, 2012      Revised: February 21, 2013
Accepted: February 28, 2013
Published online: March 28, 2013

Abstract
AIM: To compare the prognostic assessment of lymph 
node ratio and absolute number based staging system 
for gastric cancer after D2 resection. 

METHODS: The clinical, pathologic, and long-term 
follow-up data of 427 patients with gastric cancer that 
underwent D2 curative gastrectomy were retrospective-
ly analyzed. The relationships between the metastatic 
lymph node ratio (MLR), log odds of positive lymph 
nodes (LODDS), and positive lymph nodes (pN) staging 
methods and the long-term prognoses of the patients 
were compared. In addition, the survival curves, ac-
curacy, and homogeneity were compared with stratifi-
cation to evaluate the prognostic assessment of the 3 
methods when the number of tested lymph nodes was 
insufficient (< 10 and 10-15). 

RESULTS: MLR [hazard ratio (HR) = 1.401, P  = 0.012], 
LODDS (HR = 1.012, P  = 0.034), and pN (HR = 1.376, 
P  = 0.005) were independent risk factors for gastric 
cancer patients. The receiver operating characteristic 
(ROC) curves showed that the prognostic accuracy of 
the 3 methods was comparable (P  > 0.05). Spearman 

correlation analysis confirmed that MLR, LODDS, and 
pN were all positively correlated with the total number 
of tested lymph nodes. When the number of tested 
lymph node was < 10, the value of survival curves 
staged by MLR and LODDS was superior to those of 
pN staging. However, the difference in survival curves 
between adjacent stages was not significant. In addi-
tion, the survival rate of stage 4 patients using the MLR 
and LODDS staging methods was 26.7% and 27.3% 
with < 10 lymph node, respectively which were signifi-
cantly higher than the survival rate of patients with > 
15 tested lymph nodes (< 4%). The ROC curve showed 
that the accuracy of the prognostic assessment of MLR, 
LODDS, and pN staging methods was comparable (P  > 
0.05), and the area under the ROC curve of all 3 meth-
ods were increased progressively with the enhanced 
levels of examined lymph nodes. In addition, the homo-
geneity of the 3 methods in patients with ≤ 15 tested 
lymph nodes also showed no significant difference.

CONCLUSION: Neither MLR or LODDS could reduce 
the staging bias. A sufficient number of tested lymph 
nodes is key to ensure an accurate prognosis for pa-
tients underwent D2 radical gastrectomy.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Gastric carcinoma is one of  the most common cancers in 
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many Asian countries including South Korea and Japan, 
and the second most common cause of  cancer-related 
death worldwide[1]. There are nearly 470 000 newly diag-
nosed cases every year in China. Of  these cases, approxi-
mately 75% of  the patients will die, making gastric cancer 
the third leading cause of  cancer deaths[2]. Because of  its 
long-term efficacy, D2 radical gastrectomy has been ac-
cepted in most countries, including those in the Europe 
and the United States, as the standard surgery for gastric 
cancer[3-5]. The pathological staging of  gastric cancer after 
D2 radical gastrectomy is not only closely related to the 
long-term survival of  patients but is also the main basis 
to guide subsequent adjuvant therapy. In the currently 
accepted criteria of  postoperative tumor-node-metastasis 
(TNM) staging of  gastric cancer, the staging of  regional 
lymph node metastasis (N) is of  great significance. This 
staging is currently controversial and changes frequently. 
In both the latest 7th edition of  the American Joint 
Cancer Committee (AJCC)[6] and the 14th edition of  the 
Statute of  Gastric Cancer Treatment in Japan[7] in 2010, 
the absolute number of  positive lymph nodes (pN) in the 
perigastric region was used as the staging basis, and the 
staging criteria for each stage were unified. Meanwhile, 
many studies have supported the N staging by comput-
ing the metastatic lymph node ratio. Currently, there are 2 
main methods in the staging of  relative number of  posi-
tive lymph nodes, the metastatic lymph node ratio (MLR)[8] 
and the log odds of  positive lymph nodes (LODDS)[9]. 
The former calculates the ratio of  the number of  pN 
over the total number of  the tested lymph nodes, while 
the latter calculates the log value, log[(pnod + 0.5)/(tnod 
- pnod + 0.5)], of  the ratio between positive and negative 
lymph nodes. Previous studies have shown that, especially 
when the number of  the tested lymph nodes was insuffi-
cient, the staging of  MLR and LODDS could more accu-
rately assess the prognosis of  patients with gastric cancer 
than staging using the absolute value (pN)[9-13]. However, 
a unified standard of  specific staging for relative num-
ber of  positive lymph nodes is not currently available, 
and whether this ratio is superior to the pN staging is 
also unknown[14,15]. Therefore, the clinical data and long-
term follow-up results of  the gastric cancer patients that 
received D2 radical gastrectomy were retrospectively 
analyzed in this study, and the values of  the above staging 
methods for regional lymph node metastasis in assessing 
patient prognosis were compared.

MATERIALS AND METHODS
Clinical data
The clinical data of  427 gastric cancer patients who were 
admitted and underwent standard D2 radical gastrectomy 
at Affiliated Renji Hospital, Shanghai Jiaotong Univer-
sity School of  Medicine from June 2005 to December 
2008 and had complete follow-up data were collected. 
All patients underwent either distal partial gastrectomy, 
proximal partial gastrectomy or total gastrectomy with re-
gional lymph nodes dissection to D2 with curative intent 

by the same gastrointestinal professional operation team. 
However, due to the defects of  pathological examination, 
the number of  examined lymph nodes of  most patients 
(65.1%) failed to reach the 7th edition of  AJCC require-
ment, which recommended at least 16 lymph nodes 
should be retrieved for adequate staging. The clinical 
and pathological data are shown in Table 1. All surviving 
cases were followed for 39-81 mo with a median follow-
up time of  55 mo. The last follow-up was on March 11, 
2012. The overall survival rate was 52.5% for all patients. 
The survival rate was 38.9% for the patients with lymph 
node metastasis and 80.6% for the patients without 
lymph node metastasis. The overall median survival time 
was 44 mo. 

Lymph node staging
Of  the 427 patients, those without lymph node metas-
tasis were staged as MLR 0. For the remaining patients, 
the ratio of  the number of  pN over the number of  
tested lymph nodes was calculated, and 20 layers were 
established from 0 to 1 in 5% intervals. The log-rank test 
was used to compare differences in the survival curves 
of  2 adjacent layers. The layers with no differences were 
merged. Finally, based on prognosis, all patients with 
lymph node metastases were staged MLR 1-4. Similarly, 
the patients were staged LODDS 0-4 by the log-rank sur-
vival test. The pN staging criteria was defined in accor-
dance to the 2010 AJCC/UICC 7th edition TNM staging 
criteria. The staging criteria and the number of  cases for 
each group are shown in Table 2.

Statistical analysis
The cumulative survival rate was obtained using a Kaplan-
Meier curve, and the differences in cumulative survival 
rates were compared by the log-rank test. The multivari-
ate prognostic analysis was conducted with the Cox pro-
portional risk regression model. The correlation between 
MLR, LODDS, and pN, as well as the total number of  
the tested lymph nodes, was analyzed with the Spearman 
correlation analysis. The accuracy of  the prognosis as-
sessment of  each staging method was compared using 
the receiver operating characteristic curve (ROC) and the 
area under the curve (AUC). The group in each pN stage 
was re-grouped in accordance with MLR and LODDS, 
and the overall survival differences within groups and 
between groups were analyzed using the log-rank survival 
test to compare the homogeneity of  the 3 staging meth-
ods. All statistical analyses were completed with SPSS 
17.0 software; P < 0.05 was considered significant.

RESULTS
Correlation between MLR, LODDS, and pN and the prog-
nosis of patients with gastric cancer
The results of  univariate analysis of  the correlation be-
tween various prognostic factors related to lymph node 
status and the prognosis of  gastric cancer patients after 
D2 radical gastrectomy showed that the total number of  
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the tested lymph nodes, MLR, LODDS, and pN stag-
ing all had an impact on the patient prognosis (Table 3). 
When the above factors were individually fitted into the 
Cox proportional risk model, the results showed that 
MLR [hazard ratio (HR) = 1.401, P = 0.012], LODDS 
(HR = 1.012, P = 0.034), and pN (HR = 1.376, P = 0.005) 
were independent risk factors for the prognosis of  pa-
tients with gastric cancer.

Comparison between MLR, LODDS, and pN staging 
methods in the prognostic assessment of gastric cancer 
patients 
The 5-year survival of  the 427 patients after surgery was 
used as the gold standard to draw the ROC curve to 
compare the accuracy of  the 3 staging methods in the 
prognostic assessment of  gastric cancer patients. In the 
groups with no staging, the corresponding area under the 
curve for MLR, LODDS, and pN was 0.784 ± 0.022, 0.790 
± 0.022, and 0.765 ± 0.023 respectively (Figure 1A), 
with no significant differences (P > 0.05). In the groups 
with staging, the corresponding areas under the curve 
for MLR, LODDS, and pN were 0.775 ± 0.023, 0.767 ± 
0.023, and 0.765 ± 0.023, respectively (Figure 1B), with 
no significant differences.

Correlation between the MLR, LODDS, and pN 
staging methods and the total number of the tested 
lymph nodes
The results of  Spearman correlation analysis showed that 
MLR, LODDS, and pN staging were all positively cor-
related with the total number of  the tested lymph nodes, 
with a correlation coefficient of  0.177, 0.053, and 0.410, 
respectively, and all P values were < 0.01, which sug-
gested that all of  the 3 staging methods were more or less 
affected by the total mumber of  tested lymph nodes. pN 
was positively correlated with MLR and LODDS with a 
correlation coefficient of  0.919 and 0.871, respectively, 
and the P values were both < 0.001.

Assessment value of the MLR, LODDS, and pN 
staging methods in patients with an insufficient number 
of tested lymph nodes
Some previous studies have suggested that, for the pa-
tients with an insufficient number of  tested lymph nodes, 

the prognosis-assessment value of  MLR staging was su-
perior to that of  the staging based on absolute number 
of  positive lymph nodes[9-12]. Therefore, all patients were 
divided into 3 subgroups according to the total number 
of  tested lymph nodes: the number of  the tested lymph 
nodes was < 10 (n = 126), 10-15 (n = 152) or > 15 (n = 
149). A comparison was performed to compare the differ-
ences in the postoperative survival curve, the prognostic 
accuracy, and the homogeneity of  the 3 staging methods 
in the patients with < 15 tested lymph nodes.

Comparison of survival curves
For the patient group with < 10 tested lymph nodes, the 
5-year survival rate of  patients exhibited a downward 
trend with the enhanced levels of  MLR and LODDS 
staging. A log-rank test was conducted to compare the dif-
ference between adjacent stages, and the results showed 
that only the difference in survival curves between stage 
MLR 0 and MLR 1, and stage LODDS 2 and LODDS 
3 was significant, with the P values of  0.026 and 0.028 
respectively; The difference of  remaining survival curves 
between adjacent stages was not significant. The value of  

Table 1  Clinical and histopathological characteristics of the 
patients

Factors           n

Gender (male/female) 281/146
Age (≤ 60 yr/> 60 yr) 200/227
Site (antrum/body/fundus/others) 234/163/22/8
Size (< 3 cm/3-6 cm/≥ 6 cm)   36/216/175
Histological grade (well/moderately/poorly)   11/313/103
Depth of invasion (T1/T2/≥ T3)     4/79/344
Lymphatic/venous invasion (absence/presence) 359/68
Perineural invasion (absence/presence) 396/31
Examined lymph nodes (< 10/10-15/> 15) 126/152/149
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Figure 1  Comparison of receiver operating characteristic curves with 
metastatic lymph node ratio, log odds of positive lymph nodes, and posi-
tive lymph nodes staging methods. A: Receiver operating characteristic (ROC) 
curves with no staging; B: ROC curves with staging. MLR: Metastatic lymph node 
ratio; LODDS: Log odds of positive lymph nodes; pN: Positive lymph nodes.
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prognostic assessment based on pN staging system was 
not satisfactory, and the 5-year survival rate for each pN 
stage was 76.3% for pN 0, 44.4% for pN 1, 34.5% for 
pN 2, and 45.5% for pN 3a.

For the patient group with 10-15 tested lymph nodes, 
no significant difference in survival curves between any 
adjacent stages was found in the subgroup of  MLR. Sim-
ilar with MLR staging, the difference in survival curves 
also was not significant between any adjacent stages of  
LODDS. 

For the group of  patients with > 15 tested lymph 
nodes, the 5-year survival rates for each stage between 
MLR, LODDS and were comparable. However, the 
survival curves of  pN staging appeared to better assess 
prognosis than the ratio-based staging methods, with sig-
nificant difference in survival curves between any various 
stages (P < 0.05; Figure 2).

Comparison of the accuracy of prognostic assessment
The ROC curves showed that, regardless of  staging, 
the corresponding areas under the curves of  the MLR, 
LODDS, and pN staging methods were all increased pro-
gressively with the enhanced levels of  examined lymph 
nodes. the AUC using the MLR, LODDS and pN staging 
methods increased from 0.716 ± 0.047, 0.718 ± 0.046 
and 0.688 ± 0.048 with < 10 lymph node to 0.843 ± 
0.031, 0.818 ± 0.034 and 0.836 ± 0.032 with > 15 tested 
lymph nodes, which were significantly larger than former 
groups. However, the AUC was not significantly different 
between the 3 methods within groups.

