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Abstract
Despite improvements in surgical techniques and adju-
vant chemotherapy, the overall mortality rates in pan-
creatic cancer have generally remained relatively un-
changed and the 5-year survival rate is actually below 
2%. This paper will address the importance of achiev-
ing an early diagnosis and identifying markers for prog-
nosis and response to therapy such as genes, proteins, 
microRNAs or epigenetic modifications. However, there 
are still major hurdles when translating investigational 
biomarkers into routine clinical practice. Furthermore, 
novel ways of secondary screening in high-risk individu-
als, such as artificial neural networks and modern im-
aging, will be discussed. Drug resistance is ubiquitous 
in pancreatic cancer. Several mechanisms of drug re-
sistance have already been revealed, including human 
equilibrative nucleoside transporter-1 status, multidrug 
resistance proteins, aberrant signaling pathways, mi-

croRNAs, stromal influence, epithelial-mesenchymal 
transition-type cells and recently the presence of can-
cer stem cells/cancer-initiating cells. These factors must 
be considered when developing more customized types 
of intervention (“personalized medicine”). In the future, 
multifunctional nanoparticles that combine a specific 
targeting agent, an imaging probe, a cell-penetrating 
agent, a biocompatible polymer and an anti-cancer 
drug may become valuable for the management of pa-
tients with pancreatic cancer.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Pancreatic cancer has an approximate incidence of  11.4/ 
100  000 inhabitants per year, and is recognized as the 
fourth cause of  cancer-related death, with an overall 5-year 
survival of  less than 1%-2%[1-3]. Total costs, including 
care-related costs and loss of  production (due especially 
to premature death) related to pancreatic cancer in Swe-
den in the year 2009 were 86-93 million euros (population 
9.1 million), corresponding to a society cost in the West 
of  up to 10 million euros per 1 million inhabitants per 
year[4]. Smoking and also family history (in about 5%-10% 
of  cases) are established risk factors for the development 
of  pancreatic cancer[5]. There is a weaker positive associa-
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tion for other factors including obesity, diabetes mellitus, 
chronic pancreatitis, ABO genotype, race, periodontal 
disease, occupational exposures, dietary factors, Helicobacter 
pylori and gallstones[5,6]. It is to be stated that the median 
age at diagnosis is in general 66-68 years[7], though early 
onset pancreatic cancer, i.e., occurring prior to 50 years 
of  age, accounts for less than 6% of  patients and is as-
sociated with more advanced disease at presentation and 
a tendency for shorter overall survival[8]. Gender-specific 
differences in the incidence of  pancreatic cancer have 
been observed, including higher rates in males[9].

Chemotherapy and to a lesser extent, radiotherapy, 
have emerged as valuable adjuncts to the management of  
pancreatic cancer. A few studies reported that “margin-
ally resectable” pancreatic tumors shrink after radioche-
motherapy and may become resectable[10-12]. Neoadjuvant 
treatment of  resectable pancreatic cancer is associated 
with fewer positive lymph nodes and increased survival 
(median 34 mo vs 19 mo, P = 0.03)[13]. In the ESPAC-1 
study, 6 mo of  postoperative 5-fluorouracil (5-FU) and 
folinic acid (FA) increased median survival from 14 mo 
to 19.7 mo, but there was no effect provided by radio-
chemotherapy[14]. Long-term follow-up after adjuvant 
chemotherapy demonstrated even better results with a 
median 21-23 mo survival following adjuvant chemother-
apy vs 8-16 mo for observation[15,16]. The validity of  gem-
citabine as an adjuvant agent has been confirmed[17]. The 
ESPAC-3 study reported similar outcomes between 5-FU 
and FA vs gemcitabine (n = 1088)[18]. In unresectable pan-
creatic cancer, most regimens are also gemcitabine-based. 
The use of  gemcitabine has increased median survival 
from 3-4 mo to 5.5-7 mo[19-21]. Recently, FOLFIRINOX 
(oxaliplatin, irinotecan, leucovorin, fluorouracil) surpassed 
the effectiveness of  gemcitabine by showing longer sur-
vival (11.1 mo vs 6.8 mo; P < 0.001)[22]. The utilization of  
molecular targeted treatment in pancreatic cancer outside 
of  clinical trials has been limited. Erlotinib provided a 
modest survival benefit in advanced pancreatic cancer 
when used in combination with gemcitabine (6.2 mo vs 
5.9 mo)[23], but due to increased side-effects and increased 
costs it has not received wide clinical acceptance.  

This paper will focus on clinical and molecular aspects 
of  pancreatic cancer, discussing novel ways to improve 
early detection and prognostic prediction, as well as the 
design of  future targeted therapy, which is imperative in 
this era of  personalized medicine.

MOLECULAR PATHOGENESIS
Pancreatic ductal adenocarcinoma (PDAC) is believed to 
arise from precursor lesions that develop into invasive 
carcinoma through a multistep carcinogenic process. 
Pancreatic intraepithelial neoplasia (PanIN) is the most 
common preneoplastic lesion in patients with pancreatic 
cancer, being observed in approximately 80% of  cases[24]. 
Other precursor lesions of  PDAC are intraductal papil-
lary mucinous neoplasms (IPMN) and mucinous cystic 
neoplasms (MCN). The KRAS oncogene is the most 
commonly altered gene in pancreatic cancer. Inactivation 

of  the tumor-suppressor genes CDKN2A, TP53, DPC4 
and BRCA2, as well as chromosomal losses, gene am-
plifications and telomere shortening have also been ob-
served[6]. Reactivation of  developmental pathways, such 
as hedgehog, notch and wnt/β-catenin, may be crucial 
for the development of  PDAC[25]. In addition to genetic 
alterations, many lines of  evidence indicate that epi-
genetic changes play a role in pancreatic carcinogenesis. 
DNA methylation and histone modification frequently 
alter gene function without changing the DNA sequence, 
and have the potential to be used as diagnostic markers 
in pancreatic cancer[26]. MicroRNAs are non-coding seg-
ments of  RNA that can regulate gene expression. Aber-
rant expression of  microRNAs contributes to tumor pro-
gression and has been associated with drug resistance[27]. 

Because all three precursor lesions of  PDAC possess 
ductal characteristics, it has been suggested that the le-
sions develop from ductal cells. However, the study of  
mouse models of  pancreatic cancer has broadened the 
current understanding of  pancreatic carcinogenesis by 
showing other cells to be the cancer-initiating cells. Dif-
ferentiated acinar cells have been shown to cause PanIN 
and pancreatic cancer following activation of  KRAS in 
vivo[28-30]. Moreover, insulin-positive endocrine cells and 
PDX1-expressing cells have been demonstrated to in-
duce PDAC[31]. It should be noted that the cell of  origin, 
in which tumorigenesis is initiated, could be different 
from the cancer stem cell, which propagates the tumor[32]. 
Identification of  cells of  origin in PDAC may allow ear-
lier detection of  malignancy and better preventive and 
treatment tools. 

Crosstalk tumor-stroma
Desmoplasia is a characteristic feature of  pancreatic can-
cer and the stromal compartment has been considered to 
be a physical barrier for drug delivery[33]. The pancreatic 
stellate cell (PSC) has a key role in stroma formation. 
In addition to endogenous quiescent PSCs, bone mar-
row may also contribute to the population of  activated 
PSCs[34]. PSCs are involved in tumor growth, invasion, 
metastasis and resistance to radiochemotherapy[35-37]. Fur-
thermore, PSCs accompany cancer cells to distant meta-
static sites, stimulate angiogenesis and have the capacity 
to migrate over the endothelial barrier to and from blood 
vessels[38]. A limited number of  studies have attempted 
to block PSC activity in the setting of  pancreatic cancer. 
For example, halofuginine, a smad3-phosphorylation-
inhibitor, reduces PSC activation and prevents pancreatic 
xenograft tumor development[39]. Retinoic acid can also 
inhibit PSC activity and reduces wnt-β-catenin signaling 
in cancer cells and their invasive ability[40]. Key signal-
ing pathways between PSCs and cancer cells have been 
identified and involve e.g., sonic hedgehog, galectins, 
endothelins and platelet-derived growth factor[35], which 
thereby represent potential therapeutic targets. 

Cancer stem cells and epithelial-mesenchymal transition
Pancreatic cancer stem cells constitute a minority of  can-
cer cells (1%-5%) and have the ability to self-renew, and 
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are resistant to chemotherapy and radiation[41]. They are 
characterized by several surface markers including CD44, 
CD24, epithelial specific antigen, aldehyde dehydroge-
nase, CD133 and CXCR4[42]. Furthermore, it has been 
observed that pancreatic cancer cells that were cultured 
in gemcitabine demonstrated characteristics of  epithelial-
mesenchymal transition (EMT)[43]. They also showed 
increased expression of  cell surface proteins associated 
with cancer stem cells. In pancreatic cancer xenografts, 
radiation or gemcitabine therapy leads to enrichment of  
the EMT cells[44]. Wnt, notch and hedgehog are impor-
tant signaling events in cancer stem cells, and can be-
come novel therapeutic targets[41]. Ongoing clinical trials 
are currently investigating PRI-724 (inhibitor of  wnt), 
MK-0752 (inhibitor of  notch) and GDC-0449 (inhibitor 
of  hedgehog) in patients with advanced pancreatic cancer 
(www.clinicaltrials.gov). Future therapeutic strategies may 
need to combine targeting of  cancer stem cells and EMT 
cells with the targeting of  other cells in the microenvi-
ronment, e.g., stromal cells, in order to achieve maximal 
benefit.

Pro-inflammatory response
Inflammation is closely related to the development and 
progression of  pancreatic cancer, and molecular factors 
such as STAT3 have been suggested to play a key role in 
creating a pro-inflammatory tumor microenvironment[45]. 
Clinical studies have shown that a pro-inflammatory re-
sponse is both prognostically negative and promotes tu-
mor proliferation[46]. Inflammatory factors may also con-
tribute to the profound weight loss and cancer cachexia 
frequently seen in pancreatic cancer[47]. Elucidation of  the 
mechanisms underlying the crosstalk between inflamma-
tion, cancer and stroma may improve the management of  
pancreatic cancer, as a frequent desmoplastic reaction is 
noted.

Chemoresistance 
Gemcitabine has represented the first-line of  chemother-
apeutic agents in pancreatic cancer. A frequent problem, 
though, is drug resistance and lack of  response to therapy 
given. Nucleoside transporters, such as human equilibra-
tive nucleoside transporter-1 (hENT-1), appear to regu-
late the intracellular uptake of  gemcitabine[48]. One of  the 
proposed mechanisms of  chemoresistance is a reduction 
in hENT-1 expression. Determination of  hENT-1 status 
at the time of  cancer diagnosis, and also modifications 
of  gemcitabine in order to bypass the nucleoside recep-
tor, may represent novel types of  targeted approaches in 
the management of  patients with pancreatic cancer[48]. 
Multidrug resistance (MDR) proteins including ABC-
transporters have also been implicated in drug resistance 
in pancreatic cancer and limit the efficacy of  gemcitabi-
ne[49]. Another mechanism that contributes to chemore-
sistance is the tumor microenvironment surrounding the 
cancer cells, including cancer stem cells, EMT cells and 
stellate cells. Furthermore, the hypoxic stroma could be a 
physical barrier preventing chemotherapeutic drugs from 

reaching pancreatic cancer cells, and depletion of  the 
stroma could enhance cancer drug delivery[33]. Aberrant 
signaling pathways also have a role in drug resistance. 
The PI3K/Akt signaling pathway is commonly overactive 
in pancreatic cancer. PI3K stimulates proliferation and 
confers chemoresistance[50]. MicroRNAs have received 
increased attention in recent years. Targeting of  microR-
NAs may help overcome drug resistance in pancreatic 
caner and improve clinical outcome[27]. 

BIOMARKERS
Biomarkers can be applied in several areas of  disease 
management including diagnosis, prognosis, staging and 
prediction and monitoring of  therapeutic response. The 
different types of  biomarkers include genes, proteins, me-
tabolites, microRNAs and epigenetic modifications. CA 
19-9 has some value for detection of  recurrent disease[51], 
but so far no other biomarker is recommended for rou-
tine clinical use in pancreatic cancer. Recently, a seven-
gene panel was identified as being differentially expressed 
between pancreatic cancer (n = 36) and normal samples 
(n = 19)[52]. Validation using two blood-based biomark-
ers from this panel, tenascin C and tissue factor pathway 
inhibitor, yielded a combined area under the curve (AUC) 
of  0.88 and, with addition of  CA19-9, a combined AUC 
for the three-gene panel of  0.99 with 100% specificity at 
90% sensitivity and 97% sensitivity at 90% specificity. 

Proteomic profiling of  pancreatic cancer serum has 
been promising. Most studies have used surface en-
hanced laser desorption (SELDI) or matrix assisted laser 
desorption/ionization (MALDI) yielding a sensitivity 
in the range of  78% to 100% and a specificity between 
74% and 100%[53]. Immunohistochemistry (IHC) is the 
most practical method for evaluating protein expression 
changes in histopathology. It can be combined with tissue 
microarray technology to allow rapid testing of  immuno-
histochemical markers on many tumors in a single experi-
ment. During the past decade, a multitude of  immuno-
histochemical biomarkers that are potentially involved in 
pancreatic carcinogenesis and drug responsiveness have 
been studied for their prognostic and predictive value, 
but none of  them have yet proved to be sufficiently use-
ful for use in routine clinical practice[54]. Apart from the 
tumor compartment, stromal tissue may also be analyzed 
and it has been discovered that stromal secreted protein 
acidic and rich in cysteine has been associated with out-
come in pancreatic cancer[55]. A panel of  IHC markers 
may prove clinically valuable in the future. Furthermore, 
metabolomic studies of  pancreatic cancer are promising 
and may be useful in identifying benign from malignant 
conditions[56-58]. MicroRNA is a new class of  biomarkers. 
Aberrant expression of  miRNA-21 and miRNA-34a has 
been associated with survival in resectable pancreatic can-
cer[59]. Epigenetic changes, such as histone modification, 
may be used as novel biomarkers in pancreatic cancer[60].

Although a multitude of  investigational biomark-
ers have been identified, translation into routine clinical 
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of  pancreatic cancer in patients with type Ⅱ diabetes[74,75]. 
In xenograft models, metformin inhibits the growth of  
pancreatic cancer cells by interfering with insulin/IGF-1 
receptor and G-protein-coupled receptor signaling[76]. In 
addition, metformin can inhibit tumor growth by inacti-
vating cancer stem cell-like cells[77]. Studies have sought 
to elucidate molecular alterations that link diabetes and 
cancer, and one such molecular connection could be 
TCF7L2 (T-cell factor 7-like 2) and p53[78]. In a recently 
published case-control study, rs780094 was selected as 
one of  10 diabetes-associated single-nucleotide poly-
morphisms related to increased pancreatic cancer risk[79]. 
However, diabetes in pancreatic cancer is mostly new-on-
set, i.e., occurring 24 mo prior to cancer diagnosis, and is 
likely related to secondary effects from the tumor, which 
is supported by the observation that glucose metabolism 
is improved following tumor resection[71,80]. Although the 
exact mechanisms behind pancreatic cancer-induced dia-
betes are yet to be disclosed, there is ample evidence for 
a tumor-derived influence on glucose metabolism, leading 
to disturbed β-cell function, peripheral insulin resistance, 
hyperglycemia and finally diabetes mellitus[70]. 

SCREENING 
Pancreatic cancer develops over a long time span, pro-
viding a strong rationale for developing techniques for 
early detection. It may take ten years or more between 
the initial mutation and first non-metastatic tumor cell, 
and another five years for the development of  metastatic 
capacity and death after an additional two years[81]. This 
implies a therapeutic window of  opportunity for both 
early diagnosis and treatment. Chromothripsis is a new 
concept that involves the simultaneous acquisition of  
multiple mutations in a single catastrophic event. This 
phenomenon may be present in 2%-3% of  all human 
cancers, but the incidence may be higher in certain tu-
mors, such as osteosarcomas and chordomas[82].

Patients with pancreatic cancer usually have generic 
symptoms and are often difficult to diagnose at an early 
stage. There are several risk groups where secondary 
screening for pancreatic cancer may be appropriate, e.g., 
patients with heredity, IPMN, or new-onset diabetes mel-
litus[70,83-85]. Distinguishing pancreatic cancer-associated 
diabetes from the more common general type 2 diabetes 
may identify individuals with a potentially resectable pan-
creatic cancer[70-71]. Huang et al[86] identified vanin-1 and 
matrix metalloproteinase 9 as useful biomarkers for the 
discrimination of  pancreatic cancer-associated diabetes 
from type Ⅱ diabetes. 

Artificial neural networks represent non-linear pattern 
recognition techniques that simulate the analytic process-
es of  the human brain. They have been utilized in com-
plex medical decision-making, including diagnosis, prog-
nosis and risk stratification[87]. A major benefit of  these 
networks is the ability to recognize complex relationships 
between input and output data that may be hidden to 
conventional statistical methods. Initial reports on the use 
of  artificial neural networks combined with proteomic 

practice has been difficult. To improve methodological 
reporting several guidelines have been developed. For di-
agnostic biomarkers, the STAndards for Reporting Diag-
nostic accuracy (STARD) guidelines are available[61]. For 
prognostic studies, the REporting recommendations for 
tumor MARKer prognostic studies (REMARK) guide-
lines are available[62]. The process of  translating biomark-
ers is complex and the path from discovery to clinical 
application may be long and arduous. The effective dem-
onstration of  clinical utility of  the biomarker will remain 
the key to its gaining widespread acceptance, but regula-
tory issues and budgetary constraints of  the biomarker 
industry remain major challenges[63]. 

IMAGING
The detection of  precursor lesions of  pancreatic can-
cer would be a key factor in improving the prognosis. 
Non-invasive imaging techniques such as ultrasound, 
computed tomography and magnetic resonance imag-
ing do not accurately identify PanINs. Positron emission 
tomography (PET) is a functional imaging modality that 
utilizes the principle that metabolic alterations in tumors 
occur prior to notable morphological alterations. The ra-
dioactive tracer 18F-fluorodeoxyglucose (FDG) has been 
used extensively for PET imaging of  malignant tumors. 
Malignant tissue has increased glucose metabolism as 
compared to its surrounding tissue, which leads to fo-
cal FDG-uptake visualized by PET. PET/CT has come 
to play an increasing role in pancreatic cancer, due to 
the ability to accurately detect small primary pancreatic 
lesions and distant metastases, as well as recurrences fol-
lowing surgery[64-67]. It has been shown that an elevated 
glucose metabolism occurs already in precursor lesions 
of  pancreatic cancer, with the opportunity of  detecting 
these changes with PET/CT, and thus improving diag-
nosis and outcome[68]. Eser et al[69] recently described a 
technique that could improve diagnosis and also grading 
of  PanINs using in vivo molecular imaging based on ca-
thepsins. 

PANCREATIC CANCER AND DIABETES 
MELLITUS 
Up to 80% of  patients with pancreatic cancer have dia-
betes mellitus or pathologic glucose tolerance test at diag-
nosis[70]. Long-standing type Ⅱ diabetes is a predisposing 
factor for pancreatic cancer, while new-onset diabetes 
may indicate subclinical cancer[71]. The molecular mecha-
nisms linking long-standing diabetes to pancreatic cancer 
are incompletely understood. Diabetes may promote 
the neoplastic process by several mechanisms including 
hyperinsulinemia (endogenous or exogenous), hyper-
glycemia and chronic inflammation[72]. The insulin and 
insulin-like growth factor (IGF) receptors are frequently 
expressed in pancreatic cancer and contribute to neoplas-
tic growth and progression[73]. The administration of  the 
anti-diabetic agent metformin may reduce the incidence 
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data have provided promising results concerning the de-
tection of  pancreatic cancer[88]. The future application of  
artificial neural networks based on parameters including 
age, smoking, heredity, chronic pancreatitis, new-onset 
diabetes mellitus, biomarkers and imaging findings imply 
promise for early detection of  pancreatic cancer, and may 
be used as screening tools.

NANOMEDICINE
Nanomedicine is defined as the application of  nanotech-
nology to medicine. Nanoparticles are in the range of  
1-100 nm. Examples of  nanoparticles include liposomes 
(phospholipid vesicles), dendrimers (synthetic polymers), 
carbon nanotubes (fullerene), quantum dots (colloi-
dal fluorescent semiconductor nanocrystals), magnetic 
nanoparticles (spherical nanocrystals with a Fe2+ and Fe3+ 
core) and gold nanoparticles (metallic nanoparticles). The 
application of  nanoparticles in medicine include e.g., di-
agnostics, imaging and drug delivery. 

Nanoparticles enable refined diagnostics at the level 
of  single cells and molecules. For example, magnetic 
nanoparticles have been coupled with molecular targeting 
ligands to improve imaging of  early pancreatic tumors in 
vivo[89]. Quantum dots conjugated with RGD peptides have 
been reported for in vivo imaging of  pancreatic tumor 
vasculature[90]. Drug resistance is a recognized challenge in 
pancreatic cancer. Gemcitabine-squalene obtained by co-
valently coupling gemcitabine at the 4-amino group with 
squalene, a natural lipid, has been shown to make tumor 
cells more sensitive to gemcitabine[91]. Recently, poly-
meric nanoparticles encapsulating hedgehog-inhibitors 
or curcumin have been produced that inhibit the growth 
of  orthotopic pancreatic cancer xenografts[92,93]. Gold 
nanoparticles have been utilized to induce intracellular 
hyperthermia in a murine model of  pancreatic cancer 
after radiofrequency field exposure[94]. An ongoing phase 
I study (NCT00968604) of  advanced pancreatic cancer is 
currently investigating the effects of  intravenous injection 
of  the liposome nanoparticle BikDD, which contains a 
pro-apoptotic agent. Several nanoparticle-based anticancer 
drugs are already on the market, e.g., Abraxane® (albumin-
bound paclitaxel), Myocet® (liposomal doxorubicin) and 

Oncaspar® (PEG-L-asparaginase)[95]. 
While monofunctional nanoparticles only carry out 

one function, multifunctional nanoparticles have the abil-
ity to perform several tasks. Multifunctional nanocarriers 
using a specific targeting agent, an imaging probe, a cell-
penetrating agent such as TAT peptide, a biocompatible 
polymer such as polyethylene glycol (PEG) and an anti-
cancer drug, may result in effective tumor destruction 
with minimal toxicity (Figure 1). 

CONCLUSION
Pancreatic cancer is a condition with an almost total lethal 
outcome. Despite advancement in surgical techniques 
and adjuvant treatment, the prognosis has only margin-
ally improved. Novel therapeutic interventions have been 
tested but with limited effect. Research should continue 
to focus on biomarkers for early diagnosis, prognosis 
and prediction and monitoring of  therapeutic response. 
Screening of  high-risk individuals using novel approaches 
such as artificial neural networks could be considered. 
Mechanisms of  chemoresistance have been elucidated, in-
cluding hENT-1 status, MDR proteins, aberrant signaling 
pathways, microRNAs and micro-environmental factors, 
which should underlie future development of  targeted 
therapy. The identification of  cancer-initiating cells rep-
resents a fundamental shift in our understanding of  the 
intrinsic drug resistance of  pancreatic cancer. Multifunc-
tional nanoparticles have the potential to combine imag-
ing, diagnosis and therapy in a single vehicle. It is expected 
that nanomedicine will have a prominent role in the quest 
for a successful therapy for this recalcitrant disease. 
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Abstract
The worldwide incidence and prevalence of cystic 
echinococcosis have fallen dramatically over the past 
several decades. Nonetheless, infection with Echinococ-
cus granulosus (E. granulosus) remains a major public 
health issue in several countries and regions, even in 
places where it was previously at low levels, as a result 
of a reduction of control programmes due to economic 
problems and lack of resources. Geographic distribution 
differs by country and region depending on the pres-
ence in that country of large numbers of nomadic or 
semi-nomadic sheep and goat flocks that represent the 
intermediate host of the parasite, and their close con-
tact with the final host, the dog, which mostly provides 
the transmission of infection to humans. The greatest 
prevalence of cystic echinococcosis in human and ani-
mal hosts is found in countries of the temperate zones, 
including several parts of Eurasia (the Mediterranean 

regions, southern and central parts of Russia, central 
Asia, China), Australia, some parts of America (espe-
cially South America) and north and east Africa. Echi-
nococcosis is currently considered an endemic zoonotic 
disease in the Mediterranean region. The most frequent 
strain associated with human cystic echinococcosis ap-
pears to be the common sheep strain (G1). This strain 
appears to be widely distributed in all continents. The 
purpose of this review is to examine the distribution of 
E. granulosus  and the epidemiology of a re-emerging 
disease such as cystic echinococcosis.
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INTRODUCTION
Cystic echinococcosis (CE) is a near-cosmopolitan zoono-
sis caused by adult or larval stages of  tapeworms (cestodes) 
belonging to the genus Echinococcus (family Taeniidae). 
Actually, six species of  Echinococcus have been recognized, 
but the most important members of  the genus in respect 
of  their public health importance and their geographical 
distribution are Echinococcus granulosus (E. granulosus) (which 
causes cystic echinococcosis) and Echinococcus multilocularis 
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(which causes alveolar echinococcosis). Infection with 
E. granulosus results in the development of  one or several 
unilocular hydatid cysts that in humans develop mainly 
in the liver (70%), but also lungs (20%) and 10% of  cysts 
can occur almost anywhere in the body (e.g., brain, body 
musculature, wall of  the heart, kidneys, orbit of  the eye, 
marrow cavity of  bones). E. multilocularis metacestodes 
develop as a series of  small, interconnected cysts, grow-
ing as a metastasising lesion almost exclusively in the liver 
(98%-100%), but in the later phase of  infection distant 
metastases in other organs may occur.

E. multilocularis is a cestode whose life cycle involves 
a tapeworm stage during which it lives in the small in-
testine of  carnivores (definitive hosts, usually wild or 
domestic canids), and a tissue-invading metacestode 
(larval) stage during which echinococcal cysts develop in 
internal organs (mainly liver and lungs) of  humans and 
other intermediate hosts as unilocular fluid-filled bladders 
surrounded by a host-produced layer of  granulomatous 
adventitial reaction. Small vesicles called brood capsules 
bud internally from the germinal layer and produce mul-
tiple protoscolices by asexual division. In humans, the 
slowly growing echinococcal cysts may reach a volume of  
several litres and contain many thousands of  protoscoli-
ces. Moreover, internal septations and daughter cysts may 
appear over time, disrupting the unilocular pattern typical 
of  the young echinococcal cysts. 

Infection of  an intermediate host is due to accidental 
ingestion of  tapeworm eggs passed into the environ-
ment with faeces from definitive hosts. Transmission of  
E. granulosus could be due to domestic and wildlife res-
ervoirs, and is influenced by human activities, behaviour, 
and politics.

CE represents an increasing public health and socio-
economic concern in many areas of  the world[1-3] and is 
currently considered an endemic zoonose in the Medi-
terranean region (MR), in addition to brucellosis, rabies, 
leishmaniasis and food-borne zoonotic infections[4]. 
Given a geographic distribution and extent greater than 
previously believed, several studies have shown that hyda-
tidosis is currently considered an emerging or re-emerg-
ing disease[5,6]. The distribution and prevalence of  CE de-
pends on the presence in that country of  large numbers 
of  nomadic or semi-nomadic sheep and goat flocks that 
represent the intermediate host of  the parasite, and their 
close contact with the final host, the dog, which mostly 
provides the transmission of  infection to humans. 

Molecular studies conducted on mitochondrial DNA 
(mtDNA) sequences, have shown that E. granulosus com-
plex consists of  three species and comprise ten defined 
strains (genotype G1-10), based on morphology, host 
specificity and molecular characteristics[7,8]. The intraspe-
cific variants have substantial variation at the genetic level 
and DNA sequence[9], conferring several characteristics 
such as life-cycle patterns, host specificity, development 
rate, antigenicity, transmission dynamics, sensitivity to 
chemotherapeutic agents, and pathology[10,11]. These 
characteristics may have important implications for the 

design and development of  vaccines, diagnostic reagents 
and drugs impacting on the epidemiology and control 
of  echinococcosis[12,13]. Indeed, each Echinococcus species 
maintains a specific host-adapted genetic identity that 
only rarely overlaps in some geographical areas[5,11,14]. 

In this review we discuss aspects of  the current epide-
miology of  E. granulosus complex and highlight worldwide 
and specific distribution in recognised endemic areas.

SPECIES AND DISTRIBUTION OF 
E. GRANULOSUS COMPLEX
E. granulosus has a worldwide geographical distribution 
with endemic foci present on every inhabited continent 
(Figure 1). The greatest prevalence of  CE in human 
and animal hosts is found in countries of  the temperate 
zones, including several parts of  Eurasia (the Mediter-
ranean regions, southern and central parts of  Russia, 
central Asia, China), Australia, some parts of  America 
(especially South America) and north and east Africa[2,15].

The distinct genetic types of  E. granulosus include 
two sheep strains (G1 and G2), two bovid strains (G3 
and G5), a horse strain (G4), a camelid strain (G6), a pig 
strain (G7), and a cervid strain (G8). A ninth genotype 
(G9) has been described in swine in Poland[8,16] and a 
tenth strain (G10) in reindeer in Eurasia. Among these 
strains, we have available data for preliminary epidemio-
logical analyses only for some strains. In fact, some of  
them are still poorly characterised and further research 
is needed to determine with higher detail their host and 
geographic ranges and whether their genetic characteris-
tics are conserved between different endemic regions.

The most frequent strain associated with human CE 
appears to be the common sheep strain (G1). This strain 
appears to be widely distributed in all continents. Highest 
rates of  infection are recorded in communities involved 
in extensive sheep farming and epidemiological studies 
suggest that this genetic variant is the principal strain 
infecting humans[2,5,9,17]. Consequently, its presence coin-
cides with areas which have high prevalence of  human 
CE such as in Morocco, Tunisia, Kenya, Kazakhstan, 
western China and Argentina.

The G2 strain is known to be transmitted among 
sheep and infect humans also, but genetic differences 
biologically distinguish it from the G1 strain, conferring 
a different life cycle[18]. It has been found in Australia and 
previously also documented in Tasmania.

The G3 strain which is diffused among buffalos and 
transmitted by water, has been recorded in South Asia[19], 
but no susceptibility among humans has been found. 

The G4 strain, formerly known as Echinococcus equi-
nus, appears to infect exclusively equines as intermediate 
hosts and no human cases have been documented[9,20]. It 
is known to be diffused in the Mediterranean regions of  
Spain, Italy, Lebanon, and Syria, as well as in South Africa.

The former cattle strain (G5), known as Echinococcus 
ortleppi, is transmitted by cattle in Europe, Asia, parts of  
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Africa and South America and only one case in humans has 
been isolated in past years[21], suggesting a less pathogenic 
risk for humans than the sheep strain of  E. granulosus. 

G6-10 strains are poorly distinguished from each other 
but they are clearly distinct from the common sheep strain[5]. 
The G6 strain is known to principally affect camels and 
goats. Animal infection is diffused in the Middle East, 
Africa, southern Asia and South America[9] and cases of  
human infection have been found in Nepal, Iran, Mauri-
tania, Kenya and Argentina[5,17].

The G7 strain is transmitted by domestic pigs in Eu-
rope (Spain and Italy), Asia and South America, as well as 
the closely related genetic variant G9 that has been docu-
mented to affect Polish patients[16] although the animal 
reservoir is unknown. 

The G8 strains are known to be transmitted between 
wolves and wild cervids in the northern regions of  Eu-
rope, Asia and North America. Few cases of  human 
infection have been documented with a lower severity 
of  the disease than CE caused by other forms of  E. 
granulosus[22]. However, transmission between humans of  
this genetic variant seems to be low and further data is 
needed to better assess its pathogenicity.

Finally, some other genetic variants which are poorly 
characterized have been found in several countries. For 
example, the wildlife “lion” strain transmitted among 
lions and wild ungulates has been documented in Africa 
but no human infection has been found.

EPIDEMIOLOGY OF E. GRANULOSUS 
COMPLEX: WORLDWIDE DISTRIBUTION
America
The most ubiquitous taxa of  E. granulosus that occur in 
North America are the cervid strain (G8) and the sheep 

strain (G1). The former is diffused in wildlife mainly in 
Canada, Alaska and Minnesota[23]. The wildlife reservoir 
was found to be largely diffused among cervids and 
wolves, coyotes and domestic dogs[24]. EC started to be 
diagnosed in Canada after the 1950s following the intro-
duction of  routine chest X-rays for tuberculosis in some 
tribes of  native Americans (such as Indians and Eskimo) 
who were identified with pulmonary hydatidosis[24]. In the 
same period, a review of  101 autochthonous cases of  E. 
granulosus infection in Alaska were documented[22]. It has 
been estimated that 50% of  moose in Ontario and Brit-
ish Columbia are infected with the parasite[25] and that 
28%-50% of  dogs in the Canadian Northwest Territories 
are infected with E. granulosus[26]. In humans, pulmonary 
localization is quite diffuse. Indeed, a recent chart review 
performed in Alberta documented 22 definite and prob-
able cases, of  which 77% were female and 41% aborigi-
nal; 40% had pulmonary involvement and 50% hepatic 
involvement[27].

Sporadic autochthonous transmission among humans  
of  the sheep strain in the western States of  North Amer-
ica such as Arizona, California, New Mexico and Utah 
has been documented in reports from the 1960s[28]. The 
source of  these E. granulosus infections was Australian 
sheep dogs imported into Utah in 1938 when the parasite 
diffused among sheep of  this area as well as adjoining 
states through trading of  live sheep[29]. Moreover, another 
source of  infection were immigrants from countries in 
which echinococcosis disease is highly endemic, histori-
cally Icelanders, Italians and Greeks, but in more recent 
years, mostly persons of  Middle Eastern and Asian origin. 
After the Second World War, foci of  transmission involv-
ing swine and dogs were reported in several areas such the 
Mississippi valley due to the close relationship between 
humans and dogs[30] but transmission of  infection ap-
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Figure 1  Worldwide distribution of the zoonotic strains of Echinococcus granulosus and geographical endemicity. 
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hydatidosis prevalence in animals in this area reported a 
prevalence of  infection to be 25.5% of  cattle, 30.2% of  
sheep[42] and from 11.4% to 38% of  dogs[49]. Data about 
human hydatidosis documented a seroprevalence of  6% 
in the rural population and 3.5% in the urban population 
of  Sena Madureira[50]. However, the few data available to 
allow conclusions on epidemiology of  different taxa often 
depend on control activities that are inconsistent in their 
consideration of  the economic and public health impact 
of  echinococcosis in these areas.

Australia
The most common strain currently found in Australia is 
the G1, while the G2 strain was previously also found in 
Tasmania[7,8,51]. This G2 strain probably evolved as a genet-
ically modified variant after a Tasmanian hydatid control 
campaign aimed to strictly control helminthic diffusion 
among dogs. Thus, this genetic variant became dominant 
because of  the limited gene pool on an island[18]. How-
ever, the absence of  diffusion of  the hydatid infection 
in wildlife and the intense hydatid control programmes 
allowed the eradication of  E. granulosus from Tasmania in 
the middle 1990s[52].

In Australia several areas have been documented at 
high risk of  transmission of  E. granulosus, especially in 
wildlife. The definitive hosts most commonly involved in 
transmission in south eastern Australia are represented by 
the wild dog[53,54], while the most common intermediate 
hosts are grey kangaroos and wallabies[54]. Western Aus-
tralia, south of  Perth, is another active area of  transmis-
sion of  E. granulosus[55]. In this region, similar intermediate 
hosts have been found[10] while in northern Western Aus-
tralia the source of  infection has yet to be confirmed[56]. 

However, wildlife reservoirs play the main role in 
maintaining a constant source of  transmission for domes-
tic livestock, domestic dogs and humans[53,54,57-60]. Recent 
analyses assessed infection in wild dogs caught in the out-
er suburbs of  Townsville, Queensland[61], and in those ex-
amined from the Maroochy Shire, eastern Queensland[62]. 
Sheep infection is still common in farms with a high 
number of  poorly managed domestic dogs; additionally 
livestock are often hunted by wild dogs contaminating the 
pasture with eggs of  E. granulosus[53]. However, dog and 
sheep infection prevalence seems to be decreasing over 
the last years[60], although recent surveys reported a re-
emergence of  domestic transmission of  E. granulosus in 
some rural areas of  south eastern regions where it was 
found that 29% of  344 rural dogs in New South Wales 
and 18% of  218 Victorian dogs tested positive[63]. 

Annually, new cases of  human hydatidosis appear 
stable, numbering between 80 and 100 among the entire 
country[60,64]. Human transmission has traditionally been a 
public health problem of  rural people due to E. granulosus 
infected domestic animals, but there is increasing poten-
tial for accidental exposure of  urban residents due to the 
infiltration in urban centres by infected wildlife definitive 
hosts such as foxes and wild dogs. In fact, these animals 
are attracted to public recreation areas commonly fre-

peared to have ended by mid-century[31]. Then, an epidem-
ic focus of  sheep and human infection in western states 
including California, Utah, New Mexico and Arizona in 
the mid-1960s was traced[28]. Most infections occurred in 
high-risk groups such as sheep farmers and those involved 
in home slaughter including Basque-Americans in Califor-
nia[32], Mormons in central Utah[33], and Navajo and Zuni 
Indians in New Mexico and Arizona[33-35].

As well as in the United States, all genetic variants of  
the E. granulosus complex have been introduced into South 
America with domestic animals imported from other re-
gions, such as Europe. The principal strain of  E. granulosus 
is the sheep strain (G1), widely diffused in Peru, Chile, 
Argentina and Brazil[2].

In the central Peruvian Andes, the prevalence of  hy-
datidosis in livestock has been noted to be 89% in sheep 
and 80% in cattle in a livestock raising community[36]. 
Among definitive hosts, the prevalence of  infection in 
dogs in endemic areas has been reported to range from 
32% to 46%[36-38] and from 46% to 88%[38-40]. The recorded 
surgical incidence of  CE in the central and southern Pe-
ruvian Andes has been noted to be 1-2 cases per 100  000 
inhabitants[36] and the prevalence of  asymptomatic CE be-
tween 3% and 9.3% in rural villages in the central Peruvi-
an highlands[38]. However, a study in a coastal city of  Peru 
reported an annual surgical incidence of  32 per 10  000 
for 1998[37] leading to the conclusion that incidence of  CE 
is significantly under-reported. Recently, a re-emergence 
of  transmission has been documented after the failure of  
previous control activities[41]. 

Chile is an endemic area for E. granulosus infection. 
During 2000, the prevalence of  bovine, sheep and canine 
hydatidosis for the entire country decreased to 22.3%, 
6.3% and 11%, respectively[42], after a control pro-
gram[2,43,44]. With regard to human infection, although the 
overall incidence of  diagnosed disease has been assessed 
as 2-2.5 cases per 100  000 inhabitants between 1992 
and 2004, taking under-notification into account, the 
incidence has been estimated at 10 per 100  000. A major 
endemic area for EC is the southern part of  Chile where 
annual surgical incidence ranged from 6 to 20 cases per 
100  000 in August 2005 but reaching 162 per 100  000 in 
some regions[45]. 

In Argentina, several strains of  E. granulosus and E. ortleppi 
have been found in different host animals and humans 
such as the sheep strain (G1) (mostly infecting humans), 
the Tasmanian sheep strain (G2), the cattle strain (G5) and 
the camel strain (G6)[14,46], while the pig strain (G7) has 
been detected in pigs and dogs but not humans[46]. The 
prevalence of  EC affecting livestock has been documented 
as reaching 7% of  cattle, 12.5% of  sheep, 9.8% of  pigs and 
6.0% of  goats[2]. In humans, prevalence rates depend on 
the endemicity of  the area, ranging from 1.4 per 100  000 
to 404, 260 and 30 cases per 100  000 in Neuquen, Chubut 
and Rio Negro (regions of  Patagonia), respectively[42].

In southern Brazil only sheep strain and E. ortleppi 
have been recorded[47,48], although the most endemic area 
is the southern part of  Brazil. Indeed, a recent analysis of  
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quented by urban residents to scavenge food scraps[61,65]. 
Thus, urban residents could accidentally have direct con-
tact with E. granulosus eggs through wild dog or fox faeces 
or via coprophagous flies when visiting parks and forests 
for recreational purposes. Furthermore, it has been docu-
mented that there has been a potential infection of  the 
dogs of  recreational pig hunters living in urban centres[66].

The reporting of  hydatidosis or echinococcosis does 
not depend on any monitoring system but only on indi-
vidual case reports. Thus, assessing accurate prevalence 
and incidence, as well as trend changes over time, is still 
difficult to achieve.

Western and Central Asia
The G1 strain, infecting sheep, goats, cattle and camels, is 
the most common genetic variant documented in Iran[67]. 
On the other hand, the G6 strain has also been found 
in camels, sheep and cattle in the same area[67]. Both of  
these were diagnosed in human hydatid infection con-
firming the pathogenicity of  G6 for humans[67].

In Kazakstan, it has been assessed that the preva-
lence of  infection in sheep ranges between 20%-25% in 
1-year-old sheep and 74%-80% in sheep 6 years old and 
over. Among wild and village dogs, the prevalence of  
infection is 23% and 6%, respectively[68]. Although the 
highest worm burdens have been recorded in rural dogs, 
only those closer to human habitation are responsible for 
transmitting disease to humans[68]. Human infection has 
increased since the middle 1990s till present time from 
200 surgical cases annually to the current level of  nearly 
1000 cases per year[69,70]. Similar trends in human cases 
have been assessed in all other Central Asian countries. 
However, no detailed data is available about transmission 
and diffusion of  E. granulosus infection in Central Asian 
countries.

Hydatidosis is a serious public health problem in 
Turkey where E. granulosus infection in dogs ranges be-
tween 0.32% and 40%[71]. The predominant genotype of  
E. granulosus in Turkey is the G1 strain with a prevalence 
infection rate in farm animals ranging from 26.6% to 
50.9% in sheep, from 13.3% to 35.68% in cattle, and 
reaching 22.1% in goats, 44.31% in cows and 24.39% in 
bulls in the most endemic areas such the Budur region[72], 
the Kirikkal region[73], the Afyonkarahisar district[74], and 
the Sivas region[75]. Lower rates in sheep (3.5%) and cattle 
(11.6%) have been found in less endemic areas such 
as Thrace region[76]. Surgical cases of  human hydatido-
sis have been estimated to range from 0.87 to 6.6 per 
100  000 inhabitants between 1987 and 1994[71]. A more 
recent survey based on hospital, regional and ministe-
rial documents showed that, from 2001 to 2005, a total 
of  14  789 CE surgical cases were recorded with a higher 
incidence in the Middle Anatolian region (38.57%) and 
lower in the Black Sea region[77].

Several regions of  the Arab peninsula such as Syria, 
Israel and Palestine are considered endemic for E. granu-
losus. In fact, hydatidosis is mostly associated with main 
risk factors such as livestock production, raising of  sheep 

and nomadic tribal life that characterize northern Syria, 
northern Israel and western Palestine. Epidemiological 
evidence in Syria showed a prevalence of  E. granulosus 
infection ranging between 9% and 15% in dogs and 
between 5% and 17% in livestock[78]; in Israel, ranging 
between 5.4% to 14.2% in dogs and between 4.56% and 
10% in sheep[79,80]; and in Palestine, ranging between 7.9% 
and 14.3% in dogs[81]. Human infection rates have been 
assessed in individual studies. Annual surgical prevalence 
recorded from the Al-Maqased Hospital in Jerusalem was 
documented to be 1.76 per 100  000 inhabitants in the 
middle 1990s[81], while in hospitals of  the Palestinian West 
Bank this value was 3.1 per 100 000 inhabitants, with the 
highest rates of  4.9, 5.0 and 5.1 per 100 000 inhabitants 
found in Hebron, Jericho and Bethlehem, respectively[82]. 
In an epidemiological study conducted in northern Israel 
a cumulative infection rate of  1.5 per 100 000 inhabitants 
was found[83], while in another study conducted in a Bed-
ouin group from southern Israel this rate was 0.68%[83].

China
China is one of  the most important endemic regions of  
CE[2]. The sheep strain (G1) and the camel strain (G6) are 
the only two E. granulosus strains found in China[84], both 
of  them infectious to humans[85]. The most endemic areas 
for Echinococcus spp. have been recognized as the provinces 
and autonomous regions stretching from western Xin-
jiang[86], Ningxia and Inner Mongolia, with the highest 
prevalence rates occurring in pastoral communities of  
the eastern Tibetan plateau[87-89] (south western Qinghai 
and north western Sichuan) and the Tibetan autonomous 
area of  south Gansu[90], located in western and northwest-
ern China[85,91-95]. Infection by cysts of  E. granulosus can 
be found in organs of  ungulate intermediate hosts[96-99]. 
High prevalence of  hydatid infection has been reported 
in sheep and yaks (99%), cattle (88%) and pigs (70%)[90]. 
In fact, in the western and northwestern pastoral areas of  
China, livestock pastoralism is a major industry with a to-
tal of  350 million sheep and other domesticated large her-
bivores including horses, camels, and red deer[90]. On the 
other hand, the definitive host is mainly represented by 
canids, predominantly the domestic dog. Indeed, they are 
kept in large populations in northwestern China for pas-
toralism and cultural reasons[87]. Given the close contact 
with local people, dogs are considered the most important 
definitive host transmitting E. granulosus to humans[2,87]. 
However, in certain rural regions, wild canids such as 
wolves and foxes are involved in the sylvatic cycle[2]. 

The first human CE was reported in China in 1905[86]. 
Over the last century, about 35  000 cases of  human cys-
tic echinococcosis have been treated surgically in China. 
However, given the documented 21  560 cases in Xinjiang 
alone with a prevalence of  80 cases/100 000 inhabit-
ants[86], it has been assessed that an underestimation oc-
curred in past years. Now, it has been estimated that about 
one million existing cases of  human echinococcosis occur 
in China[100]. Of  these, about 70% present with chronic 
cystic lesions of  the liver as well as in other organs includ-
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ing the brain[101]. The infection rate of  females has been 
assessed to be considerably higher than that of  males 
because of  their role in the home activities including 
feeding dogs, collecting yak dung for fuel, and milking 
livestock[87,102]. Thus, nomadic or seminomadic pastoral 
lifestyle is one of  the most important risk factors for CE 
in China, especially in western and northwestern areas 
where livestock pastoralism is a major industry[90], and 
women are more frequently exposed to the definitive 
hosts of  CE. Consequently, adults have much higher 
infection rates than children[87], and the infection rate in-
creases with age[102].

The increasing number of  diagnosed cases may reflect 
improved diagnostic methods and improved outreach 
programs. In fact, China is now recognized as a new fo-
cus for echinococcosis research.

Africa
Although most regions of  Africa are poorly researched 
and limited information is available, several taxa have been 
found in the African countries[19,103,104]. The most com-
mon strain is the G1, highly diffused in the North and 
East African sheep raising areas. Moreover, the exclusive 
presence of  the camel strain (G6) has been documented. 
In addition, wild strains such as the E. equinus (the “horse 
strain”)[105] and the “lion strain”[106] have been found in 
South Africa. However, the nature of  Echinococcus in Afri-
can wildlife is poorly documented.

In a recent study carried out in Libya, 25.8% of  stray 
dogs and 21% of  owned dogs have been assessed to be 
positive for EC[107] while another study found a prevalence 
of  58% of  hydatidosis in the same area[108]. Nevertheless, 
several surveys assessed that other animals also, especially 
camels, are frequently infected by E. granulosus[109,110], while 
infection rates in livestock varied from 1.7% to 33.4% in 
sheep, 1.0% to 13.9% in cattle, 1.4% to 40.0% in camels 
and 0% to 18% in goats[111-113], often associated with hu-
man cases[114]. The sheep strain has been considered the 
most common genetic variant diffused among humans 
in another survey, reporting a prevalence rate of  1.7% of  
20 200 patients screened by ultrasound for hydatid cysts 
in 36 villages along the northern coast of  Libya[115] and 
an incidence rate of  4.2 cases per 100 000 inhabitants in 
Eastern Libya[112]. Indeed, in a genetic survey conducted 
on 179 isolates from humans collected in the border 
area of  northwestern Kenya and south-eastern Sudan, 
only one was associated with the camel strain (G6) while 
the remaining were the common sheep strain (G1)[17]. 
On the other hand, other surveys conducted in central 
Sudan[110,116] and Egypt[117] documented the presence of  
human echinococcosis cases diagnosed as G6 and at least 
two other distinct strains (camel and equine)[118].

CE is currently of  low endemicity in Egypt with a 
mean prevalence in dogs ranging between 3.2% in ur-
ban areas and 6% in rural areas[119]. Higher prevalence 
has been documented in Cairo with about 15% of  dogs 
infected[120]. Among ruminants, confirming earlier re-

sults[121], recent data demonstrated an overall prevalence 
infection rate of  0.3% in sheep and goats, 0.68% in pigs, 
6.4% in cows and buffaloes, 2.53% in camels[121] and 
10.62% in donkeys[122]. In humans, a retrospective hos-
pital study showed an annual surgical incidence ranging 
between 1.34 and 2.60 per 100 000 inhabitants[123].

In Tunisia, echinococcosis is a major public health 
problem due to its high prevalence and morbidity. Mo-
lecular analysis has demonstrated that the most common 
genetic variants of  E. granulosus circulating in Tunisia are 
the G1 sheep strain and the G6 camel strain[124,125]. Sheep 
breeding is a significant risk factor, being practised by 
94.7% of  patients vs 58.3% of  the farming population[126]. 
A series of  studies carried out between 1999 and 2007 
assessed that the prevalence of  E. granulosus infection 
reached 10.41% in lambs (6-12 mo), 75.42% in sheep 
aged 1-2 years and 83.83 to 100% in sheep over 2 years 
old[127]; and 10.1% of  camels[124] and 40% of  sheep in a 
further analysis conducted in North-East Tunisia[128]. De-
spite the lack of  recent published data, the last report of  
EC in humans reported an annual surgical incidence of  
hydatidosis of  about 15 per 100 000 inhabitants[129].

In Algeria similar strain distribution has been found, 
identifying the sheep strain G1 infecting sheep, cattle 
and humans and the camel strain G6 infecting camels[130]. 
Dogs likely represent the main source of  infection for 
farm animals and humans[19] with a prevalence rate of  
24.8% in camels, 13.9% in cattle and 6.0% in horses[131]. 
Despite poor data regarding recently reported human 
infection, it is documented that more than 700 surgical 
cases are notified each year to the Ministry of  Health. 
Last published work assessed that the annual incidence 
of  human EC reached 3.6-4.6 per 100 000 inhabitants[132].

Morocco is considered an endemic area for echinococ-
cosis. A genotype almost similar to the common G1 sheep 
strain with some nucleotide variations was found in cam-
els and horses. Infection rate in dogs ranges from 22.0% 
to 62.8%, depending on the region[133]. In a more recent 
analysis, CE infection prevalence rates have been docu-
mented to be 10.58% in sheep, 1.88% in goats, 22.98% in 
cattle, 12.03% in camels and 17.80% in equines, mostly in 
Middle Atlas (48.72% in cattle) and in North West (37.61% 
in cattle and 31.65% in sheep)[134]. In humans, an annual 
rate of  4.55 surgical cases per 100  000 inhabitants has 
been documented in 2006, with a higher prevalence in the 
middle Atlas mountainous region[135].

Europe and the Mediterranean Basin
With the exception of  Malta and the area controlled by 
the Government in southern Cyprus, where the disease 
has been practically eliminated, all the Mediterranean 
regions including the Arab peninsula countries are facing 
problems due to CE. Indeed, in Cyprus CE had an an-
nual surgical incidence rate of  12.9 per 100 000 inhabit-
ants before the first eradication program implemented 
in the 1970s and, subsequently, a second program in the 
1990s[136]. In the northern part of  Cyprus, disease rates 
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decreased from 1.95% in dogs examined in 1998-1999 to 
0.012% in 2000-2003, from 23.58% to 6.61% in cattle, 
from 5.31% to 1.53% in sheep, while in goats rates were 
consistently below 0.5% and remained at 0.13%. On the 
other hand, the south part of  Cyprus that maintained its 
control programme was able to keep positive testing lev-
els at virtually 0%[137].

In Europe, E. granulosus is present in most countries 
with the exception of  Ireland, Iceland and Denmark. EC 
of  animals is rare in northern and central Europe with 
the exception of  cervid-transmitted echinococcosis in 
Finland and pig-transmitted echinococcosis in regions 
further east. The cervid strain in Finland was found to 
differ genetically from the previously described North 
American cervid strain G8, and was identified as a new 
strain, G10[138]. Transmission has been documented to 
occur mostly between wolves, reindeer and elks[139].

The most endemic areas have been documented to be 
the Mediterranean regions where annual incidence rates 
for human CE of  4-8 per 100 000 have been reported, 
and parts of  Eastern Mediterranean countries such as 
Bulgaria[2]. In some other eastern regions such as Poland, 
Slovakia and Ukraine, the pig strains (G6-G10) often oc-
cur as animal and sometimes human CE[140,141]. In Serbia 
and Montenegro the most frequent intermediate hosts 
for E. granulosus are pigs, with a percentage of  infected 
animals ranging between 4.6% and 57.6%[142] but no in-
formation is available about human infection. Although 
several other countries such as Albania[78], Bosnia and 
Herzegovina[143,144] are recognized as endemic for CE, 
none of  them have available published data on the exact 
incidence of  CE in livestock, carnivores or humans.

In Greece, investigation of  the prevalence and the 
genotype of  E. granulosus in sheep and goats in Pelopon-
nesus (southern Greece) revealed that sheep were infect-
ed by the G1 (sheep) strain and the G3 (buffalo) strain, 
while the 20 goats examined harboured the G7 (pig) 
strain[145]. The prevalence of  CE in farm animals ranged 
from the mid 1980s to the mid 1990s between 82% and 
56.6% in cattle, 80% and 100% in sheep, 24% and 15.4% 
in goats and 5% and 9.3% in pigs, while surgical human 
cases reached 12.9 per 100 000 inhabitants in 1984 and 
up to 29% in 1999[146]. Furthermore, surveillance in live-
stock species since 1998 has documented a prevalence 
of  31.3% in sheep, 10.3% in goats, 0.6% in pigs and 0% 
in cattle[146]. Finally, a more recent survey conducted on 
sheep in central Greece from 2002 to 2006, revealed an 
incidence rate of  39.3%[147]. In humans, the overall inci-
dence rate was estimated to have increased from 9.77 per 
100 000 in 1967[148] to 10.59 per 100 000 inhabitants in 
1983[149]; results which were confirmed in another survey 
where an incidence of  12.7 per 100 000 inhabitants (vary-
ing from 11.6 to 13.35) has been reported[150]. Incidence 
rates steadily declined in the most recent survey carried 
out in 2007 where they have been documented to be 0.122 
per 100 000 inhabitants[151]. Published data for the entire 
country are not available but according to personal com-
munications with surgeons it is estimated that approxi-

mately 800 cases of  cystic echinococcosis are diagnosed 
each year, of  which between 300 and 400 of  them were 
undergoing surgical treatment.

In Western Europe, the sheep strain (G1) is the prin-
cipal cause of  human CE. In the past, the cattle-based 
transmission cycle of  E. ortlepp in Germany and Swit-
zerland has been documented[2,152], but now cases are re-
duced to sporadic occurrence and only a single case from 
a human patient in the Netherlands has been reported[21].

In the United Kingdom, the parasite has a restricted 
distribution, being found mainly in mid and southern 
Wales[2,152]. Recently, a re-emergence of  E. granulosus in 
Wales has been reported, noting a rise in prevalence in 
rural dogs between 1989 and 2002 of  3.4% to 8.1%[153].

In Spain, CE is an endemic disease in north-eastern, 
central and western parts of  the country, with prevalence 
rates rising in the last few years. The most common 
strains found in these areas were the sheep strain (G1) in-
fecting sheep, cattle, goats, pigs, wild boars and humans, 
the pig strain (G7) infecting pigs, goats and wild boars, 
and E. equinus (old G4 strain) infecting horses[154]. In the 
province of  Alava, two recent surveys documented prev-
alence of  E. granulosus infection of  8% in the dog defini-
tive hosts[155] and 15% in Iberian wolves[156]. In the mu-
nicipality of  Madrid, it has been assessed that hydatidosis 
affected 2.88% of  sheep[157]. In Laroja region, the overall 
prevalence has been calculated to reach 20.3% in adult 
sheep and up to 23% in sheep and cows in the northeast-
ern, central and western parts of  the country[158].

With regard to human hydatidosis, a higher incidence 
of  surgical cases occurs in Salamanca, with 10.8/100 000 
inhabitants affected between the end of  the 1980s and 
2000[159]. On the other hand, in the Laroja region, prevalence 
of  CE decreased from 19 to 4 cases per 100 000 inhabit-
ants until 2000[158] and in the rest of  the country it ranges 
between 1.1 and 3.4 cases per 100 000 inhabitants[159].

In France, a surveillance system in the mid 1990s re-
vealed a prevalence of  hydatidosis of  2.5% in livestock and 
less than 0.28 per 100 000 in humans[160]. A higher annual 
incidence has been documented in Corsica (10/100 000) 
and eastern regions (4.5/100 000 inhabitants)[78]. In recent 
years, the European Centre for Disease Prevention and 
Control reported 17 human cases in 2005. 

Italy is considered a medium to high risk country for 
echinococcosis. The G1 (sheep), G2 (Tasmanian sheep), 
G3 (buffalo), G4 (horse), and G7 (pig) genotypes of  
E. granulosus are commonly found in livestock of  several 
regions of  Italy, especially in the southern part (such as in 
the Campania region), in Sardinia and in Sicily[3]. Indeed, 
the prevalence rate of  E. granulosus in sheep has been re-
ported to be 5%-28% in Basilicata, 22% in Abruzzo and 
47% in Tuscany[3]. In Sicily, CE was found in 67.1% of  
cattle, 11.13%-57.6% of  sheep and 5.6%-19% of  shep-
herd dogs[161,162]. CE prevalence of  infection in Sardinia 
has been assessed to be 70%-92.8% of  sheep, 9.4% of  
cattle, 9.4%-11.1% of  pigs, 1% of  horses and 3%-19% of  
dogs[3,163-166]. In Campania, the prevalence rate in cattle has 
been reported to range from 10.4%[167] to 14.8%[163] while in 
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buffalos this ranges from 10%[168] to 18.6%[169].
Infection of  E. granulosus in animals seems to occur 

also in several regions of  the centre of  Italy while north 
regions could be considered of  low endemicity. Indeed, 
in Central Italy medium prevalence values usually range 
from 20.2% to 47%-81.18% in sheep, from 7.34% to 
15.3% in cattle, and reach 71.97% in goats, and 0.82% in 
pigs[170-172]. In Abruzzo, prevalence infection rates in sheep 
and cattle are 20.2% and 15.3%, respectively[163]. On the 
other hand, in Emilia Romagna the prevalences were 
low for several animals: 0.39%-0.54% in cattle, 0.30% in 
sheep, 0.39% in goats, 0.34% in horses and 0.95 per mil-
lion in pigs[173]. In dogs and wolves retrieved along the 
whole Apennines the prevalence of  E. granulosus infection 
has been noted to be 31% and 15%, respectively[172,174]. 

Despite these findings, the overall national occurrence 
of  CE in farm animals can be considered low with preva-
lence rates of  0.52% of  cattle, 1.30% of  sheep, 0.6% of  
goats, 3.86% of  sheep and goats, 0.0013% of  pigs and 
0.019% of  horses[175]. On the other hand, human hydati-
dosis represents a serious public health problem, with an 
incidence of  1.3 cases per 100 000 inhabitants, a maxi-
mum of  4-8 cases per 100 000 inhabitants in Sardinia[176], 
and the occurrence of  over 1000 cases requiring surgery 
each year[177]. Endemic zones reflect animal infection, 
with higher incidence rates in Sardinia and Sicily, medium 
in the Central-South regions, and a sporadic diffusion in 
the northern part of  the country where this disease plays 
a minor role (prevalence < 1%). Annual mean incidence 
rates of  surgical cases have been reported to be 6.6-10.6 
per 100 000 inhabitants in Sardinia[178,179], 1.57-5.6 in 
Emilia Romagna[180,181], 1.22 in Lombardia, 2.30 in Sic-
ily[182], 1.76 in Basilicata, 0.46 in Campania and 2.33 in 
Apulia[178]. 

Risk factors for infection are now considered to be 
widespread use of  extensive or semi-extensive sheep 
farming (echinococcosis being a work-related disease), 
illegal slaughtering, and high numbers of  sheepdogs and 
other types of  dogs[183].

CONCLUSION
Given the wide geographic distribution, CE caused by 
E. granulosus is a re-emerging disease in several countries 
and regions, even in places where it was previously at low 
levels. Evidence suggests this is a result of  a reduction 
of  control programmes due to economic problems and 
lack of  resources, leading to severe disease, considerable 
economic loss and, definitely, a public health problem of  
increasing concern. 
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Abstract
Liver hydatidosis is a parasitic endemic disease affect-
ing extensive areas in our planet, a significant stigma 
within medicine to manage because of its incidence, 
possible complications, and diagnostic involvements. 
The diagnosis of liver hydatidosis should be as fast as 
possible because of the relevant complications that 
may arise with disease progression, involving multiple 
organs and neighboring structures causing disruption, 
migration, contamination. The aim of this essay is to 
illustrate the role of imaging as ultrasonography (US), 
multi detector row computed tomography, and magne-
tic resonance imaging (MRI) in the evaluation of liver 
hydatidosis: the diagnosis, the assessment of exten-
sion, the identification of possible complications and the 
monitoring the response to therapy. US is the screening 
method of choice. Computed tomography (CT) is indi-

cated in cases in which US is inadequate and has high 
sensitivity and specificity for calcified hydatid cysts. 
Magnetic resonance is the best imaging procedure to 
demonstrate a cystic component and to show a biliary 
tree involvement. Diagnostic tests such as CT and MRI 
are mandatory in liver hydatidosis because they allow 
thorough knowledge regarding lesion size, location, and 
relations to intrahepatic vascular and biliary structures, 
providing useful information for effective treatment and 
decrease in post-operative morbidity. Hydatid disease is 
classified into four types on the basis of their radiologic 
appearance.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hydatid disease is a worldwide zoonosis caused by the lar-
val stage of  the echinococcus tapeworm, that is endemic 
in many parts of  the world (in European, Middle Eastern, 
Mediterranean, South American and African countries)[1-4]. 
There are two types of  Echinococcus infections: Echino-
coccus granulosis, the more common type, and Echino-
coccus multilocularis, the less common but more invasive. 
Hydatid disease is a relevant health problem in underde-
veloped areas where veterinary control does not exist. The 
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most frequent location of  hydatid cystic lesions is in the 
liver (up to 80% of  cases), followed by the lung (about 
20% of  cases), and with a lower reported incidence in any 
other organ or tissue in the body[1-4]. 

Dogs or other carnivores are definitive hosts, whereas 
sheep or other ruminants are intermediate hosts. Hu-
mans are secondarily infected by the ingestion of  food 
or water contaminated by dog feces containing the eggs 
of  the parasite. After the ingestion of  the eggs, the freed 
embryo enters a branch of  the portal vein by passing 
through the duodenal mucosa; most of  these embryos 
become lodged in the hepatic capillaries where they ei-
ther die or grow into hydatid cysts. Some embryos pass 
through the hepatic capillaries and become lodged in the 
lungs and other organs. 

The definitive diagnosis of  liver echinococcosis re-
quires a combination of  imaging, serologic, and immuno-
logic studies[4].

At biochemical analysis, there is usually eosinophilia, 
and a serologic test is positive in 25% of  patients[5]. At 
histopathologic analysis, a hydatid cyst is composed of  
three layers: the outer pericyst, which corresponds to 
compressed liver tissue; the endocyst, an inner germinal 
layer; and the ectocyst, a translucent thin interleaved 
membrane[5].

Imaging procedures are essential in diagnosis and eval-
uation of  the extent of  liver hydatidosis; ultrasound (US), 
computed tomography (CT), and magnetic resonance 
(MR) can depict hydathid disease[2-4,6]. 

The imaging method used depends on the involved 
organ, and the radiologic findings range from purely cys-
tic lesions to a completely solid appearance[3]. US is the 
screening method of  choice and is also used to monitor 
efficacy of  medical therapy[2-4,6]. CT is always performed 
because it has a high sensitivity (94%)[7]. It is an impor-
tant preoperative diagnostic tool to determine vascular, 
biliary or extrahepatic extension, to recognize complica-
tions, such as rupture and infections, and therefore to as-
sess respectability[8-10]. MR is the best imaging procedure 
to demonstrate a cystic component. It helps to determine 
vascular or biliary tree involvement, as well as extrahe-
patic extension[10,11]. 

There are many potential complications such as exo-
phytic growth, transdiaphragmatic thoracic involvement, 
peritoneal seeding, biliary communication, portal vein 
involvement, abdominal wall invasion and hematogenous 
dissemination in any anatomic location (lung, kidney, 
spleen, bone, brain)[6,10,11]. 

RADIOLOGIC FINDINGS 
Ultrasonographic findings
The ultrasonographic appearance of  hydatid cysts may 
vary, from a simple aspect to a more complex one, in 
relation to the stage of  evolution and maturity[5-7,10]. US 
can categorize cysts as solitary univesicular, solitary mul-
tivesicular, solid echogenic mass, multiple, either uni- or 
multivesicular, or collapsed, flattened and calcified[8]. 

In the first stage, the hydatid cyst may manifest as a 

well-defined anechoic cyst (Figure 1), an anechoic cyst 
except for hydatid “sand”[2,6,7]. The more complex aspect 
is typical of  the advanced stages and is related to the pres-
ence of  multiple internal septa, daughter cysts, multiple 
echogenic foci and floating membranes inside the cavity 
(Figures 2 and 3)[7-9]. Membranes may appear as serpentine 
linear structures, a finding that is highly specific for hyda-
tid disease[7,12,13]. The detachment of  the membrane inside 
the cyst is considered the US “water lily sign”[13-16]. The 
cyst wall is visible as double echogenic lines separated by a 
hypoechogenic layer (Figure 3)[16].

Multivesicular cysts manifest as well-defined fluid col-
lections in a honeycomb pattern with multiple septa rep-
resenting the wall of  the daughter cysts. Daughter cysts 
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Figure 1  Liver hydatid disease in a 50-year-old man appears as a well-
defined anechoic mass without hydatid sand and septa (type Ⅰ). 

Figure 2  Liver hydatidosis in a 27-year-old female. Ultrasonography images 
(A, B) show a lesion with mixed echogenicity, with hydatid sand (the arrow) and 
multiple echogenic foci (the arrowhead). 
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appear as cysts within a cyst[7-9]. Altering patient’s position 
may change the position of  daughter cysts. 

The more complex aspects of  hydatid cyst may also 
mimic solid hepatic masses, and differential diagnosis 
becomes difficult but fundamental; it is important to look 
for daughter vesicles or membranes within the lesion that 
may help in differential diagnosis[7,8]. Cyst calcification is 
seen in dead hydatid cysts; US shows a hyperechogenic 
contour with a cone-shaped acoustic shadow[13,15,16]. 

When the cyst wall is heavily calcified, only the an-
terior portion of  the wall is visualized and appears as a 
thick arch with a posterior concavity. Partial calcification 
of  the cyst does not indicate the death of  the parasite, on 
the contrary densely calcified cysts may be assumed to be 
inactive[8,9].

US is considered the preferred investigatory test to 
monitor efficacy of  medical antihydatid therapy because 
of  its low cost[12,14]. Positive response findings include re-
duction in cyst size, membrane detachment, progressive 
increase in cyst echogenicity and mural calcification[12].

Computed tomography findings
CT is indicated in cases in which US is inadequate due to 
patient-related difficulties (obesity, excessive intestinal gas, 
previous surgery[3,5-7]. CT has high sensitivity and specific-
ity for hepatic hydatid disease[7]. Intravenous administra-
tion of  contrast medium is useful to give a vascular map 
to the surgeon, and when complications (especially infec-
tion and communication with the biliary tree) and extra-
hepatic diffusion are suspected. 

CT may show the same findings as US[6,7]. Calcifica-
tion of  the cyst wall, internal septa, floating membranes 
and daughter vesicles are easily detected at CT[3,5]. 

A hydatid cyst typically is seen as a round lesion with 
water attenuation density, surrounded by a calcified ring-
like (Figure 4) or highly attenuated wall, representing the 
pericyst (Figure 5)[17]. Detachment of  the laminated mem-
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Figure 3  Ultrasonography images of hydatid disease show multiple in-
ternal septa and floating membranes inside the cyst. Note the cyst wall is 
visible as double echogenic lines (see the black arrow). 

Figure 4  Calcified unilocular hydatid cyst. Digital scout image (A) shows a 
round, densely calcified lesion supra-elevating the right diaphragm. Computed 
tomography basal (B) and contrast-enhanced (C) images reveal a hypoattenu-
ating lesion with peripheral wall calcification in the right lobe. Membranes ap-
pear as serpentine linear structures. Note the complex ultrasonography aspect 
of the cyst and the hyperechoic wall (D). 
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Figure 5  Computed tomography scan shows a huge nonenhancing mass 
with regular contours and thickened wall representing the pericyst (the 
white arrowhead) occupying all the right lobe of the liver (type Ⅰ); either 
the right portal vein or the right hepatic vein is completely replaced.  

1441 April 7, 2012|Volume 18|Issue 13|WJG|www.wjgnet.com

CT is the modality of  choice to study extra-hepatic 
diffusion because it allows imaging of  the entire abdo-
men, pelvis and thorax. 

Extra-hepatic diffusion may regard peritoneum, the 

branes from the pericyst are visualized as linear areas of  
increased attenuation within the cyst[17].

At CT daughter vesicles are visible as round struc-
tures located peripherally within the mother cyst; they 
usually contain fluid with a lower attenuation than that of  
the fluid of  the mother cyst (Figure 6)[5,7].

Contrast-enhanced CT may show the typical high-
attenuation rim representing abscesses surrounding the 
lesion. Sometimes, patchy areas of  contras-enhanced liver 
parenchyma are seen in the vicinity of  the lesion, repre-
senting inflammatory changes[18]. 

The dead cysts are totally calcified and at CT they ap-
pear as round hyperattenuating areas (Figure 7)[5,7]. 

CT also may depict gas or air-fluid levels or fat inside 
the hydatid cyst, indirect signs of  infection and/or com-
munication with the biliary tree (Figures 8 and 9)[6,10,11]. 

Figure 6  Computed tomography scan (A, B, C, D) shows some unen-
hanced hypoattuenuating masses with well defined borders occupying 
the right lobe of the liver; multiple round daughter cysts are seen periph-
erally inside the lesion (type Ⅱ). Note the “rosette appearance”. 
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Figure 8  Contrast-enhanced upper abdominal computed tomography 
scan demonstrates a partially calcified hydatid cyst in direct communica-
tion with the biliary tree markedly dilated (the bold white arrow). The pres-
ence of fat components within the cyst derives from the lipid elements in bile (the 
thin white arrow) (type Ⅳ). 
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diaphragm and the thorax cavity, the abdominal wall, the 
portal system, and the hematogenous dissemination[4,6,7]. 

Magnetic resonance findings
MR may be performed to confirm the hypothesis of  hepat-
ic hydatidosis and visualize the lesion in different planes. 
It is the best diagnostic investigation to differentiate the 
cystic component from the others and to demonstrate a 
biliary tree involvement[13]. 

The hydatid cysts may show variable signal intensities 
on T1- and T2-weighted images, according to the differ-
ent components inside the lesion[13,17,18]. 

The necrotic and the fluid components are hypointense 
on T1-weighted images and markedly hyperintense on T2-
weighted images[13,18,19]. 

When present the daughter cysts are seen as cystic struc-
tures attached to the germinal layer that are hypointense relative 

to the intracystic fluid on T1-weighted images (Figure 10)[13]. 
The characteristic sign of  hydatid disease is represented 

by the pericyst that usually appears as a low-signal-intensity 
rim on T2-weighted images (Figure 10)[17,19]. 

In addition, there may be an intermediate-signal-inten-
sity inner ring representing the detachment of  the mem-
branes[19]. 

After the i.v. injection of  gadolinium contrast agent the 
pericyst may show slight enhancement (Figure 11). 

MR is the best diagnostic tool in demonstrating the 
floating membranes (Figure 12) and irregularities of  the rim 
representing incipient detachment of  the membranes (Fig-
ure 13)[17,19,20]. On the other hand MR is less sensitive than 
CT scan in showing cyst wall calcification. 

The “snake sign” is another typical MR imaging fea-
ture: it represents collapsed parasitic membranes, second-
ary to damage or degeneration of  the hydatid cyst: these 
membranes have low signal intensity with all sequences 
(Figure 13). 

Intracystic air-fluid level may be visible on MR, as a 
possible sign of  super-infection (Figure 14)[16,21]. 

MR cholangiopancreatography (MRCP) is useful to 

Figure 7  Seventy-three year-old-woman with a dead hydatid cyst. Com-
puted tomography scan basal and enhanced images (A, B) show a totally calci-
fied cyst (type Ⅲ). At ultrasonography (C) calcified cyst shows strong posterior 
shadowing. 

Figure 9  Fifty-five-year-old male with acute abdominal pain, fever and leu-
kocytosis. Contrast-enhanced computed tomography shows intracystic gas in 
the anterior part of a unilocular partially calcified hydatid cyst, suggesting super-
infection; finding confirmed at surgery (type Ⅳ). 
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hydatid cysts are hyperintense, whereas none of  the simple 
cysts show significant hyperintensity (Figure 16)[22-24]. 

In addition, using DW MRI it is possible to calculate 
a parameter, called the apparent diffusion coefficients 
(ADCs), that measures the difference in cellular density 
of  hepatic lesions[22-24]. 

This quantitative parameter can be used to differentiate 
hydatid cysts from simple cysts. The difference between 
the ADCs of  the hydatid cysts and those of  simple cysts 
can be attributed to the difference in cyst contents[22-24]. 

Figure 10  Axial T1-weighted (A) and T2-weighted (B) images show a well 
defined cystic lesion and the typical peripheral location of the daughter 
cysts within the mother cyst. Note the marked hypointensity of the pericyst 
(the white arrow). After contrast administration (C) the cystic lesion does not 
show contrast enhancement (type Ⅱ). 

Figure 12  35-year-old woman living in an endemic region. Axial T2-
weighted magnetic resonance image show the hydatid cyst that occupies 
almost the entire right lobe of the liver with thickened pericyst and multiple float-
ing membranes inside the lesion (type Ⅱ). 

study potential involvement of  the biliary tree: commu-
nication between the cysts and the biliary tree; dilatation 
of  the biliary system secondary to compression of  the 
hydatid cyst[20,21] (Figure 15). 

It is known that routine MRI does not adequately dif-
ferentiate completely liquid hydatid cysts (type Ⅰ, see fol-
lowing paragraph) from simple cysts: Inan et al[22,23] have 
demonstrated in their study that diffusion-weighted (DW-
MRI), a recent MRI technique, can be helpful in the dif-
ferential diagnosis.

DW-MRI has long been used exclusively in brain im-
aging due to technical problems and sensitivity to motion 
artifacts (caused by cardiac motion and respiration); with 
the advent of  faster sequences, DW-MRI has been ap-
plied to abdominal imaging[22,23]. 

Using DW MRI with a high b factor (1000 s/mm2) the 

Figure 11  Axial T2-weighted and post-contrast images show the exo-
phytic growth of hydatid cyst (type Ⅱ) (A). After the injection of contrast 
media the septa and cyst wall enhance (B). Note the proximity of the cyst to 
the diaphragm which facilitates transdiaphragmatic thoracic involvement and to 
main portal vein. 
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Because the hydatid cyst contains viscous hydatid sand 
that consists of  scolices, sodium chloride, proteins, glucose, 
ions, lipids, and polysaccharides, the ADC of  the hydatid 

Figure 15  T1 coronal image and T2 axial image show a huge and multi-
locular hydatid cyst occupying the entire left lobe, partially the right lobe 
(A, B) and protruding into the hepatic hilum. Magnetic resonance cholan-
giopancreatography (MRCP) sequences show the compression of the common 
bile duct at the confluence and of the right hepatic duct (the white arrowhead) 
and the consequent intrahepatic biliary tree dilatation (the white arrows) (C, D). 

Figure 14  Axial T2-weighted (A) and T1-weighted (B, C) magnetic reso-
nance images demonstrate a round, cystic lesion in the left hepatic lobe, 
with thickened pericyst, small daughter cysts, floating membranes and 
an air-fluid level within the cyst (white arrow). The diagnosis is an infected 
hydatid cyst (type Ⅳ).
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Figure 13  The detachment of the pericyst and the collapsed membranes 
inside the cyst due to damage or degeneration may give the hydatid cyst 
a serpentine linear aspect; this is the “snake sign”. 
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cyst is decreased; on the contrary the simple cyst has lower 
viscosity, hence the higher viscosity. In Inan’s series the 
mean ADCs of  the hydatid cysts was significantly lower (2.5 
× 10-3 ± 0.9) than that of  the simple cysts (3.5 × 10-3 ± 0.5) 
(Figure 16)[22-24]. 

In patients affected by hepatic hydatidosis, contrast 
enhanced magnetic resonance angiography may be use-
ful in detecting hepatic venous outflow obstruction or 
thrombosis or invasion[25]; in these patients, pulmonary 
embolism may be a possible complication (Figure 17)[26]. 

CLASSIFICATION OF HYDATID DISEASE 
ON THE BASIS OF IMAGING
Hydatid disease is classified into four types on the basis 

of  their radiologic appearance[27]:

Type Ⅰ: Simple cyst with non internal architecture
Hydatidosis appear at US as a well-defined anechoic mass 
with or without hydatid sand and septa. Unilocular cysts 
are considered to be an initial stage in the development 
of  the parasite[28]. A solitary type Ⅰ cyst may be difficult 
to distinguish from a simple epithelial cyst[8].

At CT, a type Ⅰ appears as a well-defined water-atten-
uation mass; after injection of  contrast material the septa 
and cyst wall enhance, a finding that helps differentiate 
type Ⅰ from a simple liver cyst[13,19]. MR images are also 
similar to those of  a simple liver cyst, including hypoin-
tensity on T1-weighted images and marked hyperintensity 
on T2-weighted images; a low signal intensity rim (“rim 
sign”)[19,20], which is more evident on T2-weighted images, 
has been described as typical of  hydatidosis, and it can be 
used to differentiate hydatid cysts from simple cysts; this 
finding represents the pericyst. 

Recently the emerging role of  DW MRI may play a 
decisive role in the differential diagnosis of  hydatid liver 
disease and simple cysts[22-24] (Figures 1, 5 and 16).

Type Ⅱ : Cyst with daughter cysts and matrix
Daughter cysts are inside the mother cyst, usually ar-
ranged at the periphery[15,18]. Floating membranes or ves-
icles can be also seen in the cyst. Multiple daughter cysts 
are enclosed together looking like an echogenic solid le-
sion. (Figures 6, 10, 11 and 12)

Type Ⅱ may manifest as a well-defined fluid collec-
tion in a honeycomb pattern with multiple septa repre-
senting the walls of  the daughter cysts, creating a “rosette” 
appearance[15]. Peripheral calcification may occur and 
involves the pericyst; it is easily detected in CT images as 
a curvilinear or ring-like structure. CT can distinguish the 
mother cyst: the average density attenuation of  the moth-
er cyst is higher than that of  daughter cysts. At MR imag-
ing, daughter cysts may appear hypointense or isointense 
relative to the maternal matrix on T1 and T2-weighted 
images[19,20].

Type Ⅲ: Calcified cyst
Type Ⅲ lesions are dead cysts with total calcification. At 
US calcified cysts show strong posterior shadowing, at 
CT they appear as round hyperattenuating areas, at MR 
they appear as hypointense areas (Figure 7).

Type Ⅳ 
Hydatid complications include rupture and superinfec-
tion and may be seen in both type Ⅰ and type Ⅱ. CT 
and MRI play a key role in recognizing the complications 
such as rupture and infection of  cysts associated with hy-
datid disease. 

Ruptures may occur in 50% of  cases[6,9,11]; cyst rup-
ture is mainly due to the degeneration of  parasitic mem-
branes. Cyst rupture is usually due to the degeneration of  
parasitic membranes, as a result of  age, or a host defense 
mechanism[6,9,11]. The rupture may be contained, commu-

Figure 16  A type Ⅰ hydatid cyst. A: Axial T2 weighted magnetic resonance 
image depicts a round cystic mass in the anterior segment of the right lobe, 
with no septa or solid portions; B: On the diffusion-weighted image the lesion 
exhibits high signal intensity (b = 1000); C: On apparent diffusion coefficient 
map, apparent diffusion coefficient value is 2.4 x 10-3. 
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nicating or direct. 
Fissures in the cyst wall can be visualized at both CT 

and MR imaging. Perforation to the biliary tree has been 
reported in up to 90% of  hydatid cysts[7,10,11]. Hydatid cysts 

may also rupture into pleural and peritoneal cavities. Up 
to 25% of  ruptured cysts may become infected[10,11]. Signs 
of  cyst infection include air-fluid or fluid-fluid levels[9,11] 
(Figures 8, 9 and 14).

Figure 17  Hepatic hydatidosis in a 30-year-old woman who presented with short of breath, fatigue and edema to the lower limbs. Magnetic resonance (MR) 
steady-state-free-precession sequences (A, B, E) and MR angiography (C, D, F) images showed the hydatid cyst invading the right hepatic vein (RHV), protruding in 
the inferior vein cava (IVC) (the bold white arrow) and in the right atrium (the white arrowhead). The mid hepatic vein (MHV) and the left hepatic vein (LHV) were nor-
mally patent (C). The multidetector computed tomography-angiography revealed diffuse pulmonary parasitic embolism (the thin white arrows) (G, H). 
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CONCLUSION
Imaging plays a primary role in liver hydatidosis. It is used 
for diagnosis, for assessment of  extension, for identifica-
tion of  possible complications, for classification and for 
monitoring the response to therapy. US, MDCT and MR 
have different roles depending on accuracy in depicting 
the different goals.
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Abstract
Echinococcosis or hydatid disease (HD) is a zoonosis 
caused by the larval stages of taeniid cestodes belong-
ing to the genus Echinococcus . Hepatic echinococcosis 
is a life-threatening disease, mainly differentiated into 

alveolar and cystic forms, associated with Echinoc-
cus multilocularis  (E. multilocularis ) and Echinococcus 
granulosus  (E. granulosus ) infection, respectively. Cys-
tic echinococcosis (CE) has a worldwide distribution, 
while hepatic alveolar echinococcosis (AE) is endemic 
in the Northern hemisphere, including North America 
and several Asian and European countries, like France, 
Germany and Austria. E. granulosus  young cysts are 
spherical, unilocular vesicles, consisting of an internal 
germinal layer and an outer acellular layer. Cyst expan-
sion is associated with a host immune reaction and 
the subsequent development of a fibrous layer, called 
the pericyst; old cysts typically present internal septa-
tions and daughter cysts. E. multilocularis  has a tumor-
like, infiltrative behavior, which is responsible for tissue 
destruction and finally for liver failure. The liver is the 
main site of HD involvement, for both alveolar and cys-
tic hydatidosis. HD is usually asymptomatic for a long 
period of time, because cyst growth is commonly slow; 
the most frequent symptoms are fatigue and abdominal 
pain. Patients may also present jaundice, hepatomegaly 
or anaphylaxis, due to cyst leakage or rupture. HD di-
agnosis is usually accomplished with the combined use 
of ultrasonography and immunodiagnosis; furthermore, 
the improvement of surgical techniques, the introduc-
tion of minimally invasive treatments [such as puncture, 
aspiration, injection, re-aspiration (PAIR)] and more 
effective drugs (such as benzoimidazoles) have deeply 
changed life expectancy and quality of life of patients 
with HD. The aim of this article is to provide an up-to-
date review of biological, diagnostic, clinical and thera-
peutic aspects of hepatic echinococcosis.

© 2012 Baishideng. All rights reserved.

Key words: Hydatidosis; Cystic echinococcosis; Alveolar 
echinococcosis; Liver; PAIR; Albendazole; Treatment; 
Diagnosis

Peer reviewer: Philip Rosenthal, MD, Professor of Pediatrics 
and Surgery, UCSF, 500 Parnassus Avenue, Box 0136, MU 4-East, 

Salvatore Gruttadauria, MD, PhD, Professor, Series Editor



San Francisco, CA 94143-0136, United States

Nunnari G, Pinzone MR, Gruttadauria S, Celesia BM, Madeddu 
G, Malaguarnera G, Pavone P, Cappellani A, Cacopardo B. He-
patic echinococcosis: Clinical and therapeutic aspects. World J 
Gastroenterol 2012; 18(13): 1448-1458  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v18/i13/1448.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v18.i13.1448

INTRODUCTION
Echinococcosis or hydatid disease (HD) is a zoonosis caused 
by the larval stages of  taeniid cestodes belonging to the genus 
Echinococcus. Six species of  Echinococcus are known, but only 
four of  them are responsible for human disease: Echino-
coccus granulosus (E. granulosus) (which causes cystic echino-
coccosis), Echinoccus multilocularis (E. multilocularis) (which 
causes alveolar echinococcosis), E. vogeli and E. oligarthrus 
(which cause polycystic echinococcosis). Recent studies 
have identified two new species, E. felidis and E. shiquicus, 
even if  no data are available about their pathogenicity to 
humans. 

Hepatic alveolar and cystic echinococcosis are both 
life-threatening diseases because of  their medical and eco-
nomical impact and their wide geographical distribution. 
Polycystic echinococcosis is, on the contrary, confined 
to Central and South America and only few cases of  this 
condition have been reported in man[1,2].

The liver is the major site of  HD involvement (about 
75% of  cases) both in the alveolar and in the cystic 
form[3]. This review is focused on the biological, epide-
miological, clinical and therapeutic aspects of  hepatic 
echinococcosis, with particular reference to E. granulosus 
cystic and E. multilocularis alveolar hydatidosis (Table 1).

HEPATIC ECHINOCOCCOSIS CAUSED BY 
E. GRANULOSUS
Cystic echinococcosis (CE) occurs as the result of  infec-
tion by the larval stages of  E. granulosus. CE is the most 
common form of  HD, with a worldwide distribution, and 
it can be regarded as an emerging or re-emerging disease 
in several countries of  the world. 

E. granulosus: The parasite biology and life cycle
E. granulosus is a small tapeworm (length of  2-7 mm), 
whose body is made up by a mean number of  three 
proglottids. There are ten distinct genetic types (G1-10) 
within E. granulosus, with a different geographical distri-
bution, and these have been identified by molecular stud-
ies based on mitochondrial DNA sequences[4,5]: 2 sheep 
strains (G1-G2), 2 bovid strains (G3 and G5), a horse 
strain (G4), a camelid strain (G6), a pig strain (G7), a cer-
vid strain (G8), a swine strain (G9) and a reindeer strain 
(G10).

The parasite life cycle involves dogs and other canids 
(coyotes, dingoes, red foxes) as definitive hosts and un-

gulates (sheeps, pigs, goats, horses) as intermediate hosts. 
Definitive hosts are infected by ingestion of  offal con-
taining hydatid cysts; the adult worms reside in the canine 
small bowel and their eggs or gravid proglottids are shed 
in the feces. After oral uptake of  eggs by intermediate 
hosts, an oncosphere larva is released from the egg and 
penetrates the intestinal lamina propria, reaching the 
blood and lymph vessels which transport it to liver, lungs 
and other organs, where oncosphere larvae can develop 
into metacestodes (also known as hydatid cysts). Humans 
can accidentally become “aberrant” intermediate hosts, 
after ingestion of  Echinococcus eggs excreted by infected 
carnivores. 

Hydatid cysts are spherical, fluid-filled, unilocular vesi-
cles, consisting of  an internal cellular layer (germinal layer) 
and an outer acellular, laminated layer. The parasite cysts 
gradually expand and cause a granulomatous host reac-
tion, followed by the development of  a fibrous tissue layer 
(pericyst). Brood capsules and protoscolices bud from the 
germinal membrane; with time, internal septations and 
daughter cysts usually develop, modifying the unilocular 
morphology that is typical of  young hydatid cysts. When 
definitive hosts ingest the cyst-containing organs of  inter-
mediate herbivore hosts, the Echinococcus life cycle can re-
start, as the protoscolices evaginate, attach to the intestinal 
mucosa and develop to adult stage in 30-80 d[6,7].

Molecular crosstalk between human host and parasite
Several studies have focused on the mechanisms of  host-
parasite interplay in CE. 

The immune response to E. granulosus infection has 
been investigated through both clinical studies on pa-
tients with hydatidosis and sheep and mouse experimen-
tal models[8]. In the early stage of  hydatid cyst develop-
ment, a cell-mediated response involving macrophages, 
neutrophils and eosinophils is established[9-11]; antibody 
response is usually undetectable during the first weeks af-
ter infection, but IgE, IgG2 and IgG4 levels subsequently 
significantly increase[8]. Elevated levels of  IgE for echi-
noccocal antigens are responsible for allergic reactions, 
such as itching, urticaria and anaphylactic shock[12].

E. granulosus induces both TH1 and TH2 response: 
elevated levels of  TH1 cytokines, especially interferon-γ  
(IFN-γ)[13], but also TH2 cytokines, such as IL-4, IL-5 
and IL-6, have been recorded in patients with HD[8,11]. 
The reason for this duplex cytokine secretion pattern 
is not known: TH1 and TH2 responses usually down-
regulate each other, with a cross-inhibitory mechanism; 
it is assumed that the complex antigenic organization of  
Echinococcus may stimulate both T-cell subsets[14]. After 
chemotherapy treatment, surgical removal or natural 
death of  a cyst, TH2 response quickly drops and TH1 
response becomes predominant[15].

The metacestode attempt to escape from the host 
protective response involves complex and intriguing strat-
egies aimed at modulating host response and protecting 
itself  from elimination. Echinococcus tries, in fact, to mini-
mize host reaction by exposing several immunomodula-
tory molecules to its host[16], interfering with complement 
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activity[17], altering leukocyte function[18] or using molecu-
lar mimicry[19].

Epidemiology and infection risk 
E. granulosus has a worldwide distribution; the highest 
prevalence is recorded in the Mediterranean countries, 
Russia and China (in Sichuan Province human CE had 
a prevalence of  2.1% in 1997-1998[20]). Other hyperen-
demic areas are North and East Africa (prevalence > 
3%), South America and Australia[21]. CE infection has re-
emerged in certain parts of  the world where it was once 
believed to be controlled, including Israel, Central Asia 
and Eastern Europe[21,22]. In Bulgaria the annual incidence 
of  CE in children has increased from 0.7 per 100  000 in 
1971-1982 to 5.4 in 1995[23]; in Kazakhstan the annual 
surgical incidence of  CE over the whole country was be-
low 1.4 per 100 000 inhabitants from 1988 until 1995 but 
has increased to 5.9 in 2000[24,25].

CE is typically a rural and occupational disease, since 
certain human activities, such as feeding dogs with the 
viscera of  slaughtered livestock, increase the risk of  in-
fection. Humans acquire the parasite through fecal-oral 
contact, generally by handling infected domestic dogs or 
egg-containing feces. Echinococcus eggs adhere to the coat 
of  animals, especially to hairs around the anus and on the 
muzzle and paws[26]. Eggs can also be ingested with con-
taminated water or vegetables; it is also possible that the 
contamination of  surfaces and foodstuffs with Echinococ-
cus eggs occurs via wind, flies, birds or beetles. 

Some studies have evaluated several risk factors for 
infection: Campos-Bueno et al[27] studied a Spanish cohort 
of  127 CE infected patients, matched with 127 healthy 
controls, associating an increased risk for CE with hav-
ing a higher number of  dogs in the family and with dogs’ 
ease of  access to raw viscera of  slaughtered animals. In 
Tibet a rise of  infective risk was associated with nomadic 
life, age, playing with dogs, not protecting food from flies 
and raising yaks or sheep. Water wells were suspected to 
be a source of  infection in African arid lands, where ani-
mals and humans often share the same water points[28].

Clinical aspects
After infection, humans are usually asymptomatic for a 
long period of  time, since cyst growth is usually slow; in 
the liver the growth rate is variable, ranging from 1 mm 
to 5 mm in diameter per year. Most primary infections 
consist of  a single cyst, but up to 20%-40% of  infected 
people have multiple cysts. Presenting symptoms depend 
not only on the size and number of  cysts, but also on 
the mass effect within the organ and upon surrounding 
structures. The signs and symptoms of  liver hydatidosis 
include hepatomegaly, right/epigastric pain, nausea and 
vomiting. Cyst leakage or rupture may be responsible for 
systemic immunological responses, causing anaphylaxis; 
in one series, anaphylaxis complicated 10% of  all intra-
peritoneal ruptures.

Cyst rupture in the peritoneal cavity may cause sec-
ondary CE, with the release of  protoscolices and/or 
small cysts, which can grow to larger cysts. 

Portal vein or bile duct obstruction, caused by the ex-
panding cysts, may be responsible for segmental or lobar 
liver atrophy in the cyst-bearing lobes[29].

Other complications are rupture in the biliary tree 
with secondary cholangitis[30], biliary obstruction by 
daughter cysts, portal hypertension, ascites, intracystic or 
subphrenic abscess formation, development of  a bron-
chobiliary fistula[31,32]. Hydatid cyst suppuration has been 
reported as occurring in 5% to 40% of  patients[33]. Perfo-
ration in the biliary tree has been described in up to 90% 
of  HD[34].

Diagnosis
Considering that the early stages of  infection are usually 
asymptomatic, the diagnosis of  liver CE may often be 
incidental, associated with an abdominal ultrasonography 
performed for other clinical reasons. In endemic areas, 
the presence of  symptoms suggestive of  CE in a person 
with a history of  exposure to sheepdogs supports the 
suspicion of  hydatidosis. 

A non-invasive diagnosis of  hepatic CE is usually ac-
complished with the combined use of  radiologic imaging 
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Table 1  Hydatid disease epidemiology and characteristics[6,7]

Cystic echinococcosis Alveolar echinococcosis

Causative agent E. granulosus E. multilocularis
Definitive hosts Dogs and other canids (coyotes, dingoes, red foxes) Red foxes, arctic foxes, coyotes,

dogs and cats
Intermediate hosts Ungulates Rodents 
Geographic distribution Worldwide North America, northern and central  Eurasia
Worldwide incidence 1-200/100  000 0.03-1.2/100  000
Organ localization Mainly liver and lungs Mainly liver 
Characteristics of hydatid lesions Young cysts: spherical, fluid-filled, unilocular vesicles 

(diameter: 1-15 cm)
Old cysts: internal septations,  daughter cysts

Three-layered structure: germinal layer, laminated layer, pericyst

Alveolar-like pattern, with numerous vesicles (< 
1 mm up to 15 cm in diameter) and surrounding 
dense connective tissue, no cyst fluid, sometimes 

central necrosis
Type of growth in human organs Concentric expansion Tumor-like, infiltrative behaviour
Therapeutic options Surgery, PT (especially PAIR), chemotherapy Surgery, chemotherapy, EPIs

PTs: Percutaneous treatments; PAIR: Puncture, aspiration, injection, re-aspiration; EPIs : Endoscopic percutaneous interventions. 
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plete elimination of  the parasite and prevention of  recur-
rence, minimizing mortality and morbidity risk. In order 
to achieve these aims, it is essential to choose the most 
appropriate treatment with regard to disease-specific 
characteristics (cyst number, size, site, presence of  cys-
tobiliary communication), to patient clinical conditions, 
availability of  an experienced surgeon or an intervention-
al radiologist. 

Three therapeutic modalities are available to treat 
hepatic CE: chemotherapy, surgery (with open or laparo-
scopic approach) and percutaneous treatments (PTs). A 
stage-specific approach is recommended[49].

Surgery: Until the 1980s, surgery was the only therapeutic 
option for patients with CE. Surgery is still the first choice 
for large CE2-CE3b cysts with multiple daughter cysts or 
for single superficial cysts, considering the likelihood of  
spontaneous or traumatic rupture, when PT is not avail-
able. Presence of  complicated cysts, e.g., infected cysts 
or cysts communicating with the biliary tree, and cysts 
exerting pressure on other vital organs, are other indica-
tions for surgical approach. Surgery is contraindicated in 
patients whose preexisting medical conditions put them 
at risk or in patients having inactive asymptomatic cysts 
or multiple cysts which are difficult to access. If  feasible, 
surgical removal of  hydatid cysts has the best chance to 
completely remove cysts and to immediately cure CE.

Surgical options can be divided into radical (peri-
cystectomy) and conservative approaches (for instance 
unroofing or capitonnage)[50-53]. Radical procedures are 
associated with a lower risk of  recurrence, but also with 
a higher operative risk; conservative procedures, on the 
contrary, are easier to perform but have a higher likeli-
hood of  recurrence. Recurrence is usually due to either 
inadequate cyst removal or to previously undetected 
cysts; reported recurrence rates range from 2% to 25%[54]. 

Whichever technique is used, a benzimidazole (BMZ) 
agent is usually used to reduce the risk of  anaphylaxis and 
secondary CE[55]. BMZ is administered from 1 d before 
surgery to 1 mo after surgery but, again, no conclusive 
data about the best timing are available. Major complica-
tions of  surgery are postoperative hemorrhage, cholan-
gitis, sepsis and fistulae formation. Operative mortality 
varies from 0.5% to 4%[55]. 

Percutaneous treatments: PTs of  hepatic CE can aim at 
the destruction of  the germinal layer [puncture, aspiration, 
injection, re-aspiration (PAIR)] or the evacuation of  the en-
tire endocyst (“modified catheterization technique”). 

PAIR is an acronym that stands for “puncture, aspira-
tion, injection, re-aspiration”. PAIR consists of  four steps: 
(1) percutaneous puncture of  the cyst using ultrasound 
guidance; (2) aspiration of  the cyst fluid; (3) injection of  a 
protoscolicidal agent (e.g., 95% ethanol or 20% NaCl) for 
at least 15 min; and (4) re-aspiration of  the fluid[37,56].

PAIR is indicated for CE1 and CE3a cysts > 5 cm[49,56]; 
CE2 and CE3b cysts treated by PAIR tend to relapse. 
PAIR has also been used for patients who refused surgery 

and immunodiagnostic techniques. Abdominal ultraso-
nography is considered the gold standard for defining the 
number, site, dimensions and vitality of  cysts[32,35,36] and it 
is also important to evaluate treatment options. A stan-
dardized ultrasonographic classification system for hepatic 
cysts has been developed by the World Health Organiza-
tion (WHO)[37], in order to update the older Gharbi clas-
sification[38]. 

Ultrasonography is not always able to differentiate hyda-
tid cysts from other space-occupying lesions, like tumors 
or liver abscesses, so that additional imaging techniques, 
such as magnetic resonance imaging (MRI) and CT scans, 
may be required. MRI should be preferred to CT, due to 
better visualization of  liquid areas within the matrix[39]. 
MRI is also important for pre-surgical evaluation of  CE.

Immunodiagnosis is useful to confirm a radiologic di-
agnosis and can also be an important tool for the follow-
up after surgical or pharmacological treatment, even if  
not all patients with CE have a detectable immune re-
sponse[40-42]. Serological test sensitivity is indeed inversely 
related to the degree of  sequestration of  the echinococcal 
antigens inside cysts; for instance, healthy, intact cysts can 
elicit a minimally detectable response, whereas previously 
ruptured or leaking cysts are associated with stronger im-
mune responses.

Almost all traditional immunodiagnostic methods (e.g., 
Casoni intradermal test, complement fixation test, indi-
rect hemagglutination test, indirect immunofluorescence 
antibody test, immunoelectrophoresis and latex agglutina-
tion test) have now been replaced by the enzyme-linked 
immunosorbent assay (ELISA) and/or immunoblot-
ting[43]. In order to detect antibody response to parasite, 
several hydatid antigens have been extracted and used for 
serological diagnosis. Hydatid cyst fluid antigen B (AgB) 
and antigen 5 (Ag5) from E. granulosus are considered the 
most specific native antigens for the immunodiagnosis 
of  CE[40,41], even though lack of  sensitivity and specificity, 
technique standardization and cross-reactivity with anti-
gens of  other parasites[44-46] are major problems associated 
with immunodiagnosis of  CE.