Comparison of the homogeneity of prognostic 
assessment
The various pN groups in which patients had < 10 or 
10-15 tested lymph nodes were re-grouped according 
to MLR staging, and the results were shown in Table 4. 
When the numbers of  retrieved lymph nodes were less 
than 10, only for patients in stage pN 1, the difference 
in the 5-year survival rate among different MLR stages 
was significant (P < 0.05). Furthermore, there was no sig-
nificant difference in the 5-year survival rate among the 
different pN groups within the one MLR group. In 10-15 
retrieved-node group, there was no significant differ-
ence of  5-year survival rates between the different MLR 
groups in one pN group. In addition, the difference of  

5-year survival rates between different pN groups in one 
MLR group was also not significant.

Because the staging of  the patients in MLR 0 (no pN 
detected) was the same as in pN 0, some studies have 
stated that the prognostic assessment of  LODDS stag-
ing was more accurate for these patients[9,16]. Therefore, 
when comparing the homogeneity of  pN staging and 
LODDS staging, according to different numbers of  the 
tested lymph nodes, the stage pN 0 was divided into 
two layers. The results showed that the pN0 patients 
with < 10 tested lymph nodes could be further staged 
LODDS 0-2, and the 5-year survival rate for the 3 stages 
was 81.8%, 70.0%, and 66.7%, respectively (Figure 3). 
However, the log-rank survival test showed that the dif-
ferences between the 3 stages were not significant (P = 
0.476). Furthermore, the pN 0 patients with 10-15 tested 
lymph nodes had the same LODDS stage. Generally, the 
difference in the 5-year survival rates between the differ-
ent LODDS groups in one pN group was not significant. 
In addition, the difference in the 5-year survival rates 
between the different pN groups in one LODDS group 
was also not significant (Table 5).

DISCUSSION
Due to the decent long-term survival rate, surgical resec-
tion, represented by standard D2 radical gastrectomy, 
is currently the preferred treatment for gastric cancer. 
However, in recent years, with the rise of  the concept of  
individualized treatment and the application of  new ad-
junct treatment in clinical practice, an accurate prognostic 
assessment of  patients with gastric cancer after surgery 

Table 2  Staging criteria of positive lymph nodes, metastatic 
lymph node ratio and log odds of positive lymph nodes clas-
sifications  n  (%)

Grade       MLR    LODDS pN

0          Nr = 0 139 (32.6)         Nr < -1 129 (30.2) 0 139 (32.6)
1    0 < Nr ≤ 0.2   79 (18.5) -1 ≤ Nr < -0.5   87 (20.4) 1-2   78 (18.3)
2 0.2 < Nr ≤ 0.4   58 (13.6) -0.5 ≤ Nr < 0   85 (19.9) 3-6   94 (22.0)
3/3a 0.4 < Nr ≤ 0.7 104 (24.4) 0 ≤ Nr < 0.5   76 (17.8) 7-15   86 (20.1)
4/3b 0.7 < Nr ≤ 1   47 (11.0)        Nr ≥ 0.5   50 (11.7) > 15   30 (7.0)

MLR: Metastatic lymph node ratio; LODDS: Log odds of positive lymph 
nodes; pN: Positive lymph nodes.

Table 3  Univariate analysis of various prognostic factors cor-
related to retrieved lymph nodes  n  (%)

Variable 5-yr survival rate Log rank c2 value P  value

Examined lymph nodes
   < 10 126 (29.5)         57.1%           4.256   0.039
   10-15 152 (35.6)         55.9%
   > 15 149 (34.9)         45.0%
pN
   0 139 (32.6)         80.6%         97.014   0.000
   1-2   78 (18.3)         57.7%
   3-6   94 (22.0)         44.7%
   7-15   86 (20.1)         27.9%
   > 15   30 (7.0)           3.3%
MLR
   Nr = 0 139 (32.6)         80.6%       103.984   0.000
   0 < Nr ≤ 0.2   79 (18.5)         62.0%
   0.2 < Nr ≤ 0.4   58 (13.6)         50.0%
   0.4 < Nr ≤ 0.7 104 (24.4)         26.9%
   0.7 < Nr ≤ 1   47 (11.0)         12.8%
LODDS
   Nr < -1 129 (30.2)         80.6%         96.214   0.000
   -1 ≤ Nr < -0.5   87 (20.4)         63.2%
   -0.5 ≤ Nr < 0   85 (19.9)         43.5%
   0 ≤ Nr < 0.5   76 (17.8)         27.6%
   Nr ≥ 0.5   50 (11.7)         14.0%

MLR: Metastatic lymph node ratio; LODDS: Log odds of positive lymph 
nodes; pN: Positive lymph nodes.
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is essential to the development of  relevant follow-up 
treatment strategies[17,18]. Currently, the postoperative 
pathological TNM staging is accepted and widely applied 
as the prognostic evaluation indicator in clinical practice. 
With regard to the N portion of  the TNM staging, there 
has been considerable controversy ranging from earlier 
staging based on anatomical sites of  metastatic lymph 
nodes[19] to the specific staging criteria based on the 
number of  regional metastatic lymph nodes[20,21]. The N 
staging criteria were not unified until the 7th edition of  
the AJCC[4] and the 14th edition of  the Statute of  Gastric 
Cancer Treatment in Japan[5] unified the criteria for the 
first time in 2010. However, many researchers still believe 
that when the staging is based on the absolute number 
of  metastatic lymph nodes, the number of  pN is easily 
influenced by the numbers of  removed and tested lymph 
nodes. When the number of  tested lymph nodes is insuf-
ficient, staging bias may occur, affecting the accuracy of  
the prognostic assessment[22,23]. The N staging based on 
MLR can overcome the above shortcomings[24,25]. There-
fore, when comparing the prognostic assessment of  dif-

ferent lymph node metastasis staging methods in gastric 
cancer patients after D2 radical gastrectomy, this study 
focused on the impact of  the 3 staging methods on long-
term survival rate when the number of  pathologically 
tested lymph nodes after surgery was insufficient. 

To date, neither MLR nor LODDS staging has ac-
curate and widely accepted criteria; therefore, the log-
rank survival test was first conducted to verify the stag-
ing criteria of  MLR and LODDS (Table 2). The 5-year 
survival rates of  various stages according to the above 
criteria were similar to those of  the corresponding pN 
stages (TNM staging criteria in the 7th edition of  AJCC/
UICC). The correlation analysis of  the 3 staging methods 
also showed that MLR and LODDS were significantly 
positively correlated with pN. The ROC curves also 
showed that the accuracy of  prognosis assessment of  the 
3 staging methods in gastric cancer patients was not sig-
nificantly different. The subsequent univariate and mul-
tivariate analyses both showed that the MLR, LODDS, 
and pN staging methods were all closely related to patient 
prognosis-they were all independent risk factors for the 

Table 4  Five-year overall survival of patients with ≤ 15 tested lymph nodes based on positive lymph nodes and metastatic lymph 
node ratio staging system

     MLR 0      MLR 1        MLR 2     MLR 3      MLR 4      c2 P  value

 n 5-YSR  n 5-YSR  n 5-YSR  n 5-YSR  n 5-YSR

< 10 LN pN 0 59 76.30%  -      -  -      -  -      -  -      -      -      -
pN 1  -      -   8    50% 14 57.10%   2 0%   3   0% 22.293 0
pN 2  -      -  -      -   4 50% 22 31.80%   3 33.30%   0.51 0.775
pN 3a  -      -  -      -  - -   3 66.70%   8 37.50%   0.78 0.377
c 2            -            -            0.258         9.278        1.658
P            -            -            0.611         0.098        0.437

10-15 LN pN 0 56 80.40%  -      -  -      -  -      -  -      -      -      -
pN 1  -      - 24    62.50%  -      -  -      -  -      -       -      -
pN 2  -      -   1  100% 20 50% 18 44.40%  -      -   0.755 0.686
pN 3a  -      -  -      -  -      - 23 17.40% 10 20%   0.068 0.794
c 2            -        0.836            -         3.613            -
P            -        0.658            -         0.057            -

MLR: Metastatic lymph node ratio; 5-YSR: 5-year survival rate; LN: Examined lymph nodes; pN: Positive lymph nodes.

Table 5  Five-year overall survival of patients with ≤ 15 tested lymph nodes based on positive lymph nodes and log odds of posi-
tive lymph nodes staging system

      LODDS 0     LODDS 1      LODDS 2      LODDS 3     LODDS 4      c2 P  value

 n 5-YSR  n 5-YSR  n 5-YSR  n 5-YSR  n 5-YSR

< 10 LN pN 0 33 81.80% 20   70%   6 66.7.0%  -     -  -     -   1.486 0.476
pN 1  -     - 10   50% 12 58.30%   4   0   1   0 22.349 0
pN 2  -     -  -     - 14 42.90% 13 30.80%   2   0   4.202 0.122
pN 3a  -     -  -     -  -      -   3 66.70%   8 37.5%   0.78 0.377
c 2             -         1.44         0.969        5.689        1.083
P             -         0.23         0.619        0.128        0.582

10-15 LN pN 0 56 80.40%  -     -  -      -  -     -  -     -     -     -
pN 1  -     - 24    62.50%  -      -  -     -  -     -     -     -
pN 2  -     -   4    75% 23 43.50% 12 50%  -     -   1.241 0.538
pN 3a  -     -  -     -   2   0% 19 15.80% 12 25%   3.413 0.182
c 2             -         0.222         6.785        3.614            -
P             -         0.638         0        0.057            -

LODDS: Log odds of positive lymph nodes; 5-YSR: 5-year survival rate; LN: Examined lymph nodes; pN: Positive lymph nodes.
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prognoses of  gastric cancer patients. The above results 
suggest that MLR, LODDS, and pN staging methods can 
all be used for the prognostic assessment of  gastric can-
cer, and the assessment efficacies of  the 3 methods were 
similar.

Although the total number of  tested lymph nodes 
in the Cox proportional risk regression model was not 
a significant independent risk factor for patient prog-
nosis, univariate analysis showed that as the number of  
tested lymph nodes increased, the 5-year survival rate 
of  patients exhibited a downward trend (P = 0.039); 
moreover, a correlation analysis showed that MLR, 

LODDS, and pN were all positively correlated with the 
number of  tested lymph nodes. When only the correla-
tion coefficient of  the number of  tested lymph nodes 
was considered (pN > MLR > LODDS), the impact 
of  the number of  tested lymph nodes on the MLR and 
LODDS was smaller than that of  the absolute number 
of  pN, which suggests that compared with pN staging 
system, the MLR and LODDS were less affected by the 
total mumber of  tested lymph nodes. The subsequent 
results of  the survival curve of  patients with insufficient 
tested lymph nodes also showed that, when the number 
of  tested lymph node was < 10, the MLR and LODDS 
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staging methods appeared to better assess prognosis than 
pN staging. However, as shown in Figure 2, although the 
MLR and LODDS staging methods could more accurate-
ly assess the 5-year postoperative survival rate of  gastric 
cancer patients at the early-middle stages (stage 0-2), the 
difference in the prognostic assessment of  the patients at 
middle-late stages (stage 3 and 4) was not significant. The 
main reason was that, although the ratio could reduce the 
impact of  sampling error compared with the absolute 
number, as the number of  pN increased, the impact of  
the sampling error due to the insufficient number of  test-
ed lymph nodes also increased. Therefore, the difference 
in the prognoses of  patients in the middle-late stages was 
not significant. In addition, for the patients in the middle-
late stages of  MLR and LODDS, especially those in stage 
4, the 5-year survival rates were all ≥ 20%, which was 
significantly higher than that of  the patients with > 15 (< 
4%) tested lymph nodes. The reason for this result may 
be that when the total number of  tested lymph nodes 
was insufficient, the sampling sites were too concentrated 
near the lesion; therefore, the ratio of  pN was higher, 
resulting in an overestimation of  the actual pathological 
staging of  patients. Moreover, the comparison of  the 
5-year survival rate of  the 3 methods in patients with 
≤ 15 tested lymph nodes also confirmed that the accu-
racy and homogeneity of  the staging methods based on 
the MLR, LODDS or the absolute number of  pN were 
similar, with no significant difference. At the same time, 
the comparison of  the survival curve and ROC curve of  
the 3 staging methods in the < 10, 10-15 and > 15 group 
showed that the difference in the 5-year survival rate be-
tween stages and the assessment accuracy of  survival rate 
were all increased progressively with the enhanced levels 
of  examined lymph nodes, and the 3 staging methods 
exhibited no significant difference. The above results all 
confirmed that, regardless of  the staging method, a suf-
ficient number of  tested lymph nodes was the key factor. 
When the number of  tested lymph nodes was ≤ 15, the 
staging based on MLR or LODDS could not compensate 
for the inadequacy of  pN staging, and thus could not ac-

curately assess patient prognosis.
Although the number of  cases did not affect the re-

sults of  the statistical analysis significantly, it could be ob-
served from the survival curve that the LODDS staging 
method appeared to better assess prognosis for patients 
at MLR and pN stage 0 with an insufficient number 
of  tested lymph nodes. However, the advantage of  the 
LODDS staging method was only apparent when the 
number of  tested lymph nodes was < 10. Additionally, 
because the 5-year survival rate for patients in stage pN0 
was relatively high, the survival rates of  patients in vari-
ous LODDS stages were not significantly different after 
re-staging. Finally, the calculation method of  LODDS 
was complicated. All of  the above factors limited the 
practical application of  LODDS staging method, and the 
practical value was low.