In doubtful cases, for example undetectable anti-
Echinococcus antibodies in patients with small lesions re-
sembling hydatid cysts or in patients whose hepatic cysts 
cannot be differentiated from liver abscess or neoplasms, 
ultrasonography-guided fine needle puncture may repre-
sent an additional diagnostic option. The demonstration 
of  protoscolices or hydatid membranes or echinococcal 
antigens/DNA in the aspirated cyst fluid can confirm, 
in fact, the diagnosis of  CE. Anthelmintic coverage is 
important to minimize the risk of  secondary CE: alben-
dazole should be recommended for 4 d before the pro-
cedure and should be continued for at least 1 mo after 
having punctured a lesion recognized as an E. granulosus 
cyst[32,47]. Detection of  parasite-specific IgE has no signif-
icant diagnostic advantages, even if  eosinophilia is often 
present after rupture/leakage of  the cyst[48].

Treatment
The goals of  hepatic hydatid cyst treatment are a com-
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or relapsed after surgical treatment. It is contraindicated 
for inaccessible or superficially located liver cysts and 
for inactive or calcified cystic lesions. The possibility of  
secondary echinococcosis can be minimized by concur-
rent treatment with benzimidazoles; indeed, combined 
treatment (PAIR plus albendazole) may yield better results 
than those of  either chemotherapy or PAIR alone[57,58]. 
The length of  administration of  chemotherapy with al-
bendazole usually ranges between 4 h before and 1 mo 
after PAIR, in order to reduce the risk of  disease recur-
rence and intraperitoneal seeding of  infection. PAIR must 
be avoided in patients with cystobiliary communications, 
to prevent the risk of  sclerosing cholangitis. 

Chemotherapy: Mebendazole (MBZ) and albendazole 
(ABZ) are the BMZ agents used for the treatment of  he-
patic CE. They interfere with the absorption of  glucose 
through the wall of  the parasite, causing glycogen deple-
tion and degenerative changes in echinococcal mitochon-
dria and endoplasmic reticulum. BMZ may be favorably 
used alone for the treatment of  small (< 5 cm) CE1-
CE3a liver cysts[59] or for inoperable patients; BMZs are 
also usually associated with PAIR or surgery to prevent 
secondary CE[55]. BMZs are not indicated for the treat-
ment of  inactive or calcified asymptomatic cysts, unless 
they are complicated lesions[49]. 

Both ABZ and MBZ are effective, but ABZ is con-
sidered the drug of  choice, because it is more active in 
vitro and it has a better gastrointestinal absorption and 
bioavailability[60,61]. The usual dose of  orally-administered 
ABZ is 10-15 mg/kg per day in two divided doses; if  
MBZ, the daily dose is 40-50 mg/kg in three divided 
doses. Treatment with BMZ should be administered con-
tinuously, for 3-6 mo[49].

Clinical and radiographic improvement (in most stud-
ies defined as > 25% reduction in cyst size, membrane 
separation, or cyst calcification[62]) is quite frequent and 
is favorably influenced by the duration of  treatment. Un-
fortunately, complete cure (i.e., cyst disappearance) only 
occurs in approximately a third of  patients treated with 
BMZ alone and, interestingly, the number of  patients 
with cure does not significantly increase by extending the 
duration of  treatment[60]. A recent systematic review[63] 
has confirmed that the size and stage of  cysts are the key 
factors to evaluate the likelihood of  response to chemo-
therapy.

Usual adverse effects include nausea, hepatotoxicity, 
neutropenia and occasionally alopecia. Thus, all patients 
should have regular monitoring of  leukocyte counts and 
liver function tests. Contraindications to chemotherapy 
include pregnancy, chronic hepatic diseases and bone 
marrow depression.

Praziquantel has been used (40 mg/kg once a week) 
with ABZ for combined treatment of  CE; this therapeutic 
association seems to be more effective than ABZ alone[64].

For uncomplicated CE4 and CE5 cysts a “watch and 
wait” strategy is currently advised[49].

HEPATIC ALVEOLAR ECHINOCOCCOSIS 
CAUSED BY E. MULTILOCULARIS
Hepatic alveolar echinococcosis (AE) results from infec-
tion by the larval forms of  E. multilocularis. The echino-
coccal metacestode develops in the liver and is character-
ized by an alveolar structure, made up by several vesicles 
surrounded by large granulomas. Human AE is a severe 
and emerging disease, whose prognosis is bleak in absence 
of  treatment or if  it is not diagnosed at an early stage of  
disease.

E. multilocularis: The parasite life cycle 
E. multilocularis is a small cestode (1.2-4.5 mm), whose 
definitive hosts are wild carnivores such as red fox and 
arctic fox (sylvatic cycle) or domestic dogs and cats (syn-
anthropic cycle). The adult tapeworms, whose bodies 
are characterized by a mean number of  five proglottids, 
reside in the small bowel of  their definitive hosts, where 
gravid proglottids release eggs which are passed in the 
feces. Intermediate hosts, usually small rodents, or aber-
rant hosts such as humans, become infected by inges-
tion of  embryonated eggs. Human infection can happen 
through direct contact with the definitive host or it can 
be indirect, through contamination of  food or water with 
parasite eggs[7,65]. The echinococcal metacestode develops 
in the liver and is characterized by an alveolar structure, 
made up by several vesicles whose diameter varies from 
< 1 mm up to 15-20 cm[47,65]. Each vesicle has a wall 
structure similar to that of  the E. granulosus cyst, consist-
ing of  a germinal and a laminated layer[66]. Brood capsules 
or protoscolices are only occasionally seen and lesions 
may be complicated by central necrosis, producing a cav-
ity or pseudocyst after liquidization. Small cysts are sur-
rounded by a dense connective tissue and they usually do 
not contain fluid but instead a semisolid matrix[6].

Host-parasite interaction
E. multilocularis is able to elicit a strong cellular immune 
response: in the liver, parasitic lesions appear to be sur-
rounded by large granulomas made up by macrophages, 
T-lymphocytes and myofibroblasts[67-69]. Observations in 
humans and experiments with rodents have shown that 
cellular immunity, related to TH1 cytokine profile, has a 
crucial role in host defense against the parasite[70]. IL-12, 
a key factor in the induction of  TH1 profile, has been 
shown to inhibit, in mice, the development of  alveolar 
lesions, leading to the formation of  abortive parasitic 
vesicles surrounded by fully efficient periparasitic im-
mune cell infiltration and fibrosis[71]. In mice treated with 
IFN-γ, a typical TH1 cytokine, a partial reduction in 
larval growth has been observed[72]. In contrast, a TH2 
cytokine profile has been associated with disease progres-
sion: high levels of  IL-5 and IL-10 have been detected 
in serum of  patients with progressive disease, compared 
with individuals with abortive forms[73-76]. As in the case 
of  E. granulosus, several mechanisms have been proposed 
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to explain E. multilocularis avoidance from host-protective 
responses, including antigenic disguise[77], immunomodu-
lation[78-80], molecular mimicry[81], antigen and DNA poly-
morphism[82,83].

Epidemiology and infection risk
Data on human AE are difficult to be evaluated due to its 
low prevalence[21], which does not allow a reliable recogni-
tion of  temporal developments or differences in spatial 
distribution. The long asymptomatic period also makes 
it difficult to determine time and place of  infection[84]. 
E. multilocularis is endemic in the Northern hemisphere, 
including North America (Alaska, Canada), Asia (some 
of  the newly independent states of  the former Soviet 
Union[85], China[86] and Japan) and some European coun-
tries[87] (mainly France, Switzerland, Austria, Germany)[21,22]. 
In endemic areas, annual incidence of  AE ranges from 0.03 
to 1.2/100  000 inhabitants[88,89]. Increasing fox population, 
increased fox encroachment into urban areas and E. mul-
tilocularis spillover from wild carnivores to domestic hosts, 
are all factors that may explain E. multilocularis spreading 
from endemic areas to previously non-endemic European 
countries[21,90].

Considering the parasite life cycle, exposure of  hu-
mans to echinococcal eggs may be influenced by occupa-
tional and behavioral factors. Hunters, trappers and per-
sons who work with fox fur should be more frequently 
exposed to E. multilocularis eggs, but there is no evidence 
that these groups are at increased risk[91,92].

Clinical aspects 
Slow larval growth results in an asymptomatic phase of  
several years (5-15 years). Initially, the liver, usually the 
right lobe, is the organ where the metacestodes estab-
lish themselves; then, later in the infection, it is possible 
to find blood metastasis to lung, brain, bones and local 
extension of  the lesion (abdomen, retroperitoneum, dia-
phragm)[66]. First symptoms are usually vague: patients 
may complain of fatigue, weight loss or may have hepa-
tomegaly. One third of  them have cholestatic jaundice; 
one third present with abdominal pain[54,66,93]. In advanced 
stages, liver failure usually occurs and it is frequently asso-
ciated with portal hypertension, ascites and splenomegaly. 
The prognosis in untreated or inadequately treated pa-
tients with AE is poor. Treatment has radically changed 
average life expectancy at diagnosis from 3 years in the 
1970s to 20 years in 2005[94].

Diagnosis
As for CE, AE diagnosis is based on clinical and epide-
miologic findings, imaging techniques, nucleic acid detec-
tion and serology.

Among the imaging techniques, ultrasonography is the 
method of  choice to identify hydatid lesions: ultrasound 
(US) typical aspect shows a pseudotumoral mass, with ir-
regular limits and scattered calcification, where hypoecho-
genic and hyperechogenic areas are juxtaposed; central 
necrosis may give to the mass the appearance of  a cystic-

like structure, surrounded by a hyperechogenic ring[95,96]. 
Color doppler may be useful to evaluate biliary and vas-
cular infiltration. Abdominal CT gives further anatomical 
details and information about the lesion pattern of  calci-
fication[65]. MR imaging is the best standard to study the 
invasion of  adjacent structures and may help in unclear 
cases[97]. Pre-surgical percutaneous cholangiography is im-
portant to assess the presence of  communication between 
the biliary tree and the alveolar lesions[96]; it is also funda-
mental to exclude extra-hepatic involvement, through pul-
monary and cerebral radiological examination.(18F)Fluoro-
deoxyglucose positron emission tomography (FDG-
PET) scanning gives indirect information on the parasite 
metabolic activity, especially if  combined with MRI or CT 
scan; if  negative, this finding does not mean that the para-
site is not viable but that there is a suppressed periparasitic 
inflammatory activity[98]. 

WHO classification of  AE is based on imaging find-
ings and it is useful to have an internationally recognized, 
uniform standard for disease diagnosis and treatment 
strategies. The WHO-IWGE PNM classification sys-
tem[65,99] is similar to tumor TNM classification: “P” refers 
to the extent of  parasite localization inside the liver, “N” 
establishes the involvement of  neighboring organs, “M” 
evaluates the absence (M0) or presence (M1) of  distant 
metastasis, after having performed a chest X-ray and a 
cerebral CT. 

As in CE, immunodiagnosis has a complementary 
role to other procedures, not only in primary diagnosis 
but also for follow-up of  patients after surgical treatment 
or chemotherapy[100,101] and for the specific differential 
diagnosis between AE and CE in those regions where 
the diseases are co-endemic[102,103]. Immunodiagnosis 
(with indirect hemoagglutination test or ELISA) is more 
reliable for the diagnosis of  AE than for CE, because 
more specific antigens are available. For example, the 
Em2plus-ELISA, which is a mixture of  affinity purified 
E. multilocularis metacestode antigens (Em2-antigen) and 
a recombinant antigen (EmⅡ/3-10), has shown a great 
sensitivity and specificity[104], but it is not able to discrimi-
nate between active and inactive lesions; in fact, Em2-
ELISA may be positive for years after spontaneous or 
pharmacological-induced dying out of  the metacestode 
in patients with calcified lesions, because the Em2 an-
tigen main source is the laminated layer of  the parasite 
which obviously persists in these inactive lesions. Surgical 
removal of  the dried-out lesion results in an immediate 
seroconversion to negative anti-Em2 antibodies[105,106]. 
Considering that the protoscolex is the most active com-
ponent of  echinococcal tissues, protoscolex antigens 
Em16 and Em18 have been isolated and used for im-
munoblot tests, in order to discriminate between active 
and inactive lesions[107]; recombinant (r) Em18 appears 
to be a promising immunodiagnostic tool for serological 
differentiation between AE and CE[107,108]. Combining US 
and serological data, it is possible to classify seropositive 
patients into three groups: patients with active hepatic le-
sions, patients with calcified lesions and patients with no 
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evidence of  hepatic lesions[49]. The latter cases are a con-
sequence of  immune system pressure, which can cause 
larval degeneration and death, so that the only radiologi-
cal sign of  the host-parasite interaction may be the US 
finding of  calcifications[109]. 

Some studies have shown that patients with AE have 
high levels of  IgG1 and IgG4 antibodies and that after 
treatment they usually become seronegative for IgG4 an-
tibodies[110-113]; IgG4 antibody reappearance can be con-
sidered a warning sign of  disease reactivation.

Liver needle biopsy can be performed in uncertain 
cases and it can confirm AE diagnosis if  histopathological 
examination identifies the presence of  alveolar vesicles. 
RT-PCR on liver specimens, obtained by biopsy or sur-
gery, has been used to assess parasite viability, while PCR 
can detect E. multilocularis DNA. These tests have a good 
positive predictive value, but a negative result does not 
exclude parasite activity and parasite presence in the liver, 
respectively[114].

Treatment 
The key concept of  AE treatment is to adopt a multidis-
ciplinary approach to disease. Surgery and chemotherapy 
are the cornerstones of  AE treatment and, as for CE, a 
stage-specific approach is recommended[49].

Surgery: Surgery is the first-choice option in all operable 
patients. Radical resection of  the entire hepatic parasitic 
lesions is the only curative procedure, even though it is 
often difficult to achieve because of  echinococcal dissemi-
nation into host tissues. Palliative liver surgery is almost al-
ways contraindicated, because it does not offer advantages 
when compared with conservative treatment[115,116]. Pre-
operative evaluation is important to establish lesions full 
resectability; WHO-IWGE PNM classification estimates 
quite well the likelihood to achieve radical resection[99]. 

Liver transplant (LT) has been employed in otherwise 
terminal cases[117]. Indications for LT are the presence of  
severe liver failure or recurrent life-threatening cholangitis 
and the inability to perform a radical liver resection. The 
absence of  extra-hepatic AE localizations is mandatory 
for LT[49]. 

BMZ chemotherapy should be carried out for at least 
2 years after surgery and patients should be monitored 
for at least 10 years, because of  the risk of  recurrence: 
in fact, unrecognized or invisible parasites can re-grow, 
even after some years, especially in post-LT immunosup-
pressed patients[118].

Chemotherapy: Inoperable AE patients should receive 
continuous BMZ treatment for life; moreover, long-term 
BMZ administration (at least 2 years) is mandatory after 
surgical treatment. Pre-surgical BMZ therapy is advised 
only in the case of  LT. ABZ is given orally at a dosage 
of  10-15 mg/kg per day, in two divided doses; if  it is 
not tolerated, MBZ may be given at daily doses of  40-50 
mg/kg per day, split into three divided doses with fat-rich 
meals[49]. Conventional and liposomal amphotericin B has 

been used in patients who did not tolerate BMZ[119]. In a 
recent study nitazoxanide has not shown any efficacy for 
AE treatment[120].

Therapy with BMZ has resulted in an increased 10-year 
survival rate of  approximately 80% (6%-25% in un-
treated historical controls)[121]. BMZs are parasitostatic, 
not parasiticidal: after several years of  BMZ treatment, in 
the absence of  progression of  AE lesions, it is possible 
to discuss whether treatment should be continued or not. 
Decision-making should be supported by the evaluation 
of  parasite viability, usually by PET-CT[98], and serum 
specific antibodies[101,102]. These tools may also be useful 
for the follow-up after BMZ withdrawal.

All AE patients should be monitored by US at fre-
quent intervals and CT and/or MRI at intervals of  2-3 
years, to evaluate disease recurrence or progression[49].

Endoscopic percutaneous interventions: Intervention-
al procedures may be considered in inoperable patients 
in the presence of  complications such as liver abscesses, 
jaundice due to biliary duct obstruction, portal vein 
thrombosis or bleeding esophageal varices associated with 
portal hypertension[96]. EPIs with BMZ avoid palliative 
surgery and may improve the patient life expectancy and 
quality of  life.

CONCLUSION
Liver echinococcosis is a severe, neglected, often misdiag-
nosed disease; both AE and CE may be considered emerg-
ing public health problems, since CE is endemic in several 
countries in the world and AE is one of  the most lethal 
helminthic diseases. 

The last years have been characterized by significant 
advances in the knowledge of  Echinococcus biology and 
interaction with the immune system; the development of  
more specific and sensitive immunological tests and the 
introduction of  PCR for detection of  parasite nucleic 
acid have increased the range of  diagnostic tools. Fur-
thermore, the improvement in surgical techniques, the 
introduction of  effective drugs (e.g., BMZ) and minimally 
invasive treatments (e.g., PAIR) have deeply changed the 
life expectancy and quality of  life of  patients with HD. 

Despite diagnostic and therapeutic progress, many 
unresolved problems are still waiting for a solution; for 
instance, there is a need for prevention programs able to 
monitor and control parasite spreading. Additionally, ran-
domized, controlled trials comparing different therapeu-
tic options, especially for CE, are urgently required, in or-
der to provide new evidence to guide treatment decision-
making.
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Abstract
AIM: To identify and characterize drosophila mothers 
against decapentaplegic (SMAD)3-dependent changes 
in immune cell populations following infection with He-
licobacter hepaticus (H. hepaticus ).  

METHODS: SMAD3-/- (n  = 19) and colitis-resistant 
SMAD3+/- (n  = 24) mice (8-10 wk of age) were in-
fected with H. hepaticus  and changes in immune cell 
populations [T lymphocytes, natural killer (NK) cells, 
T regulatory cells] were measured in the spleen and 
mesenteric lymph nodes (MsLNs) at 0 d, 3 d, 7 d and 
28 d post-infection using flow cytometry. Genotype-

dependent changes in T lymphocytes and granzyme B+ 
cells were also assessed after 28 d in proximal colon 
tissue using immunohistochemistry.

RESULTS: As previously observed, SMAD3-/-, but not 
SMAD3+/- mice, developed colitis, peaking at 4 wk 
post-infection. No significant changes in T cell subsets 
were observed in the spleen or in the MsLNs between 
genotypes at any time point. However, CD4+ and CD8+/
CD62Llo cells, an effector T lymphocyte population, as 
well as NK cells (NKp46/DX5+) were significantly higher 
in the MsLNs of SMAD3-/- mice at 7 d and 28 d post-in-
fection. In the colon, a higher number of CD3+ cells were 
present in SMAD3-/- compared to SMAD3+/– mice at base-
line, which did not significantly change during infection. 
However, the number of granzyme B+ cells, a marker of 
cytolytic lymphocytes, significantly increased in SMAD3-/- 
mice 28 d post-infection compared to both SMAD3+/- 
mice and to baseline values. This was consistent with 
more severe colitis development in these animals.  

CONCLUSION: Data suggest that defects in SMAD3 
signaling increase susceptibility to H. hepaticus -induced 
colitis through aberrant activation and/or dysregulation 
of effector lymphocytes.  
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INTRODUCTION
Individuals with inflammatory bowel disease (IBD), par-
ticularly ulcerative colitis (UC), are at a higher risk of  
developing colon cancer than the general population[1]. A 
meta-analysis of  116 studies indicated that the prevalence 
of  colon cancer in patients with UC is approximately 
3.7% (95% CI: 3.2-4.2), with the cumulative probability 
reaching 18% by 30 years regardless of  disease severity[2]. 
Although the etiology of  UC is poorly understood, there 
are indications that the immune system of  individuals 
with UC reacts abnormally to bacteria in the digestive 
tract. This altered immune response leads to the inflam-
mation-associated pathology of  IBD[3-5]. 

Imbalances in both innate and adaptive immune cells, 
such as natural killer (NK) cells and T cell subsets, includ-
ing CD4+ and CD8+ T cells and CD4/CD25/Foxp3+ T 
regulatory (Treg) cells, are associated with the pathogene-
sis of  IBD[2]. The inflammation and damage caused by in-
creased secretion of  inflammatory cytokines during an ac-
tive disease state is thought to be triggered by cytotoxicity 
against the commensal bacteria[6]. For example, levels of  
NK cytotoxicity in UC are related to the clinical stage of  
the disease[7]. In active disease states, NK cells are present 
in normal numbers, but are functionally defective, whereas 
NK cells exhibit normal cytotoxic activity in an inactive 
disease state[7]. Induction of  inflammatory cytokines can 
also result from the disruption of  the homeostatic balance 
between Treg and effector T helper (Th) cells. Elevated 
levels of  pro-inflammatory CD4+ T cells lead to excess 
cytokine/chemokine production, thereby recruiting ad-
ditional leukocytes and influencing the severity of  the 
inflammatory response[2]. CD8+ T cells are also important 
in the pathogenesis of  UC in humans, as demonstrated by 
extensive CD8+ T cell infiltration within intestinal lesions 
contributing to mucosal damage[8,9].  

Transforming growth factor (TGF)-β is a multifunc-
tional cytokine that plays an important role in epithelial 
and immune cell homeostasis[10,11]. TGF-β mediates many 
diverse biological functions on different cell types through 
receptor-mediated phosphorylation and activation of  the 
drosophila mothers against decapentaplegic homolog 
(SMAD) family proteins, notably SMAD2 and SMAD3, 
which migrate to the nucleus and induce transcription of  
a targeted set of  genes[12,13]. Dysfunctions in one or more 
components of  TGF-β signaling are commonly observed 
in human IBD and during colon cancer development. For 
example, loss of  expression of  the TGF receptor type 
Ⅱ is observed in 90% of  microsatellite instable colon 

cancers, leading to loss of  growth regulation in epithelial 
cells[14]. Additionally, although the TGF-β1 isoform is 
overexpressed in the colon of  individuals with IBD[15], 
nuclear signaling is impaired due to increased levels of  
SMAD7[16]. SMAD7 normally inhibits TGF-β signaling by 
blocking activation of  SMAD2/3 in response to receptor-
ligand binding. Normalizing SMAD7 expression restores 
TGF-β signaling through SMAD3 and inhibits proinflam-
matory cytokine production by lamina propria mono-
nuclear cells[16].  

Impairments in one or more components of  the TGF-β 
signaling pathway are implicated in intestinal inflammation 
in rodent models. For example, homologous knockout 
of  the TGF-β1 gene in mice causes an excessive inflam-
matory response in multiple organs, including the heart, 
lungs, and intestinal tract leading to premature death[17,18]. 
Additionally, Maggio-Price et al[19] have demonstrated that 
disruption of  the transcription factor SMAD3 modulates 
colitis susceptibility following infection with certain Helico-
bacter spp. Among these, Helicobacter hepaticus (H. hepaticus) is 
a Gram-negative spiral bacterium that colonizes the lower 
intestine and the hepatobiliary tract of  mice[20]. Although 
generally asymptomatic, infection can lead to hepatic and 
intestinal inflammation in certain strains of  immunode-
ficient mice[21-24]. In the complete absence of  SMAD3 
signaling, H. hepaticus induces a moderate inflammatory 
response in the cecum and colon, eventually leading to 
mucinous adenocarcinoma formation after 15-30 wk[19]. 
It is generally accepted that chronic low levels of  inflam-
mation lead to cancer promotion and progression[25-28], 
therefore, the SMAD3 mouse model is very similar to the 
development of  specific human cancers where pathogen-
induced inflammation is necessary (but not sufficient) to 
cause dysplasia and tumor formation.  

Using this model, the focus of  the current study was 
to investigate the effect of  SMAD3 deficiency on changes 
in local and systemic immune cell populations following 
infection with H. hepaticus. We hypothesized that colitis 
susceptibility in SMAD3-/- mice induced by H. hepaticus is 
associated with altered immune cell populations compared 
to colitis resistant SMAD3+/- mice. The aims of  this study 
were to: (1) characterize the colitis induced by H. hepaticus 
in colitis-sensitive SMAD3-/- vs resistant SMAD3+/- mice; 
(2) compare the immune cell population changes in the 
spleen and mesenteric lymph nodes (MsLNs); and (3) 
compare local immune cell changes by immunohisto-
chemistry in the colon.

MATERIALS AND METHODS
Murine model
SMAD3+/- and SMAD3-/- (129-Smad3tm1Par/J) mice were 
bred in-house. Homozygous males and heterozygous 
females were mated to obtain both SMAD3+/- and 
SMAD3-/- pups. Genotypes were confirmed by poly-
merase chain reaction (PCR). Animals were housed un-
der specific pathogen-free (SPF) conditions in 60 square 
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inch plastic cages (maximum of  five adult mice per cage) 
with microisolator lids in an Association for Assessment 
and Accreditation of  Laboratory Animal Care-approved 
facility at Michigan State University. SPF conditions were 
assured through quarterly serology testing by Charles 
Rivers (Wilmington, MA, United States) and in-house 
testing for ectoparasites, endoparasites and fecal Helico-
bacter species (PCR). Full necropsies (including culture 
and sensitivity) were performed at least yearly on rodent 
breeding colonies. Animal rooms were maintained at 23.3 
± 2.2 ℃ with a 12-h light/dark cycle. Mice were fed Har-
lan Teklad 7913 rodent chow and sterile water ad libitum. 
Animal protocols were approved by the Michigan State 
University Institutional Animal Care and Use Committee. 

Bacterial culture and infection
The wild-type H. hepaticus strain 3B1 (ATCC 51488) 
was utilized for these experiments. Isolates were asepti-
cally streaked onto sheep blood agar and incubated at 
37 ℃ for 24-48 h inside GasPak™ gas generating pouch 
systems (BD Diagnostic Systems, Sparks, MD, United 
States). Mice were infected as previously described[19]. 
Briefly, bacteria were collected and resuspended in tryptic 
soy broth at A600 nm ≥ 1.8. Animals were then gavaged 
with 0.3 mL doses of  fresh bacterial suspension on two 
consecutive days. Previously, Maggio-Price et al[19] have 
shown that Helicobacter infection is localized primarily in 
the cecum and proximal colon, and that bacterial DNA is 
still present in the tissue and luminal contents of  the ce-
cum at 12 wk post-infection. Bacterial presence was con-
firmed in the current study via DNA isolation at 3 d post-
infection using a commercial kit (QIAGEN tissue kit; 
Valencia, CA, United States) as previously described[24].

Experimental design
In study 1, SMAD3-/- mice (n = 30) at 8-10 wk of  age 
were infected with H. hepaticus to determine onset and 
duration of  colitis. At the time of  necropsy, mice were 
asphyxiated with CO2 and exsanguinated via cardiac 
puncture. Intestinal tissue was collected and processed 
for histopathology at 2-8 wk post-infection. In study 
2, SMAD3+/- (n = 24) and SMAD3-/- mice (n = 19) at 
8-10 wk of  age were infected with H. hepaticus once per 
day for two consecutive days. At select time points after 
infection (0, 3, 7 and 28 d), the spleen and MsLNs were 
collected and processed for lymphocyte isolation as 
described below. Colon and cecum tissue was collected, 
fixed, and processed for immunohistochemistry.  

Histopathology
The colon and cecum were removed and flushed with 
phosphate-buffered saline (PBS). Tissues were fixed in 
10% formalin overnight, embedded in paraffin, then 
sectioned and stained with hematoxylin and eosin (HE). 
Longitudinal sections were graded for inflammation 
and epithelial dysplasia/neoplasia by a pathologist us-
ing a blinded scoring system adapted from Maggio-
Price et al[29]. Cecum and colons were scored on a 1 to 4 

scale both for inflammation (1, no inflammation; 2, mild 
inflammation; 3, moderate inflammation; 4, marked in-
flammation) and dysplasia (1, no dysplasia; 2, low-grade 
dysplasia; 3, high-grade dysplasia; 4, high-grade dysplasia 
with invasion/adenocarcinoma). The two scores for co-
lon and two scores for cecum tissue in each animal were 
combined such that a score of  4 indicated no inflam-
mation or dysplasia and a score of  16 reflected maximal 
inflammation and neoplasia.

Immunohistochemistry was performed on paraffin-
embedded colon sections. Antibodies specific for CD3 
and granzyme B were purchased from Abcam (Cam-
bridge, MA, United States). Colons were sectioned at 5 
µm, mounted on coated slides, deparaffinized in xylene, 
and rehydrated through graded ethanol-water baths. 
Antigen retrieval was performed using citrate buffer (10 
mmol/L, pH 6.0) and a vegetable steamer. Tissues were 
incubated in 3% hydrogen peroxide to block endog-
enous peroxidase activity and then incubated overnight 
at 4 ℃ in primary antibody. On the following day, tissues 
were washed in Tris-buffered saline containing Tween-20 
(0.05%), then incubated with biotinylated secondary an-
tibodies followed by streptavidin horseradish peroxidase 
for 45 min each at room temperature (Dako, Carpentar-
ia, CA, United States). After extensive washing, antigen-
bound horseradish peroxidase was detected using the 
chromagen 3,3’-diaminobenzidine (0.5 mg/mL; Sigma-
Aldrich, St. Louis, MO, United States) dissolved in PBS 
(10 mmol/L, pH 7.2). Identification of  cellular infiltrate 
in the colons of  mice was performed by a pathologist. 
CD3+ and granzyme B+ cells were identified under a 
light microscope using a 20 × objective. The occurrence 
of  positively stained cells was scored in proximal colons 
of  mice in five fields using a 1-cm2 grid reticle as fol-
lows: 0 = average of  0 cells/grid, 1 = average of  ≤ 1 
cell/grid, 2 = average of  2-10 cells/grid, 3 = average of  
11-20 cells/grid, 4 = average of  > 21 cells/grid. Final 
values represent mean ± SE per group (n = 3-5/group).

Lymphocyte isolation
Spleens and MsLNs were removed and placed in ice-
cold RPMI medium at the time of  necropsy. Spleens 
were processed with a dounce homogenizer, pelleted, 
and washed in RPMI. Cells were resuspended in ACK 
lysing buffer (Invitrogen, Carlsbad, CA, United States) 
and washed twice in RPMI. MsLNs were treated with 5 
mL enzymatic digest [5% fetal bovine serum (FBS), 0.5 
mg/mL collagenase, 0.05 mg/mL DNaseⅠ) for 30 min 
at 37 ℃. Cells were passed through 70-µm filters and 
washed with RPMI. Cell counts were performed with a 
hemocytometer using trypan blue exclusion and resus-
pended to a concentration of  one million cells per mil-
liliter of  medium.

Flow cytometry
Lymphocytes were resuspended in fluorescence-activated 
cell sorting (FACS) buffer (0.1% sodium azide, 1% FBS, 
in dPBS) blocked with anti-Fc receptor RⅡ/Ⅲ [CD16/
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CD32 (purified from clone 2.4G2 hybridoma; ATCC, 
Manassas, VA, United States)] for 10 min on ice, and 
subsequently incubated with combinations of  the follow-
ing fluorochrome-conjugated antibodies (E-bioscience, 
San Diego, CA, United States; or BD Bioscience, San 
José, CA, United States) at concentrations ranging from 
1:100 to 1:300 in FACS buffer: CD3 (PerCP-Cy5.5), CD4 
(eFluor450), CD8 (PE-Cy7), CD25 (PE), FoxP3 (FITC 
or Alexa Fluor488), CD62 (APC), Nkp46 (FITC) and 
DX5 (APC). Cells were incubated in staining cocktails 
(one million cells per cocktail) on ice in the dark for 30 
min. Intracellular staining was performed using FoxP3 
staining buffer set as per the manufacturer’s instructions 
(E-bioscience). Briefly, after surface staining, cells were 
washed twice in FACS buffer, fixed in 4% paraformalde-
hyde for 25 min, and permeabilized for 30 min. Permea-
bilization was followed by incubation for 30 min with the 
appropriate antibodies diluted in permeabilization dilu-
ent. Samples were then acquired on a LSR Ⅱ (BD Biosci-
ence) and analyzed using FlowJo software (Tree Star Inc., 
Ashland, OR, United States). The number of  cells in each 
population of  interest was determined by multiplying cell 
percentages by the total cell number.

Statistical analysis
Data for the colitis and immunohistochemistry scores 
were analyzed using the nonparametric Kruskal-Wallis 
test and Dunn’s post-test for specific comparisons. Flow 
cytometric data was analyzed using a two-way analysis 
of  variance in GraphPad Prism (GraphPad Software, 
La Jolla, CA, United States). When statistical differences 
were detected, Tukey’s multiple comparison test was 
used to determine differences between the two groups. 
P < 0.05 was considered significant. All data are repre-
sented as mean ± SE.

RESULTS
SMAD3-deficient mice are susceptible to colitis 4 wk 
post-infection
Colitis severity in SMAD3-/- mice (Figure 1A) peaked at 
4 wk post-infection, with an average colitis score of  7.8 
± 0.4. This value was significant compared to samples 
taken at all other time points (P < 0.05). Colitis resolved 
to baseline levels in SMAD3-/- mice by 8 wk post-infec-
tion. In comparison, SMAD3+/- mice were resistant to 
colitis development at all time points (data not shown). 
There was no statistically significant change in colitis 
scores in SMAD3+/- mice compared to baseline at any 
time point post-infection. Representative HE images 
from SMAD3+/- and SMAD3-/- mice prior to and 4 wk 
following infection are presented in Figure 1B.

SMAD3-dependent changes in lymphocyte populations 
following H. hepaticus infection
We next evaluated genotype- and time-dependent chang-
es in lymphocyte populations in the spleen and MsLNs 
using flow cytometry. There were no significant changes 

in total CD3+, CD4+ or CD8+ lymphocytes in the spleen 
at baseline or at any time point following infection (Fig-
ure 2A-C). Tregs (FoxP3+/CD25+/CD4+) and NK cells 
(NKp46+/DX5+) increased in both genotypes following 
infection but returned to baseline by 28 d (Figure 2D 
and E).  

In the MsLNs, CD3+, CD4+ and Treg cells were sig-
nificantly higher in both genotypes at 7 d and 28 d post-
infection (Figure 3A, C, and D), whereas there were 
no significant changes in CD8+ cells at any time point 
examined (Figure 3B). NK cells increased in SMAD3-
deficient mice by 7 d post-infection, and were signifi-
cantly different from baseline values at 28 d (Figure 3E). 
Comparably, NK cells were not significantly altered at 
any time point in SMAD3+/- mice (Figure 3E).

To determine activation status of  the different T 
lymphocyte populations, we next evaluated surface ex-
pression of  CD62L. L-Selectin (CD62L) is an adhesion 
marker expressed at high levels in naïve T cells and is 
cleaved from the surface (CD62Llo) in activated and/or 
in memory T cells. There were no statistically significant 
changes or observable trends in the proportion or total 
number of  activated T cells in the spleen at any time 
point after infection (data not shown). However, the 
proportion of  CD3+, CD8+, CD62Llo and CD3+, CD4+, 
CD62Llo cells was significantly higher in SMAD3-/- 

mice at 7 d and 28 d compared to baseline values and to 
SMAD3+/- mice (Figure 4A and D). Effector Treg cells 
increased in both strains at 7 d and 28 d compared to 
baseline values (Figure 4G). CD62L expression became 
dimmer at later time points in the SMAD3-/- mice for 
both CD8+ and CD4+ populations (Figure 4C and F) in 
the MsLNs, however, the intensity of  CD62L expression 
was maintained consistently in SMAD3+/- mice through 
all time points (Figure 4B and E). No significant dif-
ferences were observed in the percentage of  Treg cells 
expressing reduced levels of  CD62L between genotypes 
at any time point (Figure 4H and I).	

Immunohistochemical analysis of colon sections 28 d 
post-infection
We next evaluated local changes in CD3+ cells and the 
serine protease, granzyme B, in the proximal colons of  
SMAD3+/- and SMAD3-/- mice 4 wk post-infection. The 
lamina propria in SMAD3-/- mice was moderately expand-
ed by lymphocytic cells. Based on morphology and immu-
nohistochemistry, these cells consisted primarily of  CD3+ 
lymphocytes (Figure 5A). Additionally, numerous gran-
zyme B+ cells were noted in the intestine of  SMAD3-/- 
infected mice, primarily within the villous epithelium, but 
sometimes also within the lamina propria (Figure 5B).

DISCUSSION
Functional TGF-β signaling is crucial for maintaining 
immune cell homeostasis[30]. In the present study, we 
evaluated changes in local and systemic immune cell 
populations in colitis resistant SMAD3+/- and sensitive 
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SMAD3-/- mice during the course of  infection with the 
enteric pathogen, H. hepaticus. A major finding of  this 
study was a significantly higher number of  CD4 and 
CD8 effector cell populations in the mesenteric lymph 
nodes of  SMAD3-/- mice at 7 d and 28 d post-infection 
compared to both baseline values and to SMAD3+/- mice. 
The number of  granzyme B+ cells, a marker of  cytolytic 
lymphocytes, was also higher in proximal colon tissue at 
28 d post-infection, consistent with colitis development 
in these animals. Our findings suggest loss of  TGF-β 
signaling through SMAD3 leads to aberrant activation 
of  colitogenic T cell subsets in response to H. hepaticus, 
whereas changes in specific T cell numbers were un-
affected by genotype. These data are consistent with 
Maggio-Price et al[19], who reported no significant T cell 
response to infection with Helicobacter in vitro, although 

it is important to note that in that study only splenic 
lymphocytes were assessed, and that both H. hepaticus 
and Helicobacter bilis were used for infection. Additionally, 
Yang et al[31] reported no differences between SMAD3-/- 
and wild-type controls on development of  T and B 
lymphocytes and NK cells, but found increased activated 
phenotype of  T lymphocytes in SMAD3-/- mice that 
were resistant to TGF-β1 inhibition in vitro.    

The inflammation associated with H. hepaticus infec-
tion in susceptible strains leads to a dysregulated Th1-
type immune response, characterized by increased expres-
sion of  interleukin (IL)-12 and interferon (IFN)-γ[19,32,33] 
as well as the proinflammatory cytokines IL-1α, IL-1β, 
IL-6 and tumor necrosis factor-α[19]. Treg cells normally 
function to control the inflammatory response by sup-
pressing proliferation and activation of  CD4+ and CD8+ 
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Figure 2  Changes in T lymphocyte populations and natural killer cells in the spleen of drosophila mothers against decapentaplegic 3+/- and drosophila 
mothers against decapentaplegic-/- mice following infection with Helicobacter hepaticus. Flow cytometric analysis of lymphocyte populations at days 0, 3, 7 and 
28 post-infection. Gates were drawn on viable cells using forward scatter vs side scatter parameters. A: Total CD3+ lymphocytes gated on forward scatter vs CD3; B: 
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lymphocytes; E: Total natural killer (NK)p46+/DX5+ NK cells in spleen tissue (n = 4-6 animals per time point). aP < 0.05 vs baseline values (7 d vs 0 d); bP < 0.05 de-
notes significance between genotypes [drosophila mothers against decapentaplegic (SMAD)3-/- vs SMAD3+/-].
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lymphocytes, inhibiting production of  the cytokines IL-2 
and IFN-γ, as well as producing the anti-inflammatory 
cytokine IL-10[34,35]. Transgenic mice lacking T and B 
lymphocytes, including scid and rag-2-deficient mice ex-
hibit a more severe colitis that can be partially alleviated 
by adoptive transfer of  IL-10-producing Treg cells[36-40]. 
Additionally, adoptive transfer of  wild-type Treg cells 
into rag2-deficient mice inhibits H. hepaticus-induced 
colon cancer development[38,40], further establishing an 
important role for this cell type in suppressing inflam-
matory signaling.  

Importantly, Treg cell development is intricately de-
pendent on TGF-β signaling, whereas Treg cells them-
selves are a major source of  this cytokine, deriving much 
of  their suppressive function from TGF-β production 
as well as IL-10. Given the importance of  this cell type 

in suppressing colitis in other models, we next evaluated 
whether SMAD3-deficiency impaired the development 
and/or activation of  CD4+/CD25+/Foxp3+ T regulatory 
cells. We found no significant difference between geno-
types at baseline, suggesting normal development of  this 
cell type in the absence of  SMAD3 signaling. Following 
infection, Treg cells increased proportionally in both geno-
types in both the spleen and MsLNs at 7 d and remained 
elevated in the latter at 28 d. To assess further whether 
activation of  Treg cells may be impaired, we evaluated 
L-selectin (CD62L) expression, which is required for 
migration to sites of  inflammation and is cleaved from 
the surface upon activation[41,42]. Although the number 
of  activated Tregs (CD4+/CD25+/FOXP3+CD62Llo) 
increased at 7 d and 28 d post-infection in the MsLNs, 
there was no further difference between genotypes. Thus, 
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our findings suggest that SMAD3 deficiency does not 
influence Treg cell numbers in peripheral lymphoid tis-
sue; however, this does not rule out the possibility that 
the suppressive effect of  this cell type is influenced in a 
SMAD3-dependent manner. This is further supported 
by recent findings of  Fantini et al[43] who have reported 
that overexpression of  SMAD7 in CD4 T lymphocytes, 
which blocks TGF-β-mediated activation of  SMAD2/3, 
impairs the ability of  Treg cells to suppress T cell prolif-
eration and proinflammatory cytokine expression both in 
vitro and in vivo.  

NK cells are generally acknowledged to be important 
for cell-mediated immunity, and play an important role 
in the control of  cellular infections as well as in antitu-
mor immunity[44]. For example, NK cells can directly lyse 
infected/dysplastic cells through perforin-granzyme-
dependent mechanisms and induce apoptosis[45-51]. Ad-
ditionally, NK cells activate other effector immune cells 
through local production of  cytokines[52]. Fort et al[53] 
have demonstrated that NK cells exert a protective ef-
fect on colitis by controlling the responses of  effector 
CD4 T cells through perforin-dependent mechanisms[53]. 
Other studies have provided evidence that NK cells are 
in fact an innate source of  IL-22 in the colon; a cytokine 
that has proinflammatory properties but is also proposed 
to protect tissues during inflammation[54-56]. 

Yang et al[31] previously have found no effect of  SMAD3 
deficiency on development of  NK cells in the spleen 
or MsLNs. In the current study, we determined whether 
SMAD3 deficiency would influence NK cells in peripheral 
lymphoid tissue in response to infection with H. hepati-
cus. Surprisingly, we found higher numbers of  NK cells 

(NKp46+/DX5+) in SMAD3-/- mice both at 7 d and 28 
d post-infection in the MsLNs, whereas no correspond-
ing changes in population numbers were observed in 
SMAD3+/- mice. Our findings of  increased NK cell pop-
ulations are somewhat inconsistent with the previously 
established protective role of  this cell type[53]; however, 
it is possible that SMAD3 signaling mediates the balance 
of  NK cell subsets in response to infection and/or cyto-
toxicity of  NK cells. For example, significant enrichment 
of  lamina propria NK cells of  the CD56+CD16+ cyto-
toxic subset in individuals with IBD has been report-
ed[57]. Additionally, individuals with Crohn’s disease have 
been reported to have a higher proportion of  NKp46+ 
compared to NKp44+ NK cells in the intestinal mucosa, 
which is suggested to mediate pathogenesis through 
increased production of  IFN-γ[58]. Importantly, TGF-β 
inhibits INF-γ production by NK cells[30,59], suggesting 
the possibility of  altered balance of  NK cell subsets in 
our model.  

Our findings highlight that mice infected with H. 
hepaticus and deficient in SMAD3 signaling have elevated 
levels of  effector lymphocyte subsets in the MsLNs 
and in the colon likely contributing to increased colitis 
severity. Although no genotype differences in numbers 
of  natural Treg cells were found following infection, 
it is possible that defective TGF-β signaling through 
SMAD3 may impair suppressive function. Alternatively, 
the latent presence of  effector T cells may indicate con-
tinuous antigen presenting cell stimulation which was 
not addressed in these studies. Given the pleiotropic role 
of  TGF-β signaling in immune cell homeostasis, further 
evaluation of  cytokine production by activated T cells 
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derived from infected SMAD3-deficient mice would 
lead to a more thorough understanding of  SMAD3 in 
colitis susceptibility. Additionally, very little is known 
about the role of  SMAD3 in NK cell function, however, 
the higher presence of  NKp46+/DX5+ NK cells in the 
MsLNs of  SMAD3-deficient mice might indicate al-
tered NK subsets present in the MsLNs due to different 
chemokines being released throughout the course of  the 
infection. The signaling pathways involved in initiating 
the inflammatory response to H. hepaticus in susceptible 
mouse strains has also not been well characterized. H. 
hepaticus activates nuclear factor-κB and extracellular 
signal-regulated kinase signaling in bone-marrow-derived 
macrophages[60], which can induce both pro- and anti-
inflammatory pathways[33,36,60,61]. Given the importance of  
TGF-β signaling in both IBD and colon cancer develop-
ment in humans, further identifying innate targets in-
volved in initiating the SMAD3-dependent inflammatory 
response to pathogenic stimuli would prove highly useful 
in understanding the pathogenesis of  IBD as well as for 
designing interventions that may alter immune cell popu-
lations and/or activation. Future studies addressing some 
of  these possibilities are currently under investigation.
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Abstract
AIM: To investigate the immunological repertoire in the 
peritoneal cavity of gastric cancer patients.

METHODS: The peritoneal cavity is a compartment 
in which immunological host-tumor interactions can 
occur. However, the role of lymphocytes in the peri-
toneal cavity of gastric cancer patients is unclear. We 
observed 64 patients who underwent gastrectomy for 
gastric cancer and 11 patients who underwent lapa-
roscopic cholecystectomy for gallstones and acted as 
controls. Lymphocytes isolated from both peripheral 
blood and peritoneal lavage were analyzed for surface 
markers of lymphocytes and their cytokine production 
by flow cytometry. CD4+CD25high T cells isolated from 

the patient’s peripheral blood were co-cultivated for 4 
d with the intra-peritoneal lymphocytes, and a cytokine 
assay was performed. 

RESULTS: At gastrectomy, CCR7- CD45RA- CD8+ ef-
fector memory T cells were observed in the peritoneal 
cavity. The frequency of CD4+ CD25 high T cells in both 
the peripheral blood and peritoneal cavity was el-
evated in patients at advanced stage [control vs  stage 
Ⅳ in the peripheral blood: 6.89 (3.39-10.4) vs  15.34 
(11.37-19.31), P  < 0.05, control vs  stage Ⅳ in the peri-
toneal cavity: 8.65 (5.28-12.0) vs  19.56 (14.81-24.32), 
P  < 0.05]. On the other hand, the suppression was 
restored with CD4+ CD25high T cells from their own pe-
ripheral blood. This study is the first to analyze lympho-
cyte and cytokine production in the peritoneal cavity in 
patients with gastric cancer. Immune regulation at ad-
vanced stage is reversible at the point of gastrectomy.

CONCLUSION: The immunological milieu in the peri-
toneal cavity of patients with advanced gastric cancer 
elicited a Th2 response even at gastrectomy, but this 
response was reversible.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Tumor progression is governed not only by the genetic 
changes intrinsic to cancer cells, but also by epigenetic 
and environmental factors. Therefore, neoplastic cell 
factors and biophylactic side factors such as immune 
reactions are interacting in the survival and development 
of  micrometastasis. Increasing evidence gleaned from 
studies in immune-compromised hosts suggests that the 
cellular mechanisms of  immunosurveillance influence 
tumor development. There are several lines of  research 
which indicate the critical role of  the immune system in 
controlling the growth of  malignant cells[1-5]. Thus, im-
pairment of  anti-tumor immunity, which leads to immu-
nologic toleration of  malignant cells, contributes to the 
development and progression of  peritoneal metastasis[6]. 
The elimination phase of  the cancer immunosurveillance 
mechanism is thought to be a continuous process, and lo-
cal control of  metastatic invasion by the immune system 
may be critical for survival. However, the role of  lympho-
cytes in the peritoneal cavity for anti-tumor immunity in 
gastric cancer patients is unknown[7]. 

Studies in rodents have demonstrated that adoptive 
immunotherapy with antigen-specific CD8+ T cells is 
effective for cancer, and there is evidence that this ap-
proach has therapeutic activity in humans[8-10]. Memory T 
cells circulate throughout all tissues of  the body and are 
primed to rapidly produce secondary immune responses 
upon antigen challenge[11]. The nature of  the cells that 
mediate the different facts of  immunological memory 
remains unresolved. Natural killer T cells are a specialized 
subset of  T cells. They express T-cell and natural killer-
lineage cell surface markers and key cytokines, which 
regulate the course of  the immune response. There are 
many mechanisms that regulate and dampen the im-
mune response to cancers[12-15]. Regulatory T cells protect 
the host from autoimmune disease by suppressing self-
reactive immune cells. As such, regulatory T cells may 
also block antitumor immune responses. Regulatory T 
cells have been an active research area in basic as well as 
in clinical immunology[16-18]. Th1 immune responses are 
considered to be essential for eradicating malignant cells. 
Based on the cytokine profile, interferon-gamma is a Th1 
cytokine with an antitumor effect. Interleukin-10, a Th2 
cytokine, inhibits Th1 immune responses and enhances 
the production of  other Th2 cytokines[19-22]. 

 In order to clarify the clinical significance of  the host 
immune response within the peritoneal cavity in patients 
with gastric cancer, we conducted an immunological anal-
ysis of  the peritoneal lavage obtained from patients at the 
time of  gastrectomy.

MATERIALS AND METHODS
Patients
A total of  75 patients (50 males and 25 females; mean age: 
64.3 years) were included in this study. Sixty-four patients 
were histologically diagnosed as having gastric cancer. 
Among these, 56 had gastrectomy, 2 underwent bypass op-

eration, and 6 had exploratory laparotomy. Eleven patients 
who underwent laparoscopic cholecystectomy for benign 
disease acted as controls. The resected specimens were 
histologically examined by hematoxylin and eosin staining 
according to the general rules of  the Japanese Classification 
of  Gastric Carcinoma[23]. The investigation protocol was 
approved by the Institutional Review Board of  the Naga-
saki University School of  Medicine (#14122694). Written 
informed consent was obtained from all patients. The 
stages of  gastric cancer patients were as follows: stage Ⅰ
A, n = 25 patients; stage ⅠB, n = 13; stage Ⅱ, n = 7; stage 
Ⅲ, n= 7; and stage Ⅳ, n = 12. The clinicopathological 
features of  the patients are shown in Table 1. 

Isolation of mononuclear cells from peripheral blood 
and peritoneal lavage
Endotracheal general anesthesia was induced and 10 mL 
of  peripheral blood was taken from all patients. Four 
hundred milliliter of  physiological saline was poured into 
the peritoneal cavity prior to manipulation of  the tumor, 
and was recovered after being gently stirred. Half  of  the 
peritoneal lavage was allocated for conventional cytol-
ogy and carcinoembryonic antigen (CEA) analysis by an 
enzyme-linked immunosorbent assay. The other half  of  
the peritoneal lavage was immediately centrifuged at 2000 
rpm for 10 min, and the supernatants were assayed for 
CEA values. The peritoneal CEA levels were then mea-
sured using an enzyme immunoassay kit (IMx-SERECT 
CEA, Dainabot, Tokyo) and the protein concentration 
was determined using a protein assay kit (Bio-Rad, Rich-
mond, CA, United States). The cell component was used 
for lymphocyte analysis. Lymphocytes from peripheral 
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Table 1  Clinicopathological features in the examined gastric 
cancer patients

Variables No. of patients

Total cases  64
Age (yr) 67.5 ± 2.8
Sex (male/female) 42/22
Depth of tumor invasion    
   T1 32
   T2 20
   T3   9
   T4   3
Lymphnode metastasis
   N0 34
   N1 12
   N2 14
   N3   4
Peritoneal metastasis
   Absent 56
   Present   8
Cytology 
   Negative 57
   Positive   7
Stage
   Stage ⅠA 25
   Stage ⅠB 13
   Stage Ⅱ   7
   Stage Ⅲ   7
   Stage Ⅳ 12



blood were isolated by density centrifugation over Ficoll-
PaqueTM gradients (Amersham, Uppsala, Sweden).

Flow cytometry
The following monoclonal antibodies were used in the 
present study: fluorescein isothiocyanate (FITC)-conjugat-
ed anti-CD8, FITC-CD25, FITC-CD45RA, phycoerythrin 
(PE)-conjugated anti-CD4, PE-CD56, PE-CCR7, PE-
IFN-γ, PE-IL-10, PE-Foxp3, cychrome (Cy)-conjugated 
anti-CD3, and Cy-CD8 (BD Pharmingen, San Diego, 
CA, United States). Single-cell suspensions were stained 
in phosphate-buffered saline-1% fetal calf  serum at satu-
rating concentrations according to standard procedures. 
Flow cytometry was performed on the BD Biosystems-
FACSCanto Ⅱ system (BD Biosciences, San Diego, CA, 
United States), and FACSDiva software (BD Biosciences, 
San Diego, CA, United States) was used for analysis. All 
analyses of  T cells were carried out after gating by CD3. 
The ratio of  the percentage of  CD4 and CD8 cells was 
represented as the CD4/CD8 ratio.

Intracellular staining for Foxp3
Intracellular staining for Foxp3 was performed using the 
Human Foxp3 Buffer set (BD Pharmingen, San Diego, CA, 
United States) according to the manufacturer’s protocol.

Cytokine assays
Anti-IFN-γ-PE and anti-IL-10-PE mAbs were used for 
the intracellular analysis of  cytokine production. Pe-
ripheral and intra-peritoneal lymphocytes were activated 
with 10 ng/mL phorbol 12-myristate-13-acetate (PMA), 
0.5 μg/mL Ionomycin, and 1 μL/mL GolgiPlug (BD 
Pharmingen, San Diego, CA, United States) for 4 h. Cells 
were washed, fixed and permeabilized by Cytofix/Cy-
toperm solution (BD Pharmingen, San Diego, CA, Unit-
ed States), and stained with titrated amounts of  cytokine-
specific antibodies.

Next, the CD4+ CD25 + T cells were isolated from 
peripheral blood by magnetic beads (Miltenyi Biotech,Be
rgischGladbach, Germany). These CD4+ CD25 + T cells 

were mixed with intraperitoneal lymphocytes at a ratio of  
1:10 and co-cultivated for 4 d in RPMI with 10% FBS. 
The CD4+ CD25- T cells were co-cultivated with intra-
peritoneal lymphocytes as controls. The cytokine assay 
was performed by the intracellular cytokine method after 
4 d of  co-cultivation. 

Statistical analysis
The statistical analysis was performed using the Kruskal-
Wallis test (non-parametric ANOVA) using a personal 
computer and the StatViewV.5.0 software package (SAS 
Institute, Cary, NC, United States). P values less than 0.05 
were considered to indicate statistical significance.

RESULTS
Carcinoembryonic antigen values in sera and peritoneal 
lavage 
For the interaction between peripheral blood and the 
peritoneal cavity, we investigated the CEA values in both 
serum and peritoneal lavage at the time of  surgery. The 
serum CEA values were elevated only in patients with 
stage Ⅳ disease. On the other hand, the values in peri-
toneal lavage were found to be elevated even at stage Ⅲ, 
and they were also related to the clinical stage (Table 2).

Analysis of lymphocyte populations in peripheral blood 
and the peritoneal cavity 
After purification of  lymphocytes from peritoneal lavage, 
we investigated the phenotypes of  lymphocytes in both 
peripheral blood and the peritoneal cavity. The mean 
value of  the CD4/CD8 ratio for all patients was 2.17 in 
peripheral blood. The CD8+ T cells were dominant in the 
peritoneal cavity and the CD4/CD8 ratio was reversed. 
The ratio in patients with stage Ⅲ or Ⅳ was significantly 
higher than in stage Ⅰ or control patients (Table 2).

The CCR7- CD45RA- CD8+ T cells were counted as 
effector memory T cell subsets. The percentage of  ef-
fector memory T cells in the peritoneal cavity was higher 
than that in peripheral blood. However, the percentage 
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Table 2  Carcinoembryonic antigen values in sera and peritoneal lavage

Source Control Stage Ⅰ A Stage Ⅰ B Stage Ⅱ Stage Ⅲ Stage Ⅳ

CEA
   PB (ng/mL) Not tested 2.09 (1.39-2.78)        2.03 (0.96-3.1) 3.06 (2.04-4.07) 2.54 (0.38-4.69)   7.98 (1.18-15.82)
   PL (ng/g protein) 56.53 (21.82-91.24)   44.17 (27.37-60.96)     61.95 (11.98-111.91)   83.14 (7.31-187.54) 262.63 (7.26-517.26)   1234.00 (87.77-2380.22)
CD4/CD8 
   PB (ratio) 5.379 (2.705-8.052)   5.595 (3.224-7.967)   4.571 (2.057-7.086)   5.277 (1.369-9.184)     7.999 (3.366-12.632)   4.156 (2.228-6.083)
   PL (ratio) 0.494 (0.338-0.649)   0.553 (0.421-0.685)   0.697 (0.511-0.883)   0.638 (0.395-0.881)   1.242 (0.961-1.522)   1.158 (0.907-1.408)
CD45RA-/CCR7-
   PB (%) 60.43 (46.42-74.44)   58.29 (48.93-67.64) 53.92 (32.65-75.2)   57.36 (42.01-72.71)   49.01 (29.31-68.71)   45.73 (32.79-58.67)
   PL (%) 81.17 (81.12-93.22)   81.67 (76.35-87.01)     76.2 (59.43-92.96)     72.3 (61.01-83.58)   68.36 (58.70-78.02)   51.92 (38.34-65.50)
NKT 
   PB (%) 9.19 (5.83-12.54) 7.59 (5.63-9.56)   9.47 (4.41-14.53) 10.71 (1.55-19.87)   5.43 (0.54-10.33) 7.16 (3.95-10.3)
   PL (%) 18.1 (9.83-26.37)   17.25 (13.54-20.97) 15.74 (9.23-22.25) 15.38 (7.71-23.04) 9.66 (1.2-18.11)   9.91 (6.94-12.88)

PB: Peripheral blood; PL: Peritoneal lavage; CI: Confidence interval. The data are presented as the median and 95% CI. The statistical analysis of the 
differences revealed higher CEA and CD4/CD8, lower CD8+ effector memory T cells and NKT cells in the peritoneal cavity in patients with advanced stage 
than in controls. 
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CD25- cells (Figure 4B). 

DISCUSSION
The peritoneal cavity is a compartment in which the im-
munological host-tumor interaction can occur[24]. This 
study investigated lymphocytes in the peritoneal cavity 
of  patients with gastric cancer in relation to anti-tumor 
immunity. Some tumors can acquire the ability to down-
regulate immune responses and exploit this action to pro-
mote tumor cell proliferation, survival, and invasion[10,25]. 
Therefore, the presence of  leukocytes in the peritoneal 
cavity may be a consequence of  an immune response 
that favors either dissemination of  tumor cells or a pro-
tective host response. Malignant ascites has been used as 
a common source of  immunological analysis in previous 
reports[11,26]. To the best of  our knowledge, there are no 
reports describing the lymphocyte and cytokine produc-
tion ability in peritoneal lavage from patients with gastric 
cancer at the time of  gastrectomy. 

In our initial experiments, the CEA values in peri-
toneal lavage were found to correlate with the clinical 
stages. Interestingly, the CEA values were elevated even 
in cases without serosal invasion. This result suggests that 
some fragments of  cancer cells may spread throughout 
the peritoneal cavity and induce an immune reaction be-
tween the tumor and host[26,27]. 

The frequency of  CD4+ T cells in all patients was 
higher than that of  CD8+ T cells in peripheral blood, but 
this pattern was reversed in peritoneal lavage fluid. CD8+ 
T cells were dominant in the peritoneal cavity. Our data 
suggested that the immunological environment in the 
peripheral blood is different from that in the peritoneal 
cavity. There were significant differences in the CD4/
CD8 ratio in the peritoneal cavity between gastric cancer 

decreased in association with the clinical stage (Table 2). 
The CD3+CD56+ cells were measured as natural killer 
T cells. The percentage of  these cells in the peritoneal 
lavage was also low in patients with stage Ⅲ or stage Ⅳ 
(Table 2). As the co-staining of  foxp3 and CD25 revealed 
a high correlation between both populations, CD25high 
was used following cytokine producing assays (Figure 1). 
The frequency of  CD4+ CD25 high T cells in patients with 
advanced stage cancer was higher than that in control pa-
tients in both peripheral blood and the peritoneal cavity 
(Figure 2A and B). 

Cytokine production by lymphocytes 
The cytokine production from CD3+ T cells after stimu-
lation with PMA + ionomycin was evaluated by a cyto-
kine production assay. The lymphocytes in the peritoneal 
cavity were more sensitive for the production of  IFN-γ 
than those in the peripheral blood. The ratio of  IFN-γ 
producing cells in the peritoneal cavity was significantly 
lower in patients with advanced stage disease in compari-
son to the controls (Figure 3A and B). The ratio of  IL-10 
producing cells in the peritoneal cavity in patients with 
advanced stages was higher in comparison to the controls 
(Figure 3C and D). 

Cytokine assays of intra-peritoneal lymphocytes after 
co-cultivation with self- CD4+CD25 high T cells
In order to investigate whether the suppression of  IFN-γ 
production from T cells in the peritoneal cavity at ad-
vanced stages was caused by CD4+ CD25high T cells, fur-
ther assays were performed. The IFN-γ production of  
CD8+ T cells was suppressed in intra-peritoneal lympho-
cytes co-cultivated with isolated CD4+ CD25high T cells 
from self-peripheral blood (Figure 4A). No inhibition was 
seen when the lymphocytes were co-cultivated with CD4+ 
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Figure 1  Co-staining with foxp3 and CD25 for CD4+ T cells. High correlation was shown between both populations. 
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patients at advanced stage and control patients. Cancer 
progression may have an effect on the balance of  the T 
cell population in the peritoneal cavity.

Immunological memory is demonstrated by following 
T cell subsets: lymph-node-homing cells lacking inflam-
matory and cytotoxic function (defined as central mem-
ory T cells, CCR7+ CD45RA-) and tissue-homing cells 
endowed with various effector functions (defined as ef-
fector memory T cells, CCR7- CD45RA-). These two sub-
sets allow for the division of  labor among memory cells. 
Effector memory T cells represent a readily available pool 
of  antigen-primed cells that can enter peripheral tissues 

to mediate inflammatory reactions or cytotoxicity, thus 
rapidly containing invasive pathogens and cancer anti-
gens[11,28-31]. Our data show that CD8+ effector memory T 
cells were rich in the peritoneal cavity. This indicates the 
migration of  effector memory cells from the peripheral 
blood to local sites. However, in advanced cases, the fre-
quency of  CD8+ effector memory cells in the peritoneal 
lavage was low. These results suggest that the peritoneal 
cavity exerts the local immune response, more than pe-
ripheral blood.

Natural killer T cells, a unique lymphocyte subpopula-
tion, are characterized by the expression of  invariant an-
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tigen receptors[12,13]. Natural killer T cells have been sug-
gested to serve as a bridge between innate and acquired 
immunity[14,15]. However, the mechanisms underlying the 
anti-tumor effect of  human natural killer T cell-mediated 
immunotherapy remain unclear so far. The frequency of  
natural killer T cells was lower in patients with stages Ⅲ 
and Ⅳ than in control patients. Therefore, a decrease in 
the number of  natural killer T cells in the peritoneal cav-
ity may be one aspect of  the interaction between host-
immunity and cancer progression. 

Recent studies have shown that CD4+ CD25high foxp3+ 

T cells exhibiting regulatory/suppressive properties are 
naturally present in humans[16-18]. The roles of  regulatory 
T cells have been active topics of  research in both basic 
and clinical immunology. Naturally-occurring regula-
tory T cells represent a small fraction (5%-6%) of  the 
overall CD4+ T cell population, and play an important 
role in down-regulation of  the response of  T cells to 
foreign and self  antigens[31]. The depletion of  this subset 
of  regulatory T cells in normal hosts results in various 
autoimmune diseases because the host immune system is 
unchecked and attacks the body’s own tissues[28]. Despite 
the importance of  these cells in preventing autoimmune 
disease, their presence in the tumor microenvironment 
diminishes anti-tumor immune responses[32-36].

Within the CD4+ T cell subset, there is a population of  
naturally occurring foxp3+ T cells that are defined as regula-
tory T cells. These cells can be identified as CD4+foxp3+ 
T cells by flow cytometry. However, because foxp3 is 
intracellular and requires permeabilization of  cells for 
detection by flow cytometry, regulatory T cells are iso-
lated as CD4+CD25high T cells, which were shown to 

have functional suppressive abilities in our co-culture 
experiments[37]. In the present study, the mean percent-
age of  CD4+ CD25high T cells in the peritoneal cavity in 
advanced gastric cancer patients was higher than that 
of  control patients. After the co-cultivation of  the self- 
CD4+ CD25high T cell population of  intra-peritoneal 
lymphocytes, the production of  IFN-γ was inhibited. 

IFN-γ, a Th1 cytokine, not only exerts an anti-tumor 
effect, but also inhibits the proliferation of  Th2 clones[19-20]. 
IL-10, a Th2 cytokine, suppresses the synthesis of  Th1 
cytokines such as IFN-γ[21-22]. This study showed that the 
production of  intracellular cytokines in the peritoneal 
cavity was higher than that in the peripheral blood after 
appropriate stimulation. IFN-γ production was down-
regulated in advanced cases, but not in the controls and 
stage Ⅰ patients. On the other hand, IL-10 production 
was up-regulated, which revealed the switch of  Th1 and 
Th2 responses in the peritoneal cavity of  these patients. 
IFN-γ production in intra-peritoneal lymphocytes was 
suppressed after co-cultivation with self-CD4+ CD25high 
T cells, but not CD4+ CD25- T cells. Interestingly, the 
replacement of  CD4+ CD25- T cells for CD4+ CD25high 
T cells could recover the production of  IFN-γ in intra-
peritoneal lymphocytes.
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The peritoneal cavity is a compartment in which immunological host-tumor 
interactions can occur. Neoplastic cell factors and biophylactic side factors such 
as immune reactions are interacting in the survival and development of micro-
metastasis. However, the role of lymphocytes in the peritoneal cavity of gastric 
cancer patients is unclear. 
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Research frontiers
Clinical and experimental studies have established that leukocyte infiltrations 
around tumors promote the development or regression of solid tumors, but-
whether the organ-specific cellular and molecular programs promote tumor 
growth or exhibit anti-tumor immunity by leukocytes are incompletely under-
stood. Recent studies have shown that CD4+ CD25high foxp3+ T cells exhibiting 
regulatory/suppressive properties are naturally present in humans. The roles of 
regulatory T cells have been active topics of research in both basic and clinical 
immunology. 
Innovations and breakthroughs
In most previous studies, malignant ascites have been a common source of im-
munological analysis. However, there are no reports describing the lymphocyte 
and cytokine production ability in peritoneal lavage from patients with gastric 
cancer at the time of gastrectomy. In the present study, CD4+ CD25high T cells 
were found to be increased in the peritoneal cavity of advanced gastric cancer 
patients, but in the co-cultivation of the self- CD4+ CD25high T cell population of 
intra-peritoneal lymphocytes, the production of IFN-γwas inhibited.
Applications
Peritoneal lavage samples from patients with gastric cancer are more suscep-
tible than peripheral blood for monitoring the interaction between the host’s 
immune system and tumor cells. 
Terminology
Regulatory T cells: Regulatory T cells contribute to the maintenance of immuno-
logic self-tolerance. Recent reports underscore that regulatory T cells not only 
play a role in the maintenance of immunotolerance but are also potent inhibitors 
of antitumor immune responses. 
Peer review
The authors have investigated T-cells isolated from peripheral blood and perito-
neal lavage in patients with gastric cancer and controls. Main findings are that 
in stage Ⅲ and Ⅳ gastric cancers the lavage fluid contains less CD8 memory 
cells, NKT cells and more CD25high regulatory T cells.
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Abstract
AIM: To investigate the effects of curcumin on gastric 
microcirculation and inflammation in rats with indo-
methacin-induced gastric damage.

METHODS: Male Sprague-Dawley rats were randomly 
divided into three groups. Group 1 (control group, n  
= 5) was fed with olive oil and 5% NaHCO3

- (vehicle). 
Group 2 [indomethacin (IMN) group, n  = 5] was fed 
with olive oil 30 min prior to indomethacin 150 mg/kg 
body weight (BW) dissolved in 5% NaHCO3

- at time 
0th and 4th h. Group 3 (IMN + Cur group, n  = 4) was 
fed with curcumin 200 mg/kg BW dissolved in olive oil 
0.5 mL, 30 min prior to indomethacin at 0th and 4th 
h. Leukocyte-endothelium interactions at postcapillary 

venules were recorded after acridine orange injection. 
Blood samples were determined for intercellular ad-
hesion molecule (ICAM)-1 and tumor necrosis factor 
(TNF)-α levels using enzyme linked immunosorbent 
assay method. Finally, the stomach was removed for 
histopathological examination for gastric lesions and 
grading for neutrophil infiltration.

RESULTS: In group 2, the leukocyte adherence in 
postcapillary venules was significantly increased com-
pared to the control group (6.40 ± 2.30 cells/frame vs  
1.20 ± 0.83 cells/frame, P  = 0.001). Pretreatment with 
curcumin caused leukocyte adherence to postcapil-
lary venule to decline (3.00 ± 0.81 cells/frame vs  6.40 
± 2.30 cells/frame, P  = 0.027). The levels of ICAM-1 
and TNF-α increased significantly in the indomethacin-
treated group compared with the control group (1106.50 
± 504.22 pg/mL vs  336.93 ± 224.82 pg/mL, P  = 0.011 
and 230.92 ± 114.47 pg/mL vs  47.13 ± 65.59 pg/mL, P  
= 0.009 respectively). Pretreatment with curcumin sig-
nificantly decreased the elevation of ICAM-1 and TNF-α 
levels compared to treatment with indomethacin alone 
(413.66 ± 147.74 pg/mL vs  1106.50 ± 504.22 pg/mL, P  
= 0.019 and 58.27 ± 67.74 pg/mL vs  230.92 ± 114.47 
pg/mL, P  = 0.013 respectively). The histological appear-
ance of the stomach in the control group was normal. In 
the indomethacin-treated group, the stomachs showed 
a mild to moderate neutrophil infiltration score. Gastric 
lesions were erosive and ulcerative. In rats treated with 
indomethacin and curcumin, stomach histopathology 
improved and showed only a mild neutrophil infiltration 
score and fewer erosive lesions in the gastric mucosa.

CONCLUSION: The results indicate that curcumin pre-
vents indomethacin-induced gastropathy through the 
improvement of gastric microcirculation by attenuating 
the level of ICAM-1 and TNF-α.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Nonsteroidal anti-inflammatory drugs (NSAIDs) are among 
the most commonly prescribed medications worldwide. 
However, NSAIDs have adverse effects on the gastric 
mucosa, resulting in various clinical presentations, ranging 
from nonspecific dyspepsia to ulceration, upper gastro-
intestinal bleeding, and death, summarized by the term 
“NSAID gastropathy”[1]. NSAIDs-induced gastric damage 
is the major side effect of  this kind of  drug[2].

The main action of  NSAIDs is to inhibit prostaglan-
din synthesis. There is substantial evidence supporting 
the view that the ulcerogenic effect of  this medication 
correlates with its ability to suppress prostaglandin syn-
thesis[3-5]. Endogenous prostaglandins normally regulate 
mucosal blood flow, epithelial cell proliferation, epithelial 
restitution, mucosal immunocyte function, mucus and bi-
carbonate secretion, and basal acid secretion[6]. Therefore, 
decreases in prostaglandins, protective factors for ulcer 
formation, lead to gastric mucosal injury. 

Animal studies have shown that neutrophil adherence 
to the endothelium of  the gastric microcirculation is criti-
cal in NSAIDs injury[7]. Neutrophil adherence damages 
the mucosa by producing oxygen-free radicals, releasing 
proteases, and obstructing capillary blood flow. NSAIDs 
might induce the synthesis of  tumor necrosis factor 
(TNF)-α and leukotrienes[8,9]. These inflammatory media-
tors subsequently stimulate neutrophil adherence by the 
upregulation of  adhesion molecules[10].

NSAID administration in rats caused a rapid and sig-
nificant increase in adhesion between neutrophils and 
vascular endothelial cells in both gastric and mesenteric 
venules[11-13]. This was dependent on intercellular adhe-
sion molecule (ICAM)-1 expression on the endothelium 
and CD11/CD18 expression on the leukocyte[14,15]. In-
terestingly, Andrews et al[10] recently reported that admin-
istration of  aspirin or indomethacin to rats resulted in a 
significant increase in ICAM-1 expression in the gastric 
microcirculation. 

Curcuma, a genus in the plant family of  Zingibera-
cea, is the biological source for curcuminoids, including 
curcumin. Curcuma longa, the yellow tuberous root re-

ferred to as turmeric, was taken from India to Southeast 
Asia[16]. The yellow pigmented fraction of  Curcuma longa 
contains curcuminoids, which are chemically related to 
its principal ingredient, curcumin[16]. It possesses a broad 
range of  pharmacological activities, including antioxidant, 
anti-carcinogenic, wound-healing, and anti-inflammatory 
effects[17-19]. There are currently limited studies investigat-
ing the effect of  curcumin on NSAIDs-induced gastric 
damage. The aim of  this study was to investigate the 
anti-inflammation effect of  curcumin on indomethacin-
induced gastric damage in rats.

MATERIALS AND METHODS
Animal preparation and curcumin preparation
Male Sprague-Dawley rats weighing 180-220 g, purchased 
from the National Laboratory Animal Center, Mahidol 
University, Salaya (n = 18), Nakorn pathom, were used in 
this study. All rats were kept in a controlled temperature 
room at 25 ± 1 ℃ under standard conditions (12 h day-
night rhythm). They were cared for in accordance with the 
Ethical Committee, Faculty of  Medicine, Chulalongkorn 
University, Thailand. Curcumin powder (Cayman Chemi-
cal Company, United States) was suspended in olive oil.

Experimental protocol
All rats were fasted, with free access to water ad libitum, 
for 22-24 h before the experiment. They were randomly 
divided into three experimental groups. Group 1 (control, 
n = 6): Rats were fed with olive oil 30 min prior to 5% 
sodium bicarbonate 1 mL orally via an intragastric tube at 
time 0th and 4th h. Group 2 [indomethacin (IMN), n = 6]: 
Rats were fed with olive oil 30 min prior to indomethacin 
(150 mg/kg body weight in 5% sodium bicarbonate 1 
mL orally via an intragastric tube) at time 0th and 4th h. 
Group 3 (IMN + Cur, n = 6): Rats were fed with curcum-
in (200 mg/kg body weight dissolved in olive oil 0.5 mL) 
30 min prior to indomethacin [150 mg/kg body weight 
(BW) dissolved in 5% sodium bicarbonate 1 mL orally via 
an intragastric tube] at time 0th and 4th h.

After 8 h 30 min, animals were anesthetized with intra-
peritoneal injection of  thiopental (50 mg/kg body weight). 
After tracheostomy, the carotid artery and jugular vein were 
cannulated for blood pressure measurement using a poly-
graph and for the administration of  a fluorescent marker; 
acridine orange was infused intravenously (Sigma chemical 
Co., United States, 0.5 mg/kg BW/min). The abdominal 
wall was incised and the stomach was extended and fixed. 
Leukocyte adherence in the stomach was observed by 
intravital fluorescence microscopy. At the end of  the ex-
periment, blood samples were collected for ICAM-1 and 
TNF-α determination using enzyme linked immunosorbent 
assay (ELISA) methods. The stomach was cut and fixed in 
10% formalin solution to inspect the histopathology.

Study of the interaction between leukocytes and 
endothelial cells in postcapillary venule
It has been stated that NSAIDs-induced leukocyte ad-
herence could contribute to the pathogenesis of  gastric 
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mucosal injury. To visualize leukocytes, acridine orange 
was infused intravenously (0.3 mg/kg body weight). The 
number of  leukocyte adhesions was recorded using a vid-
eo recorder. Videotape of  each experiment was replayed 
and leukocyte adherence was monitored. Most leukocytes 
were adhered to the postcapillary venule (about 15-30 μm 
in diameter). Leukocytes were considered adherent to the 
vessel endothelium if  they remained stationary for 30 s or 
longer. Adherent leukocytes were expressed as the num-
ber of  leukocyte adherences per frame of  view, as previ-
ously described[20]. 

Determination of serum cytokine levels
After the experiment, blood samples were taken by cardiac 
puncture, and allowed to clot overnight before centrifug-
ing at approximately 2000 × g. Serum was stored at -80 ℃ 
for determining ICAM-1 and TNF-α levels by ELISA kit 
(R and D systems).

Histopathological examination
Samples of  the stomach were excised and transferred to 
formalin. The samples were subsequently processed by rou-
tine techniques before embedding in paraffin. Sections were 
cut at the thickness of  5 μm and stained with hematoxylin 
and eosin (HE), as previously described[20]. One pathologist 
performed all the histopathological examinations. All his-
topathological changes were observed under a light micro-
scope. The neutrophil infiltration score in each section was 
graded according previously determined criteria[21].

Statistical analysis
All data were presented as mean ± SD. To compare data 
among all groups of  animals, one-way analysis of  vari-
ance (one-way ANOVA) and Duncan comparisons were 
employed. All statistical tests were performed using SPSS 
for Windows version 13.0 (SPSS Inc., Chicago, IL, United 
States). Differences were considered statistically significant 
at P < 0.05.

RESULTS
Histopathological examination
The histological appearance of  the stomach in the con-

trol group (Figure 1) was normal. In the indomethacin 
treated group, the stomachs showed mild to moderate 
gastric mucosal injury. Gastric lesions were erosive and 
ulcerative. In rats treated with indomethacin and curcum-
in, the stomach histopathology improved and showed 
only mild gastric mucosal injury and reduced amounts of  
erosive lesions in the gastric mucosa. The summary of  
infiltration of  inflammatory cells and gastric lesions are 
shown in Table 1.

Interaction between leukocytes and endothelial cells
After gastric injury was induced by the administration of  
indomethacin, leukocyte adherence to endothelial cells of  
postcapillary venules (15-30 μm in diameter) was observed 
under intravital fluorescence microscopy, 10-15 min after 
acridine orange injection (Figure 2). The number of  leuko-
cytes adhering to postcapillary venules for 30 s or longer 
was counted. The mean number of  leukocyte adherences 
in the IMN group without curcumin treatment was signifi-
cantly higher than in the control group (6.40 ± 2.30 cells/
frame vs 1.20 ± 0.83 cells/frame, P = 0.001). 

The number of  leukocyte adherences significantly de-
creased after pretreatment with curcumin as compared to 
the IMN group (3.00 ± 0.81 cells/frame vs 6.40 ± 2.30 cells/
frame, P = 0.027).

Changes in ICAM-1 levels
The levels of  ICAM-1 increased significantly in the indo-
methacin treated group compared with the control group 
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Figure 1  Hematoxylin-eosin stained stomach sections (× 200). A: The control group showed normal stomach histopathology; B: The indomethacin treated 
group showed gastric ulcer formation and infiltration of inflammatory cells; C: The curcumin treated group showed a reduced degree of gastric ulcer formation and 
inflammation.

Table 1  Summary of the infiltration of inflammatory cells and 
erosion in all groups (n  = 6)

Experimental 
group

Neutrophil infiltration1 Pathology

0 1 2 3 No erosion Erosion Ulcer

Control 6 - - - 6 - -
IMN - 3 3 - - 2 4
IMN + Cur 4 2 - - 4 2 -

1The severity of neutrophil infiltration was graded as: 0: No neutrophil 
infiltration; 1: Neutrophil infiltration found in 1/3 of gastric mucosal 
layer; 2: Neutrophil infiltration found in 2/3 of gastric mucosal layer; 3: 
Neutrophil infiltration found in the muscularis mucosae of gasm. IMN: 
Indomethacin.
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(1106.50 ± 504.22 pg/mL vs 336.93 ± 224.82 pg/mL, 
P = 0.011). Pretreatment with curcumin markedly de-
creased the elevation of  the ICAM-1 level compared with 
the indomethacin treated group (413.66 ± 147.74 pg/mL 
vs 1106.50 ± 504.22 pg/mL, P = 0.019) (Figure 3).

Changes in TNF-α levels
The level of  TNF-α markedly increased in the indometha-
cin treated group compared with the control group (230.92 
± 114.47 pg/mL vs 47.13 ± 65.59 pg/mL, P = 0.009). 
Pretreatment with curcumin decreased the elevation of  
TNF-α levels compared with the indomethacin treated 
group (58.27 ± 67.74 pg/mL vs 230.92 ± 114.47 pg/mL, P 
= 0.013) (Figure 4).

DISCUSSION
In the present study, we investigated the effects of  cur-
cumin on indomethacin-induced gastric damage in rats. 
The results clearly demonstrated that curcumin adminis-
tration prevented the ulcerogenic effect of  indomethacin, 
possibly through its anti-inflammatory action. Evidence 
suggests that NSAIDs-induced gastric ulceration is a 
neutrophil-dependent process. NSAIDs administration 
to rats caused a rapid and significant increase in adhesion 

between neutrophils and vascular endothelial cells in both 
the gastric and mesenteric venules[11,12]. Indeed, monoclo-
nal antibodies that blocked NSAID-induced neutrophil 
adherence to vascular endothelium could significantly 
alleviate NSAID- induced gastric mucosal injury[7,15,22]. 
Neutrophils play an important role in the development 
of  inflammation and tissue injury by releasing a variety 
of  inflammatory mediators[23,24]. These inflammatory me-
diators are capable of  producing tissue injury; therefore, 
they may be involved in the pathogenesis of  indometha-
cin-induced gastric mucosal injury[25]. Furthermore, adhe-
sion molecules expressed on activated neutrophils, such 
as CD11b and CD18, have been shown to play an impor-
tant role in neutrophil-induced tissue injury[14]. 

Moreover, NSAIDS are believed to have the effect on 
nuclear translocation of  nuclear factor (NF)-κB, which 
modulates the expression of  several adhesions molecules, 
including ICAM-1[26]. ICAM-1, one of  the major adhe-
sion molecules, plays a pivotal role in the inflammatory 
reaction by increasing leukocyte adhesion to endothelium 
and promoting transendothelial migration of  leukocytes 
to inflammatory sites[27]. Another important mechanism 
that induces ICAM-1 expression is the increment of  
TNF-α levels[27,28]. The inhibitory effect of  NSAIDs on 
COX-2 leads reduced prostaglandin E2 (PGE2) levels. 
Thus, TNF-α production, which is normally inhibited 
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100 μm 100 μm 100 μm

Figure 2  Intravital microscopic (× 40) images of leukocyte adherence on vascular endothelium of postcapillary venules 10-15 min after acridine orange 
injection in the control group (A), IMN group (B), and IMN + Cur group (C). IMN: Indomethacin.

Figure 3  Serum intercellular adhesion molecule-1 levels in all groups. All 
data are expressed as mean ± SD. The mean intercellular adhesion molecule 
(ICAM)-1 levels were significantly higher in the indomethacin treated group (IMN) 
when compared with the control group (aP < 0.05). Pretreatment with curcumin 
significantly decreased ICAM-1 level when compared with indomethacin (cP < 
0.05). IMN: Indomethacin.
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Figure 4  Serum tumor necrosis factor-alpha level in all groups. All data 
are expressed as mean ± SD. The mean of tumor necrosis factor (TNF)-α lev-
els increased in the indomethacin treated group when compared with the con-
trol group (aP = 0.009). Pretreatment with curcumin decreased serum of TNF-α 
when compared with indomethacin alone (bP = 0.013). IMN: Indomethacin.
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by PGE2, increases[28]. TNF-α is an important mediator 
causing NSAIDs induced gastropathy. Apart from its ef-
fect on adhesion molecules, TNF-α may have the ability 
to activate pro-apoptosis caspases, which regulate gastric 
epithelial cells apoptosis in NSAID-treated rats[27].

A previous study demonstrated that indomethacin 
administration caused significantly elevated TNF-α lev-
els in rats[8]. Moreover, pretreatment with anti- TNF-α, 
dexamethasone, and PGE2 could prevent the increases 
in gastric mucosal injuries and TNF-α levels. Similarly, we 
found significant rises in TNF-α and ICAM-1 levels in 
the serum of  the indomethacin-treated group compared 
to the control. Other formulations of  NSAIDs could 
also increase TNF- α production. A study by Jainu et al[29] 
noted a significant increase in TNF-α, IL-1β and NOS-2 
activity in aspirin-administered rats. The elevations of  in-
flammatory mediators and adhesion molecules in serum 
correlated with the pathological findings of  gastric mu-
cosa and the numbers of  adhered leukocytes in the gastric 
microcirculation. These were also true for curcumin-treat-
ed group. Pretreatment with curcumin could significantly 
reduce TNF-α and ICAM-1 levels in the serum, accompa-
nied by an improvement in gastric mucosal inflammation 
and leukocyte adhesion.

Curcumin, a substance rich in phenolics, is known to 
possess antioxidant properties. Curcumin reduces gastric 
injury induced by NSAIDs[30]. It has been reported that 
curcumin can decrease gastric injury by preventing the 
peroxidase inactivation effect of  indomethacin and scav-
enging reactive oxygen produced by this enzyme[30]. Several 
studies showed that curcumin is also an anti-inflammatory 
substance, with an inhibitory effect on transcription factor 
NF-κB activation. NF-κB is required for the expression of  
many genes linked with the host immune response, such as 
ICAM-1, TNF-α, IL-1β, and iNOS[31]. Cytoplasmic NF-
κB is complexed with its inhibitor IkB and is, therefore, 
inactive. The cytokine-mediated activation of  NF-κB re-
quires activation of  various kinases, which ultimately leads 
to the phosphorylation and degradation of  IkB. Several 
beneficial effects of  curcumin are consistent with its ability 
to inhibit the activity of  NF-κB[32-34]. Singh et al[31] observed 
that curcumin inhibited NF-κB activation pathway after 
the convergence of  various stimuli mediated by protein 
tyrosine kinase, protein kinase, and ubiquitin conjugation 
enzymes, but before the phosphorylation and subsequent 
release of  IkB complexed to NF-κB. Jobin et al[35] and 
Plummer et al[36] examined the modulatory potential of  
curcumin on NF-κB signaling pathways and found that 
curcumin prevented phosphorylation of  IkB by inhibiting 
the activation of  IkB-kinase (IKKs). Our previous study 
demonstrated that Helicobacter pylori-induced gastric inflam-
mation in rats is associated with increased NF-κB activa-
tion and macromolecular leakage, which can be reduced 
by curcumin[37]. In this study, 200 mg/kg curcumin was a 
sufficient dose for reducing gastric epithelial NF-κB p65 
expression and mucosal macromolecular leakage. Despite 
its inconclusive mechanism of  action, we clearly dem-
onstrated that curcumin has a protective and beneficial 

effect on NSAIDs-induced gastropathy in rats. Further 
studies on the expression of  inflammatory mediators and 
adhesion molecules in the gastric mucosa are necessary 
to demonstrate the exact curative effect of  curcumin on 
NSAID-induced gastric pathology. Clinical studies might 
also be needed to verify the protective effect of  curcumin 
in humans.

In conclusion, NSAIDs could induce gastric injury 
through increases in inflammatory cytokines and leukocyte 
adhesions. Curcumin, an anti-oxidant herbal substance, 
could prevent these adverse events and might be used as a 
preventive method for NSAIDs-induced gastropathy.
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Abstract
AIM: To investigate the possible mechanism by which 
hepatitis B virus X protein (HBx) mediates apoptosis of 
HepG2 cells.

METHODS: HBx expression vector pcDNA3.1-X was 
transfected into HepG2 cells to establish an HBx high-
expression cellular model as pcDNA3.1-X transfected 
group. The pcDNA3.1-X and pSilencer3.1-shHBX (HBx 
antagonist) were cotransfected into HepG2 cells to es-
tablish an HBx low-expression model as RNAi group. 
Untransfected HepG2 cells and HepG2 cells transfected 
with negative control plasmid were used as controls. 
Apoptosis rate, the expression of Fas/FasL signaling 
pathway-related proteins and the phosphorylation lev-
els of MLK3, MKK7 and JNKs, which are upstream mol-
ecules of death receptor pathways and belong to the 
family of mitogen-activated protein kinases (MAPKs), 

were measured in each group.

RESULTS: Compared with HepG2 cell group and RNAi 
group, apoptosis rate, the expression of Fas and FasL 
proteins, and the activation of MLK3, MKK7 and JNKs 
were increased in the pcDNA3.1-X transfected group. 
The activation of JNKs and expression of FasL protein 
were inhibited in the pcDNA3.1-X transfected group 
when treated with a known JNK inhibitor, SP600125. 
When authors treated pcDNA3.1-X transfected group 
with K252a, a known MLK3 inhibitor, the activation of 
MLK3, MKK7 and JNKs as well as expression of FasL 
protein was inhibited. Furthermore, cell apoptosis rate 
was also significantly declined in the presence of K252a 
in the pcDNA3.1-X transfected group.

CONCLUSION: HBx can induce HepG2 cell apoptosis 
via  a novel active MLK3-MKK7-JNKs signaling module to 
upregulate FasL protein expression.

© 2012 Baishideng. All rights reserved.

Key words: Hepatitis B virus X protein; MLK3; FasL; HepG2 
cell; Apoptosis

Peer reviewer: Kotaro Miyake, MD, PhD, Department of Sur-
gery, Institute of Health Biosciences, The University of Tokushima 
Graduate School, 3-18-15 Kuramoto, Tokushima 770-8503, Japan

Tang RX, Kong FY, Fan BF, Liu XM, You HJ, Zhang P, Zheng 
KY. HBx activates FasL and mediates HepG2 cell apopto-
sis through MLK3-MKK7-JNKs signal module. World J 
Gastroenterol 2012; 18(13): 1485-1495  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v18/i13/1485.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v18.i13.1485

INTRODUCTION
Hepatitis B virus (HBV) is one of  the major pathogenic 
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among which, HBV X gene is considered as a key gene 
that plays a critical role in the occurrence and progression 
of  HBV-related HCC[1]. It has been proposed that HBx 
is a cellular transactivator that may indirectly stimulate a 
variety of  viral and host gene promoters by interacting 
with transcription factors, including AP-1, ATF/CREB, 
ERCC, and is involved in several signal transduction path-
ways, including mitogen-activated protein kinase, Ras-
Raf-mitogen-activated protein kinase, and JAK/STAT 
signaling pathways, therefore HBx affects several cellular 
processes, such as proliferation and differentiation[2-4]. In 
contrast to its proliferative effects, HBx also participates 
in the apoptotic destruction of  liver cells during the vi-
rus infection. Several mechanisms might be involved in 
this process: (1) HBx induces cell apoptosis on its own 
or sensitizes cells to apoptotic stimuli such as tumor ne-
crosis factor α (TNF-α) or UV irradiation[5-8]; (2) HBx 
increases expression of  IL-18 and enhances transcription 
activity of  Egr-2 and Egr-3, which up-regulates FasL ex-
pression and induces the apoptosis of  hepatic cells by the 
death receptor pathway[9,10]; (3) HBx may directly not only 
target to mitochondria to enhance translocation of  Bax 
to mitochondria but also interact with the mitochondrial 
protein voltage-dependent anion channel (HVDAC3) 
to induce cell death by causing loss of  mitochondrial 
membrane potential; and (4) HBx also interacts with heat 
shock protein 60 which is also localized in mitochondria 
to enhance HBx-mediated apoptosis[11-13].

Cell death signals from the extracellular environment 
or internal sensors for the cellular response are major 
constituents of  apoptotic machinery. Cell surface death 
receptors that transmit cell death signals are activated by 
specific death ligands. It is demonstrated that Fas is one 
of  the best-characterized death receptors. Upon bind-
ing of  FasL onto Fas, apoptotic signals are subsequently 
transmitted via death adaptor molecule FADD which can 
mediate the activation of  caspase 8, and active caspase 8 
can proteolytically activate downstream effector caspases, 
such as caspase 3, to trigger apoptosis[14,15]. It is reported 
that liver cell apoptosis is mediated by Fas[16-18]. Under-
standing the molecular mechanism responsible for the 
regulation of  Fas and FasL may aid in developing novel 
therapeutic strategies for HCC.

The mixed lineage kinases (MLKs) are a family of  ser-
ine/threonine protein kinases that function in a phospho-
relay module to control the activity of  specific mitogen-
activated protein kinases (MAPKs). The family includes 
three subgroups: MLKs (mixed lineage kinases, including 
MLK1-4), dual leucine zipper-bearing kinases (DLKs), 
and Zipper Sterile-a-Motif  Kinases (ZAKs). MLKs as 
mitogen activated protein kinase kinase kinases (MAP-
KKKs) could activate MKKs, such as MKK4 and/or 
MKK7, which in turn, activate c-Jun N-terminal kinases 
(JNKs)[19-21]. Ischemic brain injury studies provide the 
evidence that the ischemia-stimulating factor can activate 
MLK3-MKK7-JNKs signaling module to activate death 
receptor pathway, leading to the neural cell apoptosis[22,23]. 
It is noteworthy that hepatic cells also express MLK3, 
MKK7, JNK proteins[24,25]. Therefore, it is of  significance 

to clarify whether the HBx can also activate MLK3-
MKK7-JNKs signaling module and induce apoptosis of  
hepatic cells. 

In this study, we demonstrated that HBx induces the 
apoptosis of  hepatic cells depending on activating MLK3-
MKK7-JNKs signaling module to upregulate FasL protein 
expression. On this basis, this study gives a new insight 
into a better understanding of  how HBx mediates apop-
tosis in hepatocytes, and lays the foundation for further 
revealing the role of  HBx in HBV-related liver oncogen-
esis and development.

MATERIALS AND METHODS
Reagents
The RPMI 1640 medium, liposome Lipofectamine 2000, 
and Trizol reagent were obtained from Invitrogen (Carls-
bad, CA). Mouse monoclonal anti-HBx antibody was 
from Chemicon (Temecula, CA). Rabbit polyclonal anti-
phospho-MLK3 and rabbit polyclonal anti-phospho-
MKK7 were from Cell Signaling Technology (Beverly, 
MA). Mouse monoclonal anti-phospho-JNKs, rabbit 
polyclonal anti-Fas, and rabbit polyclonal anti-FasL were 
from Santa Cruz Biotechnology (Santa Cruz, CA). Mouse 
monoclonal anti-GAPDH antibody, goat anti-mouse 
IgG-AP, goat anti-rabbit IgG-AP, BCA Protein Assay 
Kit, BCIP/NBT Alkaline Phosphatase Color Develop-
ment Kit, the BeyoECL Plus Western blotting detection 
System, Caspase3 activity assay kit, Caspase8 activity as-
say kit, and Hoechst33258 staining solution were from 
Beyotime Institute of  Biotechnology (Jiangsu, China). In 
situ cell death detection kit was from Roche (Mannheim, 
Germany). Annexin V/PI apoptosis kit was from Biovi-
sion (Mountain View, CA). Primers were synthesized by 
Shanghai Sangon Biological Engineering Technology 
and Services (Shanghai, China). TIANScript RT Kit was 
from TIANGEN Biotech (Beijing, China). SP600125 
and K252a were obtained from Sigma (St. Louis, MO). 
Twenty mmol/L stock solution of  SP600125 and 20 
μmol/L stock solution of  K252a were prepared in di-
methyl sulfoxide (DMSO) and stored at -20  ℃ in the 
dark. SP600125 and K252a were prepared freshly for 
each experiment by serial dilution into 0.01% DMSO in 
RPMI 1640 medium. All other chemicals and reagents 
were of  analytical grade.

Plasmids construction
Plasmid pcDNA3.1-X containing the full length HBx se-
quence, was constructed in mammalian expression vector 
pcDNA3.1 (Invitrogen) as described previously[26].

To construct the expression vector for shRNA target-
ing HBx, pSilencer3.1-shHBX, two chemically synthesized 
oligonucleotides encoding HBx specific shRNA with the 
following sense sequences: 5’-GATCCGGTCTTACATA-
AGAGGACTTTCAAGAG AAGTCCTCTTATGTA-
AGACCTTTTTTGGAAA-3’ and antisense sequences: 
5’-AGCTTTTCCAAAAAAGGTCTTACATAAGAG-
G AC T T C T C T T G A A AG T C C T C T TAT  G TA -
AGACCG-3’ were annealed and cloned into BamH Ⅰ-
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HindⅢ sites of  the linearized pSilencer3.1-H1-nero vector 
(Ambion, Austin, TX). 

Cell culture and transfection
Human hepatocarcinoma cell line, HepG2 cell, obtained 
from the Cell Bank of  the Chinese Academy of  Sciences 
(Shanghai, China) was cultured in RPMI 1640 medium 
supplemented with 100 mL/L fetal bovine serum, 2 
mmol/mL L-glutamine, 100 μg/mL streptomycin and 
100 units/mL penicillin at 37 ℃ in 5% CO2. When 
the cell fusion rate reached 80%, HepG2 cells were 
transfected with negative control plasmid pcDNA3.1, 
pcDNA3.1-X, cotransfected pcDNA3.1-X with either 
pSilencer3.1-shHBX or pSilencer3.1-H1 in a ratio of  1:3, 
in the presence of  the liposome Lipofectamine 2000 ac-
cording to the manufacturer’s instructions.

Reverse transcription polymerase chain reaction 
analysis
The total RNA of  HepG2 cells transfected with various 
plasmids was prepared with Trizol reagent according to 
the manufacturer’s instructions. The reverse transcription 
was performed with TIANScript RT Kit. The specific 
primers used are shown in Table 1, the amplification 
condition was 94 ℃ for 45 s, 58 ℃ (55 ℃-60 ℃) for 35s, 
72 ℃ for 1 min for 35 cycles and a final extension at 
72 ℃ for 5 min each. The PCR products were subjected 
to electrophoresis in 1% agarose gel and visualized by 
ethidium bromide staining.

Western blotting analysis
For protein extracts, cells were lysed using cell lysis buf-
fer [20 mmol/L Tris pH 7.5, 150 mmol/L NaCl, 1% 
TritonX-100, 2.5 mmol/L sodium pyrophosphate, 1 
mmol/L EDTA, 1% Na3VO4, 0.5 μg/mL leupeptin and 
other phosphatase inhibitors, 1 mmol/L phenylmeth-
anesulfonyl fluoride (PMSF)]. The lysates were collected, 
and centrifuged at 10  000 × g at 4  ℃ for 5 min. The 
bicinchoninic acid (BCA) Protein Assay Kit was used to 
measure the protein concentrations. Total protein of  100 
μg of  each above lysate was subjected to sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred onto polyvinylidene difluoride (PVDF) 
membranes, which were blocked with 3% bovine serum 
albumin (BSA) in tris buffered saline (TBS) containing 
0.01% Tween-20 for 3 h at room temperature, and then 
incubated with specific primary antibodies: mouse mono-

clonal anti-HBx antibody (1:250), rabbit polyclonal anti-
phospho-MLK3 (1:500), rabbit polyclonal anti-phospho-
MKK7(1:500), mouse monoclonal anti-phospho-JNKs 
(1:400), rabbit polyclonal anti-Fas (1:500), rabbit poly-
clonal anti-FasL (1:500), and mouse monoclonal anti-
GAPDH antibody (1:500), respectively, overnight at 4 ℃. 
The membranes were then incubated with goat anti-
mouse IgG-AP (1:500), goat anti-rabbit IgG-AP (1:500), 
goat anti-mouse IgG-HRP (1:2000) and goat anti-rabbit 
IgG-HRP (1:2000) for 2 h at room temperature sepa-
rately. The labeled bands were detected with NBT/BCIP 
Alkaline Phosphatase Color Development Kit or the Be-
yoECL Plus Western blotting detection system.

Caspase activity assay
The enzyme activities of  caspase3, caspase8 and caspase9 
were quantified using caspase3, caspase8 and caspase9 
activity assay kit, respectively. Adherent and floating cells 
were collected and lysed in caspase lysis buffer. Cas-
pase3 enzyme activity in 30 μg cell lysate was measured 
by cleavage of  Ac-DEVD-pNA colorimetric substrate. 
Caspase8 enzyme activity in 30 μg cell lysate was mea-
sured by cleavage of  Ac-IETD-pNA colorimetric sub-
strate. Caspase9 enzyme activity in 30 μg cell lysate was 
measured by cleavage of  Ac-LEHD-pNA colorimetric 
substrate. The absorbance at A405 nm was quantified in a 
microtiter plate reader after incubated at 37 ℃ for 2 h.