Some studies have found that the staging methods 
based on the MLR and LODDS could more accurately 
predict the prognosis of  gastric cancer patients than the 
staging method based on the absolute number (pN), 
especially when the number of  tested lymph nodes was 
insufficient[9-13]. The above conclusions in this study ap-
peared to be inconsistent with those previous findings. 
Different surgical methods may be the main cause of  the 
contradictory findings[26]. In a study recently published in 
Annals of  Surgery in 2012[13], the postoperative clinical, 
pathologic and follow-up data of  18 043 gastric cancer 
patients retrieved from the Surveillance, Epidemiology, 
and End Results database of  United States were retro-
spectively analyzed, and the results showed that when the 
number of  tested lymph nodes was insufficient, the MLR 
staging method could more accurately assess the patient 
prognosis than the pN staging method. However, only 
10% of  the patients in this study underwent D2 radical 
gastrectomy, and the scope of  lymph node removal in 
the remaining patients was D1 or below. The insufficient 
number of  tested lymph nodes was mainly limited by the 
scope of  lymph node removal. Some studies have con-
firmed that the average number of  removed lymph nodes 
during D2 radical gastrectomy could reach 32[27]. The 
smaller the number of  tested lymph nodes, the greater 
the sampling error. A sufficient number of  tested lymph 
nodes is key to reducing sampling error. Therefore, to ac-
curately assess the prognosis of  patients after D2 radical 
gastrectomy, no staging method can replace a sufficient 
number of  tested lymph nodes.

In summary, the MLR, LODDS and pN are all in-
dependent risk factors for the long-term postoperative 
survival of  gastric cancer patients. The accuracy of  the 
prognostic assessment of  the MLR and LODDS staging 
methods is comparable to that of  the pN staging method 
in gastric cancer patients. However, for the patients that 
undergo a D2 radical gastrectomy, when the number of  
tested lymph nodes is insufficient (≤ 15), neither the 
staging method based on metastatic lymph node ratio nor 
the pN staging method can avoid staging bias. Therefore, 
as D2 radical gastrectomy is increasingly accepted, a suf-
ficient number of  tested lymph nodes is the only key to 
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ensure an accurate prediction of  gastric cancer patient 
prognosis.
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Abstract
AIM: To study the efficacy of marrow mesenchymal 
stem cells (MSCs) transplantation combined with in-
terleukin-1 receptor antagonist (IL-1Ra) for acute liver 
failure (ALF). 

METHODS: Chinese experimental miniature swine 
were randomly divided into four groups (n  = 7), and 
all animals were given D-galactosamine (D-gal) to in-
duce ALF. Group A animals were then injected with 40 
mL saline via  the portal vein 24 h after D-gal induction; 

Group B animals were injected with 2 mg/kg IL-1Ra 
via  the ear vein 18 h, 2 d and 4 d after D-gal induc-
tion; Group C received approximately 1 × 108 green 
fluorescence protein (GFP)-labeled MSCs (GFP-MSCs) 
suspended in 40 mL normal saline via  the portal vein 
24 h after D-gal induction; Group D animals were in-
jected with 2 mg/kg IL-1Ra via  the ear vein 18 h after 
D-gal induction, MSCs transplantation was then carried 
out at 24 h after D-gal induction, and finally 2 mg/kg 
IL-1Ra was injected via  the ear vein 1 d and 3 d after 
surgery as before. Liver function, serum inflammatory 
parameters and pathological changes were measured 
and the fate of MSCs was determined.

RESULTS: The optimal efficiency of transfection (97%) 
was achieved at an multiplicity of infection of 80, as 
observed by fluorescence microscopy and flow cytom-
etry (FCM). Over 90% of GFP-MSCs were identified as 
CD44+ CD90+ CD45- MSCs by FCM, which indicated 
that most GFP-MSCs retained MSCs characteristics. 
Biochemical assays, the levels of serum inflamma-
tory parameters and histological results in Group D all 
showed a significant improvement in liver injury com-
pared with the other groups (P  < 0.05). The number 
of GFP-MSCs in Group D was also greater than that in 
Group B, and the long-term cell proliferation rate was 
also better in Group D than in the other groups. 

CONCLUSION: MSCs transplantation is useful in ALF, IL-
1Ra plays an important role in alleviating the inflamma-
tory condition, and combination therapy with MSCs trans-
plantation and IL-1Ra is a promising treatment for ALF.

© 2013 Baishideng. All rights reserved.

Key words: Interleukin-1 receptor antagonist; Mesen-
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INTRODUCTION
Acute liver failure (ALF) is defined by the development 
of  coagulopathy and encephalopathy within a short 
period of  time in patients with no previous history of  
liver disease[1]. The essence of  ALF is severe inflamma-
tion leading to cell necrosis in a large number of  liver 
cells caused by paracetamol, idiosyncratic drug reactions, 
hepatitis B, or seronegative hepatitis[2,3]. The key to the 
treatment of  ALF is the reduction of  liver cell necrosis 
and the stimulation of  liver cell regeneration.

Liver transplantation is the only efficient treatment 
for ALF; however, difficulties including severe donor 
shortage, numerous complications, immunological rejec-
tion and high medical costs limit its use[1,4]. Mesenchymal 
stem cells (MSCs) due to their sufficient source, low im-
munogenicity and the potential ability for differentiation 
into hepatocyte-like cells make MSCs transplantation a 
promising treatment for ALF[5-7]. In order to achieve bet-
ter results, we transplanted MSCs into a pig model of  
acute liver failure in addition to interleukin-1 receptor 
antagonist (IL-1Ra) injection which is used to improve 
liver inflammation[8,9]. IL-1 is primarily a proinflammatory 
cytokine due to its ability to stimulate the expression of  
a number of  inflammation-associated genes through the 
IL-1 signaling cascade[10-12]. IL-1Ra can bind to the IL-1 
receptor and blocks IL-1 action through competitive inhi-
bition, but will not initiate the IL-1 signaling cascade due 
to its IL-1-like structure which will not induce a signal at 
all[8]. In this study, we evaluated the efficiency of  combi-
nation therapy with IL-1Ra and MSCs transplantation for 
the treatment of  ALF in swine.

MATERIALS AND METHODS
Animals
Chinese experimental miniature swine (10 ± 3 kg, aged 
approximately 5 to 8 mo) were obtained from the Labo-
ratory Animal Centre of  the Affiliated Drum Tower Hos-
pital of  Nanjing University Medical School. All experi-
ments were approved by the Institutional Animal Care 
and Use Committee.

In vitro experiment 
MSCs were isolated by density gradient centrifugation 
from pig bone marrow and cultured in L-Dulbecco’s 
modified Eagle’s medium supplemented with 10% foetal 
bovine serum, 100 U/mL penicillin, and 100 μg/mL 
streptomycin (all from Gibco BRL, Grand Island, NY, 
United States). The cells were then transfected with a 
lentiviral vector carrying the gene encoding green fluo-
rescence protein (GFP), and the multiplicity of  infection 

(MOI) of  transfection was determined by fluorescent 
inverted phase contrast microscopy and flow cytometry 
(FCM). The surface markers (CD44, CD45, and CD90) 
of  GFP-labeled MSCs (GFP-MSCs) were identified by 
FCM for their MSCs characteristics.

ALF model
The animals received a single intravenous injection of  
D-galactosamine (D-gal) 0.3 g/kg to induce experimental 
hepatic injury.

Experimental groups and treatments
Twenty-eight pigs were randomly divided into four groups, 
Group A (control, n = 7), Group B (IL-1Ra, n = 7), Group 
C (MSCs transplantation, n = 7), Group D (combined 
therapy, n = 7). Group A received 40 mL normal saline 
via the portal vein 24 h after D-gal induction; Group B 
received 2 mg/kg IL-1Ra (Institute of  Process Engineer-
ing, Chinese Academy of  Sciences, China) via the ear vein 
18 h, 2 d and 4 d after D-gal induction; Group C received 
approximately 1 × 108 GFP-MSCs suspended in 40 mL 
normal saline via the portal vein 24 h after D-gal induction; 
Group D received 2 mg/kg IL-1Ra via the ear vein 18 h 
after D-gal induction, MSCs transplantation was carried 
out 24 h after D-gal induction, and finally 2 mg/kg IL-1Ra 
was injected via the ear vein 1 d and 3 d after surgery as 
before. Liver function, and inflammatory cytokines IL-1β, 
IL-2 and tumor necrosis factor α (TNF-α) were measured 
using enzyme-linked immuno sorbent assay Kits (Corbett 
Life Science, Australia) pre-operatively, intra-operatively, 1-6 
d and 1-4 wk after surgery.

Histological analysis
Swine were humanely killed for histological examination 
at 3 d and every week after surgery. Liver tissues were 
immersion fixed, embedded in paraffin and sectioned 
at 5 μm, and the slices were submitted for hematoxy-
lin and eosin (HE) and anti-Ki67 (Abcam Ltd., United 
Kingdom) staining. To determine liver cell proliferation, 
six high-powered fields of  vision were obtained for each 
slice, and the average number of  Ki67+ cells was used 
for statistical analysis. To trace transplanted MSCs, cells 
expressing GFP were analyzed by fluorescent microscopy 
and conventional immunohistochemistry using anti-GFP 
(Abcam Ltd., United Kingdom). 

Statistical analysis
All statistical analysis were performed using SPSS 16.0. 
The data are reported as mean ± SD. The statistical sig-
nificance was analyzed by two-way analysis of  variance. P 
< 0.05 was considered to denote statistical significance.

RESULTS
In vitro experiment 
The optimal efficiency of  transfection (97%) was achieved 
at an MOI of  80, as observed by fluorescence microscopy 
(Figure 1A and B) and FCM (Figure 1C). Over 90% of  
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GFP-MSCs were identified as CD44+ CD90+ CD45- 
MSCs (Figure 1D) by FCM, which indicated that most 
GFP-MSCs retained MSCs characteristics. 

Liver function
Dramatic changes in alanine aminotransferase (ALT), 
aspertate aminotransferase (AST), total bilirubin (TB), 
ammonia and prothrombin time (PT) demonstrated that 
acute liver injury was successfully achieved by D-gal in-
duction in all four groups. Highly significant increases in 
ALT, AST, TB, ammonia and PT were found in all groups 
within 48 h after D-gal injection, and then gradually de-
clined. The most significant improvements were found in 
Group D following combination therapy compared with 
the other groups; ALT and ammonia in Group D were 
significantly lower than those in Group A (P < 0.05) with-
in 1 to 4 d after combination therapy, and the low level of  
TB in Group D lasted longer than that in Group A (P < 
0.05) and Group B (P < 0.05) from the first day to 1 wk, 
the improvement in ALB in Group D appeared the sec-
ond day after treatment; Group B showed a significant re-
duction in ALT level within 1 to 3 d after IL-1Ra injection 
compared with Group A (P < 0.05); MSCs transplantation 
showed a slight effect on reducing TB and ammonia level 
in Group C (Table 1). 

Serum inflammatory cytokines
Following D-gal induction, the levels of  inflammatory 
cytokines, IL-1, IL-2 and TNF-α, in all groups increased 
significantly and reached a peak within 3 d, which lasted 
for several days before gradually declining. Group B and 
Group D had a faster improvement in IL-1 and TNF-α 
than the other groups, Group D had the lowest inflam-
matory level of  all, with IL-1 and TNF-α levels signifi-

cantly lower than Group A (P < 0.05) from the first in-
jection of  2 mg/kg IL-1Ra; serum inflammatory cytokine 
levels were better in Group C than in Group A, however, 
no statistically significant difference between the groups 
was observed (Figure 2).

Histological analysis
D-gal-induced liver damage was observed by HE staining 
in all groups, however, less inflammatory cell infiltration 
and relatively complete lobular architecture were found 
in Group D, and liver damage was worst in Group A 
(Figure 3). The number of  Ki-67+ cells increased quickly 
after D-gal induction and reached a peak within 1 wk 
in all groups, and then a sharp decline was observed in 
Group A to a normal proliferation level at the end of  3 
wk after operation, however, the Ki-67 positive cell index 
in Group D was maintained at a high level (P < 0.05); 
the performance of  Group B and Group C were better 
than Group A, but there were no significant differences 
between the groups (Figure 4). Fluorescent microscopy 
revealed that there were more GFP-MSCs in Group D 
than in Group B at 1 wk after treatment, and most of  
these were distributed in the hepatic lobule along the 
central vein. Similar results were obtained by immunohis-
tochemistry using anti-GFP (Figure 5). 

DISCUSSION
ALF is a severe liver disease with large quantities of  liver 
cell necrosis; liver transplantation is the only effective 
treatment, but has a number of  difficulties. MSCs can be 
easily obtained from bone marrow and have multilineage 
potential. Petersen et al[13] and Schwartz et al[5] showed that 
MSCs possess the potential ability for hepatocyte differ-
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tion. In their research, MSCs transplantation was used 
to reduce CCl4-induced liver fibrosis in mice, and their 

entiation in vitro and in vivo. Sakaida et al[14] confirmed that 
MSCs were involved in both liver repair and reconstruc-

Group Pre-
operation

Intra-
operation

Time after operation

D1 D2 D3 D4 D5 W1 W2 W4

  ALT 
  (U/L)

A   54.7 ± 22.7   111.4 ± 44.1 167.25 ± 25.8 108.8 ± 25.2   89.3 ± 32.8   63.7 ± 24.6   54.1 ± 13.7 48.3 ± 17.1 38.7 ± 16.3 32.4 ± 4.2
B   48.9 ± 17.3   127.5 ± 20.8   108.5 ± 21.8a   77.6 ± 18.9a   78.5 ± 16.6a   68.7 ± 10.8   55.6 ± 12.9 51.6 ± 10.7 42.8 ± 11.6 45.6 ± 6.9
C   52.7 ± 14.7   113.1 ± 23.5   157.8 ± 31.3 118.6 ± 16.7   83.6 ± 19.3   70.5 ± 11.2   58.8 ± 14.9 50.6 ± 7.3 51.7 ± 9.1 44.5 ± 6.9
D   45.2 ± 7.7   112.6 ± 22.9     75.4 ± 10.1a,e   66.1 ± 16.7a,e   48.2 ± 11.9a,e   55.7 ± 9.3   51.9 ± 10.8 44.7 ± 6.1 35.9 ± 2.6 33.6 ± 4.2

  TB 
  (μmol/L)

A     2.9 ± 1.3     24.0 ± 8.5     32.3 ± 7.4   26.2 ± 8.8   17.5 ± 5.1   12.9 ± 3.8     7.9 ± 1.9   5.8 ± 1.9   3.1 ± 1.2   1.9 ± 0.5
B     2.3 ± 1.5     20.8 ± 7.6     28.3 ± 7.2   19.4 ± 5.7     9.7 ± 2.8     9.2 ± 1.8     8.6 ± 2.2   6.5 ± 0.8   3.6 ± 0.9   2.1 ± 0.5
C     1.3 ± 0.9     18.9 ± 5.7     27.5 ± 5.3   15.8 ± 4.1a   10.7 ± 2.6     7.3 ± 0.8     5.1 ± 0.8   1.9 ± 0.3a   1.7 ± 0.6 0.98 ± 0.1
D   1.52 ± 0.73     24.2 ± 4.4     17.1 ± 2.7a,c,e     8.9 ± 3.51a,c   5.11 ± 3.3a   2.68 ± 2.03a,c   1.96 ± 1.51a,c 1.47 ± 0.75a,c 1.25 ± 0.7a 0.43 ± 0.05

  NH3 
  (μmol/L)

A      33 ± 5.2   344.5 ± 102.1   267.5 ± 134.6    179 ± 33.6 159.2 ± 41.3 111.7 ± 32.6   88.5 ± 30.7 64.8 ± 7.3 99.3 ± 16.4    69 ± 24.2
B      39 ± 10.4      318 ± 67.8   206.5 ± 22.1 160.6 ± 18.2 128.8 ± 18.5   92.5 ± 11.3 114.2 ± 25.6 88.5 ± 19.7    73 ± 16 55.6 ± 11.8
C      59 ± 12.4   335.8 ± 81.5   210.1 ± 21.7 163.5 ± 18.2   92.8 ± 23.3a 121.4 ± 24.5 110.8 ± 53.2 97.2 ± 26.8 48.9 ± 10.4a 57.2 ± 10.5
D      38 ± 13.5   369.3 ± 104.2   148.7 ± 39.4a,c,e 106.1 ± 23.8a,c   81.3 ± 24.2a,c   84.6 ± 17.5a   87.7 ± 23.9    62 ± 17.8 42.7 ± 13.3a,c 41.7 ± 11.3

  ALB 
  (g/L)

A   30.5 ± 4.3     27.7 ± 2.4     26.2 ± 3.0   25.1 ± 2.1   24.4 ± 1.6   25.2 ± 1.9   25.6 ± 1.4 26.3 ± 1.2 26.7 ± 1.7 28.5 ± 2.5
B   31.4 ± 3.3     28.7 ± 2.6     27.1 ± 1.8   25.7 ± 2.4   25.9 ± 2.7   25.6 ± 1.5   26.9 ± 0.9 26.5 ± 3.2 26.8 ± 3.7 28.8 ± 2.3
C   28.8 ± 2.8     27.2 ± 2.2     26.6 ± 3.3   24.9 ± 1.8   25.1 ± 1.1   25.8 ± 1.6   26.3 ± 0.8 27.1 ± 4.2 27.9 ± 1.5 30.5 ± 2.1
D   30.6 ± 3.5     26.7 ± 1.2     25.1 ± 2.2   26.2 ± 2.1   27.7 ± 1.5   30.1 ± 0.9a,c,e   30.7 ± 1.4a,c,e 31.7 ± 2.6 32.2 ± 2.1a,c,e 33.5 ± 2.5

Table 1  Biochemical parameters of Group A (control), Group B (interleukin-1 receptor antagonist), Group C (mesenchymal stem 
cells transplantation) and Group D (combination therapy) (mean ± SD)

aP < 0.05 vs Group A; cP < 0.05 vs Group B; eP < 0.05 vs Group C. ALT and ammonia in Group D were significantly lower than those in Group A (P < 0.05) 
within 1 to 4 d after combination therapy, and the low level of TB in Group D lasted longer than that in Group A (P < 0.05) and Group B (P < 0.05) from the 
1 d to 1 wk. The improvement in ALB in Group D was seen on the second d after treatment; Group B showed a significant reduction in ALT level within 
1 to 3 d after interleukin-1 receptor antagonist injection compared with Group A (P < 0.05); MSCs transplantation displayed a slight effect on reducing TB 
and ammonia level in Group C. MSCs: Mesenchymal stem cells; ALT: Alanine aminotransferase; ALB: Albumin; TB: Total bilirubin.
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Figure 2  Changes in inflammatory cytokines (interleukin-1 and tumor necrosis factor α) levels. Interleukin-1 (IL-1) and tumor necrosis factor α (TNFα) levels 
in all groups increased after D-galactosamine (D-gal) injection, and then declined slowly. Group D showed a faster reduction in these cytokines following IL-1 receptor 
antagonist (IL-1Ra) injection than the other groups. aP < 0.05, bP < 0.01 vs control group. MSCs: Mesenchymal stem cells.

A B C

Figure 3  Hematoxylin and eosin staining of liver tissues 3 d after surgery. A: Extensive neutrophil infiltration and lobular architecture collapse was seen in Group 
A (control group); B: Lobular architecture can be seen in Group B (interleukin-1 receptor antagonist injection group), however, hepatic lobules were filled with cell 
necrosis and inflammatory cells; C: The lobular architecture in Group C (mesenchymal stem cells transplantation group) was destroyed but can still be recognized; D: 
Group D had clear hepatic lobular architecture and slight inflammatory cell infiltration. Magnification, ×200.
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findings showed that MSCs transplantation was an ideal 
candidate treatment for liver disease. What will happen if  
MSCs transplantation is used for the treatment of  ALF? 
di Bonzo et al[15] xenografted human MSCs into acute liver 
injured NOD/SCID mice and CCl4-induced liver injury 
in mice and demonstrated that the number of  original 
human MSCs in acute liver injured mice was less than in 
chronically injured livers, and the number of  hepatocytes 
undergoing differentiation was even less. In our study, 
there was no obvious improvement in liver function in 
the MSCs transplantation group (Group C), few GFP-

MSCs were observed on fluorescent microscopy, and 
little differentiation was seen. Therefore, we concluded 
that MSCs transplantation for the treatment of  ALF is 
largely limited by its low implantation and differentiation 
rate in acute liver injured patients.

In recent years, experimental studies have demon-
strated that microcirculatory dysfunction and an inflam-
matory environment are determinants of  ALF, and pro-
inflammatory mediators such as IL-1, IL-2 and TNF-α 
are the key players[9,12,16-18]. Vodovotz also proved that the 
levels of  these cytokines in ALF patients were significant-
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Figure 4  Changes in liver cell proliferation in all four groups. A, B and C showed the anti-Ki67 stain of Group A at the time point of D3, W1 and W4, respectively (×200); D, 
E, F and G, H, I showed anti-Ki67 stain of Group B and Group C, respectively, just as Group A did (×200); J: Changes in the number of Ki67+ cells demonstrated that Group 
D had better long-term proliferation. aP < 0.05 vs control group. IL-1Ra: Interleukin-1 receptor antagonist; MSCs: Mesenchymal stem cells; D-gal: D-galactosamine.

Shi XL et al . IL-1Ra combined with BMSCT for ALF



1989 March 28, 2013|Volume 19|Issue 12|WJG|www.wjgnet.com

ly higher than in normal and chronic hepatitis patients; 
IL-1 may be a main driver of  late inflammation which 
leads to further injury[3,9,19]. Given this, we presume that 
the inflammatory environment in ALF patients may be 
largely related to the low efficiency of  MSCs transplan-
tation, that is the inflammatory environment caused by 
proinflammatory mediators leads to the low survival and 
differentiation rate of  transplanted MSCs. Our pre-exper-
iment results proved this assumption: animals with lower 
levels of  inflammatory cytokines had a higher MSCs 
implantation rate and differentiation rate. Therefore, 
we realized that reducing the inflammation level in the 
acutely injured liver may be a way of  improving the effi-
cacy of  MSCs transplantation in ALF patients. IL-1Ra is 
a natural IL-1 antagonist, and can block the inflammatory 
process by competitively binding to the IL-1 receptor 
with an avidity equal to that of  IL-1, but fails to stimulate 
downstream signals, thereby reducing the inflammation 
level[8,20]. An imbalance between IL-1 and IL-1Ra can be 
observed in a variety of  inflammatory diseases including 
ALF[3,8,12,20]. IL-1Ra is significantly associated with the 
level of  liver inflammation and is an independent marker 
unaffected by obesity, alcohol consumption, and insulin 
resistance[21], and can inhibit the process of  hepatocel-
lular apoptosis in mice with acetaminophen-induced ALF 
significantly improving their survival rate[22]. Therefore, 
will MSCs transplantation become an efficient treatment 
for ALF when it is combined with IL-1Ra used to relieve 
liver inflammation?

In this research, the combined therapy of  IL-1Ra 
with MSCs transplantation was administered for acute 
liver injury, and the results obtained were very promising. 
Increased levels of  proinflammatory cytokines such as 

IL-1, IL-2 and TNF-α were seen in all animals injected 
with D-gal, a slight improvement was observed when 
MSCs were transplanted in Group B animals, and better 
results were achieved in Group C and Group D animals 
following IL-1Ra injection. Thus, exogenous IL-1Ra had 
an enormous effect in reducing some proinflammatory 
mediators, and improving the inflammatory environment. 
This effect may last for at least a month as the animals in 
Group C and Group D showed a continuous reduction 
in these proinflammatory mediators compared with the 
other two groups in later experiments, which was thought 
to be mainly related to the damaged inflammatory cycle 
caused by IL-1Ra in the very early phase. Improved liver 
inflammation was then observed following MSCs trans-
plantation. As shown in the results section, Group D 
treated with combination therapy had the highest GFP-
MSCs implantation rate and the best liver function. In ad-
dition, the trend in proliferation level in the four groups 
was different, although the level in all groups peaked at 
a similar time point after surgery, Group D had a higher 
proliferation level than the other groups at the end of  
2 wk of  combination therapy and this difference was 
maintained for at least 2 wk; which was thought to be 
caused by both IL-1Ra and MSCs transplantation. IL-1Ra 
improved the liver inflammatory environment then in-
creased liver cell proliferation rate and MSCs transplanta-
tion efficiency, and high MSCs transplantation efficiency 
may directly lead to a higher hepatocyte differentiation 
rate, proliferation level and better liver function. 

Thus, IL-1Ra can improve liver inflammation and 
then enhance the effect of  MSCs transplantation. Com-
bination therapy with IL-1Ra and MSCs transplantation 
can promote the restoration and reconstruction of  acute 

A B C

D E F

Figure 5  Fluorescence and anti-green fluorescence protein stained images of liver tissue 2 wk after surgery. A, B and C are fluorescence images of Group 
B, Group C and Group D, respectively; D, E and F are anti-green fluorescence protein immunohistochemical images of Group B, Group C and Group D, respectively. 
More cells expressing green fluorescence protein were seen in Group D (arrow). Magnification, ×400.
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liver injury in swine, and is a promising future treatment 
for patients with ALF.

COMMENTS
Background
Cell transplantation is an effective therapy for acute liver failure; however, the 
activity and function of transplanted cells are largely limited by the inflammatory 
environment of acute liver failure (ALF) liver. Interleukin-1 (IL-1) is primarily 
a proinflammatory cytokine and IL-1 receptor antagonist (IL-1Ra) is the most 
effective antagonist. The combination therapy with IL-1Ra and mesenchymal 
stem cell (MSC) transplantation for the treatment of ALF is an interesting way 
and responded well.
Research frontiers
The essence of ALF is severe inflammation leading to cell necrosis in a large 
number of liver cells. Microcirculatory dysfunction and an inflammatory environ-
ment are determinants of ALF, and proinflammatory mediators such as IL-1, 
IL-2 and tumor necrosis factor α are the primary players. The key to the treat-
ment of ALF is the reduction of liver cell necrosis and the stimulation of liver cell 
regeneration.
Innovations and breakthroughs
Recent reports have highlighted the effect of IL-1Ra injection on ALF models. In 
this study, the authors investigated the effect of bone marrow MSCs transplan-
tation combined with IL-1Ra injection on ALF swine. Based on the results of the 
study, the authors concluded that MSCs transplantation is somewhat useful for 
ALF swine and that the combined therapy of IL-1Ra with MSCs transplantation 
is a promising treatment for ALF.
Applications
According to this article, it may represent a future strategy for therapeutic inter-
vention in the treatment of patients with ALF.
Terminology
IL-1Ra is the interleukin-1 receptor antagonist, which can bind to the IL-1 re-
ceptor and blocks IL-1 action through competitive inhibition, but will not initiate 
the IL-1 signaling cascade due to its IL-1-like structure which will not induce a 
signal at all.
Peer review
The authors evaluated the effect of bone marrow mesenchymal stem cell 
transplantationcombined with IL-1Ra injection on ALF swine. Group D (combine 
therapy of MSC transplantation + IL-1Ra) showed significantly improvement of 
biochemical assay, serum inflammation level and histological results compared 
with other groups (P < 0.05), labeled MSCs of Group D were more than Group 
B, and the long-term cell proliferation rate was the best in all groups too. They 
concluded that MSC transplantation is somewhat useful for ALF swine, IL-1Ra 
plays an important role in alleviating inflammatory condition, and the combined 
therapy is a promising treatment for ALF. These results are interesting and im-
portant in the therapy for ALF.