Apoptosis analysis
Cells were adjusted to a density of  2 × 105 cells/mL, add-
ed to 24-well plates in 0.5 mL each well. After transfection 
and incubation for 72 h, cell apoptosis was analyzed by 
three methods: (1) terminal deoxynucleotidyl transferase-
mediated dUTP-biotin nick end labeling (TUNEL) stain-
ing: cell apoptosis was analyzed using the in situ cell death 
detection kit, according to the manufacturer’s protocol. 
The number of  TUNEL-positive cells was divided by the 
total number of  cells to determine the ratio of  TUNEL-
positive cells. Five optical fields, about 200 cells were 
selected randomly and analyzed; (2) Hoechst 33258 stain-
ing: cells were fixed with 4% paraformaldehyde, washed 
twice with phosphate-buffered saline (PBS) and stained 
with Hoechst 33258 staining solution according to the 
manufacturer’s instructions. The morphologic changes of  
apoptotic cells, including reduction in volume and nuclear 
chromatin condensation, were observed under a fluores-
cence microscope. Five optical fields containing about 200 
cells were selected randomly and analyzed; and (3) flow 
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Table 1  Primers for the reverse transcription polymerase chain reaction amplification

Gene Sense Antisense Product length (bp)

HBX 5’-TGTGAAGCTTATGGCTGCTAGGC-3’ 5’-TGTGGAATTCTTAGGCAGAGGTG-3’ 465
Fas 5’-GTGAACACTGTGACCCTT-3’ 5’-TCATTGACACCATTCTTTCG-3’ 349
FasL 5'-CTGGGGATGTTTCAGCTCTTC-3’ 5'-CTTCACTCCAGAAAGCAGGAC-3' 304
Bax 5’-TTTGCTTCAGGGTTTCATCC-3’ 5’-CAGTTGAAGTTGCCGTCAGA-3’ 246
BcL-2 5’-GTGGAGGAGCTCTTCAGGGA-3’ 5’-AGGCACCCAGGGTGATGCAA-3 304
β -actin 5’-GGCATCGTGATGGACTCCG-3’ 5’-GCTGGAAGGTGGACAGCGA-3 607

HBx: Hepatitis B virus X protein.
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HBx expressing plasmid pcDNA3.1-X was transiently 
transfected into a human HCC cell line, HepG2. RT-
PCR and Western blotting analysis demonstrated that 
HepG2 cells transfected with pcDNA3.1-X could 
steadily express HBx. To further identify the function of  
HBx upon apoptosis of  HepG2, the expression vector 
for shRNA targeting HBx named pSilencer3.1-shHBX 
was constructed. When the shRNA expression plasmid 
was transfected to HepG2 cells in combination with 
pcDNA3.1-X, the expression of  HBx was specifically 
inhibited by shRNA against HBx, while universal nega-
tive control plasmid pSilencer3.1-H1 did not display any 
effect on HBx expression (Figure 1).

Effects of hepatitis B virus X protein on induction of 
apoptosis in HepG2 cells
To investigate the roles of  HBx in cell apoptosis, TU-
NEL assay was used to detect the presence of  DNA 
strand breaks. The in situ TUNEL staining showed that 
the TUNEL-negative cells appeared with blue nucleus 
and TUNEL-positive cells with yellow nucleus. To fur-

cytometry: cell apoptosis was evaluated by double staining 
with fluorescein isothiocyanate (FITC)-conjugated Annex-
in V and propidium iodide (PI) using annexin V/PI apop-
tosis kit. Cells were washed with PBS twice and stained 
with Annexin V and PI for 5 min at room temperature in 
the dark. The level of  apoptosis was determined by mea-
suring the fluorescence of  the cells with a flow cytometer 
(Becton-Dickinson, San Diego, CA).

Statistical analysis
All experiments were performed three times. Semiquan-
titative analysis of  the bands was performed with the 
Image J analysis software (Version 1.30v, Wayne Rasband, 
NIH, United States). The data were presented in mean 
± SD and analyzed by one-way ANOVA (SPSS version 
13.0). P < 0.05 was considered statistically significant.

RESULTS
Expression of hepatitis B virus X protein in HepG2 cells
To investigate the potential apoptotic ability of  HBx, 
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Figure 1  Detection of hepatitis B virus X protein expression in transfected HepG2 cells. HepG2 cells were transfected with pcDNA3.1-X plasmids or cotrans-
fected with pcDNA3.1-X and pSilencer3.1-shHBX plasmids. Forty-eight hours later, the expression of hepatitis B virus X protein (HBx) in HepG2 cells was determined 
by reverse transcription polymerase chain reaction (A) and Western blotting analysis (B). HepG2 group was not transfected with any plasmids. pcDNA3.1 transfected 
group was transfected with plasmid pcDNA3.1; pcDNA3.1-X transfected group was transfected with pcDNA3.1-X; RNAi group was cotransfected with pcDNA3.1-X 
and pSilencer3.1-shHBX in a ratio of 1:3; negative control group was cotransfected with pcDNA3.1-X and negative control plasmid pSilencer3.1-H1 in a ratio of 1:3. 
Data are expressed as mean ± SD (n = 3), aP < 0.05 vs pcDNA3.1-X transfected group. 

Tang RX et al . HBx activates FasL through MLK3-MKK7-JNKs signal module



1489 April 7, 2012|Volume 18|Issue 13|WJG|www.wjgnet.com

ther confirm the occurrence of  apoptosis, the apoptosis 
of  HepG2 cells and HepG2 transfected with HBx were 
detected by Hoechst 33258 staining and flow cytometry 
(FCM). In Hoechst 33258 staining, reduced cell sizes and 
increased nuclear chromatin condensation were detected 
in the apoptotic cells. As it is shown in Figure 2, when 
compared with HepG2 cells group, the apoptosis rate 
of  pcDNA3.1-X transfected group and negative control 
group was increased, while, in contrast, that of  RNAi 
group was decreased. It indicated that the high expres-
sion of  HBx could promote the apoptosis of  HepG2 
cells, and inhibiting the expression of  HBx protein could 

reduce the apoptosis rate of  HepG2 cells.

Hepatitis B virus X protein-induced apoptosis was 
attributed to the upregulation of Fas/FasL signaling 
pathway-related proteins
To determine which signaling pathway was involved in 
cell apoptosis by HBx, expression of  Fas, FasL and apop-
totic regulators Bax, Bcl-2 in HBx-transfected HepG2 
cells were examined by RT-PCR and Western blotting 
analysis. The results showed that the Fas, FasL, Bax 
mRNA and protein expression were increased induced by 
HBx, while the Bcl-2 mRNA and protein were decreased 
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after transfection with HBx in HepG2 cells for 48 h 
(Figure 3). When HepG2 cells were cotransfected with 
pcDNA3.1-X and pSilencer3.1-shHBX for 48 h, the lev-
els of  Fas, FasL, Bax mRNA and protein were decreased. 
However, Bcl-2 mRNA and protein were increased af-
ter cotransfection with pcDNA3.1-X and pSilencer3.1-
shHBX in HepG2 cells.

In order to determine the dynamic effect of  HBx on 
the Fas/FasL signaling pathway, we detected the gene 
and protein expression of  Fas and FasL at 24 h, 48 h, and 
72 h after transfection with HBx, respectively, and found 
that the Fas and FasL mRNA expression was increased 
by HBx in a time-dependent manner (Figure 4A). In par-
allel, the levels of  Fas and FasL proteins in pcDNA3.1-X 
transfected cells were increased by HBx in a similar man-
ner (Figure 4B). 

To further determine the effect of  HBx on the Fas/
FasL signaling pathway, enzyme activity of  caspase8, 
caspase9 and caspase3 were also detected by spectropho-
tometric test. The results showed that the activation of  
caspase8, caspase9 and caspase3 was increased in HBx-

transfected HepG2 cells (Figure 5). 
It could be concluded that HBx could mediate cell 

apoptosis by upregulating Fas/FasL signaling pathway-
related protein expression to activate the Fas/FasL sig-
naling pathway. 

Hepatitis B virus X protein upregulates FasL protein 
expression by activating MLK3-MKK7-JNKs signal 
module and induces apoptosis
The upstream mechanisms of  HBx on expression of  
Fas/FasL signaling pathway-related proteins were fur-
ther investigated. Previous studies showed that MLK3, 
MKK7 and JNKs which belong to MAPK signaling 
pathways, could form MLK3-MKK7-JNKs signal-
ing module and the activation of  the signaling module 
could upregulate the expression of  Fas/FasL signaling 
pathway-related protein, leading to cell apoptosis[22,23]. To 
find out whether the upregulation of  Fas/FasL signaling 
pathway-related proteins induced by HBx was dependent 
on activation of  MLK3-MKK7-JNKs signaling module, 
the phosphorylation levels of  MLK3, MKK7 and JNKs 
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Figure 3  Expression of Fas, FasL, Bax, Bcl-2 mRNA and protein in HepG2 cells induced by hepatitis B virus X protein. Transfection of HepG2 cells is de-
scribed in Figure 2. Forty-eight hours after transfection, the mRNA (A) and protein (B) expression levels of Bax, Bcl-2, Fas and FasL were determined by RT-PCR and 
Western blotting analysis. Data are expressed as mean ± SD (n = 3), aP < 0.05 vs the HepG2 group; cP < 0.05 vs pcDNA3.1-X transfected group and negative control 
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were detected. The phosphorylation levels of  MLK3, 
MKK7 and JNKs proteins in pcDNA3.1-X transfected 
group were increased remarkably compared with the 

HepG2 cells. When silencing HBx protein expressed by 
pSilencer3.1-shHBX, phosphorylation of  MLK3, MKK7 
and JNKs was inhibited (Figure 6). The changing ten-
dency of  expression level of  FasL protein was consistent 
with phosphorylation levels of  MLK3, MKK7 and JNKs 
proteins. When we treated HepG2 cells transfected with 
HBx with a known JNK inhibitor, SP600125, the activa-
tion of  JNKs and expression of  FasL protein were inhib-
ited (Figure 7A). Furthermore, the phosphorylation levels 
of  MLK3, MKK7 and JNKs and the protein expression 
of  FasL also concomitantly decreased in pcDNA3.1-X 
transfected group when treated with K252a, a known 
MLK3 inhibitor[27,28] (Figure 7B). The results demon-
strated that HBx could activate MLK3-MKK7-JNKs 
signal module and upregulate Fas/FasL death receptor 
pathway-related protein expression.

To determine the relationship between activation of  
MLK3-MKK7-JNKs signal module and HBx-stimulated 
cell apoptosis, the apoptosis rate of  the pcDNA3.1-X 
transfected group treated with K252a or not was deter-
mined by flow cytometry. As expected, apoptosis rate of  
the HBx-transfected HepG2 cells was suppressed in the 
presence of  the MLK3 inhibitor (Figure 8), indicating that 
HBx could activate the MLK3-MKK7-JNKs signaling 
modular and its downstream death receptor pathway, and 
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induce the apoptosis of  the hepatocarcinoma cell line.

DISCUSSION
HBx protein has been reported to be either a promoter 
or an inhibitor of  cell apoptosis[11,29-31]. The dual activ-
ity of  HBx protein on cell apoptosis suggests that the 
expression of  HBx gene and its physiological role de-
pend on cellular environments and infection stage[30,32-33]. 
Naturally, HBx shows extremely low levels of  expression 
during the early stage of  HBV infection, which may con-
tribute to the activation of  transcription and virus repli-
cation[33,34]. With the development of  chronic HBV infec-
tion, expression of  HBx protein increased and activated 
apoptosis to contribute to virus spread and the progres-
sion of  chronic hepatitis and HCC[32,35,36]. It was reported 
that HBx could induce the apoptosis of  hepatic cells by 
the death receptor pathway and the mitochondrial path-
way. However, the question how HBx activates the death 
receptor pathway to induce the apoptosis of  hepatic cells 
remains unclear. The further elucidation of  signaling 
pathways that regulate apoptosis by HBx would help us 
understand the effectiveness of  HBX in the development 
of  HCC.

In this study, the regulation mechanism of  apoptosis 
by HBx in HepG2 cells was investigated. First, the ability 

of  HBx to induce apoptosis using transient transfection 
of  HBx was tested. As a result, after transfected with 
HBx, HepG2 cells exhibited more conspicuous apoptotic 
nuclear condensation and a higher level of  cell death, 
which is in agreement with the previous reports that HBx 
could induce cell apoptosis on its own[5-6,37,38]. Second, 
the expression level of  the Fas/FasL signaling pathway-
related proteins was examined in HepG2 cells. The ex-
pression of  Fas/FasL signaling pathway-related proteins 
were remarkably upregulated in pcDNA3.1-X transfected 
group. RNA interference targeting HBx in HepG2 cells 
could reduce the cell apoptosis and down-upregulate the 
Fas/FasL signaling pathway-related proteins at the same 
time. Based on the above results, it was reasonable to 
conclude that HBx is able to induce apoptosis by upregu-
lating Fas/FasL signaling pathway-related protein expres-
sion in HepG2 cells, which was similar to the previous 
report that HBx played a role in inducing apoptosis of  
hepatocyte via Fas/FasL system[39,40].

Recent studies have found that the MAPKs were in-
volved in the signal transduction for apoptosis. The animal 
model experiments for cerebral ischemia demonstrated 
that MLK3-MKK7-JNKs signaling modules, a member 
of  the MAPK family, could activate its downstream Fas/
FasL signaling pathway and induce the apoptosis of  nerve 
cells[22-23]. In addition, it was reported that hepatic cells 
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could also express MLK3, MKK7 and JNKs[24-25]. We sup-
posed HBx protein could act as the stressor to activate the 
signal module of  MLK3-MKK7-JNKs, and to induce the 
apoptosis of  the hepatic cells.

On the basis of  this hypothesis, the phosphorylation 
levels of  MLK3, MKK7 and JNKs were detected in all 
groups. It was found that the phosphorylation levels of  
MLK3, MKK7 and JNKs were increased obviously in 
the pcDNA3.1-X group, indicating that the HBx might 
increase the phosphorylation levels of  these proteins. 
When we treated pcDNA3.1-X group with SP600125, 
the activation of  JNKs and expression of  FasL were sig-
nificantly inhibited. Moreover, when pcDNA3.1-X group 
was treated with K252a, the expression levels of  p-MLK3, 
p-MKK7, p-JNKs and FasL were also significantly de-
creased, and then cell apoptosis rate obviously declined, 
suggesting that the HBx protein could act as a stressor 
and activate the MLK3-MKK7-JNKs signaling module 
and its downstream Fas/FasL death receptor pathway to 
induce the apoptosis of  HepG2 cells. This would provide 
us a new research target and a novel concept for blocking 
the HBx-induced apoptosis process.

The ratio of  Bax and Bcl-2 could change the mito-
chondrial membrane potential and result in the release 
of  cytochrome C, the activation of  caspase9, and then 
further activate caspase3 to induce apoptosis[41,42]. As 
shown in Figures 3 and 5, HBx up-regulated the expres-
sion of  Bax, down-regulated the expression of  BcL-2, 
and increased the activation of  caspase9 at the same time. 
This data indicated that the apoptosis induced by HBx 
also referred to the mitochondrial pathway. Nevertheless, 
effects of  activating the mitochondrial pathway on apop-
tosis needs to be further investigated.

In conclusion, this study demonstrated that the high 
expression level of  HBx protein could activate MLK3-
MKK7-JNKs module and upregulate FasL protein. It has 
provided a novel insight into the mechanism of  HBx-
induced heptocarcinoma cell apoptosis.
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Abstract
AIM: To define the evolution of ischemic lesions with 
7T magnetic resonance imaging (7T-MRI) in an animal 
model of acute colonic ischemia. 

METHODS: Adult Sprague-Dawley rats were divided 
into two groups. Group Ⅰ underwent inferior mesenteric 
artery (IMA) ligation followed by macroscopic observa-
tions and histological analysis. In group Ⅱ, 7T-MRI was 
performed before and after IMA ligation and followed by 
histological analysis.

RESULTS: Morphological alterations started to develop 
1 h after IMA ligation, when pale areas became evident 
in the splenic flexure mesentery and progressively wors-

ened up to 8 h thereafter, when the mesentery was less 
pale, and the splenic flexure loop appeared very dark. 
The 7T-MRI results reflected these alterations, showing 
a hyperintense signal in both the intraperitoneal space 
and the colonic loop wall 1 h after IMA ligation; the lat-
ter progressively increased to demonstrate a reduction 
in the colonic loop lumen at 6 h. Eight hours after IMA 
ligation, MRI showed a persistent colonic mural hyper-
intensity associated with a reduction in peritoneal free 
fluid. The 7T-MRI findings were correlated with histolog-
ical alterations, varying from an attenuated epithelium 
with glandular apex lesions at 1 h to coagulative necro-
sis and loss of the surface epithelium detected 8 h after 
IMA ligation. 

CONCLUSION: MRI may be used as a substitute for 
invasive procedures in diagnosing and grading acute 
ischemic colitis, allowing for the early identification of 
pathological findings.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Ischemic colitis (IC) was first described by Boley et al[1] 
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and Theodoropoulou et al[2] , and is a relatively common 
disease, being the most frequent form of  intestinal isch-
emia[3] and the second-most frequent cause of  lower gas-
trointestinal bleeding[4]. IC is the consequence of  an acute 
interruption or chronic decrease in the colonic blood 
supply[5], which may be either occlusive or non-occlusive 
in origin[2]. This disease results in ischemic necrosis of  
variable severity that can range from superficial mucosal 
involvement to full-thickness transmural necrosis[5,6].

Clinically, IC presents in either a gangrenous (acute 
fulminant) or non-gangrenous form (acute transient; 
chronic)[2], with a mortality rate ranging from 10% for 
the non-occlusive disease to 90% for occlusive mesen-
teric infarction due to embolus or thrombosis[5]. The left 
colon is involved in 75% of  cases and the right colon in 
the remaining 25%; the splenic flexure and the sigmoid 
colon are the areas most frequently affected[3,7].

The presentation of  IC is not specific and is highly 
variable, therefore, its diagnosis largely depends on 
clinical suspicion[7]. In this context, the role of  imaging 
techniques is controversial. Standard radiology and com-
puted tomography (CT), the latter considered the best 
diagnostic modality in acute settings[8,9], yield non-specif-
ic and late findings, whereas the advantages of  magnetic 
resonance imaging (MRI) are still a matter of  debate[5]. 

The functional and morphological responses to 
ischemia produced by inferior mesenteric artery (IMA) 
ligation have been studied in the canine, porcine and rat 
colon[10-13]. However, to date, nothing is known about the 
histological evolution of  the colonic ischemic injury or 
the relationship between these lesions and MRI findings. 
Therefore, the aim of  our study was to define the evo-
lution of  histological ischemic lesions and to compare 
anatomopathological features with T2-weighted MRI in 
an animal model of  colonic ischemia.

MATERIALS AND METHODS
Animal preparation
All procedures performed on animals were approved by 
our Institutional Animal Care and Use Committee. Nine 
adult male Sprague-Dawley rats (250-340 g; Harlan Lab-
oratories, Indianapolis, IN, United States) were used in 
this study. The rats were maintained on a 12/12 h light/
dark cycle and allowed free access to food and water. 
They were anesthetized with ketamine (100 mg/kg i.m.) 
and medetomidine (0.25 mg/kg i.m.) injections. Butor-
phanol (0.1 mg/kg s.c.) was used immediately before the 
intervention to ensure intraoperative analgesia. Further 
injections of  these drugs were provided throughout the 
intervention to maintain a sufficient state of  anesthesia. 
Each rat was allowed to breathe spontaneously. Body 
temperature was monitored with a rectal probe and 
maintained at 37.0 ± 0.5 ℃ with a heating blanket regu-
lated by a homeothermic blanket control unit (Harvard 
Apparatus Ltd., Holliston, MA, United States).

After drug injection, eight rats were prepared for 
surgery through thoracic and abdominal trichotomy. 
These areas were then washed with povidone iodine and 

alcohol. These animals were divided at random into two 
groups of  four rats each. Group Ⅰ rats underwent IMA 
ligation followed by macroscopic observation and histo-
logical analysis. Before and after IMA ligation, group Ⅱ 
rats underwent 7-tesla (7T) MRI followed by histological 
analysis of  a colon specimen after euthanasia. A healthy 
rat underwent an MRI bowel enema without IMA liga-
tion to enable us to study its bowel anatomy. 

Surgical procedures
After a midline laparotomy, the small and large bowel 
were exposed from the abdominal cavity and displaced 
to the left. A photograph of  the physiological appear-
ance of  the bowel and mesentery was taken with a digital 
camera (Panasonic Lumix DMC-TZ8, 12.0 megapixels, 
ISO 2000; Osaka, Japan). The IMA was identified and 
ligated at the origin with Prolene 7/0 and sectioned.

Macroscopic analysis
After IMA ligation, the anesthetized rats of  group Ⅰ were 
observed for 8 h. The bowel was exposed on gauze mois-
tened with saline to prevent excessive evaporative loss. 
Photographs of  the exposed bowel and mesentery were 
taken every 10 min for the first hour and every 30 min 
thereafter. At the end of  the observation period, all rats 
were euthanized with an intrapulmonary injection of  
Tanax (0.5 mL), and the large bowel was excised for histo-
logical analysis.

MRI
Abdominal 7T-MRI scans were acquired in group Ⅱ 
animals (Bruker BioSpec 70/16US; Bruker Medical 
Systems, Ettlingen, Germany) before IMA ligation to re-
cord the physiological appearance of  the abdomen. Af-
ter IMA ligation, the entire intestine was replaced in the 
abdomen, and the abdominal wall was closed with Vicryl 
2/0 thread. 

Each rat underwent 7T-MRI at 1 h, 4 h, 6 h and 8 h 
after IMA ligation as follows: Tripilot sequence, param-
eters: TR 100.0 ms; TE 6.0 ms; FOV 8.00 cm; IS 2.00 
mm; N slice 3 and RareT2 sequence in axial section, 
parameters: TR 6060.3 ms; TE 36.0 ms; FOV 7.00 cm; 
matrix 256 × 256; IS 1.00/1.00 mm; N slice 52; acquisi-
tion time: 14 min, 32 s, 688 ms. To obtain bowels for 
histological analysis, selected rats were sacrified at 1 h, 4 h, 
6 h and 8 h after 7T-MRI.

Histological analysis
For light microscopy, the large bowels in both groups of  
rats were excised from the cecum to the rectum, including 
the mesentery, and stored in 10% buffered formalin ac-
etate for at least 2 d. The samples were divided into three 
segments: the cecum and proximal colon (first segment), 
the splenic flexure (second segment), and the distal colon 
and rectum (third segment). Sections 3 mm in size were 
obtained at 10-mm intervals from each segment and em-
bedded in paraffin. Transverse sections 3 μm thick were 
cut and stained with hematoxylin-eosin. The sections 
were mounted on chrome alum/gelatin-coated slides, 
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dehydrated and coverslipped. Slides were imaged with 
a Zeiss Axio Skope microscope equipped with a high-
resolution digital camera (ORCA-HR C4742-95-12HR, 10 
MP; Hamamatsu Photonics, Hamamatsu, Japan)  

MRI bowel enema
This procedure was performed on one healthy rat to de-
termine the large bowel anatomy and topography. Under 
anesthesia, a 16 G angiocatheter was inserted in the rec-
tum and fixed to the anal skin by a purse-string suture. 
After the injection of  8-10 mL warm water, 7T-MRI 
was performed using the following protocol: Tripilot se-
quence, parameters: TR 100.0 ms; TE 6.0 ms; FOV 8.00 
cm; IS 2.00 mm; N slice 3 and RareT2 sequence in axial 
section, parameters: TR 6060.3 ms; TE 36.0 ms; FOV 
6.00 cm; matrix 256 × 256; IS 1.00/1.00 mm; N slice 
44; acquisition time: 14 min, 32 s, 688 ms. These scans 
served as anatomic images of  reference for comparison 
purposes to identify ischemic damage in group Ⅱ rats. 

RESULTS
Macroscopic evaluation
Figure 1A shows the appearance of  a rat intestine im-
mediately before IMA ligation; the colon and the ileum 
were of  normal size and presented a uniform serous 
membrane and rose-colored mesentery. One hour after 
IMA ligation, pale areas appeared in the splenic flexure 
mesentery (indicated by a white arrow in Figure 1B); 
these areas progressively increased (white arrow) and 
were associated, four hours after IMA ligation, with a 
change in the color of  the splenic flexure loop (black ar-
row), which appeared dark reddish blue (Figure 1C). Six 

hours after IMA ligation, the splenic flexure mesentery 
was very pale (white arrow), and the loop was very dark 
(black arrow, Figure 1D). Eight hours after IMA liga-
tion, although the loop was even darker (black arrow), 
the mesentery was less pale (white arrow, Figure 1E). No 
other macroscopic alterations were noted during the 8 h 
observation period, and the chronological sequence of  
the macroscopic morphological changes was the same in 
all group Ⅰ animals.  

MRI
Figure 2A shows a 7T-MRI abdominal scan of  a group 
Ⅱ rat immediately before IMA ligation. No pathological 
findings related to ischemic damage were detected. One 
hour after IMA ligation, the T2 sequences showed mini-
mal findings, namely, hyperintense signals in both the 
colonic loop wall (arrow) and the intraperitoneal space 
(curved arrow, Figure 2B). These MRI findings were 
more pronounced four hours after IMA ligation, sug-
gesting colonic wall edematous thickening and a small 
amount of  peritoneal free fluid (Figure 2C). Six hours af-
ter ligation, the amount of  peritoneal free fluid increased 
(curved arrow), as did the colonic wall hyperintensity 
(arrow, Figure 2D). Eight hours after IMA ligation, MRI 
showed persistent colonic mural hyperintensity (arrow) 
associated with a reduction in the peritoneal free fluid 
(curved arrow), probably related to compensatory intra-
peritoneal drainage (Figure 2E).

MRI colon enema
Figure 2F shows the hyperintense signals of  the splenic 
flexure (arrow), descending colon (curved arrow) and 
rectum (star) distended by instilled water. Comparison 
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Figure 1  Macroscopic monitoring. A: Physiological appearance of the rat bowel; B: Rat bowel 1 h after inferior mesenteric artery (IMA) ligation; C: At 4 h after IMA 
ligation; D: At 6 h after IMA ligation; E: At 8 h after IMA ligation.
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of  the 7T-MRI and MRI colon enema scans reveals that 
the splenic flexure was the colonic area most affected by 
ischemia.

Histological analysis
Histology revealed anatomopathological alterations in 
the second segments (colonic splenic flexure), whereas 
the first and third segments were unaffected. The his-
tology of  the colonic sections obtained one hour after 
IMA ligation from the proximal colon and the splenic 
flexure are shown in Figure 3A and B, respectively. In 
contrast to the normal histological pattern of  the proxi-
mal colon, the splenic flexure section showed an attenu-
ated epithelium with glandular apex lesions (star). Four 
hours after IMA ligation, large ischemic lesions appeared 
at the splenic flexure level: superficial epithelium nuclear 
pyknosis and epithelium mucin depleted with submuco-
sal edema (star) leading to vessel collapse (arrow, Figure 
3C). Six hours after ligation, in the same colonic area, 
we found a further reduction in crypt goblet cells, clear 
signs of  apoptosis such as nuclear pyknosis and hype-
reosinophilia, and epithelial regeneration attempts, as 
shown by the presence of  mitotic figures (arrow, Figure 
3D). At the end of  the observation (8 h), ischemic injury 
of  the splenic flexure was more pronounced; necrosis 
and a loss of  the surface epithelium, crypt drop-out (ar-
row) with a depletion of  goblet cells (Figure 3E) and a 

markedly edematous submucosa (star, Figure 3F) were 
observed. Signs of  regeneration in response to the injury 
appeared at the bottom of  the crypts (arrow, Figure 3G) 
near the images of  coagulative necrosis (Figure 3H). 
Ischemic changes were related to vascular anatomy, and 
a sharp demarcation line often separated the involved 
from the uninvolved mucosa.

DISCUSSION
The availability of  animal models in which to repro-
duce human diseases has increased our knowledge of  
human physiopathology and led to new diagnostic and 
therapeutic approaches[14]. This study, based on an ani-
mal model of  colonic ischemic damage, was designed 
to define the evolution of  histological ischemic lesions 
and to compare anatomopathological features with cor-
responding 7T-MRI findings. Thus far, the chronological 
sequence of  early colonic ischemic damage has not been 
described, and the role of  MRI is still widely debated. 
To the best of  our knowledge, this is the first study us-
ing 7T-MRI for the instrumental evaluation of  a human 
disease reproduced in a rat animal model. We decided to 
use T2-weighted MRI sequences because, as shown in a 
previous study[15], they allow us to identify, without us-
ing contrast media, the hyperintensity of  parietal edema, 
which is an early sign of  intestinal ischemia.  
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Figure 2  7T magnetic resonance imaging investigation. A: Image of a 7T magnetic resonance imaging (MRI) abdominal scan before inferior mesenteric artery (IMA) 
ligation; B: A 7T MRI abdominal scan 1 h after IMA ligation; C: At 4 h after IMA ligation; D: At 6 h after IMA ligation; E: At 8 h after IMA ligation; F: Image of 7T MRI co-
lon enema.
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We identified anatomopathological alterations as early 
as one hour after IMA ligation, namely, a pale mesentery 
and mild surface epithelium damage at the colonic splen-
ic flexure level. Additionally at one hour after ligation, 
the MRI study showed a small amount of  peritoneal 
free fluid associated with mild edematous thickening of  
the colonic splenic flexure wall. Moreover, there was a 
relevant correlation between the MRI changes observed 
during the course of  bowel ischemia and the pathologi-
cal damage. Indeed, the morphological and MRI findings 
showed a progressive and parallel worsening with time 
up to eight hours when, despite the change in the color 
of  the colonic loop, we observed a mild improvement in 
mesenteric color associated with a reduction in perito-
neal free fluid. Therefore, MRI detected very early signs 
of  colonic ischemia and allowed us to monitor the evo-
lution of  the ischemic damage. Consequently, although 
CT remains a valid diagnostic tool for the visualization 
of  early signs of  bowel ischemia and evaluation of  co-
lonic ischemic damage[8,9,16], MRI, which does not require 
the use of  a contrast medium or ionizing radiation, can 
play an important role in the diagnostic and therapeutic 
management of  patients with acute colitis ischemia.  

We performed MRI colon enema in a surgically un-
treated rat to define the large bowel anatomy and topog-
raphy. We were thus able to identify the specific colonic 
hyperintensity area detected by MRI after IMA ligation as 
the colonic splenic flexure. In agreement with a previous 
study, although the superior mesenteric artery is more 
important than the IMA in maintaining the cecum and 
transverse colon perfusion, ligation of  the IMA alone 
produced significant injury in a single, specific colonic 
area[10]. The major vulnerability of  the splenic flexure to 

ischemic damage may be related to the presence of  more 
limited collateral networks in this region, apparently rep-
resenting a “watershed” area where the two circulations 
meet[2]. In this context, the amount of  ischemic injury 
depends on the high variability of  the vascular anatomy[7].

The rat model used in this study had several limita-
tions: vascular occlusion was sudden and total, whereas 
partial occlusion is possible in humans; IMA ligation was 
performed at the emergence of  the vessel, whereas in 
clinical practice, distal occlusions are also observed; the 
time window analysis was limited to 8 h, but these pa-
tients often reach the hospital a few days after the origi-
nal occlusive event. However, despite the limitations of  
the animal model, this study shows that MRI is useful in 
the diagnosis of  acute IC. Moreover, although our MRI 
scans were performed with a 7T-MRI machine, which is 
not yet available in clinical practice, both our results and 
those of  previous studies suggest that 7T MRI machines 
are appropriate for clinical research on humans[17,18].

In conclusion, the assumption of  parallels between 
the experimental colonic ischemic damage in this animal 
model and humans is reasonable. Our results indicate 
that MRI allows for the identification of  pathological 
findings of  acute IC and their correlation with histo-
pathological features. Therefore, MRI can play a relevant 
role in the diagnostic management of  acute IC and may 
be substituted for other invasive surgical and endoscopic 
procedures in diagnosing and grading IC when ischemic 
injury is suggested. The possibility of  assessing the evo-
lution of  IC over time and correlating the histological 
alterations with imaging patterns could result in a more 
accurate and earlier identification of  imaging diagnostic 
features and thus facilitate more effective treatment.
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Figure 3  Histological analysis. A: Normal histological pattern of the rat proximal colon; B: Histological pattern of the rat proximal colon 1 h after inferior mesenteric 
artery (IMA) ligation; C: At 4 h after IMA ligation; D: At 6 h after IMA ligation; E: At 8 h after IMA ligation; note the necrosis and loss of the surface epithelium; F: Mark-
edly edematous submucosa (star); G: Active regeneration signs at the bottom of the crypts; H: Coagulative necrosis.
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COMMENTS
Background
Ischemic colitis (IC) is a relatively common disease, being the most frequent 
form of intestinal ischemia and the second-most frequent cause of lower gas-
trointestinal bleeding. Presentation of IC is not specific and is highly variable, 
therefore, the diagnosis largely depends on clinical suspicion. In this context, 
the role of imaging techniques remains controversial. 
Research frontiers
The role of magnetic resonance imaging (MRI) in the diagnostic management 
of acute IC is still a matter of debate, and nothing is known about the histologi-
cal evolution of the acute colonic ischemic injury or the relationship between 
these lesions and MRI findings.
Innovations and breakthroughs
To be known, this is the first study using 7T-MRI for the instrumental evaluation 
of a human disease reproduced in a rat animal model. In this study, authors es-
tablished the chronological evolution of the early functional and morphological 
responses to ischemia produced by inferior mesenteric artery (IMA) ligation and 
compared their anatomopathological features with the corresponding 7T-MRI 
findings. 
Applications
The possibility of detecting the early signs of colonic ischemic injury with MRI 
suggests that this technique can play an important role in diagnosing and grad-
ing acute IC.
Terminology
7T-MRI: A non-invasive method of demonstrating internal anatomy based on the 
principle that atomic nuclei in a strong magnetic field (7 Tesla) absorb pulses of 
radiofrequency energy and emit them as radio waves that can be reconstructed 
into computerized images. The concept includes proton-spin tomographic 
techniques; IC: Inflammation of the colon due to colonic ischemia resulting from 
alterations in systemic circulation or local vasculature.
Peer review
This is a good demonstration of the potential use of T2-weighted MRI for de-
tecting edema in IC. In an experimental model, results of MRI are compared 
with physiological appearance and histology of the bowel at various times after 
IMA ligation.
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Abstract
AIM: To investigate whether the small bowel transit 
time (SBTT) influences the diagnostic yield of capsule 
endoscopy (CE). 

METHODS: Six hundred and ninety-one consecutive CE 
procedures collected in a database were analyzed. SBTT 
and CE findings were recorded. A running mean for the 
SBTT was calculated and correlated to the diagnostic 
yield with a Spearman’s correlation test. Subgroup anal-
yses were performed for the various indications for the 
procedure. 

RESULTS: There was a positive correlation between 
the diagnostic yield and SBTT (Spearman’s rho 0.58, P  
< 0.01). Positive correlations between diagnostic yield 
and SBTT were found for the indication obscure gastro-
intestinal bleeding (r  = 0.54, P  < 0.01), for polyposis 
and carcinoid combined (r  = 0.56, P  < 0.01) and for 
the other indications (r = 0.90, P  <0.01), but not for 

suspected Crohn’s disease (r  = -0.40).

CONCLUSION: The diagnostic yield in small bowel 
capsule endoscopy is positively correlated with the 
small bowel transit time. This is true for all indications 
except for suspected Crohn’s disease.

© 2012 Baishideng. All rights reserved.

Key words: Capsule endoscopy; Small bowel transit time; 
Diagnostic yield

Peer reviewers: Dieter Schilling, MD, PhD, Department of 
Gastroenterology, Diakonie Hospital Academic Teaching Hospi-
tal of the University of Heidelberg, Speyererstrasse 91-93, 68163 
Mannheim, Germany; Benito Velayos, PhD, Department of Gas-
troenterology, Hospital Clínico de Valladolid, Av Ramón y Cajal 3, 
47003 Valladolid, Spain

Westerhof J, Koornstra JJ, Hoedemaker RA, Sluiter WJ, Kleibeu-
ker JH, Weersma RK. Diagnostic yield of small bowel capsule 
endoscopy depends on the small bowel transit time. World J 
Gastroenterol 2012; 18(13): 1502-1507  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v18/i13/1502.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v18.i13.1502

INTRODUCTION
Capsule endoscopy (CE) is a very sensitive diagnostic 
technique to detect small bowel pathology. It has a higher 
diagnostic yield than conventional diagnostic methods, i.e., 
push enteroscopy, small-bowel follow-through, conven-
tional CT and angiography[1]. The reported diagnostic yield 
of  CE varies between 38% and 83%[2-11]. In 15%-20% of  
all CE’s the capsule does not reach the cecum within re-
cording time. Risk factors for incomplete CE procedures 
include previous small-bowel surgery, hospitalization, mod-
erate or poor bowel cleansing, and a gastric transit time 
longer than 45 min[12].

For a good and complete evaluation of  the small 

BRIEF ARTICLE

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v18.i13.1502

1502 April 7, 2012|Volume 18|Issue 13|WJG|www.wjgnet.com

World J Gastroenterol  2012 April 7; 18(13): 1502-1507
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2012 Baishideng. All rights reserved.



bowel, the capsule should reach the cecum within record-
ing time, which is eight to eleven hours depending on the 
manufacturer. Therefore, some investigators use a proki-
netic agent to speed up the gastric and small bowel tran-
sit. However, the short bowel transit time (SBTT) may 
influence the diagnostic yield of  CE. With colonoscopy, 
the detection rate of  neoplastic lesions is higher when 
the time to withdraw the colonoscope is longer[13-15]. It is 
conceivable that a similar principle also applies for small 
bowel CE. We therefore hypothesize that the diagnostic 
yield of  CE depends on the small bowel transit time. To 
study this, we analyzed the influence of  small bowel tran-
sit time on the diagnostic yield of  CE in 691 consecutive 
procedures performed in our department.

MATERIALS AND METHODS
Data from all consecutive CE studies performed at the 
University Medical Center Groningen, the Netherlands, 
between September 2003 and January 2009 were col-
lected. Data that were collected included patient demo-
graphics, indications for the procedure, procedural data, 
including gastric transit time (GTT) and SBTT, and find-
ings of  the procedure. The GTT was defined as the time, 
in minutes, from the first image of  the stomach until the 
first image of  the duodenum. The SBTT was defined as 
the passage time, in minutes, from the first image of  the 
duodenum until the first image of  the cecum. If  the cap-
sule did not reach the cecum within recording time, the 
SBTT was recorded as the time during which small bowel 
images were captured. CE was considered complete 
when the cecum was reached within recording time.

CE procedure
During the study period, all patients received bowel prep-
aration. Patients were given standardized instructions be-
fore the procedure, and informed consent was obtained. 
The patients were asked to stop iron supplements seven 
days before CE and to use a low-fiber diet three days be-
fore CE. The patients started a fasting period at midnight 
before the procedure. Bowel preparation consisted of  
the ingestion of  four liters of  a polyethylene glycol solu-
tion (Colofort®), 3 L the evening before the procedure 
and 1 L in the morning. The capsule (Pillcam; Given 
Imaging Ltd, Yoqneam, Israel) was swallowed in the 
morning. The patients were allowed to drink fluids after 
three hours and to consume a light meal after five hours. 
Before capsule ingestion, 10 mL of  antifoam and a pro-
kinetic agent was given, 10 mg of  domperidone (before 
July 1st 2008, n = 641) or 250 mg of  erythromycin (after 
July 1st 2008, n = 50). All CE recordings were reviewed 
by two gastroenterologists, experienced with CE (RKW 
and JJK). Controversial findings were discussed, and con-
sensus was reached upon the final diagnosis. The most 
relevant findings obtained from CE were documented 
and categorized according to standard terminology[16] 
as angiectasia(s); ulcer(s); bleeding of  unknown origin; 
erosion (s); polyp(s)/tumor(s); incidental abnormality of  

esophagus, stomach, or colon; no abnormality; or unable 
to make a diagnosis.

Statistical analysis
The SBTT was not normally distributed (tested with a 
Kolmogorov-Smirnov test) in the study population. To 
demonstrate the correlation between average diagnostic 
yield and average SBTT, the average yield was calculated 
of  50 consecutive transit times and plotted. Diagnostic 
yield was expressed as 0 for absence of  abnormalities and 
1 for presence of  abnormalities. In this way, a running 
mean for the SBTT was calculated for 50 consecutive pa-
tients and correlated to the diagnostic yield with a Spear-
man’s correlation test. A rho’s correlation coefficient was 
calculated. Comparison of  SBTT between groups was 
performed using a Mann-Whitney U test.

Subgroup analyses were performed for the various 
indications for the procedure. P-values below 0.05 were 
considered significant. SPSS 14.0 for Windows software 
(SPSS Inc., Chicago, IL, United States) and Microsoft Of-
fice Excel 2003 were used for statistical analyses.

RESULTS
Six hundred and ninety-one consecutive CE procedures 
were analyzed. The mean age of  the patients was 54 years 
(range 9-93, SD 18 years). 55% of  the patients were male. 
Indications for CE were obscure gastrointestinal bleeding 
(OGIB) (67%), suspected Crohn’s disease (22%), polypo-
sis (4%), carcinoid (3%) and other (4%). CE findings were 
as follows in the investigated patients: angiectasia(s) in 121 
cases (18%), ulcer(s) in 42 (6%), erosion(s) in 83 (12%), 
bleeding of  unknown origin in 30 (4%), polyp(s)/tumor(s) 
in 56 (8%), abnormality of  esophagus, stomach, or colon 
in 15 (2%), stenosis in 2 (0.3 %), unable to make a diag-
nosis in 6 (1%) and no abnormalities in 336 cases (48%). 
Overall, the diagnostic yield was 51%. 

The cecum was reached in 82% of  all procedures. The 
overall median small bowel transit time was 246 min (25 
and 75 percentiles: 190 and 342). In CE cases with posi-
tive findings, the median SBTT was 254 min (25 and 75 
percentiles: 200 and 361), in negative CE procedures, the 
median SBTT was 239 (25 and 75 percentiles 178 and 
320), this difference was significant (P = 0.012). There 
was a positive correlation between the diagnostic yield and 
SBTT (Figure 1) indicating that the longer the SBTT, the 
higher the diagnostic yield (Spearman’s rho 0.58, P < 0.01).

Next, patients were excluded in whom the cecum 
was not reached (n = 125) within recording time, leaving 
566 procedures with complete visualization of  the small 
intestine. The overall median SBTT was 233 min (25 and 
75 percentiles: 178 and 295). In cases with positive find-
ings, the median SBTT was 236 (25 and 75 percentiles: 
186 and 300), in negative CE procedures the median 
SBTT was 229 min (25 and 75 percentiles: 121 and 281), 
this difference was not significant (P = 0.078). A positive 
correlation was again observed between the diagnostic 
yield and SBTT (Spearman’s rho 0.40, P < 0.01, Figure 2). 
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Subgroup analysis for the different indications was 
performed for OGIB, suspected Crohn’s disease, polypo-
sis and carcinoid combined and other indications. The 
indications polyposis and carcinoid were taken together 
because both groups were too small for separate sub-
group analysis. For these indications, positive correla-
tions between diagnostic yield and SBTT were found for 
OGIB (r = 0.54, P < 0.01), for polyposis plus carcinoid (r 
= 0.56, P < 0.01) and for the other indications (r = 0.90, 
P < 0.01). However this was not observed for Crohn’s 
disease (r = -0.40). These results are depicted in Figure 3.

DISCUSSION
In this study, we found a positive correlation between the 
diagnostic yield of  CE and small bowel transit time, ir-
respective of  whether the capsule had reached the cecum 
within recording time. These findings are in accordance 
with those from colonoscopy studies, which show higher 
diagnostic yields for detecting neoplastic lesions when 
the withdrawal time during colonoscopy is longer[10-13] 
and from one previous study on the effect of  SBTT on 
the diagnostic yield of  CE[17]. Most of  these colonoscopy 
studies divided the withdrawal time into more or less 
than a chosen number of  minutes. In CE there are no 
known standard SBTT times, so we judged that it would 
not be correct to randomly divide the SBTT in two or 
more randomly chosen groups. Therefore we calculated a 
running mean to determine whether the diagnostic yield 
correlated with the SBTT. We found a positive correla-
tion between the two, meaning that a longer transit time, 
implicating more images of  the small bowel, resulted in a 
higher diagnostic yield.

For colonoscopy, the correlation between diagnos-
tic yield and withdrawal time was only investigated in 
subjects undergoing screening for neoplastic lesions. In 
this study we looked at all indications for CE. We found 
a positive correlation between the diagnostic yield and 

SBTT for the indications OGIB and polyposis/carcinoid 
and for other indications, but not for the indication sus-
pected Crohn’s disease. The latter is probably due to the 
multiple and widespread small bowel lesions usually seen 
in Crohn’s disease. Therefore the endoscopist may be less 
dependent upon the mucosal inspection time to make the 
diagnosis. Furthermore, a previous study showed reduced 
capsule transit times in Crohn’s disease[18].

What does this positive correlation between diagnos-
tic yield and SBTT mean for clinical practice? CE is less 
valuable when the cecum is not reached within recording 
time, but on the other hand our study indicates that the 
diagnostic yield is lower when the SBTT is shorter. So, 
ideally, the SBTT should be as long as possible, yet the 
capsule should reach the cecum within recording time. 
The development of  capsule systems with longer battery 
times may be helpful. One important issue in this mat-
ter is whether there is a role for prokinetic agents in CE. 
In this way, one could influence the small bowel transit 
time. There is no consensus on this subject[1]. In most of  
the available studies, there are no data on the influence 
of  prokinetics on the diagnostic yield of  CE. Taking our 
data into account, it may not be wise to use prokinetics 
that speed up the SBTT. However this must be weighed 
against the fact that a prolonged GTT is a risk factor for 
incomplete CE[12]. It may therefore be useful to use an 
agent which shortens GTT without influencing SBTT.

A well known prokinetic agent is erythromycin. It 
induces high amplitude gastric propulsive contractions 
by activating gastric interdigestive migrating motor com-
plexes, thereby accelerating gastric emptying[19-22]. The ef-
fects of  erythromycin on SBTT are unclear. In the most 
recent publication on this subject, erythromycin reduced 
the GTT but had no significant effect on SBTT, total 
bowel transit time and CE completing rates[22]. Previous 
studies found similar results[23,24], but in one at the cost of  
visibility[24]. Others found no effect of  erythromycin on 
either GTT or SBTT[25]. Overall, the data are not very ro-

1504 April 7, 2012|Volume 18|Issue 13|WJG|www.wjgnet.com

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

D
Y 

fo
r 

al
l i

nd
ic

at
io

ns

0           100          200          300          400         500
                           SBTT in minutes

Figure 1  Correlation between the small bowel transit time in minutes and 
the diagnostic yield for all patients. Spearman’s rho coefficient 0.58 ( P < 
0.01) shown by the black line. The trend of this correlation is shown by the red 
line. DY: Diagnostic yield; SBTT: Small bowel transit time.
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Figure 2  Correlation between the small bowel transit time in minutes and 
the diagnostic yield in patient with complete capsule endoscopy. Spearman’
s rho coefficient 0.40 (P < 0.01) shown by the black line. The trend of this correla-
tion is shown by the red line. DY: Diagnostic yield; SBTT: Small bowel transit time.
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use of  an appropriate statistical method for determining 
the relation between diagnostic yield and SBTT by using 
a running mean.

A limitation of  this study is that all patients in our 
population received a prokinetic agent, which might have 
changed the SBTT and with that also the diagnostic yield. 
The diagnostic yield might have been higher in this study 
population when we would not have used a prokinetic 
agent. Another limitation of  this study is that during 
this study period we switched our prokinetic agent from 
domperidone to erythromycin. One should realize that 
this is a retrospective study. Prospective studies are neces-
sary to establish the effect of  the use of  prokinetics on 
SBTT and diagnostic yield.

There may be many factors that influence SBTT and 
thereby diagnostic yield in small bowel CE. In this study 
we did not analyze such other factors, mainly because the 
main goal of  this study was to determine whether there 
was a relation between diagnostic yield and SBTT at all. 
A previous study on the effect of  SBTT on diagnostic 
yield found an independent association between diagnos-
tic yield and SBTT[17]. In that study, no relation was found 
between diagnostic yield and other potential risk factors 
such as age, gender, study indication, hospital status, and 

bust. If  erythromycin mainly influences GTT, it might be 
an interesting prokinetic agent to use prior to small bowel 
CE. 

Other prokinetics that have been studied in CE are 
metoclopramide and mosapride. Both prokinetic agents 
accelerated GTT and increased capsule completion rates, 
but had no influence on SBTT[26,27]. In our study, we used 
domperidone as a prokinetic agent in the majority of  pa-
tients. Domperidone has shown to be effective in treating 
diabetic gastroparesis[28], but there are no data on the use 
this agent in CE. 

Another way to use prokinetics may be with the aid 
of  a real-time viewer system. In this way, prokinetics (or 
water or additional PEG) can be administered when the 
real-time viewer shows delayed gastric emptying. There 
are three studies that show a higher diagnostic yield of  
CE when a real-time viewer is used with on-demand ad-
ministration of  prokinetics, water, PEG or endoscopic-
assisted duodenal placement[29-31].

The strength of  this study is that this the first study 
that investigated the relation between diagnostic yield of  
CE and SBTT in a large study population. This allowed 
for a subgroup analysis for the different indications of  
CE. Another strong point of  our study in our view is the 
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Figure 3  Correlations between small bowel transit time and diagnostic yield. A: Obscure gastrointestinal bleeding (OGIB; r = 0.54, P < 0.01); B: Suspected 
Crohn’s disease (r = -0.40); C: Polyposis plus carcinoid (r = 0.56, P < 0.01); D: Other indications (r = 0.90, P < 0.01), shown by the black line. The trend of this correla-
tion is shown by the red line. DY: Diagnostic yield; SBTT: Small bowel transit time.
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quality of  bowel preparation[17]. Since we also found a 
positive correlation between diagnostic yield and SBTT 
it might be very interesting to look further into factors 
influencing SBTT and thereby diagnostic yield in future 
studies.

In conclusion, in this study with a large group of  pa-
tients, we found a positive correlation between the diagnos-
tic yield of  small bowel CE and small bowel transit time 
for all indications except for suspected Crohn’s disease. 
For clinical practice, these data implicate that it may not be 
advisable to use prokinetic agents which accelerate small 
bowel transit although this remains to be proven in future 
studies.
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Abstract
AIM: To clarify the efficiency of the criterion of meta-
bolic syndrome to detecting non-alcoholic fatty liver 
disease (NAFLD).

METHODS: Authors performed a cross-sectional study 
involving participants of a medical health checkup pro-

gram including abdominal ultrasonography. This study 
involved 11 714 apparently healthy Japanese men and 
women, 18 to 83 years of age. NAFLD was defined by 
abdominal ultrasonography without an alcohol intake of 
more than 20 g/d, known liver disease, or current use 
of medication. The revised criteria of the National Cho-
lesterol Education Program Adult Treatment Panel Ⅲ 
were used to characterize the metabolic syndrome.

RESULTS: NAFLD was detected in 32.2% (95% CI: 
31.0%-33.5%) of men (n  = 1874 of 5811) and in 8.7% 
(95% CI: 8.0%-9.5%) of women (n  = 514 of 5903). 
Among obese people, the prevalence of NAFLD was as 
high as 67.3% (95% CI: 64.8%-69.7%) in men and 
45.8% (95% CI: 41.7%-50.0%) in women. Although 
NAFLD was thought of as being the liver phenotype of 
metabolic syndrome, the prevalence of the metabolic 
syndrome among subjects with NAFLD was low both in 
men and women. 66.8% of men and 70.4% of women 
with NAFLD were not diagnosed with the metabolic 
syndrome. 48.2% of men with NAFLD and 49.8% of 
women with NAFLD weren’t overweight [body mass 
index (BMI) ≥ 25 kg/m2]. In the same way, 68.6% of 
men with NAFLD and 37.9% of women with NAFLD 
weren’t satisfied with abdominal classification (≥ 90 
cm for men and ≥ 80 cm for women). Next, authors 
defined it as positive at screening for NAFLD when 
participants satisfied at least one criterion of metabolic 
syndrome. The sensitivity of the definition “at least 1 
criterion” was as good as 84.8% in men and 86.6% in 
women. Separating subjects by BMI, the sensitivity was 
higher in obese men and women than in non-obese 
men and women (92.3% vs  76.8% in men, 96.1% vs  
77.0% in women, respectively).

CONCLUSION: Authors could determine NAFLD effec-
tively in epidemiological study by modifying the usage 
of the criteria for metabolic syndrome. 

© 2012 Baishideng. All rights reserved.

BRIEF ARTICLE

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v18.i13.1508

1508 April 7, 2012|Volume 18|Issue 13|WJG|www.wjgnet.com

World J Gastroenterol  2012 April 7; 18(13): 1508-1516
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2012 Baishideng. All rights reserved.



Key words: Nonalcoholic fatty liver; Metabolic syndrome; 
Population based study; Methodology

Peer reviewer: Liqing Yu, Assistant Professor, Pathology-Lipid 
Sciences, Wake Forest University School of Medicine, Medical 
Center Boulevard, Winston-Salem 27157-1040, United States

Hamaguchi M, Takeda N, Kojima T, Ohbora A, Kato T, Sarui 
H, Fukui M, Nagata C, Takeda J. Identification of individuals 
with non-alcoholic fatty liver disease by the diagnostic crite-
ria for the metabolic syndrome. World J Gastroenterol 2012; 
18(13): 1508-1516  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i13/1508.htm  DOI: http://dx.doi.
org/10.3748/wjg.v18.i13.1508

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a common 
clinical condition with histological features that resemble 
those of  alcohol-induced liver injury, but occurs in pa-
tients who do not drink an excessive amount of  alcohol 
(ethanol > 20 g/d)[1,2]. This disease is often associated 
with obesity[3], type 2 diabetes mellitus[4,5], dyslipidemia[6], 
and hypertension[7]. Each of  these abnormalities carries 
a cardiovascular disease risk, and together they are often 
categorized as the insulin resistance syndrome or the 
metabolic syndrome[8-15].

NAFLD is now considered to be the hepatic repre-
sentation of  the metabolic syndrome[10-15].

Conventional radiology studies used in the diagnosis 
of  fatty liver include ultrasound (US), computed tomog-
raphy, and magnetic resonance (MR) imaging. Other than 
these radiological studies, we have no sensitive and low 
invasive screening method for NAFLD. Alanine amino-
transferase (ALT) > 30 IU/L was usually used as the cut 
off  level of  screening NAFLD[16,17]. This threshold had a 
sensitivity of  0.92 for detecting the fatty-fibrotic pattern 
proven by ultrasound among obese children[18]. However, 
ALT was within normal levels in 69% of  those who had 
increased liver fat[19]. Similarly, in the Dallas Heart Study, 
79% of  the subjects with a fatty liver (liver fat content 
> 5.6%) had normal serum ALT[20]. This implies that a 
normal ALT does not exclude steatosis. Aspartate amino-
transferase (AST) and gamma glutamyltransferase (GGT) 
also correlate with liver fat content independent of  obe-
sity[21], but are even less sensitive than serum ALT.

It was well known that NAFLD was associated with 
the metabolic syndrome and patients with NAFLD tend 
to be accompanied with the abnormal component of  the 
metabolic syndrome. However, the efficiency of  the cri-
terion of  metabolic syndrome for detecting NAFLD has 
not yet been clarified. We aimed to clarify the efficiency 
and perform a cross sectional study among apparent 
healthy Japanese.  

MATERIALS AND METHODS
Study design
We performed a cross-sectional study involving partici-

pants of  a medical health checkup program including 
abdominal ultrasonography. The program was conducted 
in the Medical Health Checkup Center at Murakami Me-
morial Hospital, Gifu, Japan. The purpose of  the medi-
cal health checkup program is to promote public health 
through early detection of  chronic diseases and the evalu-
ation of  their underlying risk factors. Known as a “human 
dock”, medical services of  this kind are very popular in 
Japan. 

Study population
All the subjects participating in such health checkup pro-
grams at Murakami Memorial Hospital between January 
2004 and December 2008 were invited to join this study. 
The study was approved by the ethics committee of  Mu-
rakami Memorial Hospital. 

Data collection and exclusion criteria were described 
previously[8]. In short, we collected the data from urinaly-
sis, blood cell counts, blood chemistry and abdominal 
ultrasonography. The medical history and lifestyle factors 
were collected by using a self-administered questionnaire. 
Exclusion criteria were an alcohol intake of  more than 
20 g/d, known liver disease, or current use of  medica-
tion which could influence the metabolic syndrome 
such as anti-diabetic drugs, anti-hypertensive drugs, anti-
dyslipidemic drugs, anti-gout drugs, and/or anti-obesity 
drugs[8,10].

According to the revised National Cholesterol Edu-
cation Program Adult Treatment Panel Ⅲ (NCEP-ATP
Ⅲ)[22] or the new International Diabetes Federation (IDF) 
definition[23], subjects who had three or more of  the fol-
lowing criteria were diagnosed as having the metabolic 
syndrome. Fatty liver was defined on the basis of  ultraso-
nographic findings[24]. Of  4 known criteria (hepatorenal 
echo contrast, liver brightness, deep attenuation, and 
vascular blurring), the participants were required to have 
hepatorenal contrast and liver brightness to be given a 
diagnosis of  fatty liver[24].

During study period, we invited 20  012 participants 
in the health checkup program to enroll in the study. Of  
those, a total of  17  262 Japanese participants (10  329 men 
and 6933 women) were enrolled after giving informed 
consent to be included in the study. We excluded 621 
participants (420 men and 201 women) who had known 
liver disease. In addition, 3330 participants (3042 men and 
288 women) who consumed more than 20 g of  ethanol 
per day and 1579 participants (1056 men and 541 women) 
who were currently receiving medication were excluded. 
As a result, this study ultimately consisted of  11  714 par-
ticipants (5811 men and 5903 women). The mean ± SD 
age was 45.5 ± 9.4 years (range: 18 years to 83 years) for 
men and 44.3 ± 9.3 years (range: 18 years to 79 years) for 
women, respectively. The mean body mass index (BMI) 
was 23.2 ± 3.1 kg/m2 (range: 14.3 to 41.0 kg/m2) in men 
and 21.1 ± 3.0 kg/m2 (range: 14.0 to 58.3 kg/m2) in wom-
en, respectively. The mean abdominal circumference was 
81.2 ± 8.1 cm (range: 57.3 cm to 127.5 cm) in men and 
71.4 ± 8.2 cm (range: 49.0 cm to 145.0 cm) in women, re-
spectively.
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Statistical analysis
The R version 2.9.0 (available from http://www.r-project.
org/) was used for statistical analyses. Two groups of  
subjects were compared by using the unpaired t-test and 
the chi-square test, and a P < 0.05 was accepted as a sig-
nificant level.

RESULTS
Basic characteristics of study population
The metabolic syndrome defined by revised NCEP-ATPⅢ 
definition was detected in 15.0% (95% CI: 14.1%-16.0%) 
of  men (n = 873 of  5811) and in 5.1% (95% CI: 4.5%-5.7%) 
of  women (n = 300 of  5903). The metabolic syndrome 
defined by IDF definition was detected in 8.2% (95% CI: 
7.5%-9.0%) of  men (n = 479 of  5811) and in 4.3% (95% 
CI: 3.8%-4.8%) of  women (n = 254 of  5903) (Table 1).  
Among obese people, the metabolic syndrome defined by 
revised NCEP-ATPⅢ definition was detected in 40.1% 
(95% CI: 37.6%-42.7%) of  men and in 30.9% (95% 
CI: 27.1%-34.9%) of  women, and the metabolic syn-
drome defined by IDF definition was detected in 30.7% 
(95% CI: 28.4%-33.2%) of  men and in 28.8% (95% CI: 
25.1%-32.7%) of  women, respectively (Table 1). 

Association of NAFLD with gender difference, or body 
fat accumulation 
NAFLD was detected in 32.2% (95% CI: 31.0%-33.5%) 
of  men (n = 1874 of  5811) and in 8.7% (95% CI: 
8.0%-9.5%) of  women (n = 514 of  5903). The preva-
lence of  NAFLD in men was four times higher than 
those in women (Table 1). Among obese people, the 
prevalence of  NAFLD was as high as 67.3% (95% CI: 
64.8%-69.7%) in men and 45.8% (95% CI: 41.7%-50.0%) 
in women (Table 1). NAFLD was associated with body 
fat accumulation strongly both in men and women. 

When we separated by quartile the subjects accord-
ing to their BMI or abdominal circumference, half  of  
NAFLD men and three quarters of  NAFLD women 
were classified in the superior quartile. The prevalence 
of  NAFLD was increased according to the increase of  
BMI or abdominal circumference (Figure 1A). The role 
of  BMI for NAFLD was equal to that of  abdominal 
circumference both in men and women. The ratio of  
NAFLD in the superior quartile/total NAFLD was high-
er in women than in men. The prevalence of  individuals 
who met two or more of  the MS criteria other than waist 
circumference was increased according to the increase of  
BMI or abdominal circumference (Figure 1B).
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Table 1  The basic characteristics of the study population and the association of nonalcoholic fatty liver disease with gender 
difference

Men Total n  (%) Obese n  (%) Non-obese n  (%)

Number 5811 1441 4370
NAFLD  1874 (32.2)  970 (67.3)       904 (20.7%)
5 criteria of the metabolic syndrome
   Increased abdominal circumference    791 (13.6)  703 (48.8) 88 (2)
   Elevated fasting glucose level  1967 (33.8)  704 (48.9)  1263 (28.9)
   Elevated blood pressure  1294 (22.3)  575 (39.9)    719 (16.5)
   Decreased HDL cholesterol level  1736 (29.9)  654 (45.4)  1082 (24.8)
   Elevated triglyceride level  1063 (18.3)  484 (33.6)    579 (13.2)
ALT > 30  1269 (21.8)  670 (46.5)    599 (13.7)
MS defined by rNCEP-ATP Ⅲ 873 (15)  578 (40.1)  295 (6.8)
MS defined by IDF  479 (8.2)  443 (30.7)    36 (0.8)
At least 1 criterion  3680 (63.3) 1291 (89.6)  2389 (54.7)
At least 2 criteria  1955 (33.6)  957 (66.4)    998 (22.8)
At least 1 criterion or ALT > 30 IU/L  3885 (66.9) 1337 (92.8)  2548 (58.3)
Women
Number 5903 563 5340
NAFLD  514 (8.7)  258 (45.8)  256 (4.8)
5 criteria of the metabolic syndrome
   Increased abdominal circumference    878 (14.9)  430 (76.4)  448 (8.4)
   Elevated fasting glucose level    679 (11.5)  176 (31.3)  503 (9.4)
   Elevated blood pressure  578 (9.8)  185 (32.9)  393 (7.4)
   Decreased HDL cholesterol level  1320 (22.4)  265 (47.1)  1055 (19.8)
   Elevated triglyceride level  195 (3.3) 73 (13)  122 (2.3)
Elevated ALT (ALT > 30 IU/L)  200 (3.4)    78 (13.9)  122 (2.3)
MS defined by rNCEP-ATP Ⅲ  300 (5.1)  174 (30.9)  126 (2.4)
MS defined by IDF  254 (4.3)  162 (28.8)    92 (1.7)
At least 1 criterion  2374 (40.2)  511 (90.8)  1863 (34.9)
At least 2 criteria    853 (14.5)  355 (63.1)  498 (9.3)
At least 1 criterion or elevated ALT  2430 (41.2)  515 (91.5)  1915 (35.9)

NAFLD: Nonalcoholic fatty liver disease; US: Abdominal ultrasonography; BMI: Body mass index; HDL: High density lipoprotein; MS: Metabolic 
syndrome; rNCEP-ATPⅢ: Revised National Cholesterol Education Program Adult Treatment Panel Ⅲ definition; IDF: International diabetes federation 
definition; ALT: Alanine aminotransferase. 
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Men            BMI (kg/m2)                                                         Women          BMI (kg/m2)100%

80%

60%

40%

20%

0%
                   < 21.175   ≥ 21.175   ≥ 23.028  ≥ 24.975
NonNAFLD      1380          1159           921          477
   NAFLD            72            294           531          977

100%

80%

60%

40%

20%

0%
                   < 75.6       ≥ 75.6         ≥ 81       ≥ 86.2
NonNAFLD      1386          1122          938          491
  NAFLD             66            266          574          968

Men       Waist circumferences (cm)                                            Women       Waist circumferences (cm)

50%

40%

30%

20%

10%

0%
                   < 19.101   ≥ 19.101   ≥ 20.699   ≥ 22.653
NonNAFLD     1470          1452           1406          1061
  NAFLD            6                24              69              415

50%

40%

30%

20%

10%

0%
                    < 65.5       ≥ 65.5       ≥ 70.2       ≥ 76.3
NonNAFLD      1444          1482         1373         1090
  NAFLD               3              18           102           391

Men            BMI (kg/m2)                                                         Women          BMI (kg/m2)100%

80%

60%

40%

20%

0%
                     < 21.175   ≥ 21.175  ≥ 23.028  ≥ 24.975
                        1328        1130           944          665
  2 MS criteria      124          323           508          789

100%

80%

60%

40%

20%

0%
                      < 75.6      ≥ 75.6       ≥ 81      ≥ 86.2
                        1347        1095         944           681
  2 MS criteria      105          293         568           778

Men       Waist circumferences (cm)                                         Women       Waist circumferences (cm)

50%

40%

30%

20%

10%

0%
                     < 19.101   ≥ 19.101   ≥ 20.699  ≥ 22.653
                        1451         1418        1369          1125
  2 MS criteria        25             58           106            351

50%

40%

30%

20%

10%

0%
                      < 65.5       ≥ 65.5      ≥ 70.2      ≥ 76.3
                         1426        1455        1352        1130
  2 MS criteria         21            45          123            351

Figure 1  We separated the subjects by quartile according to their body mass index or abdominal circumference. A: The bar indicated the prevalence (%) of 
individuals with NAFLD; B: Individuals who meet two or more of the MS criteria other than waist circumference according to BMI or waist circumference quartiles. 2 
MS criteria means individuals who meets two or more of the MS criteria other than waist circumference. NAFLD: Nonalcoholic fatty liver disease; BMI: Body mass 
index; MS: Metabolic syndrome. 

A

B
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Role of the criteria of the metabolic syndrome in 
detecting or diagnosing NAFLD in obese or non-obese 
population 
Although NAFLD was associated with obesity or body 
fat accumulation strongly, the population that was nei-
ther overweight (BMI ≥ 25 kg/m2) nor had elevated 
abdominal circumference was not small (Figure 2). Actu-
ally, 48.2% of  men with NAFLD and 49.8% of  women 
with NAFLD were not overweight (BMI ≥ 25 kg/m2). 
Similarly, 68.6% of  men with NAFLD and 37.9% of  
women with NAFLD did not satisfy increased abdomi-
nal circumference classification. Half  of  the NAFLD 
group was classified as non-obese, but the prevalence of  
NAFLD among the non-obese population was lower. 
These facts means an effective method is needed to de-
tect NAFLD among the non-obese population. Then, 
we separated the subjects into two groups, obese group 
or non-obese group, and investigated the efficacy of  the 
criteria of  metabolic syndrome for detecting NAFLD in 
each group.

Among the criteria for metabolic syndrome, the cri-

terion of  abdominal circumferences (≥ 80 cm) had high 
sensitivity (87.6%) for detecting NAFLD in women who 
were overweight (BMI ≥ 25 kg/m2) (Table 2). In other 
words, abdominal circumference was effective for detect-
ing NAFLD in obese women. However, the criterion of  
abdominal circumference had low sensitivity (36.3%) in 
non-obese women. The sensitivity of  abdominal circum-
ference (≥ 90 cm) was very low (5.8%) in non-obese 
men. Even in obese men the sensitivity was not high 
(55.3%). Other criteria for metabolic syndrome had high-
er sensitivity in obese men and women than in the non-
obese population but sensitivity never exceeded 60%. 

As a screening tool for NAFLD, the sensitivity of  el-
evated ALT (ALT > 30 IU/L) was 49.7% in men, which 
exceeded the sensitivity of  the criteria of  metabolic syn-
drome, but it was 17.7% in women, which was lower than 
all metabolic syndrome criteria were. On the other hand, 
the specificity of  elevated ALT was as high as 90.6% in 
men and 98.0% in women, but the criteria of  metabolic 
syndrome had equally high specificity.

Next, we defined it as positive at screening for NAFLD 

BMI ≥ 25 kg/m2 but nonNAFLD
8.1%

BMI ≥ 25 kg/m2 and NAFLD
16.7%

BMI < 25 kg/m2 and NAFLD
15.6%

BMI < 25 kg/m2 and nonNAFLD
59.6%

Men            BMI (kg/m2)                                                                           Women          BMI (kg/m2)

Men       Waist circumferences (cm)                                            Women       Waist circumferences (cm)

BMI ≥ 25 kg/m2 but nonNAFLD
5.2% BMI ≥ 25 kg/m2 and NAFLD

4.4%

BMI < 25 kg/m2 and NAFLD
4.3%

BMI < 25 kg/m2 and nonNAFLD
86.1%

Waist ≥ 90 cm but nonNAFLD
3.5%

Waist ≥ 90 cm and NAFLD
10.1%

Waist < 90 cm and NAFLD
22.1%

Waist < 90 cm and nonNAFLD
64.3%

Waist ≥ 80 cm but nonNAFLD
9.5%

Waist ≥ 80 cm and NAFLD
5.4%

Waist < 80 cm and NAFLD
3.3%

Waist < 80 cm and nonNAFLD
81.8%

Figure 2  This figure indicates the prevalence of non-alcoholic fatty liver disease and alcoholic fatty liver disease with or without patients being overweight 
(BMI ≥ 25 kg/m2) or having elevated abdominal circumferences (≥ 90 cm for men and ≥ 80 cm for women). Data was expressed as prevalence (%). NAFLD 
accompanied with being overweight occurred in 51.8% of NAFLD men (970/1874) and 50.2% of NAFLD women (258/514). NAFLD accompanied by elevated abdomi-
nal circumference occurred in 31.4% of NAFLD men (588/1874) and 62.1% of women (319/514). NAFLD: Non-alcoholic fatty liver disease; BMI: Body mass index. 
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NAFLD: Nonalcoholic fatty liver disease; US: Abdominal ultrasonography; BMI: Body mass index; HDL: High dense lipoprotein; MS: Metabolic syndrome; 
rNCEP-ATPⅢ: Revised National Cholesterol Education Program Adult Treatment Panel Ⅲ definition; IDF: International Diabetes Federation definition; 
ALT: Alanine aminotransferase. 

Table 2  The role of the criteria of the metabolic syndrome in detecting or diagnosing nonalcoholic fatty liver disease in obese or 
non-obese population

Men Women

Sensitivity
5 criteria of the metabolic syndrome

Total % Obese % Non-obese % P value Total % Obese % Non-obese % P value

   Increased abdominal circumference 31.40 55.30   5.80 < 0.001 62.10 87.60 36.30 < 0.001
   Elevated fasting glucose level 49.10 52.10 45.90    0.008 36.80 42.20 31.30    0.013
   Elevated blood pressure 34.70 44.10 24.60 < 0.001 31.90 41.50 22.30 < 0.001
   Decreased HDL cholesterol level 44.10 49.10 38.80 < 0.001 50.40 56.60 44.10    0.006
   Elevated triglyceride level 35.20 41.00 28.90 < 0.001 17.90 20.50 15.20  0.15
Elevated ALT (ALT > 30 IU/L) 47.90 59.20 35.80 < 0.001 17.70 24.00 11.30 < 0.001
MS defined by rNCEP-ATP Ⅲ 33.20 48.60 16.80 < 0.001 32.50 45.00 19.90 < 0.001
MS defined by IDF 21.00 38.10   2.70 < 0.001 29.60 43.40 15.60 < 0.001
At least 1 criterion 84.80 92.30 76.80 < 0.001 86.60 96.10 77.00 < 0.001
At least 2 criteria 61.00 74.20 46.90 < 0.001 61.10 77.50 44.50 < 0.001
At least 1 criterion or elevated ALT 90.40 96.20 84.20 < 0.001 87.40 96.90 79.70 < 0.001
Specificity
5 criteria of the metabolic syndrome
   Increased abdominal circumference 94.80 64.50 99.00 < 0.001 89.60 33.10 93.00 < 0.001
   Elevated fasting glucose level 73.40 57.70 75.50 < 0.001 90.90 78.00 91.70 < 0.001
   Elevated blood pressure 83.60 68.80 85.70 < 0.001 92.30 74.40 93.40 < 0.001
   Decreased HDL cholesterol level 76.90 62.20 78.90 < 0.001 80.30 61.00 81.50 < 0.001
   Elevated triglyceride level 89.70 81.70 90.80 < 0.001 98.10 93.40 98.40 < 0.001
Elevated ALT (ALT > 30 IU/L) 90.60 79.60 92.10 < 0.001 98.00 94.80 98.20 < 0.001
MS defined by rNCEP-ATP Ⅲ 93.60 77.30 95.90 < 0.001 97.50 81.00 98.50 < 0.001
MS defined by IDF 97.80 84.50 99.70 < 0.001 98.10 83.60 99.00 < 0.001
At least 1 criterion 46.90 15.90 51.10 < 0.001 64.20 13.80 67.20 < 0.001
At least 2 criteria 79.40 49.70 83.40 < 0.001 90.00 49.20 92.40 < 0.001
At least 1 criterion or elevated ALT 44.30 14.20 48.40 < 0.001 63.20 13.10 65.40 < 0.001
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when participants satisfied at least one or two components 
of  metabolic syndrome. The sensitivity of  the definition 
“at least 1 criterion” was 84.8% in men and 86.6% in 
women. Separating subjects with BMI, the sensitivity was 
higher in obese men and women than in non-obese men 
and women (92.3% vs 76.8% in men, 96.1% vs 77.0% in 
women, respectively).

The prevalence of  subjects with NAFLD who also 
had the metabolic syndrome is indicated in Figure 3. 
Although NAFLD was thought of  as being the liver 
phenotype of  metabolic syndrome, the prevalence of  the 
metabolic syndrome among subjects with NAFLD was 
low both in men and women. Among men with NAFLD, 
66.8% were not diagnosed with the metabolic syndrome 
defined by revised NCEP-ATPⅢ definition, and 79.0% 
were not diagnosed with the metabolic syndrome as de-
fined by revised IDF definition. Even in women, 70.4% 
and 67.5%, respectively, were not diagnosed withmeta-
bolic syndrome by revised NCEP-ATPⅢ definition and 
revised IDF definition. These results mean that a large 
number of  participants diagnosed with the metabolic syn-
drome have NAFLD, but a large number of  participants 
with NAFLD were not diagnosed with the metabolic syn-
drome, whether we used revised NECP-ATPⅢ criteria or 
IDF criteria.

DISCUSSION
In this study, we clarified the impact of  the criteria of  the 

metabolic syndrome for diagnosing NAFLD in a healthy 
population. The metabolic syndrome was associated with 
abdominal obesity and its criteria include waist circumfer-
ence[22,23,25,26], and NAFLD was reported to be associated 
with abdominal obesity. However, our results indicated 
there was no significant difference between BMI and waist 
circumferences as the strength of  association with NAFLD 
or the accumulation of  metabolic syndrome criteria. 

The presence of  multiple metabolic disorders such as 
diabetes mellitus, obesity, dyslipidaemia and hypertension 
is associated with a potentially progressive, severe liver dis-
ease[15,27]. Previous reports demonstrated that prevalence of  
NAFLD increased to 10%-80% in individuals with obe-
sity, 35%-90% in individuals with type 2 diabetes mellitus, 
30%-56% in individuals with hypertension, and 26%-58% 
in individuals with dyslipidemia[9,28-30]. Another study in a 
Japanese population showed that prevalence of  NAFLD 
increased to 43% in individuals with impaired fasting 
glucose and 62% in individuals with type 2 diabetes mel-
litus[28]. Some studies estimate the prevalence of  NAFLD 
be up to 15%-30% of  the general population[8,31,32], and 
the prevalence of  metabolic syndrome was estimated to be 
up to 25% of  the general population[33]. In those patients 
with the metabolic syndrome, liver fat content is signifi-
cantly increased up to 4-fold higher than those without the 
metabolic syndrome[34], and the incidence of  NAFLD has 
been shown to be increased 4-fold in men and 11-fold in 
women with the metabolic syndrome[8].

Our data clearly indicated that 21% to 33% of  sub-
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jects with NAFLD, depending on gender and the criteria 
used, were diagnosed with the metabolic syndrome. Sev-
eral previous studies reported how many subjects with 
NAFLD were diagnosed with the metabolic syndrome, 
but almost all previous studies were hospital studies. 
Three population based studies mentioned the prevalence 
of  subjects with NAFLD who were diagnosed with the 
metabolic syndrome among the general population[8,35,36]. 

In these studies, the prevalence of  the metabolic syn-
drome among subjects with NAFLD was 17% to 36% 
depending on gender and the criteria used. The reported 
prevalence was similar to ours.

There has been no report regarding the sensitivity 
and specificity of  the metabolic syndrome for detecting 
NAFLD. Among the criteria for metabolic syndrome, the 
criterion of  abdominal circumference had high sensitivity 
in obese women. However, it had low sensitivity (36.3%) 
in non-obese women and was very low (5.8%) in non-
obese men and low (55.3% in obese men. Other than 
the criterion of  abdominal circumference, none of  the 
sensitivities exceeded 60%. In our study, the specificity 

of  elevated ALT (ALT > 30 IU/L) was 90.6% in men 
and 98.0% in women. However, the sensitivity was as low 
as 47.9% in men and 17.7% in women. The specificity 
of  elevated ALT was significantly higher among obese 
subjects than among non-obese subjects, and sensitivity 
was higher among obese subjects than among non-obese 
subjects.

When we investigated the predictability of  each com-
ponent of  metabolic syndrome such as abdominal cir-
cumference, fasting blood sugar, serum lipid, and blood 
pressure, each component had high specificity but low 
sensitivity, similar to elevated ALT. Therefore, we defined 
it as screening positive for NAFLD, when subjects satis-
fied at least one criterion of  metabolic syndrome; the 
sensitivity was 84.8% in men and 86.6% in women. Ad-
ditionally, we defined it as positive when subjects satisfied 
at least one criterion of  metabolic syndrome or elevated 
ALT. The sensitivity of  “at least 1 criterion or elevated 
ALT” was 90.4% in men and 87.4% in women. However, 
the specificity of  “at least 1 criterion or elevated ALT” 
was lower -44%-63%.

The MS was defined by revised NCEP-ATPⅢ definition

Figure 3  The prevalence of subjects with or without the metabolic syndrome among 1874 men and 514 women with non-alcoholic fatty liver disease. Data 
was expressed as prevalence (%). The metabolic syndrome (MS) was diagnosed using revised IDF. Among men with NAFLD, 66.8% and 79.0% were not diagnosed 
with the MS defined by revised NCEP-ATPⅢ definition and revised IDF definition, respectively. In women, 70.4% and 67.5%, respectively, were not diagnosed with 
the MS by revised NCEP-ATPⅢ definition and revised IDF definition. IDF: International Diabetes Federation; NCEP-ATPⅢ: National Cholesterol Education Program 
Adult Treatment Panel Ⅲ; NAFLD: Non-alcoholic fatty liver disease. 
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21.0%
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The result of  our study means that we could identify 
NAFLD effectively in epidemiological study by modify-
ing the usage of  the criteria for metabolic syndrome. It 
is clinically critical evidence that a large part of  patients 
with NAFLD were not diagnosed with the metabolic syn-
drome, when we used today’s definition for the metabolic 
syndrome. However, our subject population consisted 
only of  Japanese, thus, the generalizability of  our study 
to non-Japanese populations is uncertain. It is one of  our 
study limitations that we used abdominal ultrasonography 
for diagnosing NAFLD, although the validation ultraso-
nography had a sensitivity of  91.7% and a specificity of  
100%[24].
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Abstract
AIM: To compare efficacy of proton pump inhibitors 

(PPIs) with H2-receptor antagonists (H2RAs) plus pro-
kinetics (Proks) for dysmotility-like symptoms in func-
tional dyspepsia (FD).

METHODS: Subjects were randomized to receive open-
label treatment with either rabeprazole 10 mg od (n  = 
57) or famotidine 10 mg bid plus mosapride 5 mg tid 
(n  = 57) for 4 wk. The primary efficacy endpoint was 
change (%) from baseline in total dysmotility-like dys-
pepsia symptom score. The secondary efficacy endpoint 
was patient satisfaction with treatment.

RESULTS: The improvement in dysmotility-like dyspep-
sia symptom score on day 28 was significantly greater 
in the rabeprazole group (22.5% ± 29.2% of baseline) 
than the famotidine + mosapride group (53.2% ± 
58.6% of baseline, P  < 0.0001). The superior benefit 
of rabeprazole treatment after 28 d was consistent 
regardless of Helicobacter pylori  status. Significantly 
more subjects in the rabeprazole group were satisfied 
or very satisfied with treatment on day 28 than in the 
famotidine + mosapride group (87.7% vs  59.6%, P  = 
0.0012). Rabeprazole therapy was the only significant 
predictor of treatment response (P  < 0.0001), defined 
as a total symptom score improvement ≥ 50%.

CONCLUSION: PPI monotherapy improves dysmotil-
ity-like symptoms significantly better than H2RAs plus 
Proks, and should be the treatment of first choice for 
Japanese FD.
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INTRODUCTION
Functional dyspepsia (FD) is a condition characterized 
by persistent upper abdominal symptoms in the absence 
of  any causative organic disease[1]. It is thought to be 
caused by a combination of  different factors, including 
dysmotility or hypersensitivity of  the gastrointestinal (GI) 
tract, gastric acid secretion, inflammation of  the gastric 
mucosa, altered sympathetic or parasympathetic activity, 
altered secretion of  GI hormones, and psychological fac-
tors[2,3]. Treatments vary according to the symptoms, and 
include gastroprokinetic agents, suppressors of  gastric 
acid secretion, antidepressants, anxiolytics and Chinese 
herbal medicines. Although it has been shown that gastric 
acid secretion is normal in patients with FD[4], a subset of  
these patients will benefit from strong acid suppression 
by a proton pump inhibitor (PPI)[5]. Inhibitors of  acid 
secretion are therefore widely prescribed to patients with 
FD worldwide. Although treatment with acid suppres-
sion produces symptom relief  in a proportion of  patients 
with FD, this effect has not been reported consistently 
in all studies[6-8]. A Japanese study surveyed the prescrib-
ing habits of  primary care physicians for functional GI 
symptoms and evaluated the efficacy and indications of  
the medications prescribed[9]. It was found that H2-recep-
tor antagonists (H2RAs) are the treatment of  first choice 
for ulcer-like symptoms such as epigastric pain, and pro-
kinetics (Proks) for dysmotility-like symptoms such as 
epigastric discomfort, heaviness, and bloating. In other 
words, Japanese primary care physicians prefer H2RA + 
prokinetic combination therapy for FD symptoms.

For FD patients with at least mild heartburn and/or 
regurgitation at baseline, omeprazole is associated with 
higher treatment success rates at 4 wk than ranitidine, 
cisapride and placebo[10]. In those patients who have 
either no or minimal heartburn and/or regurgitation at 
baseline, omeprazole and ranitidine are superior to pla-
cebo, although no significant difference is seen between 
omeprazole and ranitidine[10]. The question of  whether 
more effective acid suppression is efficacious in Japanese 
patients with FD has yet to be adequately tested.

It is reasonable to think that H2RAs provide adequate 
relief  for FD symptoms in Japanese patients, who have 
a higher rate of  Helicobacter pylori (H. pylori) infection than 
their western counterparts, as well as lower levels of  gas-
tric acid secretion[11]. 

Complete relief  of  symptoms is significantly more com-
mon with omeprazole than with placebo in subgroups of  

patients with ulcer-like and reflux-like dyspepsia, whereas, 
as might be expected, there is no indication of  benefit with 
omeprazole in patients with dysmotility-like dyspepsia[5]. In 
addition, meta-analyses suggest that H2RA and Proks are 
superior to placebo in non-ulcer dyspepsia (NUD)[12,13].

In this study, we concentrated on dysmotility-like symp-
toms in patients with FD, and compared the efficacy of  
PPI monotherapy and combination therapy with H2RAs 
and Proks, which is widely prescribed by Japanese primary 
care physicians for FD symptoms.

MATERIALS AND METHODS
Selection of patients
This study was a randomized open-label trial conducted 
in three hospitals (Moriguchi Keijinkai Hospital, Osaka 
Saiseikai Nakatsu Hospital, and Arisawa General Hospi-
tal) and nine general medical clinics (Murotani Clinic, Ma-
jima Clinic, Morikawa Clinic, Hashimoto Clinic, Kiyota 
Clinic, Arisawa General Hospital, Amemoto Clinic, Isowa 
Clinic, and Mii Clinic) in Japan from January 2009 until 
April 2010.

The subjects were patients of  at least 18 years of  age 
with at least 1 mo of  dyspepsia symptoms and no clini-
cally significant findings at endoscopy. The main exclusion 
criteria were: (1) history of  erosive esophagitis, peptic 
ulcer disease, GI malignancy, primary esophageal motil-
ity disorder, previous upper GI surgery; (2) maintenance 
treatment with a PPI or H2RA within 2 wk of  enrollment; 
and (3) severe concurrent disease. PPI, H2RA and Prok 
use were not permitted during the 14 d prior to endosco-
py, nor during the study. Nonsteroidal anti-inflammatory 
drugs, acetylsalicylic acid or steroids were not permitted 
at any time during the study. The study protocol was ap-
proved by the relevant Institutional Review Board and/or 
an Independent Ethics Committee, and informed written 
consent was obtained from each participating subject.

Study design
The investigators referred each enrolled subject for esoph-
agogastroduodenoscopy. After endoscopy, eligible patients 
underwent a validated 13C urea breath test to determine 
their H. pylori status. Subjects were randomly allocated to 
receive one of  the following treatments for 4 wk: (1) rabe-
prazole 10 mg od (PPI); or (2) famotidine 10 mg bid plus 
mosapride 5 mg tid (H2RA + Prok). Group allocations 
were assigned in equal numbers using a central computer-
generated randomization list stratified for each participat-
ing institution. Subject compliance was assessed by count-
ing the returned medication. Subjects were considered to 
have complied with treatment if  they took at least 75% of  
the dispensed medication. Subjects attended their clinic at 
randomization and after 4 wk of  treatment.

Symptom assessment
Subjects were asked to assess their dyspepsia symptoms 
at baseline and after 3 d, 7 d, 14 d and 28 d of  treatment 
using a self-completed questionnaire for dyspepsia symp-
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toms. Dysmotility-like dyspepsia symptoms were assessed 
using five questions (upper abdominal bloating, postpran-
dial fullness, early satiation, belching, vomiting/nausea), 
and each response was graded on a five-point frequency 
scale as follows: 0, never; 1, occasionally; 2, sometimes; 
3, often; 4, always. The scores for each question were to-
taled to give the total symptom score for dysmotility-like 
dyspepsia symptoms. The total symptom scores at each 
assessment time point were then expressed as a percent-
age of  the baseline total symptom score.

Subject satisfaction
After 14 d and 28 d of  treatment, subject satisfaction was 
evaluated using a four-grade scale as follows: very satisfied 
(symptoms disappeared); satisfied (symptoms improved con-
siderably); somewhat satisfied (symptoms improved some-
what); unsatisfied (no improvement or symptoms worse).

Endpoints 
The primary efficacy endpoint was the change (%) from 
baseline in total dysmotility-like dyspepsia symptom score. 
The secondary efficacy endpoint was subject satisfaction.

Sample size
The sample size calculation was based on the anticipated 
difference in symptom improvement rates between the 
PPI and H2RA + Prok groups. Due to the lack of  clini-
cal trials of  H2RA + Prok combination therapy, we based 
our calculations of  the sample size on the results of  
comparative trials of  PPIs vs Proks.

The estimated success rate after 4 wk treatment was 
23.7% for omeprazole, and 7.5% for cisapride[10]. Assum-
ing a two-tailed α error rate of  0.05 and a power of  80%, 
with a 30% dropout rate during screening, 77.5 patients 
were required for each treatment arm.

Statistical analysis
Data are presented as mean ± SD. The intention-to-treat 
analysis included all randomized subjects. A subject who 
withdrew at any time was considered a dropout. We used 
the Wilcoxon single rank test for paired intra-individual 
comparisons, the Mann-Whitney U test for comparisons 
of  continuous variables, and the χ 2 test for comparisons 
of  categorized variables between the two treatment 
groups. In addition, we stratified primary endpoint results 
for differences between treatment groups according to 
H. pylori status. We performed multiple logistic regression 
analysis to determine factors (age, sex, H. pylori status, 
and baseline dysmotility-like dyspepsia symptom score) 
associated with treatment response (defined as change 
in total dysmotility-like dyspepsia symptom score of  ≥ 
50% after 28 d of  treatment). P < 0.05 was considered to 
signify statistical significance for all analyses.

RESULTS
A total of  146 patients were randomized. Thirty-two pa-
tients were excluded in the follow-up period (30 lost to 
follow-up, two for non-compliance), leaving 114 patients 

for inclusion in the analysis. Fifty-seven patients were 
randomized to receive PPI treatment, and 57 to receive 
H2RA + Prok treatment (Figure 1). Baseline demograph-
ic characteristics and symptom scores of  the patients 
who completed the treatment period are given in Table 1. 
There were no significant differences between the charac-
teristics of  the two treatment groups at baseline.

Change in dysmotility-like dyspepsia symptom score
No significant differences were seen between groups in 
the change in dysmotility-like dyspepsia symptom score 
from baseline to 3 d or 7 d of  treatment. After 28 d of  
treatment, the change in symptom score was significantly 
greater in the PPI group (22.5% ± 29.2% of  baseline) 
than in the H2RA + Prok group (53.2% ± 58.6% of  
baseline) (P < 0.0001), indicating greater improvement 
in symptoms with PPI treatment (Figure 2). A significant 
improvement in total symptom score was seen over time 
in both groups, but in the H2RA + Prok group, the im-
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Enrolled (n  = 146)

Randomized

H2RA + Prok group (n  = 74)
PPI group (n  = 72)

Lost to follow up: 30
Non-compliance: 2 
H2RA + Prok group (n  = 15)
PPI group (n  = 17)

Completed
H2RA + Prok Group (n  = 57)
PPI group (n  = 57)

Figure 1  Study flow chart. This study enrolled 146 subjects with functional 
dyspepsia and, after excluding 30 subjects for non-attendance and two for non-
compliance, 57 subjects in each treatment group completed the study.

Table 1  Baseline demographic characteristics and total symp-
tom scores for study completers

H2RA + 
Prok 

(n  = 57)

PPI 
(n  = 57)

P  value

Age (mean  ±  SD, yr) 51.5 ± 14.8 52.9 ± 13.8   0.6120
Sex (male/female) 17/40 12/45   0.3899
Helicobacter pylori infection (%) 43.8 43.8 > 0.9999
Symptom scores
   Upper abdominal bloating 1.6 ± 1.2 1.8 ± 1.3   0.6160
   Postprandial fullness 2.1 ± 1.2 2.0 ± 1.2   0.7747
   Early satiation 1.7 ± 1.3 1.3 ± 1.2   0.1934
   Belching 1.7 ± 1.4 1.6 ± 1.4   0.7211
   Vomiting/nausea 1.5 ± 1.3 1.4 ± 1.3   0.8361
Total symptom score (dysmotility-
like dyspepsia symptoms)

8.6 ± 3.9 8.2 ± 4.7   0.5330

Sakaguchi M et al . Effect of PPI in dysmotility symptoms

PPI: Proton pump inhibitor. H2RA: H2-receptor antagonist; Prok: Plus 
prokinetic.



provements in total symptom score on days 14 and 28 
were not significantly greater than at day 7, whereas in 
the PPI group, the improvements in total symptom score 
at day 14 (38.4% ± 37.8% of  baseline, P = 0.0034) and 
day 28 (P < 0.0001) were both significantly greater than 
on day 7 (45.1% ± 33.8% of  baseline) (Figure 2).

Change in dysmotility-like dyspepsia symptom score 
according to H. pylori status
Among H. pylori-positive subjects, a significantly greater 
improvement in total symptom score was seen in the PPI 
group (13.4% ± 26.2% of  baseline) than in the H2RA + 
Prok group (53.4% ± 34.7% of  baseline) (P < 0.007) by 
the end of  the treatment period. Significant symptomatic 
improvement was seen over time in both treatment groups, 
although in the H2RA + Prok group, no further improve-
ment was observed after day 7 (35.7% ± 31.6% of  base-
line). In the PPI group, there was no significant difference 
between the changes in total symptom score for days 7 and 
14, although there was a statistically significant difference 
between days 7 and 28 (P = 0.0277) (Figure 3A).

Among H. pylori-negative subjects, a significantly 
greater improvement in total symptom score was seen in 
the PPI group (24.1% ± 31.7% of  baseline) than in the 
H2RA + Prok group (53.1% ± 72.2% of  baseline, P < 
0.0001) on day 28. Significant symptomatic improvement 
was seen over time in both treatment groups, although 
the improvements seen in the H2RA + Prok group on 
days 14 and 28 were not significantly superior to those 
observed on day 7. In the PPI group, the reductions 
in total symptom score on days 14 (44.2% ± 42.0% of  
baseline, P = 0.0177) and 28 (P = 0.0002) were both 
significantly greater than on day 7 (52.4% ± 34.1% of  
baseline) (Figure 3B).

Subject satisfaction on days 14 and 28 of treatment
Although no significant difference was seen between 

the groups on day 14, the proportion of  subjects who 
were satisfied or very satisfied with their treatment was 
significantly higher in the PPI group than in the H2RA + 
Prok group on day 28 (87.7% vs 59.6%, P = 0.0012). No 
significant increase was seen in subject satisfaction in the 
H2RA + Prok group between days 14 and 28, whereas a 
significant increase was seen in the proportion of  sub-
jects in the PPI group answering satisfied or very satisfied 
between day 14 (63.2%) and 28 (P = 0.0042) (Figure 4).

Factors associated with treatment response
In this study, treatment response was defined as an im-
provement in dysmotility-like dyspepsia symptom score 
of  ≥ 50% after 28 d of  treatment. The only factor iden-
tified by logistic regression analysis as a positive predictor 
of  treatment response was PPI therapy (Table 2). 

DISCUSSION
The Rome Ⅲ criteria define FD as “the chronic pres-
ence of  one or more dyspepsia symptoms (bothersome 
postprandial fullness, early satiation, epigastric pain, epi-
gastric burning) that are considered to originate from the 
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Figure 2  Change in dysmotility-like dyspepsia symptom score over time. 
Significantly greater improvement was seen in dysmotility-like dyspepsia symp-
tom score on day 28 of treatment in the proton pump inhibitor (PPI) group than 
in the H2-receptor antagonist (H2RA) + prokinetic (Prok) group. No significant 
additional symptomatic improvement was seen after day 7 of H2RA + Prok 
treatment, whereas further symptomatic improvements were seen over time 
in the PPI group. aP < 0.05, PPI vs H2RA + Prok; cP < 0.05 vs pre-Rx in each 
group; eP < 0.05 vs 7 d Rx in each group.

Figure 3  Change in dysmotility-like dyspepsia symptom score over time 
according to Helicobacter pylori status. Significantly greater symptomatic 
improvement was seen in the proton pump inhibitor group than in the H2-
receptor antagonist (H2RA) + prokinetic (Prok) group after 28 d of treatment, 
regardless of Helicobacter pylori (H. pylori) status. No additional significant 
symptomatic improvement was seen after day 7 of H2RA + Prok treatment, 
regardless of H. pylori status. aP < 0.05, PPI vs H2RA + Prok; cP < 0.05 vs pre-
Rx in each group; eP < 0.05 vs 7 d Rx in each group.
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gastroduodenal region, with no evidence of  structural 
disease (including at upper endoscopy) that is likely to 
explain the symptoms”[1]. FD is a common condition[14,15], 
with considerable adverse impact on quality of  life[16], and 
represents a serious problem in everyday clinical practice. 
Patients with FD present with a variety of  symptoms[17,18], 
so based on the symptom profile, they may be prescribed 
gastroprokinetic agents, suppressors of  gastric acid 
secretion, antidepressants, anxiolytics or Chinese herbal 
medicines[19]. A Japanese survey of  the prescribing habits 
of  primary care physicians for upper GI symptoms has 
found that H2RAs are prescribed for epigastric pain and 
heartburn, and Proks for epigastric discomfort, nausea 
and loss of  appetite[9]. In other words, H2RAs rather 
than PPIs are prescribed for epigastric pain syndrome[1], 
characterized by the two symptoms of  epigastric pain 
and epigastric burning, unrelated to meals and considered 
mainly related to gastric acid. Proks are widely prescribed 
for postprandial distress syndrome[1], characterized by the 
two symptoms of  postprandial fullness and early satia-
tion, and considered to be strongly related to dysmotility 
of  the GI tract; in particular, gastric accommodation of  
adaptive relaxation. H2RA + Prok combination therapy 
is widely prescribed in Japan, where dyspepsia is not a 

recognized diagnosis for insurance purposes.
It has recently become clear that gastric acid secretion 

is strongly associated with the onset of  dysmotility-like 
symptoms. Lee et al[20] have examined the influence of  acid 
on gastric hypersensitivity and motility in healthy subjects, 
and have found that duodenal acidification significantly 
induces gastric hypersensitivity and impairs gastric mo-
tility. Compared with saline, infusion of  acid into the 
duodenum causes not only ulcer reflux symptoms such 
as heartburn, but also dysmotility-like symptoms such 
as epigastric discomfort, belching and abdominal bloat-
ing[20]. When Miwa et al[21] infused acid into the stomach 
of  Japanese subjects, they induced a variety of  dyspeptic 
symptoms, with no significant change in acid-reflux-
related symptoms such as heartburn and epigastric pain, 
but a significant increase in dysmotility-like symptoms 
such as epigastric discomfort, stomach fullness, nausea 
and belching. Samsom et al[22] have reported that de-
creased acid clearance and increased sensitivity to acid 
in patients with dyspepsia may lead to dyspeptic symp-
toms. There have in fact been a number of  recent stud-
ies reporting the effectiveness of  PPIs[7] and H2RAs[23] 
in the treatment of  FD. Empirical omeprazole therapy 
induces symptom improvement in a higher proportion 
of  patients with uninvestigated dyspepsia (defined as 
epigastric pain or discomfort with or without heartburn 
or regurgitation) than ranitidine or cisapride does, but 
this effect is more marked in patients with gastroesopha-
geal reflux disease[10]. The prevalence of  pathological 
pH monitoring (4%-6% of  time at pH < 4) is signifi-
cantly higher in FD patients with heartburn than those 
without[17]. In other words, PPIs are more effective than 
H2RAs in the treatment of  FD associated with heartburn 
and regurgitation.

It is unclear, however, how important suppression 
of  acid secretion is in Japanese patients, who have a 
high prevalence of  H. pylori infection and low levels of  
gastric acid secretion[11]. A Japanese clinical trial found 
that H2RA therapy was more effective than mosapride 
for treatment of  FD[24], suggesting that suppression of  
gastric acid secretion by an H2RA may be sufficient to 
treat FD in Japanese patients, with no need for a PPI. In 
this study, we compared PPI monotherapy with H2RA + 
Prok combination therapy; the therapy most commonly 
prescribed by Japanese clinicians[9]. In consideration 
of  the superior acid secretion suppression of  PPIs 
over H2RAs, we combined an H2RA with a Prok, and 
examined only dysmotility-like symptoms, considered less 
responsive to PPI therapy.