REFERENCES
1 Foston TP, Carpentar D. Acute liver failure. Crit Care Nurs 

Clin North Am 2010; 22: 395-402 [PMID: 20691389 DOI: 
10.1016/j.ccell.2010.05.001]

2 Nguyen NT, Vierling JM. Acute liver failure. Curr Opin 
Organ Transplant 2011; 16: 289-296 [PMID: 21519261 DOI: 
10.1097/MOT.0b013e328346c8ee]

3 Vodovotz Y, Constantine G, Faeder J, Mi Q, Rubin J, Bartels 
J, Sarkar J, Squires RH, Okonkwo DO, Gerlach J, Zamora 
R, Luckhart S, Ermentrout B, An G. Translational systems 
approaches to the biology of inflammation and healing. 
Immunopharmacol Immunotoxicol 2010; 32: 181-195 [PMID: 
20170421 DOI: 10.3109/08923970903369867]

4 Laleman W, Wilmer A, Evenepoel P, Verslype C, Fevery 
J, Nevens F. Review article: non-biological liver support in 
liver failure. Aliment Pharmacol Ther 2006; 23: 351-363 [PMID: 
16422994 DOI: 10.1111/j.1365-2036.2006.02765.x]

5 Schwartz RE, Reyes M, Koodie L, Jiang Y, Blackstad M, 
Lund T, Lenvik T, Johnson S, Hu WS, Verfaillie CM. Multi-

potent adult progenitor cells from bone marrow differenti-
ate into functional hepatocyte-like cells. J Clin Invest 2002; 
109: 1291-1302 [PMID: 12021244 DOI: 10.1172/JCI15182]

6 Pournasr B, Mohamadnejad M, Bagheri M, Aghdami N, 
Shahsavani M, Malekzadeh R, Baharvand H. In vitro differ-
entiation of human bone marrow mesenchymal stem cells 
into hepatocyte-like cells. Arch Iran Med 2011; 14: 244-249 
[PMID: 21726099]

7 Cho KA , Lim GW, Joo SY, Woo SY, Seoh JY, Cho SJ, 
Han HS, Ryu KH. Transplantation of bone marrow 
cells reduces CCl4 -induced liver fibrosis in mice. Liver 
Int 2011; 31: 932-939 [PMID: 21092070 DOI: 10.1111/
j.1478-3231.2010.02364.x]

8 Volarevic V, Al-Qahtani A, Arsenijevic N, Pajovic S, Lukic 
ML. Interleukin-1 receptor antagonist (IL-1Ra) and IL-1Ra 
producing mesenchymal stem cells as modulators of diabe-
togenesis. Autoimmunity 2010; 43: 255-263 [PMID: 19845478 
DOI: 10.3109/08916930903305641]

9 Vollmar B, Menger MD. The hepatic microcirculation: 
mechanistic contributions and therapeutic targets in liver 
injury and repair. Physiol Rev 2009; 89: 1269-1339 [PMID: 
19789382 DOI: 10.1152/physrev.00027.2008]

10 Jensen LE, Muzio M, Mantovani A, Whitehead AS. IL-1 sig-
naling cascade in liver cells and the involvement of a soluble 
form of the IL-1 receptor accessory protein. J Immunol 2000; 
164: 5277-5286 [PMID: 10799889]

11 Orelio C, Haak E, Peeters M, Dzierzak E. Interleukin-
1-mediated hematopoietic cell regulation in the aorta-
gonad-mesonephros region of the mouse embryo. Blood 
2008; 112: 4895-4904 [PMID: 18805969 DOI: 10.1182/
blood-2007-12-123836]

12 Sekiyama KD, Yoshiba M, Thomson AW. Circulating pro-
inflammatory cytokines (IL-1 beta, TNF-alpha, and IL-6) 
and IL-1 receptor antagonist (IL-1Ra) in fulminant hepatic 
failure and acute hepatitis. Clin Exp Immunol 1994; 98: 71-77 
[PMID: 7923888 DOI: 10.1111/j.1365-2249.1994.tb06609.x]

13 Petersen BE, Bowen WC, Patrene KD, Mars WM, Sullivan 
AK, Murase N, Boggs SS, Greenberger JS, Goff JP. Bone 
marrow as a potential source of hepatic oval cells. Science 
1999; 284: 1168-1170 [PMID: 10325227 DOI: 10.1126/sci-
ence.284.5417.1168]

14 Sakaida I, Terai S, Yamamoto N, Aoyama K, Ishikawa T, 
Nishina H, Okita K. Transplantation of bone marrow cells 
reduces CCl4-induced liver fibrosis in mice. Hepatology 2004; 
40: 1304-1311 [PMID: 15565662 DOI: 10.1002/hep.20452]

15 di Bonzo LV, Ferrero I, Cravanzola C, Mareschi K, Rus-
tichell D, Novo E, Sanavio F, Cannito S, Zamara E, Bertero 
M, Davit A, Francica S, Novelli F, Colombatto S, Fagioli F, 
Parola M. Human mesenchymal stem cells as a two-edged 
sword in hepatic regenerative medicine: engraftment and 
hepatocyte differentiation versus profibrogenic potential. 
Gut 2008; 57: 223-231 [PMID: 17639088 DOI: 10.1136/
gut.2006.111617]

16 Bode JG, Albrecht U, Häussinger D, Heinrich PC, Schaper 
F. Hepatic acute phase proteins--regulation by IL-6- and IL-
1-type cytokines involving STAT3 and its crosstalk with 
NF-κB-dependent signaling. Eur J Cell Biol 2011; 91: 496-505 
[PMID: 22093287 DOI: 10.1016/j.ejcb.2011.09.008]

17 Yazdi AS, Drexler SK, Tschopp J. The role of the inflamma-
some in nonmyeloid cells. J Clin Immunol 2010; 30: 623-627 
[PMID: 20582456 DOI: 10.1007/s10875-010-9437-y]

18 Kim YS, Park HJ, Hong MH, Kang PM, Morgan JP, Jeong 
MH, Cho JG, Park JC, Ahn Y. TNF-alpha enhances engraft-
ment of mesenchymal stem cells into infarcted myocardium. 
Front Biosci 2009; 14: 2845-2856 [PMID: 19273239]

19 Girard S, Kadhim H, Larouche A, Roy M, Gobeil F, Sébire 
G. Pro-inflammatory disequilibrium of the IL-1 beta/IL-
1ra ratio in an experimental model of perinatal brain dam-
ages induced by lipopolysaccharide and hypoxia-ischemia. 
Cytokine 2008; 43: 54-62 [PMID: 18511291 DOI: 10.1016/

 COMMENTS

Shi XL et al . IL-1Ra combined with BMSCT for ALF



1991 March 28, 2013|Volume 19|Issue 12|WJG|www.wjgnet.com

j.cyto.2008.04.007]
20 Arend WP. Cytokine imbalance in the pathogenesis of rheu-

matoid arthritis: the role of interleukin-1 receptor antago-
nist. Semin Arthritis Rheum 2001; 30: 1-6 [PMID: 11357165 
DOI: 10.1053/sarh.2001.23693]

21 Pihlajamäki J, Kuulasmaa T, Kaminska D, Simonen M, 
Kärjä V, Grönlund S, Käkelä P, Pääkkönen M, Kainulainen 
S, Punnonen K, Kuusisto J, Gylling H, Laakso M. Serum in-

terleukin 1 receptor antagonist as an independent marker of 
non-alcoholic steatohepatitis in humans. J Hepatol 2012; 56: 
663-670 [PMID: 22027586 DOI: 10.1016/j.jhep.2011.10.005]

22 Hu J, Yan D, Gao J, Xu C, Yuan Y, Zhu R, Xiang D, Weng 
S, Han W, Zang G, Yu Y. rhIL-1Ra reduces hepatocellular 
apoptosis in mice with acetaminophen-induced acute liver 
failure. Lab Invest 2010; 90: 1737-1746 [PMID: 20644519 DOI: 
10.1038/labinvest.2010.127]

P- Reviewers  Yamakawa M, Iizuka M, Sumi S, Sakata N    
S- Editor  Huang XZ    L- Editor  A    E- Editor  Li JY

P- Reviewers  Bener A    S- Editor  Wen LL    L- Editor  Cant MR    E- Editor  Li JY  

P- Reviewers  Bener A    S- Editor  Song XX    L- Editor  Stewart GJ    E- Editor  Li JY

Shi XL et al . IL-1Ra combined with BMSCT for ALF



CASE REPORT

Usefulness of positron emission tomography in primary 
intestinal follicular lymphoma

Akira Tari, Hideki Asaoku, Masaki Kunihiro, Shinji Tanaka, Tadashi Yoshino

World J Gastroenterol  2013 March 28; 19(12): 1992-1996
ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2013 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
doi:10.3748/wjg.v19.i12.1992

1992 March 28, 2013|Volume 19|Issue 12|WJG|www.wjgnet.com

Akira Tari, Masaki Kunihiro, Division of Gastroenterology, De
partment of Internal Medicine, Hiroshima Red Cross Hospital 
and AtomicBomb Survivors Hospital, Hiroshima 7348551, 
Japan
Hideki Asaoku, Department of Clinical Laboratory, Hiroshima 
Red Cross Hospital and AtomicBomb Survivors Hospital, Hi
roshima 7348551, Japan
Shinji Tanaka, Department of Endoscopy, Hiroshima Univer
sity Hospital, Hiroshima 7348551, Japan
Tadashi Yoshino, Department of Pathology, Okayama Univer
sity Graduate School of Medicine, Dentistry and Pharmaceuti
cal Sciences, Okayama 7008530, Japan
Author contributions: Tari A performed the endoscopic 
examination, diagnosed and decided treatment policy, ana
lyzed the data and wrote the paper; Asaoku H performed the 
hematological examination, diagnosed and decided treatment 
policy; Kunihiro M performed the endoscopic examination 
and diagnosis; Tanaka S performed the doubleballoon enter
oscopy and diagnosis; and Yoshino T performed the pathologi
cal diagnosis.
Correspondence to: Dr. Akira Tari, Division of Gastroenter
ology, Department of Internal Medicine, Hiroshima Red Cross 
Hospital and AtomicBomb Survivors Hospital, 196 Senda
machi, Nakaku, Hiroshima 7348551, 
Japan. stomach2@hiroshimamed.jrc.or.jp
Telephone: +81822413111     Fax: +81822460676
Received: November 20, 2012  Revised: December 25, 2012 
Accepted: January 5, 2013
Published online: March 28, 2013

Abstract
Double-balloon enteroscopy (DBE) and video capsule 
endoscopy are useful for the diagnosis of lymphoma 
in the small intestine. However, DBE cannot be safely 
performed in cases with passage disturbance due to 
wall thickening and stenosis. Additionally, video cap-
sule endoscopy cannot be performed in such cases 
because of the risk of retention. Here, we report 4 
cases of primary follicular lymphoma of the gastroin-
testinal tract that could be detected using 18F-fluoro-

deoxyglucose positron emission tomography combined 
with computed tomography (PET-CT). The endoscopic 
findings of these 4 cases included lesions with wall 
thickening, which comprised macroscopically clusters 
of nodules, dense clusters of whitish granules or small 
nodules, fold thickening and ulcers with irregular mar-
gins that occupied the whole lumen with edematous 
mucosa. All patients fulfilled the World Health Organi-
zation grade 1 criteria. 18F-fluorodeoxyglucose PET-CT 
can help predict the risks that may result from certain 
endoscopic examinations, such as DBE and video cap-
sule endoscopy.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Primary follicular lymphoma of  the gastrointestinal tract 
(FL-GI) is often diagnosed by initially detecting duodenal 
lesions using esophago-gastro-duodenoscopy (EGD)[1,2]. 
FL-GI lesions can exist in broad areas, ranging from the 
descending portion of  the duodenum to the ileum, and 
may include lymph node involvement[1,2]. The correct 
diagnosis of  the locations of  lesions is vital to decisions 
regarding therapeutic plans[3]. Double-balloon enterosco-
py (DBE) and video capsule endoscopy (VCE) are use-
ful for the diagnosis of  lesions in the small intestine[4]. 
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However, DBE cannot be safely performed in cases with 
passage disturbance due to wall thickening and stenosis, 
and VCE cannot be performed in these cases because 
of  the risk of  retention[4]. Conversely, 18F-fluorodeox-
yglucose (FDG) positron emission tomography com-
bined with computed tomography (PET-CT) has been 
reported to be useful for detecting lymph node involve-
ment in the diagnosis of  the clinical stages of  follicular 
lymphomas[5]. This study reports the cases of  4 patients 
for whom PET-CT was useful in the detection of  FL-GI 
in the digestive tract, the location of  which ranged from 
the duodenum to the ileocecal valve. 

CASE REPORT
Twenty FL-GI patients (male/female 9/11, age 46-82 
years, mean 58 years) consulted the Division of  Gastro-
enterology, Department of  Internal Medicine, Hiroshima 
Red Cross Hospital and Atomic-Bomb Survivors Hospital 
from December 2004 to May 2010. In 2 of  the 18 patients 
with duodenal lesions, FL-GI lesions were detected using 
PET-CT. One of  the 14 patients with jejunal lesions and 
2 of  the 12 patients with ileal lesions had abnormal accu-
mulations according to the PET-CT results.