 Our results showed no differences between treat-
ment groups for changes in dysmotility-like dyspepsia 
symptom score on days 3 and 7 of  treatment, but sig-
nificantly greater symptom improvement was seen in the 
PPI group than the H2RA + Prok group on days 14 and 
28 of  treatment. The proportion of  subjects reporting 
that they were satisfied or very satisfied was significantly 
higher in the PPI group than in the H2RA + Prok group 
on day 28. PPI therapy was the only significant predictor 

1521 April 7, 2012|Volume 18|Issue 13|WJG|www.wjgnet.com

Table 2  Multiple logistic regression analysis of treatment 
response

Variable Estimated OR 95% CI P  value

Age (yr) 0.999 0.962-1.036    0.9493
Sex: male 0.853 0.312-2.332    0.7563
Helicobacter pylori infection 0.521 0.191-1.419    0.2019
Treatment: PPI 9.055   3.231-25.376 < 0.0001
Dysmotility-like symptom 
score

1.062 0.940-1.200    0.3368

OR: Odds ratio; PPI: Proton pump inhibitor.

Figure 4  Subject satisfaction after 14 d and 28 d of treatment. Subject sat-
isfaction was significantly higher in the proton pump inhibitor (PPI) group than 
in the H2-receptor antagonist (H2RA) + prokinetic (Prok) group on day 28 of 
treatment. No significant increase in subject satisfaction was seen in the H2RA 
+ Prok group between days 14 and 28, whereas a significant increase was 
seen in the PPI group between days 14 and 28. aP < 0.05, PPI vs H2RA + Prok; 
cP < 0.05 vs 14 d Rx.
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of  treatment response, defined as a total symptom score 
improvement of  ≥ 50%.

In a recent meta-analysis of  PPI treatment for FD, the 
dysmotility-like subgroup did not respond to PPI therapy, 
unlike the reflux and ulcer-like subgroup[25]. The severity 
of  heartburn at baseline in FD patients influences treat-
ment response to PPI or H2RA therapy[10]. We assessed 
heartburn symptoms at baseline in a separate study, find-
ing no difference between groups in the pretreatment 
heartburn symptom score (data not shown). Our results 
suggest that powerful suppression of  acid secretion by 
PPIs is also important in the treatment of  dysmotility-like 
symptoms in Japanese patients with FD. We saw similar 
symptom score improvements in both groups until day 
7 of  treatment. This may represent a placebo response, 
because it is well known that the placebo response can 
be substantial in trials of  GI disorders, including FD[10]. 
There have been reports of  a placebo effect until day 7 
of  treatment with a PPI[26], and of  the need for a 7-d run-
in period to minimize the placebo effect in FD clinical 
trials[27-29], so a similar placebo response lasting until day 7 
of  treatment was also possible in this study. The absence 
of  any further improvement in dysmotility-like dyspepsia 
symptoms between day 7 and days 14 or 28 in the H2RA 
+ Prok group, and the lack of  significant change in sub-
ject satisfaction rates from day 14 to 28, indicates the 
development of  H2RA tolerance[30].

Stratifying the study sample by H. pylori status showed 
that significantly better symptom improvement was seen 
in the PPI group than the H2RA + Prok group in both 
H. pylori-positive and -negative subjects. No influence of  
H. pylori status was seen in either treatment group in our 
study. In the studies by Talley et al[5], no significant differ-
ence was seen in the rate of  complete symptom resolu-
tion after 28 d of  treatment between H. pylori-positive 
and -negative subjects in the ulcer-like, reflux-like, or 
dysmotility-like symptom subgroups in either treatment 
arm, although these were only exploratory analyses. Al-
though H. pylori status did not significantly influence the 
response to omeprazole, this does not exclude the possi-
bility of  a small true difference between H. pylori-positive 
and -negative patients in the effect of  acid inhibition on 
FD. Intragastric pH is higher in patients taking a PPI 
who are infected with H. pylori[31]. PPI therapy may there-
fore be more effective in H. pylori-positive patients with 
NUD, as one study has suggested[28]. Pooling all trial data 
suggests that symptom responses are similar in H. pylori-
positive and -negative patients with NUD. H. pylori status 
is unlikely to have a clinically important impact on the ef-
ficacy of  treatments in this patient group.

In this study, symptoms improved over time regard-
less of  H. pylori status in the PPI group, whereas no 
further symptom improvement was seen in the H2RA + 
Prok group after day 7 of  treatment in both H. pylori-pos-
itive and -negative subjects, indicating tolerance to treat-
ment. Loss of  the suppressive effect on acid secretion by 
H2RAs has been reported in H. pylori-negative patients 
as the duration of  treatment increases[32], whereas in this 

study tolerance was seen from day 7 of  treatment in the 
H2RA + Prok group.

Limitations of  this study include the small number of  
subjects and the fact that it was not a placebo-controlled 
trial. Consideration of  the Japanese medical system tells 
us that clinical trials of  treatments for FD, a condition 
not covered by medical insurance, conducted with the 
participation of  general medical clinics will be limited in 
scope. Nevertheless, this is the first published report of  
a randomized comparative trial of  PPI monotherapy and 
H2RA + Prok combination therapy in the treatment of  
FD in Japanese subjects.

We demonstrated that, even in Japan with its high 
proportion of  H. pylori-positive patients, PPI monotherapy 
significantly improves not only ulcer and reflux-like 
symptoms, but also dysmotility-like symptoms, better 
than H2RA + Prok combination therapy. In particular, 
tolerance to H2RA + Prok combination therapy was seen 
regardless of  H. pylori status. The prevalence of  H. pylori 
infection is expected to decline in Japan in the future[33], 
leading to increased gastric acid secretion, so suppression 
of  acid secretion will likely become even more important. 
The American College of  Gastroenterology guidelines 
for the management of  dyspepsia recommend a PPI as 
the treatment of  first choice in regions with a low preva-
lence of  H. pylori infection, with investigations and other 
therapies for those who fail to respond[29]. In Japan, where 
the prevalence of  H. pylori infection remains high, upper 
GI endoscopy is considered mandatory for the exclusion 
of  malignancy. Powerful suppression of  acid secretion, 
such as a PPI provides, is the most effective therapy for 
treatment of  all dyspeptic symptoms in Japanese patients, 
both ulcer- and reflux-like and dysmotility-like symptoms. 
Of  particular interest is our finding that PPI therapy is 
useful in the treatment of  dysmotility-like symptoms, 
usually considered less responsive to PPIs. In other words, 
dysmotility-like symptoms of  FD are also an acid-related 
disorder, for which suppression of  acid secretion is the 
most effective therapy. PPIs are extremely effective in 
the treatment of  all symptoms of  FD, and should be the 
treatment of  first choice in Japanese patients with FD.

COMMENTS
Background
Many people suffer from functional dyspepsia (FD). The disease has a sub-
stantial negative effect on quality of life, therefore, daily care is of the utmost 
importance. However, because there are many causes of FD, including gas-
trointestinal motility disorders and hypersensitivity of the digestive tract, gastric 
acid secretion, inflammation of the mucous membrane of the stomach, nervous 
system and digestive tract hormone disorders, and psychological factors, no 
method of treatment has been established.
Research frontiers
It has recently been clarified that gastric acid secretion plays a major role in the 
onset of FD symptoms. In Japan, however, where there are many Helicobacter 
pylori (H. pylori)-positive patients, epigastric pain, epigastric burning and other 
acid-related symptoms are treated with acid-secretion blockers. In contrast, 
dysmotility-like symptoms such as painful stomach heaviness after eating 
and soon feeling full are mainly treated with prokinetic agents and/or antiulcer 
agents, and the significance of acid secretion suppression is not clear. For this 
reason, we conducted a prospective randomized treatment study to examine 
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the importance of acid-suppressing drugs for the treatment of various FD 
symptoms.
Innovations and breakthroughs
Regardless of whether cases were H. pylori-positive or -negative, the improve-
ment rate for dysmotility-like symptoms as well as ulcer and acid-reflux-related 
symptoms in a proton pump inhibitor (PPI) single therapy group was signifi-
cantly better compared to a group concomitantly administered histamine H2 
receptor antagonists (H2RAs) and prokinetic drugs (Proks). Logistic analysis 
(multivariable analysis) of factors related to improvements in dysmotility-like 
symptoms also showed that PPI therapy was the only significant factor. Patient 
satisfaction was also significantly higher in the PPI single therapy group than in 
the H2RA and Prok groups. In other words, in Japan, as well as other countries, 
regardless of whether a patient is H. pylori-positive or -negative, the importance 
of acid secretion suppression for the treatment of not only ulcer and acid-reflux-
related symptoms but also digestive motility disorder symptoms has been es-
tablished.
Applications
It is thought that the H. pylori infection rate in Japan will gradually decrease. 
Assuming this will lead to more patients with increased acid secretion, acid 
secretion suppression will become an increasingly important issue. It has been 
concluded that, regardless of whether a patient is H. pylori-positive or -negative, 
PPI therapy is extremely effective as a first-choice treatment for not only ulcer 
and acid-reflux-related symptoms but also dysmotility-like symptoms, in other 
words, for all FD symptoms.
Terminology
In the Rome Ⅲ classification, FD is defined as “one or more of the chronic 
symptoms of painful postprandial fullness, early feeling of satiety, epigastric 
pain and epigastric burning for which no causal organic disease is observed 
during endoscopic and other examinations”. This definition is divided into the 
subcategories of epigastric pain syndrome, indicated by the two symptoms of 
epigastric pain related to dietary intake and epigastric burning related to gastric 
acid, and postprandial distress syndrome (PDS), indicated by the two so-called 
dysmotility-like symptoms of early satiation and fullness. Many cases of FD are 
thought to be due to PDS. In Japan, Proks, drugs that improve gastrointestinal 
motility, are the first-choice treatment for dysmotility-like symptoms. H. pylori, 
a bacterium that exists in the mucous membrane of the stomach, is thought to 
cause stomach and duodenal ulcers, and stomach cancer. In H. pylori-positive 
patients, the bacterium causes chronic atrophic gastritis, progressing to gastric 
cancer, and low gastric acid output. The H. pylori-positive rate in Japan is tend-
ing to decrease, which could result in more Japanese patients with excessive 
gastric acid output.
Peer review
A good paper and can be accepted for publication. Only problem is the number 
of patients recruited for the study was too low.
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Abstract
AIM: To evaluate the noninvasive parameters and he-
patic fibrosis scores in obese children with nonalcoholic 
fatty liver disease (NAFLD).

METHODS: A total of 77 children diagnosed with 
NAFLD via  liver biopsy were included and divided into 
2 subgroups according to the histopathologic stag-
ing of hepatic fibrosis: mild (stage 0-1) vs  significant 
fibrosis (stage 2-4). Clinical and laboratory parameters 
were evaluated in each patient. The aspartate amino-
transferase (AST)/alanine aminotransferase (ALT) ratio, 
AST/platelet ratio index (APRI), PGA index, Forns index, 
FIB-4, NAFLD fibrosis score, and pediatric NAFLD fibro-
sis index (PNFI) were calculated.

RESULTS: No clinical or biochemical parameter exhib-

ited a significant difference between patients with mild 
and significant fibrosis. Among noninvasive hepatic fi-
brosis scores, only APRI and FIB4 revealed a significant 
difference between patients with mild and significant 
fibrosis (APRI: 0.67 ± 0.54 vs  0.78 ± 0.38, P  = 0.032 
and FIB4: 0.24 ± 0.12 vs  0.31 ± 0.21, P  = 0.010). 
The area under the receiving operating characteristic 
curve of FIB4 was 0.81, followed by Forns index (0.73), 
APRI (0.70), NAFLD fibrosis score (0.58), AST/ALT ratio 
(0.53), PGA score (0.45), and PNFI (0.41).

CONCLUSION: APRI and FIB4 might be useful non-
invasive hepatic fibrosis scores for predicting hepatic 
fibrosis in children with NAFLD.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
The disease spectrum of  nonalcoholic fatty liver disease 
(NAFLD) ranges from simple steatosis to nonalcoholic 
steatohepatitis (NASH), fibrosis, and cirrhosis; NASH pro-
gresses towards cirrhosis, even in children[1,2]. Therefore, 
accurate diagnosis and early detection of  hepatic fibrosis 
are required in obese children suspicious of  NAFLD.
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Percutaneous liver biopsy is the gold standard for the 
diagnosis of  NASH[3]. However, histopathologic investiga-
tion has some limitations because of  its invasiveness and 
high costs, especially in children; moreover, the histopatho-
logic findings of  NAFLD in children are somewhat dif-
ferent from those in adults, revealing portal inflammation 
and portal fibrosis mainly in pediatric NASH in contrast 
to lobular inflammation, perisinusoidal fibrosis, ballooning, 
and Mallory’s hyaline in adult NASH[4,5].

Noninvasive markers of  hepatic fibrosis and noninva-
sive hepatic fibrosis scores have been evaluated in previous 
studies, mostly in adult patients with NAFLD[6]. Although 
pediatric NAFLD shows peculiar histopathologic features 
as described above[4,5], there have been only limited studies 
of  noninvasive biochemical markers of  hepatic fibrosis 
related to NAFLD in pediatric populations[7-10], and no 
validation studies in children on the previously suggested 
noninvasive hepatic fibrosis scores excluding 1 study on 
the enhanced liver fibrosis panel[11]. Only 1 pediatric nonin-
vasive score has been developed up to date[12].

Therefore, the present study aimed to evaluate the non-
invasive clinical and laboratory parameters and noninvasive 
hepatic fibrosis scores indicating the presence of  hepatic 
fibrosis and its severity in obese children with NAFLD.

MATERIALS AND METHODS
A total of  77 obese children with NAFLD under the age 
of  18 years who visited the Pediatric Obesity Clinic were 
included and divided into 2 subgroups according to the 
grading and staging of  NAFLD. Obesity was defined 
as a body mass index (BMI) value higher than the 95th 
percentile for the child’s age and sex, and overweight as 
a BMI between the 85th and 95th percentiles. NAFLD 
was diagnosed on the basis of  histopathologic findings 
compatible with NAFLD on liver biopsy[13]. This study 
was approved by the Institutional Review Board of  the 
Seoul National University Bundang Hospital.

Laboratory tests
Serum levels of  fasting glucose, insulin, total cholesterol, 
TGs, high-density lipoprotein cholesterol, low-density lipo-
protein cholesterol, and apoprotein A1 and B levels were 
measured after a 12-h fast at the same time of  liver biopsy. 
Insulin resistance was determined by the homeostatic 
model assessment of  insulin resistance. Serum aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
total bilirubin, albumin, γ-glutamyl transpeptidase (γGT), 
alkaline phosphatase (ALP) levels, prothrombin time (PT), 
and tumor necrosis factor-α were also measured.

For the differential diagnosis of  chronic hepatitis, 
creatine phosphokinase, lactate dehydrogenase, ammonia, 
lactate, pyruvate, anti-HAV IgM antibody, HBs antigen 
and anti-HBs antibody, anti-HCV antibody, EBV VCA 
IgM antibody, CMV IgM antibody, serum ceruloplasmin, 
and anti-nuclear antibody were evaluated.

Radiologic investigations
The presence of  fatty liver was evaluated in each patient 

using either abdominal sonography or noncontrast ab-
dominal computed tomography (CT). Using abdominal 
sonography, fatty liver was detected and the degree of  
fatty liver was defined as mild, moderate, and severe fatty 
liver[14]. Regarding abdominal CT, fatty liver was diag-
nosed when the difference between CT numbers of  the 
liver and spleen was greater than 10[15].

Histopathologic examination
Percutaneous needle liver biopsy was performed in all 
patients. Histopathologic grades of  steatosis, lobular and 
portal inflammation, and hepatocyte ballooning and the 
histopathologic stages of  fibrosis were evaluated in each 
patient to diagnose NAFLD and to assess the stages of  
hepatic fibrosis[16]. The histological scoring system of  
Kleiner et al[13] was also applied to the liver biopsy speci-
mens to assess the histologic stages of  hepatic fibrosis and 
the NAFLD activity score (NAS). Fibrosis was staged as 
follows: stage 0: none; stage 1: perisinusoidal or periportal 
fibrosis (stage 1a: mild perisinusoidal; stage 1b: moderate 
perisinusoidal; stage 1c: portal/periportal; stage 2: perisi-
nusoidal and portal/periportal fibrosis; stage 3: bridging 
fibrosis; stage 4: cirrhosis)[14].

Noninvasive hepatic fibrosis scores
The AST/ALT ratio was calculated as the ratio of  AST to 
ALT[10]; AST/platelet ratio index (APRI) as follows: (AST 
level/AST upper level of  normal/platelet counts) × 100[17]; 
PGA index as the sum of  3 scores based on the test results 
of  PT, γGT activity, and apoprotein A1 and ranged from 0 
to 12[18]; Forns index as follows: [7.811 - 3.131 × ln(platelet 
count) + 0.781 × ln(γGT) + 3.467 × ln(age) - 0.014 × 
cholesterol][19]; FIB-4 as (age × AST level/platelet count × 
√ALT)[20]; NAFLD fibrosis score as follows: [-1.675 + 0.037 
× age (years) + 0.094 × BMI (kg/m2) + 1.13 × impaired 
fasting glucose/diabetes (yes = 1, no = 0) + 0.99 × AST/
ALT ratio - 0.013 × platelet count - 0.66 × albumin][21]. Pe-
diatric NAFLD fibrosis index (PNFI) was calculated using 
a formula suggested by Nobili et al[12].

Statistical analysis
The results are expressed as mean ± SD. The data were 
analyzed using the SPSS 18.0 software program (SPSS 
Inc., Chicago, IL, United States). Frequency data were 
compared using Fisher’s exact test for nonparametric 
analysis. The Mann-Whitney U test was used for com-
parisons of  means between 2 groups. Multivariate logistic 
regression analysis was performed to determine potential 
variables predicting significant hepatic fibrosis. P-values 
less than 0.05 were considered statistically significant.

Receiver operating characteristic (ROC) curves and 
the area under the ROC curve (AUROC) were applied to 
assess and compare the diagnostic accuracy of  each non-
invasive hepatic fibrosis scores.

RESULTS
Patient characteristics
A total of  77 children (M:F = 66:11; mean age 12.2 ± 
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2.2 years, range 8-18 years) diagnosed as NAFLD were 
included. The clinical characteristics of  children with 
NAFLD are shown in Table 1.

Histopathologic findings and hepatic fibrosis in NAFLD
Histopathologic findings of  the liver in children with 
NAFLD are listed in Table 2. Staging for hepatic fibrosis re-
vealed the prevalence of  stage 0 (n = 12), stage 1A (n = 12), 
stage 1B (n = 7), stage 1C (n = 20), stage 2 (n = 21), and 
stage 3 (n = 5). There was no patient with stage 4 of  hepatic 
histology. Fibrosis stages were grouped into 2 subgroups: 
mild hepatic fibrosis (stage 0 to 1) (n = 51); and significant 
hepatic fibrosis (stage 2 to 3) (n = 26). The histopathologic 
findings for these 2 groups are compared in Table 2. There 
were no differences in steatosis, lobular inflammation, and 
NAS between 2 fibrosis groups (Table 2). Only hepatocyte 
ballooning was significantly different between the 2 groups 
(P = 0.018) (Table 2).

Noninvasive clinical and biochemical parameters in 
children
Clinical data of  the patients and the results of  laboratory 
tests for obesity and obesity-related complications are 
listed in Table 1. None of  these noninvasive clinical and 

biochemical parameters exhibited a significant difference 
between the 2 fibrosis groups based on histopathologic 
findings (Table 1).

Multivariate logistic regression analysis for hepatic 
fibrosis in NAFLD 
The result of  multivariate logistic regression analysis for 
clinical or biochemical factors to predict significant he-
patic fibrosis in children with NAFLD is shown in Table 3.

Comparisons of noninvasive hepatic fibrosis scores and 
hepatic fibrosis in children with NAFLD
The results of  hepatic fibrosis scores including the AST/
ALT ratio, APRI, PGA index, Forns index, FIB4, NAFLD 
fibrosis score, and PNFI were compared between the 2 
groups based on the stage of  hepatic fibrosis (Table 2).

Among the hepatic fibrosis scores, APRI and FIB4 
revealed statistically significant differences between pa-
tients with mild fibrosis and significant fibrosis (APRI, P 
= 0.032; FIB4, P = 0.010) (Table 2). The other hepatic 
fibrosis scores were not significantly different between 
the 2 groups (AST/ALT ratio, P = 0.808; PGA index, P 
= 0.710; Forns index, P = 0.097; NAFLD fibrosis score, 
P = 0.532; PNFI, P = 0.314) (Table 2).

1527 April 7, 2012|Volume 18|Issue 13|WJG|www.wjgnet.com

Table 1  Patient characteristics and comparisons of noninvasive biochemical parameters between mild fibrosis and 
significant fibrosis regarding the hepatic histology of children with non-alcoholic fatty liver disease (mean ± SD)

Parameters Total (n  = 77) Mild fibrosis 
(stage 0-1) (n  = 51)

Significant fibrosis 
(stage 2-3) (n  = 26)

P  value

Clinical characteristics
   Gender (M:F) 66:11 42:9 24:2 0.316
   Age (yr) 12.2 ± 2.3 12.0 ± 2.4 12.7 ± 1.9 0.132
   AC (cm)   91.1 ± 10.1   92.1 ± 11.6 89.7 ± 7.8 0.637
   Weight (kg)   68.9 ± 19.3   68.3 ± 21.3   70.2 ± 15.1 0.448
   Height (cm) 155.5 ± 12.2 155.1 ± 12.1 156.3 ± 12.6 0.407
   BMI (kg/m2) 28.1 ± 5.1 27.8 ± 5.2 28.7 ± 5.1 0.425
Biochemical parameters
   AST (IU/L)   82.1 ± 46.6   77.4 ± 46.3   91.3 ± 46.8 0.063
   ALT (IU/L) 167.4 ± 99.1 158.7 ± 95.4   184.6 ± 105.6 0.206
   ALP (IU/L)   283.7 ± 110.0   273.0 ± 113.8   304.7 ± 101.1 0.185
   γGT (IU/L)   53.9 ± 29.1   51.1 ± 25.9   59.4 ± 34.4 0.410
   Total bilirubin (mg/dL)   0.76 ± 0.37   0.75 ± 0.30   0.77 ± 0.50 0.438
   Albumin (g/dL)   4.54 ± 0.31   4.54 ± 0.32   4.55 ± 0.30 1.000
   PT INR   1.02 ± 0.07   1.01 ± 0.06   1.03 ± 0.08 0.090
   Total cholesterol (mg/dL) 180.2 ± 32.6 176.8 ± 31.2 186.9 ± 34.7 0.139
   Triglyceride (mg/dL) 132.8 ± 53.6 126.6 ± 52.4 142.7 ± 55.0 0.235
   LDL cholesterol (mg/dL)   97.2 ± 24.9   93.5 ± 20.6 103.1 ± 30.2 0.198
   HDL cholesterol (mg/dL)   48.1 ± 11.4   48.9 ± 12.2   46.9 ± 10.2 0.995
   Apoprotein A1 (mg/dL) 120.2 ± 15.9 121.6 ± 15.7 118.1 ± 16.8 0.543
   Apoprotein B (mg/dL)   83.5 ± 17.7   85.6 ± 17.5   80.0 ± 18.3 0.418
   Fasting glucose (mg/dL)   98.1 ± 34.2   95.4 ± 11.9 103.4 ± 56.7 0.311
   Insulin (µIU/mL)   24.6 ± 14.6   23.2 ± 15.5   26.2 ± 13.5 0.244
   HOMA-IR   5.8 ± 4.3   6.1 ± 4.8   5.3 ± 3.2 0.586
   TNF-α (pg/mL)   18.2 ± 15.0   15.7 ± 12.3   21.7 ± 18.0 0.400
   HbA1C (%)   5.7 ± 1.1   5.5 ± 0.3   5.9 ± 1.6 0.806
   Platelet (× 109/L) 307.9 ± 69.2 313.2 ± 71.1 297.3 ± 65.4 0.416

AC: Abdominal circumference; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: 
Body mass index; γGT: γ-glutamyl transpeptidase; DBP: Diastolic blood pressure; HDL: High density lipoprotein; HOMA-IR: Insulin 
resistance determined by homeostasis model assessment; LDL: Low density lipoprotein; NAFLD: Non-alcoholic fatty liver disease; 
NAS: NAFLD activity score; Ob: Obesity; Ow: Overweight; PT: Prothrombin time; SBP: Systolic blood pressure; TNF-α: Tumor 
necrosis factor-α.

Yang HR et al . Noninvasive fibrosis scores in NAFLD



Comparison of the diagnostic accuracy of the hepatic 
fibrosis scoring systems
ROC curves of  the hepatic fibrosis scoring systems are 
shown in Figure 1. 

When the AUROC of  each scoring system was com-
pared, the AUROC of  FIB4 was 0.81 (95% CI: 0.68-0.94), 
followed by the Forns index (AUROC = 0.73, 95% CI: 
0.58-0.88), APRI (AUROC = 0.70, 95% CI: 0.55-0.86), 
NAFLD fibrosis score (AUROC = 0.58, 95% CI: 0.41-0.75), 
AST/ALT ratio (AUROC = 0.53, 95% CI: 0.35-0.70), PGA 
score (AUROC = 0.45, 95% CI: 0.28-0.62), and PNFI (AU-
ROC = 0.41, 95% CI: 0.24-0.58).

DISCUSSION
Due to the invasiveness of  histopathologic diagnosis 
based on liver biopsy, noninvasive methods including the 
measurement of  various clinical parameters or labora-
tory markers have been applied to clinical practice and 
research, mostly in adults, to facilitate the diagnosis of  
NAFLD and to predict hepatic fibrosis in obese patients.

In our study performed in children with biopsy-proven 
NAFLD, both clinical and biochemical parameters were 
evaluated on the basis of  the histopathologic findings 
of  liver biopsy specimens, particularly focused on bio-
chemical parameters. However, all of  these clinical and 
biochemical parameters failed to distinguish significant 
fibrosis from no/mild fibrosis in children with NAFLD 

by univariate analysis, although the result of  multivariate 
analysis suggested age and ALP as possible prognostic 
factors that predict significant hepatic fibrosis.

Regarding the clinical markers in children with NAFLD, 
1 multicenter study reached the same conclusion as our 
study, revealing no significantly different clinical param-
eters for significant fibrosis (stage 2 or more), and the 
serum AST level was the only biochemical parameter 
associated with the severity of  hepatic fibrosis[9]. In con-
trast, another pediatric study reported that BMI was the 
only clinical parameter that significantly differentiated 
NAFLD with hepatic fibrosis from NAFLD without fi-
brosis, and there were no biochemical parameters predic-
tive of  hepatic fibrosis[10]. From these results, it appears 
that more developed noninvasive tools beyond simple pa-
rameters are needed to detect hepatic fibrosis in children 
suspicious of  NAFLD.

To this point, a number of  noninvasive hepatic fibro-
sis scores have been developed and applied to chronic liv-
er diseases, such as hepatitis B, hepatitis C, alcoholic fatty 
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Table 2  Comparison of hepatic fibrosis scoring systems between mild fibrosis and significant fibrosis regarding the hepatic histology 
of children with non-alcoholic fatty liver disease (mean ± SD)

Parameters and hepatic fibrosis scores Total (n  = 77) Mild fibrosis 
(stage 0-1) (n  = 51)

Significant fibrosis 
(stage 2-3) (n  = 26)

P  value

Invasive histopathologic NAFLD scores1

   Steatosis (grade 0/1/2/3) 0/13/36/28 0/7/22/22 0/6/14/6 0.085
   Inflammation (grade 0/1/2/3) 9/43/25/0 7/29/15/0 2/14/10/0 0.325
   Ballooning (grade 0/1/2) 27/33/17 22/21/8 5/12/9 0.018
   NAS  4.3 ± 1.4  4.18 ± 1.48  4.46 ± 1.14 0.470
Noninvasive hepatic fibrosis scoring systems
   AST/ALT ratio  0.53 ± 0.22  0.52 ± 0.16  0.57 ± 0.31 0.802
   AST/platelet ratio index  0.71 ± 0.49  0.67 ± 0.54  0.78 ± 0.38 0.032
   PGA index  3.78 ± 1.80  3.85 ± 1.89  3.68 ± 1.70 0.710
   Forns index -0.94 ± 1.18 -1.06 ± 0.21 -0.69 ± 1.09 0.097
   FIB4 score  0.27 ± 0.16  0.24 ± 0.12  0.31 ± 0.21 0.010
   NAFLD fibrosis score -4.95 ± 1.32 -5.07 ± 1.27 -4.73 ± 1.41 0.532
   Pediatric NAFLD fibrosis index  7.67 ± 2.48  7.71 ± 2.79  7.61 ± 2.08 0.314

1Histopathologic non-alcoholic fatty liver disease (NAFLD) scoring on liver biopsy specimens was based on the definition by Kleiner et al[13]. ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase; NAS: Non-alcoholic fatty liver disease activity score. 

Table 3  Multivariate logistic regression analysis for significant 
hepatic fibrosis in children with non-alcoholic fatty liver 
disease

Variables OR 95% CI P  value

Age 1.357 1.027-1.793 0.032
ALP 1.006 1.000-1.011 0.035

ALP: Alkaline phosphatase; OR: Odds ratio. 
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Figure 1  Receiver operating characteristic curves for the noninvasive 
hepatic fibrosis scoring systems used to diagnose clinically significant 
fibrosis (stage 2-3) in children with non-alcoholic fatty liver disease. ALT: 
Alanine aminotransferase; AST: Aspartate aminotransferase; NAFLD: Non-
alcoholic fatty liver disease.
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liver disease, and NAFLD[22,23]. These scores include indi-
ces based on indirect biochemical markers and/or clinical 
parameters developed for adults, such as the AST/ALT 
ratio[10], APRI[17], PGA index[18], Forns index[19], FIB-4[20], 
and NAFLD fibrosis score[21]. These scores have been 
validated in a number of  previously published studies in 
adults[22], but no validation studies have been performed 
in children with NAFLD, excluding the AST/ALT ratio, 
which did not differentiate hepatic fibrosis from no fi-
brosis in children[10].

In our study, only APRI and FIB4 exhibited statisti-
cally significant differences between patients with mild 
fibrosis and those with significant fibrosis among these 
noninvasive scores. Regarding APRI, no studies have 
been reported in children with NAFLD. However, a 
study on APRI in children with chronic viral hepatitis 
revealed that the AUROC of  APRI was 0.71 for hepatic 
fibrosis, and the sensitivity and the specificity of  APRI 
were 47% and 90%, respectively, at the cutoff  of  0.5[24]. 
In addition, another study comparing APRI with Fi-
broScan and FibroTest in children with chronic liver dis-
ease reported the AUROC of  APRI to be 0.73[25]. In our 
study on children with NAFLD, the AUROC of  APRI 
was 0.70, which was similar to those of  previous studies 
on children with chronic liver diseases.

FIB4, comprising age in addition to AST, ALT, and 
platelet counts, also differentiated significant hepatic fi-
brosis from mild fibrosis in our study, with the highest 
AUROC of  0.81. In previous studies on FIB4 in adult 
patients with NAFLD, the AUROCs of  FIB4 were 0.802 
and 0.86, respectively, which were higher than those of  
the AST/ALT ratio, APRI, NAFLD fibrosis score, and 
the BMI, AST/ALT ratio, diabetes score in both stud-
ies[26,27]. FIB4 was significant in distinguishing advanced 
fibrosis (stage 3 to 4) from mild fibrosis (stage 0 to 2) in 
these 2 studies[26,27]. These results were similar to those of  
our study, indicating that FIB4 had the highest AUROC 
among a variety of  hepatic fibrosis scores using standard 
laboratory tests. Thus, FIB4 also appears to be a desirable 
noninvasive hepatic fibrosis score, even in children, with 
the application of  age-appropriate cutoffs.

Up to date, PNFI was the only noninvasive hepatic fi-
brosis scoring system developed for children with NAFLD, 
which revealed the AUROC for significant fibrosis (stage 2 
to 3) was 0.663[28], and according to previous studies, PNFI 
was significant in differentiating children with hepatic fi-
brosis from children without fibrosis[12,28]. However, in our 
study, PNFI failed to distinguish significant hepatic fibrosis 
from no/mild fibrosis in children with the lowest AUROC 
of  0.41.

Because histopathologic findings of  pediatric NASH 
are to some extent distinct from adult NASH[4,5], the ap-
plication of  noninvasive hepatic fibrosis scores to chil-
dren with NAFLD should be considered from a different 
point of  view. More validation studies may be required in 
the future to apply noninvasive hepatic fibrosis scoring 
systems to clinical fields in pediatric population.

In conclusion, it appears that no single clinical or labo-

ratory parameter can reflect the presence of  hepatic fi-
brosis or the severity of  fibrosis in children with NAFLD. 
Therefore, APRI and FIB4 might be regarded as useful 
noninvasive methods to evaluate hepatic fibrosis even in 
children with NAFLD. 
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Abstract
AIM: To evaluate for the first time the protein and 
mRNA expression of 14-3-3ε in gastric carcinogenesis.

METHODS: 14-3-3ε protein expression was deter-
mined by western blotting, and mRNA expression was 

examined by real-time quantitative RT-PCR in gastric 
tumors and their matched non-neoplastic gastric tissue 
samples. 

RESULTS: Authors observed a significant reduction of 
14-3-3ε protein expression in gastric cancer (GC) sam-
ples compared to their matched non-neoplastic tissue. 
Reduced levels of 14-3-3ε were also associated with 
diffuse-type GC and early-onset of this pathology. Our 
data suggest that reduced 14-3-3ε may have a role in 
gastric carcinogenesis process. 

CONCLUSION: Our results reveal that the reduced 
14-3-3ε expression in GC and investigation of 14-3-3ε 
interaction partners may help to elucidate the carcino-
genesis process.
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INTRODUCTION
Although gastric cancer (GC) rates have decreased sub-
stantially in most parts of  the world, it is still the fourth 
most frequent cancer type and the second highest cause 
of  cancer mortality worldwide. A total of  989 600 new 
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stomach cancer cases and 738 000 deaths are estimated 
to have occurred in 2008, accounting for 8% of  the total 
cases and 10% of  total deaths by cancer[1]. 

About 90% of  stomach tumors are adenocarcino-
mas[2]. However, the etiology and disease evolution may 
vary among populations, primary tumor location, histo-
logical subtypes of  adenocarcinoma, and other variables[3]. 

GC, as with other neoplasms, is a multifactorial dis-
ease that results from a combination of  environmental 
factors and accumulation of  generalized and specific ge-
netic and epigenetic alterations. Chromosomal instability 
is characterized by changes in chromosome copy number 
(aneuploidy) and alterations in chromosomal regions, 
which may induce oncogene activation, tumor suppressor 
gene inactivation, or both[4]. The chromosomal aberra-
tions that are constantly found in GC include gains of  
3q, 7p, 7q, 8q, 13q, 17q, 20p and 20q and losses of  4q, 
9p, 17p and 18q (for a review, see[5]). Our research group 
previously reported that the loss of  one copy of  TP53 
locus (17p13) is commonly found in gastric tumors of  
individuals from a Brazilian population[6], as well as in GC 
cell lines[7-9]. Although TP53 is a key tumor suppressor 
gene in the carcinogenesis process[10], additional genes at 
17p13 may play a role in gastric carcinogenesis. 

The YWHAE gene is located at 17p13.3 and encodes 
the 14-3-3ε protein, one of  the mammalian 14-3-3 pro-
tein family members that are highly conserved in eukary-
otes. There are at least seven distinct 14-3-3 genes in ver-
tebrates, giving rise to nine isoforms (α, β, γ, δ, ε, ζ, η, σ 
and τ/υ, with α and δ being phosphorylated forms of  β 
and ζ, respectively)[11,12]. The 14-3-3 proteins are predom-
inantly dimeric within the cell and bind either to multiple 
sites within single proteins or act as a bridge between two 
targets[13-15]. Up to now, > 300 proteins have been report-
ed to interact with 14-3-3 proteins, including key signal-
ing components, such as p53, Raf-1 kinase, Bcl-2 antago-
nist of  cell death, protein kinase C, phophatidylinositol 
3-kinase, and cdc25 phosphatase (RASGRF1)[12,13,15,16]. 
Although the exact 14-3-3 protein functions are not fully 
known, these proteins may act as a molecular scaffold, 
bringing together proteins that interact functionally and 
effecting phosphorylation-dependent cell regulation[12]. 
This protein family is involved in several biological pro-
cesses and plays a regulatory role in processes such as 
apoptotic cell death, mitogenic signal transduction, and 
cell cycle control[13,17,18].

The isoform 14-3-3ε is the most highly conserved 
member of  the 14-3-3 family, with conserved sequence in 
plants, yeast, and mammals[19,20]. Abnormal expression of  
14-3-3ε has been found in some types of  cancers. How-
ever, the role of  14-3-3ε in the carcinogenesis process is 
ambiguous and contradictory. Low expression of  14-3-3ε 
occurs in small cell lung cancer[21], laryngeal squamous 
cell carcinoma[22], and medulloblastoma[23], which suggest 
its role as a tumor suppressor gene. On the other hand, 
high expression of  14-3-3ε has been detected in renal 
carcinoma[24], astrocytoma[25], meningioma[26] and subep-
endymomas[27], and, thus, probably it acts as a oncogene. 

To the best of  our knowledge, no study has evaluated 

the role of  14-3-3ε in gastric carcinogenesis until now. In 
the present study, we analyzed the 14-3-3ε gene and pro-
tein expression in GC and matched non-neoplastic gas-
tric samples. We also evaluated the possible associations 
between 14-3-3ε and clinicopathological characteristics.

MATERIALS AND METHODS
Tissue samples
14-3-3ε protein expression was evaluated in 20 pairs of  
GC samples and corresponding non-neoplastic gastric 
tissues (distant location of  primary tumor). The mRNA 
expression was evaluated in 31 pairs of  GC samples and 
corresponding non-neoplastic gastric tissues. Dissected tu-
mor and paired non-neoplastic tissue specimens were im-
mediately cut from stomach samples, frozen in liquid ni-
trogen, and stored at -80 ℃ until use for protein and RNA 
extraction. All the gastric samples were obtained surgically 
from João de Barros Barreto University Hospital (HUJBB) 
in Pará State, Northern Brazil. Informed consent with ap-
proval of  the ethics committee of  HUJBB was obtained. 
All patients had negative histories of  exposure to either 
chemotherapy or radiotherapy before surgery and there 
was no other co-occurrence of  diagnosed cancers. All 
samples were classified according to Laurén[28] and tumors 
were staged using standard criteria by TNM staging[29].

Protein and mRNA purification 
Total protein and total mRNA were simultaneously iso-
lated from gastric tissue samples using the AllPrep DNA/
RNA/Protein Kit (Qiagen, Hilden, Germany) according 
to the manufacturer’s instructions. To allow greatest solu-
bilization, the protein pellet was dissolved in buffer con-
taining 7 mol urea, 2 mol thiourea, 4% CHAPS, 50 mmol 
dithiothreitol, 1% Protease Inhibitor Cocktail (Sigma, St 
Louis, MO, United States), and 0.5% of  each Phosphatase 
Inhibitor Cocktail 1 and 2 (Sigma-Aldrich, St Louis, MO, 
United States). Protein concentration was determined by 
the method of  Bradford (Sigma-Aldrich). RNA concen-
tration and quality were determined using a NanoDrop 
spectrophotometer (Kisker, Germany) and 1% agarose 
gels. Samples were stored at -80 ℃ until use.

14-3-3ε expression by western blotting
Reduced protein (30 µg) of  each sample was separated on 
12.5% homogeneous SDS-PAGE gel and electroblotted to 
a polyvinylidene fluoride (PVDF) membrane (Hybond-P; 
GE Healthcare, Uppsala, Sweden). The PVDF membrane 
was blocked with PBS containing 0.1% Tween 20, 5% low-
fat milk, and incubated overnight at 4 ℃ with correspond-
ing primary antibodies to anti-14-3-3ε (sc-31962, 1:100; San-
ta Cruz Biotechnology, Santa Cruz, CA, United States) and 
anti-β-actin (Ac-74, 1:3000; Sigma-Aldrich). After extensive 
washing, a peroxidase-conjugated secondary antibody was 
incubated for 1 h at room temperature. Immunoreactive 
bands were visualized using western blotting Luminol re-
agent and the images were acquired using an ImageQuant 
350 digital image system (GE Healthcare, Uppsala, Sweden). 
The β-actin was used as a loading reference control.
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14-3-3ε mRNA expression by real-time quantitative RT-
PCR 
First, cDNA was synthesized using High-Capacity cDNA 
Archive kit (Applied Biosystems, Warsaw, Poland) ac-
cording to the manufacturer’s protocol. All real-time 
qRT-PCR reactions were performed in triplicate for 
both target gene (YWHAE: Hs00356749_g1, Applied 
Biosystems, United States) and internal controls (β-actin: 
Hs03023943_g1; glyceraldehyde-3-phosphate dehydro-
genase: Hs99999905_m1; Applied Biosystems, United 
States). To compare 14-3-3ε mRNA expression between 
GC and non-neoplastic gastric samples, we converted ∆Ct 
(∆Ct = Ct of  YWHAE - Ct of  internal controls) to linear 
form (2-∆Ct). Relative quantification of  the gene expres-
sion was calculated according to Pfaffl method[30]. Non-
neoplastic gastric samples were designated as a calibrator 
of  each paired tumor sample. 

Statistical analysis
We first evaluated the normal distribution of  all data us-
ing the Shapiro-Wilk normality test to determine subse-
quent use of  appropriate tests for statistical comparison. 
Since 14-3-3ε mRNA and protein data did not present 
with a normal distribution, we performed parametric 
tests with bootstrapping, a re-sampling method. The re-
sampling methods are relatively powerful and can control 

a type Ⅰ error (false positive), reducing over-fit bias and 
internally validating the accuracy estimates. Bootstrapping 
methods also produce confidence intervals (CIs) around 
the observed effects. Paired t test was performed to com-
pare the mean of  14-3-3ε expression between neoplastic 
and matched non-neoplastic samples. The associations 
between clinicopathological parameters and the mean 
of  14-3-3ε expression were assessed using a t test for 
independent samples. The correlation among the 14-3-3ε 
mRNA and protein expression was analyzed by Pearson 
test. All the analyses performed in this article were based 
on 1000 bootstrap samples. In all analyses, the CI was 
95% and P < 0.05 was considered significant.

RESULTS
14-3-3ε protein expression was significantly reduced in GC 
samples (densitometry units: 0.656 ± 0.552) compared to 
matched non-neoplastic gastric samples (1.656 ± 1.158) (P = 
0.005, 95% CI: -1.59 to -0.53). 14-3-3ε protein was 1.5-fold 
lower in 60% of  GC samples compared to their paired 
non-neoplastic gastric tissues. However, 14-3-3ε mRNA 
expression did not differ between GC (2-∆ct: 0.492 ± 0.325) 
and corresponding non-neoplastic gastric tissue (0.579 
± 0.272) (P = 0.075, 95% CI: -0.18 to 0.003) (Figure 1).  
Although mRNA and protein were simultaneously purified, 

1533 April 7, 2012|Volume 18|Issue 13|WJG|www.wjgnet.com

Leal MF et al . 14-3-3ε expression in gastric cancer

Figure 1  Expression of 14-3-3ε in tumor and non-neoplastic gastric tissue. A: Protein expression normalized by β-actin (ACTB); B: Ratio of protein expression 
between tumor and matched non-neoplastic gastric tissues; C: Western blotting using anti-14-3-3ε and anti-β-actin antibodies; D: mRNA expression normalized by 
the internal controls ACTB and glyceraldehyde-3-phosphate dehydrogenase; E: Relative mRNA quantification-gastric tumor samples normalized by matched non-
neoplastic gastric tissues. T: Tumor samples; N: Non-neoplastic samples.
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no correlation was observed between 14-3-3ε mRNA and 
protein expression (R = 0.236, P = 0.345).

The associations between clinicopathological character-
istics and 14-3-3ε expression are summarized in Table 1. A 
significant decrease in 14-3-3ε mRNA level was observed 
in early-onset GC (at age ≤ 45 years[31]) compared to late-
onset GC (P = 0.028, 95% CI: -1.49 to -0.25). Moreover, 
a tendency towards 14-3-3ε protein down-expression was 
also observed in early-onset compared to late-onset GC (P 
= 0.052, 95% CI: -0.69 to -0.05). 

The 14-3-3ε mRNA level was reduced in early GC 
compared to advanced GC (P = 0.046, 95% CI: -1.41 
to -0.16) and tended to present reduced levels with less 
invasive tumors (P = 0.052, 95% CI: -1.40 to -0.13). In 
contrast, these observations were not observed for protein 
level.

Concerning the 14-3-3ε protein, we observed that the 
diffuse-type GC presented reduced expression compared 
to intestinal-type GC (P = 0.024, 95% CI: 0.12-0.65). 
However, a significant difference was observed between 
non-neoplastic gastric tissues and intestinal-type GC (P = 
0.045, 95% CI: -1.55 to -0.29) and diffuse-type GC (P = 
0.024, 95% CI: -2.22 to -1.14). 

DISCUSSION
Cancer cells have defects in regulatory circuits that gov-
ern normal cell proliferation and homeostasis[32]. The 
14-3-3 proteins continue to generate intense interest due 
to their roles in signal transduction pathways that control 

cell cycle checkpoints, mitogen-activate protein kinase 
activation, apoptosis, and regulation of  gene expression. 
14-3-3 stabilizes non-native conformations of  bound 
ligands to promote their interactions with downstream 
targets, or facilitates their subsequent modification by ki-
nases and phosphatases[18].

In the present study, we evaluated the 14-3-3ε mRNA 
and protein expression in gastric carcinogenesis. To the 
best of  our knowledge, no study has evaluated 14-3-3ε ex-
pression in this neoplasm. Here, we observed that 14-3-3ε 
protein expression was reduced in GC samples compared 
to matched non-neoplastic gastric tissue. Low expression 
of  14-3-3ε has also been reported in small cell lung can-
cer[21], laryngeal squamous cell carcinoma[22], and medullo-
blastoma[23], suggesting a tumor suppressor function. The 
reduced 14-3-3ε expression may be in part due to the loss 
of  its locus (17p13), which is a common finding in gastric 
tumors of  individuals from the studied population[6].

Little is known about the role of  14-3-3ε in carcinogen-
esis. One of  the major partners of  14-3-3ε is the CDC25 
protein. CDC25 protein is virtually inactive during inter-
phase, but undergoes a strong activation at mitosis due to 
phosphorylation of  its N-terminal regulatory domain[33]. 
14-3-3ε acts as a negative regulator of  CDC25[33,34]. The 
overexpression of  CDC25 proteins has previously been 
described in GC[35-37]. Thus, the reduced expression of  
14-3-3ε in GC cells may enhance the ability of  CDC25 to 
induce mitosis, contributing to the gastric carcinogenesis 
process.

Several classification systems have been described for 
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Table 1  Clinicopathological characteristics and 14-3-3ε expression in gastric cancer samples (mean ± SD)

Variable 14-3-3ε protein expression 14-3-3ε mRNA expression

Total Ratio T/N Adjusted 
P -value

95% CI Total Relative 
quantification

Adjusted 
P -value

95% CI

Gender
   Male 10 0.418 ± 0.41 0.210 -0.13 to 0.63 18 1.404 ± 1.43 0.279 -1.38 to 0.40
   Female 10 0.667 ± 0.47 13 0.898 ± 1.09
Onset (yr)
   < 45   6 0.303 ± 0.26 0.052  -0.68 to -0.05   8 0.583 ± 0.31  0.028a  -1.49 to -0.25
   ≥ 45 14 0.646 ± 0.48 23 1.403 ± 1.45
Tumor location
   Cardia   3 0.293 ± 0.11 0.067  0.03 to 0.56   4 0.796 ± 0.35 0.177 -0.12 to 1.23
   Non-cardia 17 0.587 ± 0.47 27 1.250 ± 1.39
Laurén classification
   Diffuse-type   4 0.244 ± 0.14  0.024a  0.12 to 0.65 13 1.119 ± 1.04 0.785 -0.69 to 1.07
   Intestinal-type 16 0.618 ± 0.46 18 1.245 ± 1.49
Stage
   Early   4 0.517 ± 0.64 0.921 -0.55 to 0.81   4 0.549 ± 0.38  0.046a  -1.41 to -0.16
   Advanced 16 0.549 ± 0.41 27 1.287 ± 1.37
Tumor invasion
   T1/T2   8 0.491 ± 0.49 0.674 -0.48 to 0.34   9 0.642 ± 0.33 0.052  -1.40 to -0.13
   T3/T4 12 0.578 ± 0.43 22 1.417 ± 1.49
Lymph node metastasis
   Absent   6 0.672 ± 0.57 0.510 -0.29 to 0.72   8 0.687 ± 0.53 0.069  -1.31 to -0.01
   Present 14 0.488 ± 0.39 23 1.367 ± 1.45
Distant metastasis
   Unknown/absent 16 0.557 ± 0.47 0.754 -0.42 to 0.47 23 0.978 ± 0.99 0.242 -2.25 to 0.51
   Present   4 0.486 ± 0.37   8 1.807 ± 1.89

Differentially expressed between groups, aP < 0.05. T: Tumor gastric samples; N: Non-neoplastic gastric samples.



GC. According to the Laurén classification, one of  the 
most used, gastric adenocarcinoma is classified mainly 
into intestinal and diffuse types[28]. Intestinal-type GC pro-
gresses through a number of  sequential steps, beginning 
with atrophic gastritis followed by intestinal metaplasia, 
intraepithelial neoplasia, and carcinoma[38]. In contrast, dif-
fuse-type GC generally does not evolve from precancer-
ous lesions[39,40]. In the present study, we observed that the 
expression of  14-3-3ε protein was lower in diffuse-type 
than in intestinal-type GC, confirming that these two his-
tological GC subtypes follow different genetic pathways 
and may be two distinct entities[39].

MYC deregulation is a frequent finding in GC[41]. More-
over, MYC immunoreactivity seems to be more frequently 
detected in intestinal-type than diffuse-type GC[42,43]. Gene 
amplification is the main mechanism of  MYC deregula-
tion in GC[41], and we have previously described a higher 
frequency of  MYC locus amplification in intestinal-type 
than diffuse-type GC[44,45]. Interestingly, one of  the MYC 
target proteins is CDC25, which is negatively regulated by 
14-3-3ε. A correlation between MYC and CDC25 has pre-
viously been reported in GC[46]. Here, we hypothesize that 
the relative increase of  14-3-3ε in the subset of  tumors of  
the intestinal-type may be a compensatory mechanism to 
control the increase of  cell proliferation due to MYC and 
CDC25 action. Moreover, MYC overexpression also in-
duces the production of  reactive oxygen species, which may 
lead to double-stranded DNA breaks and point mutations 
resulting in genomic instability[47]. Thus, the relative increase 
in 14-3-3ε in the intestinal-type GC may be also a compen-
satory response to other oncogenic mutations accumulated 
in cancer cells, which lead to genomic instability and initi-
ate a DNA damage check-point in cells that contain some 
functional p53 alleles, as already proposed for other 14-3-3 
isoforms[18].