Table 1 shows the 4 FL-GI patients with abnormal 
accumulations by PET-CT who had gastrointestinal le-
sions detected from the duodenum to the ileocecal valve. 
Case 1 had duodenal lesion, case 2 had jejunal lesions, 
case 3 had lesions from the terminal ileum to the ileoce-
cal valve and case 4 had lesions in broad areas from the 
duodenum to the ileum. All lesions were diagnosed by 
endoscopic examination with biopsy. 

The mandatory examinations included palpation 
of  the superficial lymph nodes, blood tests, urinalysis, 
chest radiography, abdominal ultrasonography, contrast-
enhanced computed tomography (CT) scan (General 
Electric, Fairfield, CT, United States) (CT/CE+) of  the 
neck, chest, abdomen and pelvis, PET-CT (General Elec-
tric, Fairfield, Connecticut, United States), bone marrow 
aspiration, endoscopy with biopsies [EGD (Olympus, 
Tokyo, Japan), colonoscopy (Fujinon, Tokyo, Japan), 
DBE (Fujinon, Tokyo, Japan)] and VCE (Given Imaging, 
Yoqneam, Israel). Each patient was classified by the loca-
tion of  the lesions, clinical stage (Lugano International 
classification[6]), FL histological grade (World Health Or-
ganization grade)[7] and follicular lymphoma international 
prognosis index[8]. The macroscopic findings of  FL-GI 
were classified by endoscopy into the following 6 types: 
whitish granules, multiple small nodules, fold swelling and 
thickening, mass forming, ulcers with irregular margins 
and rough mucosa[1].

Case 1 is a 52-year-old man who had no symptoms 
but was diagnosed to have abnormalities in the descend-
ing portion of  the duodenum by EGD for gastric cancer 
screening (Table 1). This patient had wall thickening with 
abnormal accumulation at the descending portion of  the 
duodenum and at the duodenojejunal flexure [maximum 

standardized uptake value (SUVmax) 6.6 and 5.5, re-
spectively] (Figure 1A) by PET-CT. However, there were 
no abnormal findings in the small intestine by PET-
CT. EGD showed lesions with dense clusters of  whitish 
granules, making it difficult to see the folds in the de-
scending and horizontal portions of  duodenum (Figure 
1B). The jejunum showed only rough clusters of  whitish 
granules. The terminal ileum of  this patient showed mu-
cosa with normal lymphoid tissues.

Case 2 is a 62-year-old woman who presented with 
swelling of  the mesenteric lymph nodes (max, 1.5 cm 
in diameter) by abdominal ultrasonography and a mild 
accumulation of  FDG (SUVmax, 3.0) by PET-CT. A 
laparotomic lymph node biopsy led to the diagnosis of  
FL. Regarding the intestinal lesions, localized accumula-
tion was demonstrated by PET-CT (SUVmax, 3.9) per-
formed in the jejunum 25 mo later. The EGD showed 
swelling and thickening of  the folds that occupied half  
of  the lumen (Table 1).

Case 3 is a 66-year-old woman who underwent EGD 
because of  a 1-wk history of  postprandial epigastric dis-
comfort and dyspepsia. There were abnormal findings in 
the papillae of  vater (Table 1). This case showed intes-
tinal wall thickening with abnormal accumulation from 
the terminal ileum to the cecum by PET-CT (SUVmax, 
6.73) (Figure 2A and C). The endoscopic findings in the 
duodenum included eruptions with mild swelling and 
erosion at the papillae of  Vater. The jejunum and the il-
eum had sparse clusters of  small nodules. Portions from 
the terminal ileum (Figure 2B) to the ileocecal valve (Fig-
ure 2D) had dense clusters of  granules and nodules. 

Case 4 is a 61-year-old woman undergoing examina-
tions for leukocytosis (white blood cells, 29 740) (Table 1). 
The PET-CT of  this patient showed abnormal accumu-
lations (SUVmax, 5.6) in broad areas from the descend-
ing portion of  the duodenum through the jejunum to 
the ileum (Figure 3A). The color of  the duodenal bulb 
was normal, and the macroscopic finding was rough 
mucosa. The mucosa of  the descending and horizontal 
portions of  the duodenum showed clusters of  numer-
ous whitish granules. The jejunum and the ileum had 
multiple ulcers with irregular margins that occupied the 
whole lumen, with edematous change in broad areas of  
the mucosa (Figure 3B).

DISCUSSION
FL-GI patients frequently have duodenal and small in-
testinal lesions, as has been already reported[2]. The mac-
roscopic findings of  patient endoscopies that were also 
detected using PET-CT were clusters of  numerous whit-
ish granules spreading over the mucosa, concealing the 
folds, obvious swelling and thickening of  folds and dense 
clusters of  granules and nodules (Cases 1-3). PET-CT 
could detect lesions of  ulcers with irregular margins that 
occupied the whole lumen with edematous mucosa as 
well as lesions with clusters of  numerous whitish granules 
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(Case 4). Lesions with a scattered distribution of  whitish 
granules and small nodules were not shown as abnormal 
accumulations by PET-CT (Cases 1 and 3). It is assumed 
that a greater wall thickness of  a GI lesion results in a 
greater possibility of  abnormal accumulation according 
to the PET-CT results.

There were 2 FL-GI patients with small intestinal 
tumors whose initial symptom was ileus (4.3% of  FL-GI 
at our division in April 2012). PET-CT is a valuable tool 
for the detection of  the lesions in these patients (PET-

CT findings not shown). The detection rate of  the GI le-
sions of  FL by PET-CT is generally reported to be rather 
low[9,10]. However, among the gastrointestinal lesions that 
were detected by PET-CT were cases with wall thicken-
ing and macroscopic clusters of  nodules, dense clusters 
of  whitish granules or small nodules, fold thickening 
or ulcers that showed irregular margins and occupied 
the whole lumen with edematous mucosa. Therefore, 
PET-CT is useful in cases with lesions that are difficult 
to approach using DBE and in cases that have a risk of  

Figure 1  A 52-year-old man with follicular lymphoma of the gastrointestinal tract. A: 18F-fluorodeoxyglucose positron emission tomography combined with com-
puted tomography in transaxial images showed focal hypermetabolic activities (maximum standardized uptake value, 6.6 and 5.5, respectively) in the lesions of the 
descending portion of the duodenum and the duodenojejunal flexure (arrows), respectively; B: The esophago-gastro-duodenoscopic view with indigo carmine dye-
spray of the descending portion of the duodenum. Numerous whitish granules densely clustered together.  

A B

Figure 2  A 66-year-old woman with follicular lymphoma of the gastrointestinal tract. A, C: 18F-fluorodeoxyglucose positron emission tomography combined with 
computed tomography in transaxial images showed focal hypermetabolic activities (maximum standardized uptake value, 6.73) in the lesion of the terminal ileum (A) 
(arrow) and the cecum (C) (arrows); B: The colonoscopic view with indigo carmine dye-spray of the terminal ileum. Numerous polypoid lesions of varying sizes (granules 
to small nodules) were densely clustered; D: The colonoscopic view of the ileocecal valve. Numerous polypoid lesions of varying sizes (granules to small nodules) 
were densely clustered.

A B

C D
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retention with VCE because of  stenosis due to tumors 
or wall thickening of  the deep portion of  small intestine. 
PET-CT is a useful tool for detecting the involvement of  
lymph nodes and other organs in follicular lymphoma[3]. 
It is not only useful for deciding whether VCE should be 
performed, but also for deciding the method by which 
lesions in the small intestine are approached using DBE, 
which is necessary for the pathological diagnosis of  the 
biopsy. 
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Case 
No.

Age 
(yr)

Sex Diagnosis 
(WHO grade)

Clinical stage 
(Lugano)

FLIPI Locations in GI tract Endoscopic appearances PET-CT

1 52 M FL (grade 1) Ⅰ Low Duodenum descending 
portion-duodenojejunal 

flexure

Dense cluster of whitish granules (+) descending portion 
and duodenojejunal 

flexure of duodenum
Jejunum Cluster of whitish granules (-)

Terminal ileum Normal lymph follicles (-)
2 62 F FL (grade 1) Ⅱ2 Intermediate Jejunum Swelling and thickening of folds (+) jejunum

Ileum Normal lymph follicles (-)
3 66 F FL (grade 1) Ⅱ2 Intermediate Papilla vater Mild swelling and erosion (-)

Jejunum Sparse cluster of small nodules (-)
Ileum Sparse cluster of small nodules (-)

Terminal ileum-ileocecal 
valve

Dense cluster of granules and nodules (+) ileocecal valve

4 61 F FL (grade 1) Ⅳ High Duodenal bulb Rough mucosa (-)
Duodenum descending 

portion-jejunum
Cluster of numerous whitish granules (+) duodenum-jejunum

Ileum Multiple ulcers with irregular margin (+) ileum

Table 1  Patients detected to have primary follicular lymphoma of gastrointestinal tract by 18F-fluorodeoxyglucose positron emission 
tomography combined with computed tomography

M: Male; F: Female; FL: Follicular lymphoma; WHO: World Health Organization; FLIPI: Follicular lymphoma international prognostic index; PET-CT: Posi-
tron emission tomography combined with computed tomography; GI: Gastrointestinal.

A B

Figure 3  A 61-year-old woman with follicular lymphoma of the gastroin-
testinal tract. A: 18F-fluorodeoxyglucose positron emission tomography com-
bined with computed tomography in a projected image showed hypermetabolic 
foci in broad areas of the gastrointestinal tract from the 2nd portion of the duo-
denum to the terminal ileum (maximum standardized uptake value, 5.6); B: The 
colonoscopic view with indigo carmine dye-spray of the terminal ileum. Multiple 
ulcers with irregular margins were observed. 
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Abstract
Transmesenteric hernias have bimodal distribution and 
occur in both pediatric and adult patients. In the adult 
population, the cause is iatrogenic, traumatic, or in-
flammatory. We report a case of transmesocolic hernia 
in an elderly person without any preoperative history. 
An 84-year-old Korean female was admitted with mid-
abdominal pain and distension for 1 d. On abdominal 
computed tomography, we diagnosed transmesocolic 
hernia with strangulated small bowel obstruction, and 
performed emergency surgery. The postoperative pe-
riod was uneventful and she was discharged 11 d after 
surgery. Hence, it is important to consider the possi-
bility of transmesocolic hernia in elderly patients with 
signs and symptoms of intestinal obstruction, even in 
cases with no previous surgery.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
The incidence of  internal hernia is less than 1%[1], and 
transmesocolic hernia is a particularly rare type of  in-
ternal hernia. The overall mortality is more than 50% 
in cases with strangulated small bowel obstruction[2]. In 
adults, transmesocolic hernias are most often caused by 
previous surgical procedures, abdominal trauma or in-
traperitoneal inflammation, and transmesocolic hernia in 
a person without a surgical history is extremely rare. We 
report such a case of  transmesocolic hernia with stran-
gulated intestinal obstruction.

CASE REPORT
An 84-year-old Korean female, with no past history of  
surgery, was admitted with mid-abdominal pain and dis-
tension for 1 d. Upon admission, her blood pressure was 
120/80 mmHg, heart rate 72 beats/min, and body tem-
perature 36.6 ℃. On physical examination of  the area of  
concern, mid-abdominal tenderness was observed. On 
admission, laboratory assessments were as follows: white 
blood cell count 14 500/mm3 (segmented neutrophil 
91.4%), hemoglobin concentration 12.8 g/dL, platelet 
count 272 000/mm3, sodium 135 mmol/L, potassium 4.5 
mmol/L, blood urea nitrogen 21.5 mg/dL, creatinine 0.9 
mg/dL, aspartate aminotransferase 18 IU/L, alanine ami-
notransferase 10 IU/L, alkaline phosphatase 256 IU/L, 
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lactate dehydrogenase 415 IU/L, g-glutamyltransferase 
17 IU/L, and C-reactive protein 1.04 mg/dL. A simple 
abdominal X-ray showed distended small bowel loops. 
Abdominal computed tomography (CT) revealed crowd-
ed small bowel loops (from distal jejunum to proximal 
ileum), with circumferential wall thickening and de-
creased enhancement in the middle and lower abdomen, 
and stretched mesenteric vessels with mesenteric edema 
(Figure 1). We diagnosed transmesocolic hernia with in-
testinal obstruction and performed emergency surgery. 
During the operation, a herniated small intestine with 
strangulation by perforated omentum was noted below 
the transverse colon (Figure 2). Strangulated herniation 
was seen 190 cm from the ligament of  Treiz, for a length 
of  160 cm. The strangulated small intestine herniation 
was resected and the omentum defect was closed. The 
postoperative course was uneventful and the patient was 
discharged on postoperative day 11, with a favorable 
follow-up as an outpatient for 1 mo.

DISCUSSION
An internal hernia is the protrusion of  an abdominal 
organ through a normal or abnormal mesenteric or pe-
ritoneal aperture[3]. An internal hernia can be acquired 
as a result of  trauma or a surgical procedure, or may be 

constitutional and related to congenital peritoneal de-
fects. In the broad category of  internal hernias, there are 
several main types based on their location, as tradition-
ally described by Meyers. These consist of  paraduodenal 
(53%), pericecal (13%), foramen of  Winslow-related (8%), 
transmesentric and transmesocolic (8%), intersigmoid 
(6%), and retroanastomotic (5%), with the overall inci-
dence of  internal hernia being 0.2%-0.9%[2]. The trans-
mesenteric hernia has three main types: transmesocolic, 
through a small-bowel mesenteric defect, and Peterson’s  
hernia[1]. Most transmesocolic hernias in children result 
from a congenital defect in the small bowel mesentery 
close to the ileocecal region. Congenital defects occur 
following the embryonic formation of  an intestinal loop 
in thin avascular areas of  the mesentery (e.g., the mesen-
teries of  the lower ileum, the sigmoid mesocolon, and 
the transverse mesocolon). As a consequence, there are 
multiple theories of  congenital causes of  such mesen-
teric defects[4]. It is likely that the congenital condition is 
associated with prenatal intestinal ischemic accidents due 
to the observed frequently in infants with atretic bowel 
segments. In adults, transmesocolic hernias are most of-
ten caused by previous surgical procedures, abdominal 
trauma or intraperitoneal inflammation. When the small 
bowel is herniated through a defect in the mesentery or 
omentum, the herniated bowel is compressed against 
the abdominal wall. In this case, the herniated bowel is 
clustered and lies outside the colon which is displaced 
centrally[5].

Transmesocolic hernias are more likely than other 
subtypes to develop volvulus and strangulation, or isch-
emia, the reported incidence of  which are as high as 30% 
and 40%, respectively, with mortality rates of  50% for 
treated groups and 100% for non-treated subgroups[2,6]. 
Clinically, internal hernias can be asymptomatic, or can 
cause discomfort ranging from constant vague epigastric 
pain to intermittent colicky periumbilical pain, while ad-
ditional symptoms include nausea and vomiting[1].

An internal hernia is difficult to diagnosis by physical 
examination, and the most important diagnostic method 
is abdominal CT. It has been suggested that the two 
findings of  a peripherally located small bowel, and lack 

Figure 1  Abdominal computed tomography findings. Crowded small bowel loop (from distal jejunum to proximal ileum) with circumferential wall thickening and 
decreased enhancement in the middle and lower abdomen, stretched mesenteric vessels with mesenteric edema. A: Sagittal view; B: Transverse view.

A B

Figure 2  Intraoperative findings. Herniated small intestine with strangulation 
by perforated omentum (arrow) below the transverse colon. 
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of  omental fat between the loops and the anterior ab-
dominal wall, might be the most helpful CT signs, with 
an overall sensitivity of  85% and 92% for each respec-
tive finding[6,7]. Observation of  the clustering of  small 
bowel loops and an abnormality in the mesenteric ves-
sels are helpful findings on abdominal CT.

In adults, a previous surgical procedure, as well as 
trauma or inflammation are the most common causes of  
transmesocolic hernia. Our case was a rare presentation 
in an elderly person without a history of  trauma, and 
without previous surgery[8-12]. The patient had non-spe-
cific symptoms and signs on plain abdominal X-ray, but 
also non-specific abdominal distension upon physical 
examination. In the case of  internal hernia, these defects 
may be idiopathic, but we can speculate that a small con-
genital defect existed without any hernia, and enlarged 
due to the aging. A transmesocolic hernia is difficult to 
diagnosis preoperatively despite the array of  diagnostic 
techniques currently available. In patients suspected of  
having an internal hernia, early surgical intervention may 
be advisable due to the high morbidity and mortality 
rates. Therefore, it is important to consider the possibil-
ity of  a transmesocolic hernia when patients have signs 
and symptoms of  intestinal obstruction, even in cases of  
elderly patients with no previous surgical history.
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Abstract
Helicobacter pylori  (H. pylori ) is a pathogen and the 
most frequent cause of gastric ulcers. There is also a 
close correlation between the prevalence of H. pylori 
infection and the incidence of gastric cancer. We pres-
ent the case of a 38-year-old woman referred by her 
primary care physician for screening positron emission 
tomography-computed tomography (PET-CT), which 
showed a nodular strong accumulation point with 
standardized uptake value 5.6 in the gastric fundus. 
Gastroscopy was then performed, and a single arched 
ulcer, 12 mm in size, was found in the gastric fundus. 
Histopathological examination of the lesion revealed 
chronic mucosal inflammation with acute inflammation 
and H. pylori  infection. There was an obvious mitotic 
phase with widespread lymphoma. Formal anti-H. py-
lori  treatment was carried out. One month later, a gas-
troscopy showed a single arched ulcer, measuring 10 
mm in size in the gastric fundus. Histopathological ex-

amination revealed chronic mucosal inflammation with 
acute inflammation and a very small amount of H. py-
lori  infection. The mitotic phase was 4/10 high power 
field, with some heterotypes and an obvious nucleolus. 
Follow-up gastroscopy 2 mo later showed the gastric 
ulcer in stage S2. The mucosal swelling had markedly 
improved. The patient remained asymptomatic, and a 
follow-up PET-CT was performed 6 mo later. The nodu-
lar strong accumulation point had disappeared. Follow-
up gastroscopy showed no evidence of malignant can-
cer. H. pylori -associated severe inflammation can lead 
to neoplastic changes in histiocytes. This underscores 
the importance of eradicating H. pylori , especially in 
those with mucosal lesions, and ensuring proper fol-
low-up to prevent or even reverse early gastric cancer. 

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram-negative micro-
aerophilic bacterium that colonizes the stomach of  ap-
proximately two-thirds of  the human population and is 
involved in the pathogenesis of  various gastroenterologi-
cal diseases including gastric ulcer and gastric cancer. 
H. pylori’s interaction with the host has an impact on the 
severity of  these diseases and their clinical outcome[1,2].

The mechanisms of  H. pylori-related colonization are 
not fully understood. However, different types of  H. py-
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lori virulence factors, especially cytotoxin-associated gene 
A (CagA), vacuolating cytotoxin A (VacA), outer inflam-
mation protein A and so on are reported to be correlated 
with H. pylori-related diseases. One of  the major bacterial 
virulence factors, the VacA, seems to be involved in the 
physiologic mechanism. The VacA protein encoded by 
the polymorphic H. pylori VacA gene, is produced and se-
creted by all bacterium strains and induces the formation 
of  intracellular vacuoles in epithelial cell lines in vitro. En-
vironmental and demographic data also interfere with the 
pathophysiology of  H. pylori-associated gastric diseases[3].

CASE REPORT
We present a case of  a 38-year-old woman with a history 
of  thyroid cancer who was referred by her primary care 
physician for a screening positron emission tomography-
computed tomography (PET-CT). She was essentially 
asymptomatic and did not report any abdominal pain, 
dysphagia, nausea, or vomiting. Findings of  a physical 
examination were unremarkable.

PET-CT showed a nodular strong accumulation point 
with standardized uptake value (SUV) 5.6 in the gastric 
fundus (Figure 1A). Gastroscopy was then performed, 
and demonstrated a single arched ulcer, measuring 12 
mm in size, in the gastric fundus (Figure 2A and B). 
Histopathological examination revealed that the lesion 
had chronic mucosal inflammation with acute inflamma-
tion and H. pylori infection. There was an obvious mitotic 
phase with widespread lymphoma immunohistochemi-
cal staining was positive for CD4 (T cell), CD3 (T cell), 
CD20, Ki-67 (+25%), CD79a (+++), PAX-5, CD45RO 
and negative for CD56, TIA-1, TIF-1, Bcl-6, CD10, 

CD30, CD34, CD117, CK, MUM-1, MPO (Figure 3A).
The patient was given H. pylori eradication therapy, 

based on proton pump inhibitor-clarithromycin-amox-
icillin-mucosal protective agent treatment, the so-called 
quadruple 14 d therapy. One month later, gastroscopy 
was performed and showed a single arched ulcer, mea-
suring 10 mm in size in the gastric fundus (Figure 2C). 
Histopathological examination revealed that the lesion 
had chronic mucosal inflammation with acute inflam-
mation and a small amount of  H. pylori infection (Figure 
3B). The mitotic phase was 4/10 high power field with 
some heterotypes and an obvious nucleolus. Immunohis-
tochemical staining showed tissue cell-like cells positive 
for S-100, vimentin, CD68, Ki-67 (30%) and negative 
for CD1a, CD21,Bcl-2, CD3, CD20, CD30, CD45RO, 
CD117 and PAX-5 (Figure 3C). For further examination, 
immunohistochemical staining was repeated by the Bei-
jing Cancer Hospital and showed that staining for CD1a 
was positive for focal lesions (Figure 3D). The shape and 
immunophenotype indicated Langerhans histiocytosis. 
Because of  the active growth of  cancer cells, the patient 
was referred for medical oncology evaluation for this un-
usual pathologic finding with malignant potential. 

Follow-up gastroscopy 2 mo later showed that the gas-
tric ulcer was in stage S2 (Figure 2D). The mucosal swell-
ing was markedly reduced. Endoscopic ultrasonography 
showed that the local echo was normal and each layer was 
clearly divided (Figure 2E). Histopathological examination 
showed chronic mucosal inflammation with lymphoid tis-
sue hyperplasia in the lamina propria (Figure 3E).

The patient remained asymptomatic, and a follow-up 
PET-CT was performed 6 mo later. The nodular strong 
accumulation point with SUV 5.6 in the gastric fundus 
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A B
Figure 1  Positron emission tomography-comput-
ed tomography. A: Positron emission tomography-
computed tomography showed a nodular strong 
accumulation point with standardized uptake value 5.6 
in the gastric fundus; B: After treatment, the nodular 
strong accumulation point in the gastric fundus had 
disappeared. 
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Figure 2  Gastroscopy showed a single arched ulcer and changes after treatment. A, B: A single arched ulcer, measuring 12 mm in size, was found in the gastric 
fundus (July 1, 2011); C: A single arched ulcer, measuring 10 mm in size, was found in the gastric fundus (August 16, 2011); D: The gastric ulcer was in stage S2 (October 
13, 2011 ); E: Endoscopic ultrasonography showed that the local echo was normal and each layer was clearly divided (October 13, 2011); F: The gastric ulcer was in 
stage S2 (April 25, 2012).

A B C
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Figure 3  Histopathology changes after treatment. A: Histopathological examination revealed that the lesion had chronic mucosal inflammation with acute inflam-
mation and a small amount of Helicobacter pylori (H. pylori) infection. The mitotic phase was obvious and lymphoma was widespread [hematoxylin and eosin (HE), ×
400, July 2, 2011]; B: Histopathological examination revealed chronic mucosal inflammation with acute inflammation and a only a small amount of H. pylori infection. 
The mitotic phase was 4/10 high power field (HE, ×400, August 17, 2011); C: Immunohistochemical staining showed tissue cell-like cells with S-100 (×400, August 17, 
2011); D: Immunohistochemical staining was repeated by the Beijing Cancer Hospital and showed that staining for CD1a was positive for focal lesions (×400, August 
25, 2011); E: Histopathological examination showed chronic mucosal inflammation with lymphoid tissue hyperplasia in the lamina propria (HE, ×400, October 14, 
2011); F: Histopathological examination revealed that chronic mucosal inflammation with acute inflammation (HE, ×10 , May 8, 2012).

Li TT et al . A rare case of gastric ulcer



2003 March 28, 2013|Volume 19|Issue 12|WJG|www.wjgnet.com

in host cells. Depending on the relative exposure of  cells 
to CagA genotypes, this may contribute to the various 
disease outcomes caused by H. pylori infection in different 
individuals[10].

Epidemiologic studies have demonstrated that H. 
pylori infection is associated with increased risk of  the 
development of  gastric cancer[13-15]. Animal studies have 
also shown that H. pylori infection leads to gastric carci-
nogenesis, especially intestinal phenotypes. Yu et al[16] car-
ried out an in vitro study of  cell transformation induced 
by H. pylori and showed that H. pylori induced morpho-
logic changes in GES-1 cells and significantly increased 
the proliferation of  GES-1 cells. Because the transition 
from inflamed mucosa to atrophic change is a common 
route to carcinogenesis, the effect of  H. pylori eradication 
on the incidence of  this early precursor lesion is of  inter-
est[17]. Since H. pylori infection is associated with gastric 
carcinoma, therapy is warranted for its eradication[5,18,19].

This was a rare case of  a H. pylori-related gastric ulcer 
that resembled gastric cancer. PET-CT SUV was high, 
and gastroscopy showed a large ulcer with malignant-like 
histopathological features. However, after H. pylori eradi-
cation treatment, the lesion recovered quickly and follow-
up examination showed no evidence of  malignant cancer. 
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had disappeared (Figure 1B). Follow-up gastroscopy at 
the same time showed that the gastric ulcer was in stage 
S2 (Figure 2F). Histopathological examination revealed 
that the lesion had chronic mucosal inflammation with 
acute inflammation (Figure 3F). Therefore, we found no 
evidence of  malignant cancer.

DISCUSSION
H. pylori infection is a worldwide disease, with about half  
of  the world’s population harboring this bacterium in 
their stomach. The infection is asymptomatic in most 
individuals. However, it is the leading cause of  non-ulcer 
dyspepsia, peptic ulcers and gastric tumors[4]. 

H. pylori is able to survive in the gastric acidic envi-
ronment because of  its ability to synthesize urease, an 
enzyme which can neutralize the stomach acidic pH. 
It seems to play a role in the mechanisms which lead 
to gastric cancer by inducing methylation in different 
genes, interfering with apoptotic pathways and by caus-
ing inflammatory events leading to gastritis, then to 
atrophic gastritis and possibly to gastric cancer[5]. It may 
affect the acid secretion of  the parietal cells by causing 
mucosal inflammation. Gastric acid secretion depends 
on the localization and the degree of  the inflammation. 
Acute infection with H. pylori results in hypochlorhydria, 
whereas chronic infection can cause either hypo- or 
hyper-chlorhydria, depending on the distribution of  the 
infection and the degree of  corpus gastritis[6]. H. pylori is 
a powerful carcinogen, since it is able to induce genetic 
changes, such as hypermethylation events, contributing to 
cell transformation[5].

H. pylori is well recognized as a class Ⅰ carcinogen 
because long-term colonization by this organism can 
provoke chronic inflammation and atrophy, which can 
further lead to malignant transformation[7]. Chronic in-
flammation plays important roles in the development of  
various cancers, particularly in digestive organs, includ-
ing H. pylori-associated gastric cancer[8]. During chronic 
inflammation, H. pylori can induce genetic and epigenetic 
changes, including point mutations, deletions, duplica-
tions, recombinations, and methylation of  various tumor-
related genes through various mechanisms, which act in 
concert to alter important pathways involved in normal 
cellular function, and hence accelerate inflammation-
associated cancer development[9]. Alfizah et al[10] reported 
that variant of  H. pylori CagA proteins induce different 
magnitudes of  morphological changes in gastric epithelial 
cells. In his study, the CagA protein was injected into gas-
tric epithelial cells and supposedly induced morphological 
changes termed the “hummingbird phenotype”, which is 
associated with scattering and increased cell motility. The 
molecular mechanisms leading to the CagA-dependent 
morphological changes are only partially known[11,12]. 
The activity of  different CagA variants in the induction 
of  the hummingbird phenotype in gastric epithelial cells 
depends at least in part on EPIYA motif  variability. The 
difference in CagA genotypes might influence the poten-
tial of  individual CagAs to cause morphological changes 
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Abstract
Gastric gastrointestinal stromal tumor (GIST), esopha-
geal squamous cell carcinoma and gastric cardia ad-
enocarcinoma are distinct neoplasms originating from 
different cell layers; therefore, simultaneous develop-
ment of such carcinomas is relatively rare. Auxiliary 
examinations revealed coexistence of esophageal and 
gastric cardia carcinoma with lymph node metastasis 
in a 77-year-old man. Intraoperatively, an extralumi-
nal tumor (about 6.0 cm × 5.0 cm × 6.0 cm) at the 
posterior wall of the gastric body, a tumor (about 2.5 
cm × 2.0 cm) in the lower esophagus, and an infiltra-
tive and stenosing tumor (about 1.0 cm × 2.0 cm) in 
the gastric cardia were detected. Wedge resection for 
extraluminal gastric tumor, radical esophagectomy for 
lower esophageal tumor, and cardiac resection with 
gastroesophageal (supra-aortic arch anastomoses) 
were performed. Postoperative histological examina-
tion showed synchronous occurrence of gastric GIST, 
esophageal squamous cell carcinoma, and gastric car-

dia adenocarcinoma. Furthermore, immunohistochem-
istry indicated strong staining for c-Kit/CD117, Dog-1, 
Ki-67 and smooth muscle, while expression of S-100 
and CD34 was negative.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Recently, cases of  synchronous development of  a gas-
trointestinal stromal tumor (GIST) and another neo-
plasm with different incidence, etiology, evolution and 
prognosis have been reported more frequently[1-3]. Al-
though squamous cell carcinoma and adenocarcinoma 
constitute the most common type of  esophageal and 
gastric cardia tumor, respectively, simultaneous devel-
opment of  a GIST is relatively rare. Here, we report 
a case of  synchronous occurrence of  gastric GIST, 
esophageal squamous cell carcinoma, and gastric cardia 
adenocarcinoma.

CASE REPORT
A 77-year-old man presented with dysphagia for 2 mo. 
Upper gastrointestinal endoscopy was performed, which 
showed a tumor arising from the lower esophagus and 
extending into the lumen, and an ulcerated tumor lo-
cated in the cardia, just below the gastroesophageal 
junction.
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He had no relevant past history or family history. 
Clinical examination did not find any palpable abdominal 
mass. Laboratory examination was normal. Esophagog-
raphy showed a filling defect in the anterior wall of  the 
lower esophagus (Figure 1). Computed tomography (CT) 
showed circumferential thickening of  the lower esopha-
geal wall with loss of  the lumen. Scanning at a lower 
level displayed focal thickening of  the gastric cardia wall 
with marked enhancement. Furthermore, scans obtained 
at lower levels displayed a large, heterogeneous, round 
mass close to the greater curvature of  the stomach. The 
patient was diagnosed presumptively with synchronous 
esophageal and gastric cardia carcinoma with lymph 
node metastasis (Figure 2).

Intraoperatively, an extraluminal tumor (about 6.0 
cm × 5.0 cm × 6.0 cm) at the posterior wall of  the gas-
tric body, a tumor (about 2.5 cm × 2.0 cm) in the lower 
esophagus, and an infiltrative and stenosing tumor (about 
1.0 cm × 2.0 cm) in the gastric cardia was detected. 
Wedge resection for extraluminal gastric tumor, radical 
esophagectomy for lower esophageal tumor, and cardiac 
resection with gastroesophageal (supra-aortic arch anas-
tomoses) were performed.

On histopathological examination, the gastric cardia 
tumor was a mid-differentiated gastric adenocarcinoma 
(pT1bN0M0), and the lower esophageal tumor was a low-
mid-differentiated squamous cell carcinoma (pT3N0M0) 
(Figure 3). There was no vascular invasion and no lymph 
node metastasis. 

Further histopathological examination of  the ex-
traluminal gastric tumor revealed GIST of  the high-
risk category, which showed a high mitotic index (> 10 
mitoses/50 high-power fields). Immunohistochemistry 
indicated strong staining for c-Kit/CD117, Dog-1, Ki-67 
and smooth muscle, while expression of  S-100 and CD34 
was negative (Figure 3). The patient was diagnosed with 
high-grade gastric GIST due to large tumor size (> 5 cm) 
and unfavorable histopathological features (high mitotic 
index and strong positivity for Ki-67).

DISCUSSION
GISTs are rare, accounting for only 0.1%-3% of  all 

gastrointestinal malignancies. Primary GISTs arise most 
commonly in the stomach (50%-70%), followed by the 
small intestine (25%-35%), colon and rectum (5%-10%) 
and esophagus (< 5%)[4]. These tumors are considered 

Figure 1  Esophagography showed a filling defect in the anterior wall of 
the lower esophagus.

Figure 2  Computed tomography scan. A: Circumferential thickening (arrow) 
of the lower esophageal wall with loss of lumen; B: Lower level displayed fo-
cal thickening (arrow) of the gastric wall with marked enhancement; C and D: 
Lower levels displayed a large, heterogeneous, round mass close to the greater 
curvature of the stomach (arrows).
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to originate from interstitial cells of  Cajal or their pre-
cursors, because both strongly express the c-Kit protein 
(CD117; a type Ⅲ tyrosine kinase receptor encoded by 
the c-Kit proto-oncogene)[5]. 

Radical surgery is the main treatment in primary re-
sectable GISTs. Recurrence, metastatic disease or unre-
sectable tumors could be treated with imatinib (a small-
molecule tyrosine-kinase inhibitor)[6].

Adenocarcinoma of  the stomach ranks as the second 
most common cancer worldwide, which comprises 80% 
of  all stomach cancers. Squamous cell carcinoma mainly 
occurs in the mid to lower esophagus, and is not com-
monly accompanied by other cancerous lesions. Suzuki 
et al[7] have reported that most lesions are in the stomach 
(59.6%), followed by the colon and rectum (12.3%). Var-
ious hypotheses, such as gene mutation, expression of  
metallothioneins, neighboring tissues being influenced 
by the same carcinogens, have been proposed regard-
ing the simultaneous development of  GIST and other 

cancers[8,9]. However, at present, no data are available to 
support such hypotheses. Furthermore, simultaneous 
occurrence of  gastric GIST, esophageal squamous cell 
carcinoma, and gastric adenocarcinoma has not often 
been reported in the literature. Simple coincidence could 
be the most reasonable explanation.

For patients with primary GIST, surgical resection 
is the only chance for cure. Resection can usually be ac-
complished with only wedge resection of  the stomach or 
segmental resection of  the small bowel for small GISTs, 
whereas extensive surgery is occasionally required for 
larger or poorly positioned GISTs[6].

The only curative treatment for esophageal or gastric 
cardia cancer is surgical resection. After esophagectomy, 
digestive tract reconstruction can be accomplished using 
the remaining stomach, depending on the location of  
the gastric tumor. The colon or jejunum is the frequent 
choice for esophageal substitution. In our opinion, di-
gestive tract reconstruction with the remaining stomach 

Figure 3  Microscopic images. A: Esophageal squamous cell carcinoma (×10); B: Gastric cardia adenocarcinoma (×10); C: Gastric gastrointestinal stromal tumor (×
10); D-F: Immunohistochemistry indicated strong staining for Dog-1 (D, × 40), c-Kit/CD117 (E, ×10), Ki-67 (F, ×10).
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should be a reasonable choice for old people (age > 75 
years). Although the GIST is large, only wedge resection 
of  the stomach was performed to keep enough stomach 
for digestive tract reconstruction.

In our case, we considered gastric adenocarcinomas 
to be an early stage gastric cancer and esophageal squa-
mous cell carcinoma to be a middle stage esophageal 
cancer. Meantime, the patient was diagnosed with high-
grade gastric GIST due to large tumor size (> 5 cm) and 
unfavorable histopathological features (high mitotic in-
dex and strong positivity for Ki-67). Therefore, we sug-
gested that the patient should undergo chemoradiation 
therapy and adjuvant imatinib treatment. However, the 
patient refused. A postoperative CT scan performed 3 
mo later showed no evidence of  tumor recurrence. The 
patient needs a long follow-up period.
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Abstract
In a recently published letter to the editor, we debated 
the proposal by Coccolini et al  to treat gastrointestinal 
stromal tumors (GISTs) of the esophagogastric junction 
with enucleation and, if indicated, adjuvant therapy. 
We highlighted that, because the prognostic impact of 
a T1 high-mitotic rate esophageal GIST is worse than 
that of a T1 high-mitotic rate gastric GIST, enucleation 
may not be adequate surgery for esophagogastric 
GISTs with a high mitotic rate. In rebuttal, Coccolini et 
al  pointed out the possible bias in assessment of the 
mitotic rates due to the lack of standardized methods 
and underlined that the site and features of the tumor 
need to be carefully considered in evaluation of the 
risk-benefit balance. Here we confirm that, apart from 
the problematic issue of mitotic counting, enucleation 
should not be indicated for GISTs at any site to reduce 
the risk of tumor rupture, which has been recently 
considered to be an unfavorable prognostic factor, and 
to avoid microscopic residual tumor. 

© 2013 Baishideng. All rights reserved.
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TO THE EDITOR
In a recent issue of  World Journal of  Gastroenterology, we 
debated[1] the proposal by Coccolini et al[2] to treat gastro-
intestinal stromal tumors (GISTs) of  the esophagogastric 
junction with enucleation and, if  indicated, adjuvant thera-
py. We highlighted that, because the prognostic impact of  
a T1 high-mitotic rate esophageal GIST is worse than that 
of  a T1 high-mitotic rate gastric GIST, enucleation may 
not be adequate surgery for esophagogastric GISTs with a 
high mitotic rate. In rebuttal, Coccolini et al[3] pointed out 
the possible bias in the assessment of  the mitotic rate due 
to the lack of  standardized methods and underlined that 
the site and features of  the tumor need to be carefully 
considered in the evaluation of  the risk-benefit balance.

Apart from the prognostic differences related to the 
anatomic localization of  the gastric GISTs (gastroesoph-
ageal junction-body-distal antrum), problematic mitotic 
counting is a significant issue in the staging and therapy 
of  GISTs. Controversies exist regarding how large the 50 
high-power field areas should be[4], varying from 5 mm2 
to 10 mm2. The area recommended by the European 
Guideline represents half  of  the area recommended by 
TNM Classification of  Malignant Tumors[5,6].

However, tumor rupture is a highly unfavourable 
prognostic factor, which should be considered rather 
than the mitotic rate, tumor site and tumor size in plan-
ning an effective treatment for GISTs. According to the 
modified risk stratification proposed by Joensuu et al[7] 
and Rutkowski et al[8], patients with tumor rupture are in-
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cluded in high-risk category GISTs.
On the other hand, according to updated National 

Comprehensive Cancer Network Guidelines[9], Coccolini 
et al[2] pointed out the value of  complete resection, leav-
ing a negative margin and an intact pseudocapsule. GISTs 
may be soft and fragile because of  intratumoral hemor-
rhage and/or necrosis; anyway they are surrounded by 
a pseudocapsule that should not be torn during surgery 
to avoid intra-abdominal seeding. From technical point 
of  view, enucleation of  GIST implies that the plane of  
dissection is conducted along the pseudocapsule with no 
distance margin on the entire surface of  the tumor - i.e., at 
best microscopic residual tumor (R1) surgery - or rather, 
enucleation maximizes the risks of  R1 and tumor rupture. 

 We think that complete resection should remain the 
standard surgical treatment for localized GISTs at any 
site through wedge resection for small size favorably po-
sitioned GISTs and variably extended segmental organ 
resection depending on the size and site for large and/or 
unfavourably positioned GISTs. To reduce the risk of  
tumor rupture with consequent risk of  tumor relapse and 
avoid microscopic residual tumor enucleation should not 
be indicated for any GISTs. For the risk of  tumor rupture , 
laparoscopic surgery should be avoided with large GISTs[5]. 
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