Here, we also described a decrease in 14-3-3ε expres-
sion in early-onset compared to late-onset GC. Early-
onset GC is observed in < 10% of  GC patients, and only 
10% of  these patients have a positive family history[31]. 
Most young patients present at an advanced clinical stage 
similar to elderly patients, so the prognosis in both age 
groups is poor. However, early-onset GC shows different 
clinicopathological and molecular profiles compared to 
late-onset GC, suggesting that they represent a separate 
entity within gastric carcinogenesis, with genetic factors 
probably presenting a more important role in early-onset 
GC patients[48-50]. 14-3-3ε deregulation may have a direct 
or indirect function in early-onset GC because this pro-
tein interacts with several others.

In addition, no correlation was observed between 
14-3-3ε mRNA and protein expression, corroborating a 
previous study of  laryngeal squamous cell carcinoma[22]. 
The lack of  correlation between 14-3-3ε protein and 
mRNA expression patterns indicates the post-translational 
regulation mechanism involved in this protein expression, 
and highlights the complexity of  the relationship between 
protein and mRNA expression.

In conclusion, our data suggest that, for the first time, 
reduced 14-3-3ε may have a role in gastric carcinogenesis, 
mainly in diffuse-type and early-onset GC. Moreover, 
further investigations are necessary to understand which 
proteins interact with 14-3-3ε in these subtypes of  GC.
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Abstract
Pancreatic schwannomas are rare neoplasms. Authors 
briefly describe a 64-year-old female patient with cystic 
pancreatic schwannoma mimicking other cystic tumors 
and review the literature. Databases for PubMed were 
searched for English-language articles from 1980 to 
2010 using a list of keywords, as well as references 
from review articles. Only 41 articles, including 47 cases, 
have been reported in the English literature. The mean 
age was 55.7 years (range 20-87 years), with 45% of 
patients being male. Mean tumor size was 6.2 cm (range 
1-20 cm). Tumor location was the head (40%), head 
and body (6%), body (21%), body and tail (15%), tail 
(4%), and uncinate process (13%). Thirty-four percent 
of patients exhibited solid tumors and 60% of patients 
exhibited cystic tumors. Treatment included pancreati-
coduodenectomy (32%), distal pancreatectomy (21%), 
enucleation (15%), unresectable (4%), refused opera-
tion (2%) and the detail of resection was not specified 
in 26% of patients. No patients died of disease with a 
mean follow-up of 15.7 mo (range 3-65 mo), although 

5 (11%) patients had a malignancy. The tumor size was 
significantly related to malignant tumor (13.8 ± 6.2 cm 
for malignancy vs  5.5 ± 4.4 cm for benign, P = 0.001) 
and cystic formation (7.9 ± 5.9 cm for cystic tumor vs  3.9 
± 2.4 cm for solid tumor, P  = 0.005). The preoperative 
diagnosis of pancreatic schwannoma remains difficult. 
Cystic pancreatic schwannomas should be considered 
in the differential diagnosis of cystic neoplasms and 
pseudocysts. In our case, intraoperative frozen sec-
tion confirmed the diagnosis of a schwannoma. Simple 
enucleation may be adequate, if this is possible.
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INTRODUCTION
Pancreatic schwannomas are rare neoplasms that originate 
from Schwann cells. The Schwann cells line the nerve 
sheath and can generate either schwannoma or neurofi-
broma[1]. Schwannoma usually occur in the extremities, 
but can also be found in the trunk, head and neck, retro-
peritoneum, mediastinum, pelvis and rectum[2,3]. Pancre-
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atic schwannomas are even more unusual neoplasms that 
affect adults with an equal gender distribution[4,5]. These 
tumors vary considerably in size and approximately two-
thirds are reported to undergo degenerative changes in-
cluding cyst formation, calcification, hemorrhage, hyalin-
ization and xanthomatous infiltration[4,5]. As a result, they 
may radiographically mimic cystic pancreatic lesions (e.g., 
mucinous cystic neoplasms, solid and pseudopapillary 
neoplasms, serous cystic neoplasms, and pseudocysts).

Only 47 cases have been reported in the English litera-
ture in the last three decades[2-42]. In this report, we present 
a case of  pancreatic schwannoma and provide a pertinent 
review of  literature with emphasis on clinical presentation, 
diagnosis, treatment options, and outcome.

CASE REPORT
A 64-year-old previously healthy woman was incidentally 
discovered to have a cystic tumor in the pancreas dur-
ing an ultrasound examination for a health check. She 
was referred to our institution for further investigation. 
The abdominal physical examination did not detect any 
marked finding and all laboratory data were normal, in-
cluding tumor markers. The computed tomography (CT) 
scan demonstrated a well-encapsulated tumor, which 
was composed of  solid and cystic areas (Figure 1), and 
neither liver mass nor peripancreatic lymph node swell-
ing was detected. Magnetic resonance imaging (MRI) 
showed a mass, with hypointensity on T1-weighted im-
ages and hyperintensity on T2-weighted images. Magnetic 
resonance cholangiopancreatography (MRCP) showed a 
hyperintense mass in the pancreatic head with no dilata-
tion of  the main pancreatic duct. Endoscopic retrograde 
cholangiopancreatography revealed no communication 
between cystic tumor and pancreatic duct. Endoscopic 
ultrasonography showed that the tumor was composed 
of  cystic part and solid part. We performed surgery 
under the diagnosis of  cystic tumor of  the pancreas as 
mucinous cystic tumor, solid pseudo papillary tumor or 
gastrointestinal stromal tumor. The laparotomy disclosed 
a well-encapsulated 4-cm mass in the uncinate process of  
the pancreas that had no signs of  inflammation. Intraop-
erative ultrasound confirmed a solitary mass composed 
of  solid and cystic components (Figure 2). The mass was 
enucleated and an intraoperative frozen section demon-
strated a benign schwannoma. No further resection was 
performed based on these findings. The tumor was 4 cm 
× 4 cm × 3 cm in size, and was composed of  a mixture 
of  solid and hemorrhage areas. On microscopic examina-
tion, the tumor was composed of  spindle cells strongly 
positive for S-100 proteins and foci of  hemorrhage (he-
matoxylin and eosin, × 100) (Figure 3). The tumor cells 
were negative for smooth muscle actin and CD-34. The 
tumor was therefore histologically diagnosed as benign 
schwannoma. The patient was discharged uneventfully 
on postoperative day 17. At a 65-month follow up after 
resection, the patient is doing well without any recurrent 
disease.

DISCUSSION
A review of  the patient’s chart was performed along with 
a review of  English-language articles using a PubMed 
search for the last three decades. We found 41 articles 
including 47 patients with pancreatic schwannoma. De-
tails of  the cases are summarized in Table 1 along with 
the current patient. Table 2 summarizes the important 
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Figure 1  Contrast-enhanced computed tomography scan obtained in the 
arterial phase showing a multilocular cystic mass in the uncinate process 
of the pancreas. No pancreatic ductal dilatation or invasion into adjacent arte-
ries or portal vein are identified. 

Figure 2  Intraoperative ultrasound showing the well-encapsulated pan-
creatic mass that is composed of solid and cystic components. 

Figure 3  Microscopic examination demonstrating spindle cells without 
nuclear atypism (HE x 100). Immunohistochemical staining for S-100 protein 
was positive. HE: Hematoxylin and eosin. 
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Table 1  Summary of cases with pancreatic schwannoma

Author Year Sex Age Presenting symptoms Size 
(cm)

Location Solid/cystic by 
image

Treatment Histology Follow-up 
(mo)

Current case 2010 F 64 Asymptomatic   4.0 Uncinate Solid and cystic Enucleation Benign 65
Dorsey et al[6] 2010 F 54 Abdominal pain, weight 

loss
  1.4 Head Solid NA Benign NA

Stojanovic et al[7] 2010 F 24 Abdominal pain, dyspepsia, 
weight loss, palpable tumor

18.0 Body/tail Cystic DP + transverse 
colon

Malignant 28

Suzuki et al[8] 2010 F 66 Asymptomatic   3.0 Body Solid and cystic DP Benign 24
Aggarwal et al[9] 2010 M 20 Upper abdominal 

discomfort
  3.0 Head NA Enucleation Benign NA

Ohshima et al[10] 2010 F 32 Back pain   4.0 Head Solid and cystic PD Benign NA
Mummadi et al[11] 2009 M 35 Epigastric pain   7.0 Body Solid and cystic NA Benign 6
Gupta et al[5] 2009 F 56 Asymptomatic   8.3 Head/body Cystic PD Benign NA
Li et al[12] 2009 M 37 Asymptomatic 16.0 Head Solid and Cystic PD Benign NA
Tafe et al[13] 2008 M 46 Abdominal pain 11.0 Body/tail Cystic DP Benign NA
Hirabayashi et al[14] 2008 M 51 Asymptomatic   6.0 Tail Cystic DP Benign NA
Okuma et al[15] 2008 F 71 Epigastric pain   4.0 Body Solid and cystic DP Benign NA
Tofigh et al[16] 2008 M 54 Epigastric pain, weight 

loss, nausea, intermittent 
jaundice

  3.0 Head Solid (by 
specimen)

PD Benign

Fasanella et al[17] 2007 M 36 Abdominal discomfort   3.6 Uncinate Cystic NA Benign NA
Di Benedetto et al[18] 2007 M 42 Asymptomatic   2.5 Body Solid DP Benign NA
Yu et al[19] 2006 M 72 Upper abdominal pain   1.0 Head/body Solid NA Benign NA
Wu et al[20] 2005 M 71 Epigastric pain, decreased 

appetite
  1.5 Head Cystic Enucleation Benign 10

Novellas et al[21] 2005 F 46 Asthenia, weight loss, 
empyema

  3.0 Head Solid PD Benign 24

Soumaoro et al[22] 2005 F 64 Asymptomatic   2.5 Head Solid Enucleation Benign 24
Bui et al[23] 2004 F 69 Abdominal pain   5.0 Head Solid Unresectable NA1 NA
Akiyoshi et al[24] 2004 F 67 Asymptomatic   5.0 Head Cystic PD Benign 43
Von Dobschuetz et al[25] 2004 F 55 Asymptomatic   8.0 Head Cystic PD + PV 

reconstruction
Benign 10

Paranjape et al[4] 2004 F 77 Upper abdominal pain, 
weight loss

  3.5 Body Solid Enucleation Benign 3

Tan et al[26] 2003 F 46 Right upper quadrant pain   2.2 Head Solid and Cystic PD Benign NA
Almo et al[2] 2001 F 73 Abdominal pain, nausea, 

vomiting
  3.0 Head Cystic PD Benign 17

Almo et al[2] 2001 F 47 Abdominal pain, back pain   5.5 Head Solid PD Benign 14
Lee et al[27] 2001 F 63 Upper abdominal pain 10.0 Tail Cystic DP Benign 6
Morita et al[28] 1999 F 50 Upper abdominal pain   9.5 Body/tail Cystic DP Benign 7
Brown et al[29] 1998 M 52 Asymptomatic   5.5 Body Cystic Resection2 Benign NA
Brown et al[29] 1998 M 69 Asymptomatic   6.0 Head Cystic PD Benign NA
Hsiano et al[30] 1998 F 70 Palpable tumor 18.0 Body/tail Cystic Resection2 Benign 24
Feldman et al[31] 1997 M 63 Asymptomatic   2.5 Body Solid Enucleation Benign NA
Feldman et al[31] 1997 F 54 Abdominal pain   2.0 Uncinate Solid Enucleation Benign 22
Ferrozzi et al[32] 1995 M 47 Right-sided abdominal pain   3.5 Body NA DP Benign 48
Ferrozzi et al[32] 1995 M 63 Abdominal pain NA Body Cystic NA Benign NA
Ferrozzi et al[32] 1995 F 68 Upper abdominal pain NA Head/body Cystic NA Benign 6
Sugiyama et al[33] 1995 M 41 Asymptomatic   1.5 Uncinate Cystic PD Benign NA
Steven et al[34] 1994 M 59 Asymptomatic   4.0 Uncinate Solid PD Benign 10
Melato et al[35] 1993 M 87 Upper abdominal pain 20.0 Body/tail Cystic NA Benign NA
David et al[3] 1993 M 46 Right sided abdominal pain   6.0 Uncinate Cystic NA Benign NA
Urban et al[36] 1992 F 56 Right sided hip pain   4.0 Body Cystic DP Benign NA
Burd et al[37] 1992 M 73 Right upper quadrant 

abdominal pain
  2.0 Body/tail Solid NA Benign NA

Coombs et al[38] 1990 F 74 Anemia, melena   7.0 Head Solid with 
necrotic center

NA Malignant NA

Liessi et al[39] 1990 F 75 Abdominal pain   7.0 Head Solid Not resected Benign 7
Walsh et al[40] 1989 F 35 Abdominal pain, melena, 

anemia
NA Head NA PD Malignant 24

Eggermont et al[41] 1987 F 40 Upper abdominal pain, 
jaundice, weight loss

10.0 Head Solid with 
necrotic center

PD Malignant 9

Moller-Pederson et al[42] 1982 M 60 Back pain, weight loss 20.0 Body/tail Cystic Unresectable Malignant 4

M: Male; F: Female; NA: Not available. 1Unresectable because of encasing the superior mesenteric artery and the portal vein, although the malignant finding 
was not confirmed by histopathology; 2No specific operation documented. 
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mor location. The lesion was located in the pancreas head 
in 19 patients (40%), head and body in 3 patients (6%), 
body in 10 patients (21%), body and tail in 7 (15%), tail in 
2 patients (4%), and uncinate process in 6 patients (13%). 
Mean tumor size was 6.2 ± 5.1 cm (range 1-20 cm). 
Treatment included pancreaticoduodenectomy for 15 
patients (32%) including one portal vein reconstruction, 
distal pancreatectomy for 10 patients (21%) including 
combined transverse colon resection, enucleation for 7 
patients (15%), unresectable for 2 patients (4%), refused 
operation for 1 patient (2%) and the detail of  resection 
was not specified in 12 patients (26%). Enucleation was 
performed for 7 patients, and out of  these, 3 lesions 
were located in the head, 2 lesions were in the uncinate 
process and 2 lesions were in the body. The mean tumor 
size in the patients who underwent enucleation was 2.7 
cm (range 1.5-4.0 cm). Regarding gross appearance, 34% 
of  patients exhibited solid tumors and 60% of  patients 
exhibited cystic tumors. No patient died of  disease with 
a follow-up of  15.7 mo (range 3-65 mo), although 4 (9%) 
patients had a malignancy. The tumor size was related to 
malignant tumor (13.8 ± 6.2 cm for malignancy vs 5.5 ± 
4.4 cm for benign, P = 0.001) (Figure 4A) and cystic for-

available facts regarding all patients. We examined the 
correlation between tumor size and malignancy, as well 
as tumor size and cystic degeneration. Continuous data 
are presented as mean ± standard deviation and range. 
Student t-test was used for all comparisons among con-
tinuous variables. A P < 0.05 was considered statistically 
significant.

A PubMed search of  the literature indicated 41 re-
ports including 47 patients with pancreatic schwannoma 
in the English literature. Details of  all the 47 cases are 
summarized in Table 1. Table 2 summarizes the impor-
tant available clinicopathological factors. The mean age 
of  the patients was 55.7 ± 15.1 years (range 20-87 years) 
and the male-female ratio was 21:26. Thirty percent of  
patients were asymptomatic and 70% of  patients were 
symptomatic. Symptoms included abdominal pain (57%), 
weight loss (13%), back pain (6%), nausea/vomiting (4%), 
abdominal mass (4%), melena (4%), and jaundice (4%). 
The symptoms did not correlate with tumor size and tu-

Table 2  Summary of clinicopathological data from all 47 
cases of pancreatic schwannoma

n (%) or mean ± SD (range)

Age (yr)   55.7 ± 15.1 (20-87)
Sex (male/female), (male %)         21/26 (45%)
Symptoms1

   Asymptomatic               14 (30%)
   Symptomatic
      Abdominal pain               27 (57%)
      Weight loss                 6 (13%)
      Back pain               3 (6%)
      Nausea/vomiting               2 (4%)
      Abdominal mass               2 (4%)
      Anemia               2 (4%)
      Melena               2 (4%)
      Jaundice               1 (4%)
Location
   Head                19 (40%)
   Head/body               3 (6%)
   Body               10 (21%)
   Body/tail                 7 (15%)
   Tail               2 (4%)
   Uncinate process                 6 (13%)
Mean size (cm), (n = 44)     6.2 ± 5.1 (1-20)
Operation
   Pancreaticoduodenectomy2               15 (32%)
   Distal pancreatectomy3               10 (21%)
   Enucleation                 7 (15%)
   Unresectable               2 (4%)
   Refused               1 (2%)
   Not specified               12 (26%)
Histology
   Malignant                 5 (11%)
   Benign               41 (87%)
   Not specified               1 (2%)
Nature of tumor
   Solid               16 (34%)
   Cystic               28 (60%)
   Not specified               3 (6%)
Mean follow-up months (n = 23) 18.9 ± 15.7 (3-65)
Died of disease               0 (0%)

1Patients had several symptoms; 2One patient underwent resection of 
portal vein; 3One patient underwent resection of transverse colon. 
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Figure 4  Analysis for relation between tumor size and malignant potential 
and tumor nature (solid or cystic) in all 47 cases of pancreatic schwanno-
ma. A: Relationship between tumor size and malignancy. Larger tumor size is 
related to malignant tumor (13.8 ± 6.2 cm for malignancy vs 5.5 ± 4.4 cm for 
benign, P = 0.001); B: Relationship between tumor size and nature of tumor. 
Larger tumor size is related to cystic degeneration (13.8 ± 6.2 cm for cystic 
tumor vs 5.5 ± 4.4 cm for solid tumor, P = 0.005). 
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mation (7.9 ± 5.9 cm for cystic tumor vs 3.9 ± 2.4 cm for 
solid tumor, P = 0.005) (Figure 4B).

In 1910, Verocay reported a schwannoma as a true neo-
plasm which originated from Schwann cells, and which did 
not contain neuroganglion cells[1]. Since then, schwanno-
mas have become well known as benign spindle cell 
tumors derived from Schwann cells that line the nerve 
sheaths. Schwannomas usually occur in the extremities, 
but can also be found in the trunk, head and neck, ret-
roperitoneum, mediastinum, pelvis and rectum[2-4]. Pan-
creatic schwannomas are rare neoplasms that arise from 
either autonomic sympathetic or parasympathetic fibers, 
both of  which course through the pancreas as branches 
of  the vagus nerve[2-4].

Microscopically, a typical schwannoma is composed 
of  2 areas, namely Antoni A and Antoni B areas. The 
Antoni A area is hypercellular and characterized by close-
ly packed spindle cells with occasional nuclear palisading 
and Verocay bodies, whereas the Antoni B area is hypo-
cellular and is occupied by loosely arranged tumor cells[43]. 
Most of  the pancreatic schwannomas reported had both 
Antoni A and Antoni B areas in various proportions. De-
generative or cystic changes such as calcification or hem-
orrhage are often recognized in the Antoni B area. These 
changes result from vascular thrombosis and subsequent 
necrosis[43]. Cystic pancreatic schwannomas can mimic 
the whole spectrum of  cystic pancreatic lesions includ-
ing: intraductal mucinous-papillary neoplasms, mucinous 
cystic neoplasms, serous cystic neoplasms, solid and 
pseudo-papillary neoplasms, lymphangiomas, and pancre-
atic pseudocysts. Immunohistochemically, schwannomas 
stain strongly positive for S-100 protein, vimentin and 
CD 56, while negative for other tumor markers including 
cytokeratin AE1/AE3, desmin, smooth muscle myosin, 
CD 34 and CD 117[43].

The symptoms of  the reported patient cases of  pan-
creatic schwannoma vary. Seventy percent of  patients 
were symptomatic. Abdominal pain was the most com-
mon symptom reported (57%). Symptoms such as back 
pain (6%), nausea/vomiting (4%), weight loss (13%), 
melena (4%) and jaundice (4%) have been also reported. 
Thirty percent of  patients were asymptomatic and the 
lesions were incidentally discovered on CT scans per-
formed for other reasons.

The preoperative diagnosis of  pancreatic schwannoma is 
very difficult, especially in cystic schwannomas. Suzuki et al[8]  
reviewed imaging features of  pancreatic schwannomas. 
The most characteristic feature on CT scan was the pres-
ence of  an area of  low density and/or cystic images re-
flecting the Antoni B component or degenerative cystic 
areas of  the schwannoma. Contrast-enhanced CT scan 
showed the difference between the Antoni A and the An-
toni B areas based on their vascularity, i.e., well-enhanced 
areas corresponding to Antoni A, and unenhanced areas 
corresponding to Antoni B. The CT findings correlated 
well with pathological features[8,19]. The MRI findings usu-
ally showed hypointensity on T1-weighted images and 
hyperintensity on T2-weighted images[21]. However, other 

pancreatic tumors often share those imaging features, and 
differential diagnoses should always be considered. Ultra-
sound-guided Fine Needle Aspiration (EUS-FNA) biopsy 
has been used increasingly commonly at many institutions. 
This procedure may be useful for accurate preoperative 
diagnosis. Cytologically, schwannomas are characteristi-
cally composed of  spindle-shaped cells, which possess 
indistinct cytoplasmic borders and wavy nuclei embedded 
in a fibrillary and occasionally myxoid or collagenous ma-
trix. The Antoni A (cohesive cellular clusters) and Antoni 
B (loosely cohesive or poorly cellular sheets) areas are oc-
casionally found. Immunohistochemical staining is useful 
for accurate diagnosis of  schwannoma[12,14]. It is diffusely 
and strongly positive for S-100 protein. There has only 
been one previous report of  pancreatic schwannoma di-
agnosed preoperatively by EUS-FNA cytology combined 
with immunohistochemistry[12]. 

Although malignant pancreatic schwannomas have 
been reported in 5 articles[7,38,40-42], in 3 of  5 the methods 
of  diagnosing malignancy were inconsistent, as some 
previous reports pointed out[4,5]. Immunohistochemical 
examination was not used or was not available in these 
3 patients. Walsh and Bradspigel[40] described a case of  
pancreatic schwannoma eroding into the bowel wall and 
presenting with gastrointestinal bleeding that mimicked a 
recurrently bleeding duodenal ulcer. Another two patients 
reported had disease associated with von Recklinghausen’
s disease[41,42]. These could represent misdiagnosed neuro-
fibromas that underwent malignant degeneration[4,5]. Sto-
janovic et al[7] reported malignant pancreatic schwannoma 
with node metastasis and infiltrating serosa of  transverse 
colon. This tumor was confirmed using immunohisto-
chemical examination. This may be the first definite re-
port of  malignant schwannoma with subsequent radical 
resection.

Since malignant transformation of  pancreatic schwanno-
mas is uncommon, simple enucleation is usually sufficient. 
A review of  the treatment showed that the most common 
resection was pancreaticoduodenectomy (32%), followed by 
distal pancreatectomy (21%) and enucleation (15%). This 
result may account for the difficulty in accurate diagnosis 
of  pancreatic schwannoma and relate to larger size of  this 
tumor. Enucleation was performed for 7 patients for whom 
3 lesions were located in the head, 2 lesions were in the unci-
nate process and 2 lesions were in the body. The mean tumor 
size of  the patients who underwent enucleation was 2.7 cm 
(range 1.5-4.0 cm). Intraoperative consultation with the pa-
thologist was carried out in most of  the enucleated cases. An 
intraoperative frozen section should be performed, as it helps 
to establish the diagnosis of  a benign schwannoma and avoid 
more radical resection. Large tumors, tumors involving portal 
vein, ampulla, or splenic hilum, may require a more radical 
resection than simple enucleation. 

The present report shows the correlation between 
tumor size and malignant formation (Figure 4A), and tu-
mor size and cystic degeneration (Figure 4B). Malignant 
schwannomas were more likely to be larger-sized com-
pared to many other tumors. On the other hand, the par-
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ticular feature of  pancreatic schwannoma was that larger 
tumor size was related to cystic degeneration, as shown in 
Figure 4B. Cystic degeneration could make it difficult to 
diagnose pancreatic schwannoma preoperatively, because 
of  mimicking other cystic neoplasms. Caution should be 
applied when diagnosing cystic neoplasm. An intraopera-
tive frozen section may help to establish the diagnosis 
of  a schwannoma and avoid more radical resection. To 
our knowledge, the present report is the first to analyze 
the relation among tumor size, malignant formation and 
cystic degeneration. Our results suggest that pancreatic 
schwannoma might be resected even though diagnosed 
preoperatively, because if  schwannomas are smaller, enu-
cleation should be oncologically adequate. However, when 
tumors become larger with associated bleeding risk, more 
invasive resection such a PD or DP might be necessary. 
In particular, in cases of  tumors more than 10 cm in size, 
we should pay special attention to malignant degeneration 
and should perform a more extended resection. To avoid 
extended resection, earlier resection and accurate diagno-
sis are very important.

In conclusion, pancreatic schwannomas deserve atten-
tion with regard to the differential diagnosis of  pancreatic 
lesions. Preoperative diagnosis is very difficult. Simple 
enucleation is adequate if  this is possible to achieve. Intra-
operative frozen section is useful to diagnose schwannoma.
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Abstract
Primary esophageal combined carcinoma is very rare. 
The authors herein report 2 cases. Case 1 was a com-
bined squamous cell carcinoma and small cell carci-
noma, and case 2 was a combined squamous cell carci-
noma, adenocarcinoma, and small cell carcinoma. Case 
1 was a 67-year-old man with complaints of dysphagia. 
Endoscopic examination revealed an ulcerated tumor in 
the middle esophagus, and 6 biopsies were obtained. 
All 6 biopsies revealed a mixture of squamous cell car-
cinoma and small cell carcinoma. Both elements were 
positive for cytokeratin, epithelial membrane antigen, 
and p53 protein, and had high Ki-67 labeling. The small 
cell carcinoma element was positive for synaptophysin, 
CD56, KIT, and platelet-derived growth factor-α (PDG-
FRA), while the squamous cell carcinoma element was 
not. Genetically, no mutations of KIT  and PDGFRA were 
recognized. The patient died of systemic carcinomato-
sis 15 mo after presentation. Case 2 was a 74-year-old 
man presenting with dysplasia. Endoscopy revealed a 
polypoid tumor in the distal esophagus. Seven biopsies 
were taken, and 6 showed a mixture of squamous cell 
carcinoma, small cell carcinoma, and adenocarcinoma. 
The 3 elements were positive for cytokeratins, epithe-

lial membrane antigen, and p53 protein, and had high 
Ki-67 labeling. The adenocarcinoma element was posi-
tive for mucins. The small cell carcinoma element was 
positive for CD56, synaptophysin, KIT, and PDGFRA, 
but the other elements were not. Mutations of KIT and 
PDGFRA were not recognized. The patient died of sys-
temic carcinomatosis 7 mo after presentation. These 
combined carcinomas may arise from enterochromaf-
fin cells or totipotential stem cell in the esophagus or 
transdifferentiation of one element to another. A review 
of the literature was performed. 
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INTRODUCTION
Combined esophageal carcinomas are very rare and in-
teresting tumors. A full review of  the English literature 
revealed 24 reporting combined carcinoma of  the esoph-
agus[1-24]. Most were small cell carcinomas, and a few were 
non-small cell carcinomas[1-24]. The author herein reports 
2 cases of  combined carcinoma of  the esophagus. One 
case is a combined squamous cell carcinoma and small 
cell carcinoma, and another case is a combined squamous 
cell carcinoma, adenocarcinoma, and small cell carcinoma

CASE REPORT

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v18.i13.1545

1545 April 7, 2012|Volume 18|Issue 13|WJG|www.wjgnet.com

World J Gastroenterol  2012 April 7; 18(13): 1545-1551
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2012 Baishideng. All rights reserved.



CASE REPORT
Case 1
A 67-year-old man was admitted to our hospital with 
dysphagia. An endoscopic examination revealed an ulcer-
ated tumor (3 cm × 4 cm × 3 cm) in the middle esopha-
gus (Figure 1A), and 6 biopsies were obtained. All 6 
biopsies revealed a mixture of  squamous cell carcinoma 
(Figure 1B) and small cell carcinoma (Figure 1C). The 
squamous element was composed of  malignant cells ar-
ranged in a layer with focal keratinization (cancer pearls). 
The small cell carcinoma element consisted of  malignant 
small cells with hyperchromatic nuclei, nuclear molding, 
absent nucleoli, and very scant cytoplasm. There was a 
gradual merging of  the 2 elements. 

The authors performed an immunohistochemical 
study using Dako Envision method, as previously de-
scribed[25,26]. The immunohistochemical antibodies used 
were as follows: cytokeratins (AE1/3, Dako; CAM5.2 
Bekton-Dickinson, CA, United States), epithelial mem-
brane antigen (E29, Dako), neuron-specific enolase 
(BBS/NC/VI-H14, Dako), chromogranin (DAK-A3, 
Dako), synaptophysin (polyclonal, Dako), CD56 (UJ13A, 
Dako), p53 protein (DO-7, Dako), Ki-67 (MIB-1, Dako), 
KIT (polyclonal, Dako), and platelet derived growth fac-
tor receptor-α (PDGFRA) (polyclonal, Santa Cruz, CA, 
United States). The squamous cell carcinoma element 
was positive for cytokeratin, epithelial membrane antigen, 
p53 protein, and Ki-67 antigen (57% labeled), but nega-
tive for other antigens examined. The small cell carcino-
ma element was positive for cytokeratin (Figure 1D), p53 
protein, Ki-67 (96% labeled), synaptophysin (Figure 1E), 
CD56, and chromogranin, KIT (Figure 1F), and PDG-
FRA (Figure 1G). 

The authors performed a molecular genetic study 
for KIT (exons 9, 11, 13 and 17) and PDGFRA (exons 
12 and 18) genes in paraffin sections using microdissec-
tion and the polymerase chain reaction-direct sequencing 
method, as previously described[27-30]. There were no mu-
tations of  the KIT (exons 9, 11, 13 and 17) and PDGFRA 
(exons 12 and 18) genes. 

The patient was diagnosed with combined carcinoma 
of  esophagus (stage Ⅱ, T2 N0 M0). Surgery was not 
considered because the tumor contained small cell 
carcinoma. The patient was treated with cisplatin-based 
chemotherapy and radiation, but died of  systemic carci-
nomatosis 15 mo after presentation. 

Case 2 
A 74-year-old man presented with dysplasia, and attended 
our hospital. An endoscopy revealed a polypoid tumor (2 
cm × 2 cm × 3 cm) in the middle esophagus (Figure 2A). 
Seven biopsies were taken, and 6 showed a mixture of  
squamous cell carcinoma (Figure 2B), small cell carcinoma 
(Figure 2C), and adenocarcinoma (Figure 2D). The squa-
mous cell carcinoma element showed malignant cells in a 
layer with focal keratinization. The small cell carcinoma 
element was composed of  small malignant cells with hy-

perchromatic nuclei, inconspicuous nucleoli, and scant cy-
toplasm. The adenocarcinoma element showed sheet-like 
tumor cells with focal acinar formations, in which mucins 
were identified. The 3 elements were positive for cytokera-
tins, epithelial membrane antigen, p53 protein, and Ki-67 
(labeling: squamous cell carcinoma element, 34%; adeno-
carcinoma element, 29%; small cell carcinoma element 
87%). The squamous cell carcinoma and adenocarcinoma 
elements were negative for CD56, chromogranin, synap-
tophysin, neuron-specific elolase, KIT and PDGFRA. In 
contrast, the small cell carcinoma element was positive for 
CD56 (Figure 2E), synaptophysin, KIT (Figure 2F), and 
PDGFRA (Figure 2G). Mutations of  KIT and PDGFRA 
were not found. 

The patient was diagnosed with combined carcinoma 
of  the esophagus (stage Ⅱ, T2 N1 M0). Surgery was 
not considered because the tumor contained small cell 
carcinoma. The patient received chemoradiation, but died 
of  systemic carcinomatosis 7 mo after presentation. 

DISCUSSION
The present 2 cases of  combined carcinoma of  the esopha-
gus were associated with small cell carcinoma. Small cell 
carcinoma is diagnosed with hematoxylin and eosin (HE) 
staining and is defined as an undifferentiated carcinoma 
consisting of  small cells with characteristic cellular and 
nuclear features, such as small-sized cells, scant cyto-
plasm, hyperchromatic, finely granular, and molded nu-
clei, and inconspicuous nucleoli, according to the World 
Health Organization Blue Book[31]. Neuroendocrine 
features are recognized in more than 90% of  small cell 
carcinoma[31]. Squamous cell carcinoma is characterized 
by a squamoid cell arrangement and the presence of  
intercellular bridges and keratinization. Adenocarcinoma 
is characterized by tubular formations and the presence 
of  mucins. Case 1 in the present study fulfilled these cri-
teria, and was definitely combined small cell carcinoma 
and squamous cell carcinoma. Likewise, Case 2 was an 
apparently combined small cell carcinoma, squamous 
cell carcinoma, and adenocarcinoma. The presence of  
p53 protein and high Ki-67 labeling supports the above 
diagnosis.

In the present study, there was gradual merging of  
the 2 elements in case 1 and of  the 3 elements in case 2. 
These findings may indicate that each element is derived 
from transdifferentiation of  other elements. Traditionally, 
small cell carcinoma of  the esophagus is thought to be 
derived from enterochromaffin cells or APUD cells pres-
ent in the normal esophagus. Otherwise, this esophageal 
tumor arises from totipotent stem cells of  the esophagus, 
as suggested by Ho et al[2]. The present study could not 
determine the histogenesis of  the combined carcinomas 
associated with small cell carcinomas. 

Most of  esophageal tumors with multiple differentia-
tion (combined carcinoma) are associated with small cell 
carcinoma[1-15,17-24], although basaloid cell squamous cell 
carcinoma also shows multiple differentiation[16]. The cel-
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lular origin of  small cell carcinoma is unknown. In the full 
review of  the English literature on combined carcinomas 
of  esophageal cancers, Rosen et al[1] reported an epider-
moid carcinoma simulating oat cell carcinoma. Ho et al[2] 
reported that 2 of  4 cases of  esophageal small cell carcino-
ma contained foci of  squamous cell carcinoma. Reid et al[3]  
described a case of  esophageal small cell carcinoma with 
foci of  squamous cell carcinoma. Reyes et al[4] reported 
that foci of  squamous cell carcinoma were seen in 4/16 

esophageal small cell carcinoma. Sarma[5] mentioned that 
there were oat cell carcinomas with squamous cell carcino-
ma foci and adenocarcinoma foci. Doherty et al[6] reported 
that there were oat cell carcinomas with squamous cell car-
cinoma in situ, with squamous cell carcinoma, with adeno-
carcinoma, and with carcinoid. Sato et al[7] reported a case 
of  small cell carcinoma with invasive squamous cell carci-
noma. Sasajima et al[8] demonstrated one case of  esopha-
geal carcinoma showing multiple differentiations into oat 
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Figure 1  Case 1. A: Endoscopy. An ulcerated 
tumor is seen in the esophagus; B: Histology 
of the squamous cell carcinoma element of 
the esophageal tumor. Keratinization is seen 
[hematoxylin and eosin (HE), x 200]; C: Small 
cell carcinoma element of the esophageal 
carcinoma. The tumor cells show character-
istic morphologies of small cell carcinoma 
(HE, x 200); D: Cytokeratins are expressed in 
the small cell carcinoma component (x 200); 
E: Synaptophysin is expressed in the small 
cell carcinoma component (x 200); F: KIT is 
expressed in the small cell carcinoma com-
ponent (x 200); G: Platelet-derived growth 
factor-α is expressed in the small cell carci-
noma component (x 200). 
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Takubo et al[14] found a combination of  small cell carci-
noma and squamous cell carcinoma in 11 of  21 cases, and 
a combination of  small cell carcinoma and mucoepider-
mid carcinoma in 1 of  21 cases. Medgyesy et al[15] found a 
combination of  small cell carcinoma and adenocarcinoma 
in 1 of  8 cases, and a combination of  small cell carcinoma 
and squamous cell carcinoma in 1 of  8 cases. Cho et al[16] 
identified a combination of  basaloid squamous cell car-
cinoma and squamous cell carcinoma in 8 of  18 cases, a 

cell carcinoma, adenoid cystic carcinoma, adenocarci-
noma, and squamous cell carcinoma. Mori et al[9] reported 
that 7 squamous cell foci and 2 adenocarcinoma foci 
were recognized in 10 small cell carcinomas. Attar et al[10]  
showed concomitant squamous cell carcinoma in small 
cell carcinoma. Beyer et al[11] mentioned that there was 
considerable histological heterogeneity in small cell car-
cinoma. Fujiwara et al[13] reported a case of  small cell 
carcinoma with concomitant squamous cell carcinoma. 

DC
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G

Figure 2  Case 2. A: Endoscopy. An elevated tumor is 
seen in the esophagus; B: Histology of the squamous 
cell carcinoma element of the esophageal tumor. A 
cancer pearl is seen [hematoxylin and eosin (HE), x 
200]; C: Small cell carcinoma element of the esopha-
geal carcinoma. The tumor cells show characteristic 
morphologies of small cell carcinoma (HE, x 200); D: 
Adenocarcinomatous element shows focal tubular 
formations (HE, x 200); E: CD56 is expressed in the 
small cell carcinoma component (x 200); F: KIT is ex-
pressed in the small cell carcinoma component (x 200); 
G: Platelet-derived growth factor-α is expressed in the 
small cell carcinoma component (x 200). 
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combination of  basaloid squamous cell carcinoma and ad-
enocarcinoma in 3 of  18 cases, a combination of  basaloid 
squamous cell carcinoma and small cell carcinoma in 2 
of  18 cases. Uğraş et al[18] reported a combined carcinoma 
composed of  small cell carcinoma and squamous cell 
carcinoma. Ishihara et al[19] found an esophageal combined 
carcinoma consisting of  Pagetoid squamous cell carci-
noma, choriocarcinoma, and mucoepidermoid carcinoma. 
Yamamoto et al[20] reported in situ and invasive squamous 
cell carcinomas were present in 3 of  6 cases of  small cell 
carcinoma. Wu et al[21] reported that small cell carcinoma 
with squamous cell carcinoma was found in 3 of  9 cases. 
Yun et al[22] identified squamous differentiation in small cell 
carcinoma in 2 of  21 cases. Bilbeau et al[23] reported a case 
of  small cell carcinoma with adenocarcinoma in a Barrett’s  
esophagus. Maru et al[24] reported that a combination of  
small cell carcinoma and adenocarcinoma was seen in 15 
of  40 cases, and a combination of  small cell carcinoma 
and squamous cell carcinoma in 1 of  40 cases. Therefore, 
this literature review showed that combined carcinoma of  
the esophagus is not so rare among small cell esophageal 
carcinomas, and that the majority of  combined carcinoma 
is associated with small cell carcinoma. The review also 
confirmed that esophageal combined carcinoma com-
posed of  small cell carcinoma and squamous cell carci-
noma is the most common, followed by a combination of  
small cell carcinoma and adenocarcinoma. The present 2 
cases also are the common type of  combined esophageal 
carcinoma.

As mentioned above, small cell carcinoma is diagnosed 
by HE staining[31]. About 90% of  small cell carcinoma has 
neuroendocrine features[31]. The neuroendocrine features 
can be demonstrated by immunohistochemical demon-
stration of  neuroendocrine antigens such as chromo-
granin, synaptophysin, CD56, and neuron-specific enolase 
or by ultrastructural demonstration of  neuroendocrine 
secretory vesicles[32]. Yamamoto et al[20] described that 
CD56, neuron-specific enolase, and chromogranin were 
positive in a small cell carcinoma component while they 
were negative in the squamous cell carcinoma component 
in 3 cases of  combined esophageal carcinoma. They also 
demonstrated that both components were positive for 
cytokeratins and epithelial membrane antigen. Wu et al[21]  

described that esophageal small cell carcinomas were 
positive for neuron-specific enolase, chromogranin A, 
and synaptophysin in all 9 cases investigated. Yun et al[22] 
described that the percentage of  endocrine markers in 
21 esophageal small cell carcinomas was as follows: syn-
aptophysin, 95%; CD56, 76%; chromogranin A, 62%, 
neuron-specific enolase, 62%, TTF-1, 71%; epithelial 
membrane antigen, 62%; cytokeratins, 57%; S100 pro-
tein, 19%. Maru et al[24] described that chromogranin was 
positive in 31 of  40 and synaptophysin in all 40 esopha-
geal neoroendocrine carcinomas. In the present case, 
synaptophysin, CD56 and chromogranin were positive in 
the small cell carcinoma component in case 1, and CD56 
and synaptophysin were positive in the small cell carci-

noma component in case 2. In both cases in the present 
study, all the elements were positive for cytokeratin and 
epithelial membrane antigen. The non-small cell carci-
noma components were negative for the neuroendocrine 
carcinoma. These findings are compatible with those of  
previous studies.

The present study has new findings: it showed positive 
expression of  KIT and PDGFRA in the small cell carci-
noma element of  the 2 combined esophageal carcinomas. 
The present study also revealed that the squamous cell 
carcinoma and adenocarcinoma components were nega-
tive for KIT and PDGFRA protein and were negative for 
KIT and PDGFRA mutations in the esophageal com-
bined carcinoma. KIT and PDGFRA are transmembra-
nous receptor tyrosine kinase oncoproteins involved in 
carcinogenesis[33-35]. The vast majority of  small cell carci-
noma develops in the lung. In small cell lung carcinoma, 
KIT is frequently expressed, but no mutations of KIT 
gene have been recognized[36-46]. In small cell lung carci-
noma, protein expression and mutations of  PDGFRA 
are unknown. In extrapulmonary small cell carcinoma, 
KIT and PDGFRA proteins are frequently expressed, 
but there have been no mutations of KIT and PDGFRA 
genes found[46-48]. Many more studies of  the KIT and 
PDGFRA gene status in esophageal combined carcino-
mas are necessary to elucidate the molecular mechanism 
of  the carcinogenesis.

The biological behavior of  these combined carci-
nomas of  the esophagus is not known. However, it is 
thought that these combined carcinomas behave like 
small cell carcinoma, because the great majority of  these 
combined carcinomas contain a small cell carcinoma 
element[1-24]. The option for treatment is not surgery but 
chemotherapy and radiation as in pulmonary small cell 
carcinoma[1-24]. The chemotherapy employed was cisplatin 
and etoposide[1-24]. Adjuvant radiation therapy may be 
effective. The combined carcinomas of  the esophagus 
have a higher propensity for systemic metastases[1-24]. The 
survival rate is not clear because of  a limited number 
of  cases. However, survival was thought to be similar to 
that of  pulmonary small cell carcinoma[1-24].

In summary, the authors presented 2 rare cases of  
esophageal combined carcinoma with double (squamous 
cell carcinoma and small cell carcinoma) and triplicate 
differentiation (squamous cell carcinoma, small cell carci-
noma, and adenocarcinoma). The authors speculates that 
the combined carcinomas are basically small cell carcino-
mas with squamous and/or adenocarcinomatous differ-
entiation. The present esophageal combined carcinomas 
may arise from enterochromaffin or totipotent stem cell 
of  the esophagus. It is also possible that each element 
of  the esophageal combined carcinomas may be de-
rived from transdifferentiation of  other elements. There 
were expressions of  KIT and PDGFRA in the small 
cell carcinoma component of  the esophageal combined 
carcinomas, but were negative for mutations of  KIT and 
PDGFRA. 
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Abstract
Ascaris lumbricoides is the largest intestinal nematode 
parasite of man, which can lead to various complica-
tions because of its mobility. As the esophagus is not 
normal habitat of Ascaris, the report of esophageal as-
cariasis is rare. An old female presented with dysphagia 
after an intake of several red bean buns and haw jel-
lies. The barium meal examination revealed a spherical 
defect in the lower esophagus. Esophageal bezoar or 
esophageal carcinoma was considered at the begin-
ning. The patient fasted, and received fluid replacement 
treatment as well as some oral drugs such as proton 
pump inhibitor and sodium bicarbonate. Then upper 
gastrointestinal endoscopy was done to further confirm 
the diagnosis and found a live Ascaris lumbricoides 
in the gastric antrum and two in the duodenal bulb. 
The conclusive diagnosis was ascariasis. The esopha-
geal space-occupying lesion might be the entangled 
worm bolus. Anthelmitnic treatment with mebendazole 
improved patient’s clinical manifestations along with 
normalization of the radiological findings during a 2-wk 
follow-up. Authors report herein this rare case of As-

caris lumbricoides in the esophagus, emphasizing the 
importance of awareness of this parasitic infection as it 
often presents with different and unspecific symptoms.
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INTRODUCTION
Ascaris lumbricoides is the giant intestinal roundworm, 
causing infection of  the gastrointestinal tract and affects 
approximately one quarter of  the world’s population. 
In clinical observations, the majority of  patients are in-
fected with intestinal ascariasis. Adult roundworms can 
be stimulated to migrate to any orifice by stressful condi-
tions such as gastrointestinal disease, fever, anesthesia 
and anthelmintic drugs, so some complications such as 
acute cholecystitis, acute cholangitis, and acute pancreati-
tis caused by ascariasis of  bile or pancreatic ducts have 
been reported. However, demonstration of  the worms in 
esophagus is extremely rare. A case of  esophageal ascaria-
sis in a 15-year-old boy was reported by an Indian author 
in 1999[1], but it did not discuss the possible mechanism. 
Herein, we describe a case that showed a space-occupy-
ing lesion of  the esophagus in an old woman caused by 
Ascaris and discuss the likely causes. 
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CASE REPORT
A 70-year-old female presented with recurrent dyspha-
gia for 4 years, and was admitted to our hospital with 
complaints of  symptoms worsening in the past 3 d. The 
patient complained that the dysphagia often occurred 
when she ate too fast, which was unrelated to the posi-
tion or season and relieved by inducing vomiting through 
physical stimulation. She also had abdominal distension 
and frequent belching. Three days before admission, the 
symptoms of  dysphagia could not be relieved by induc-
ing vomiting after an intake of  several red bean buns and 
haw jellies. Barium meal examination in a local hospital 
revealed a spherical defect in the lower esophagus allow-
ing little barium to pass through (Figure 1). She had no 
specific past medical history which included digestive 
system disease. Upon physical examination, her general 
condition was normal, temperature 37 ℃, blood pressure 
120/75 mmHg, heart rate 64 beats/min, and respira-
tory rate of  18 breaths/min. She was thin but no signs 
of  anemia. The abdomen was soft with normal bowel 
sounds and no peritoneal signs. The laboratory results 
were as follows: Hb 139 g/L, white blood cell 11.54 × 
109/L, neutrophils 77.8%, eosinophils 0.3%. Markers for 
hepatitis A, B, C were negative. Kidney and liver function 
tests and serum electrolytes were normal. Fecal exami-
nation was not available due to absence of  stools in the 
hospital. X-ray films of  the chest and abdomen were per-
formed immediately upon admission to our hospital and 
showed a globular high density shadow on the right side 
of  trachea in the mediastinum, as well as a strand-like 
high density shadow in the right upper quadrant of  abdo-
men, and excess barium remained in the colon, and lum-
bar spondylosis. We considered the following diagnoses: 
hiatal hernia, esophageal bezoar or esophageal carcinoma 
on the basis of  the radiological appearance.

The patient fasted and was given fluid replacement 
treatment. Other oral drugs such as proton pump inhibi-
tor (PPI) and sodium bicarbonate were also administered 
considering the possible existence of  hiatal hernia and 
esophageal bezoar, while soybean oil was taken orally to 
help the barium pass with the feces. To further confirm 
the diagnosis, the patient underwent upper gastrointesti-
nal endoscopy on the second day of  admission. Endos-
copy showed the mucous membrane of  esophagus to be 
smooth and clear except for some slight congestion in the 
lower part; the body of  stomach was normal and a live 
Ascaris lumbricoides worm was seen in the gastric antrum, 
where mucosa was thinner; there was a diverticula approx-
imately 0.6 cm × 0.6 cm in size in the posterior wall of  
duodenal bulb and another two live worms were present 
(Figure 2). The congestion of  duodenal mucosa also ap-
peared. Endoscopic diagnoses were esophagitis, atrophic 
antral gastritis, duodenitis with diverticulum, and ascariasis.

The patient reported a history of  passage of  worms 
in stools, and a history of  eating raw vegetables. She 
received mebendazole for anthelmitnic treatment along 
with PPI therapy. The patient improved symptomatically 
during a 2-wk follow-up, and did pass 5-6 worms with 

feces. Repeated barium examination for upper gastroin-
testinal tract was unremarkable (Figure 3).

DISCUSSION
Ascaris lumbricoides, the largest intestinal nematode par-
asite of  man, are commonly seen in rural areas of  China, 
especially among people with poor hygienic conditions 
and/or having a habit of  eating raw food. However, the 
prevalence of  ascariasis has declined with improvement 
of  sanitation and the application of  pesticides and chemi-
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Figure 1  Barium meal examination revealed a spherical filling defect in 
the lower esophagus.

Figure 2  A live Ascaris worm appeared in the duodenal bulb, which was 
extracted with a grasper.

Figure 3  The defect filling disappeared in repeated barium examinations. 



cal fertilizers. The serious harm and complications of  this 
round worm should be stressed. Ascaris larvae can cause 
transient eosinophilic pulmonary infiltrates (Loeffler’s 
syndrome) when they migrate through the lungs, which 
is characterized by pulmonary infiltrates and peripheral 
blood eosinophilia. Infection of  adult Ascaris lumbricoi-
des, which mostly inhabit the jejunum and ileum, usually 
presents with anorexia, nausea and vomiting, intermittent 
periumbilical pain, and malnutrition. More serious com-
plications of  Ascaris infection may occur when a large 
worm burden is present in the lumen of  the intestine, 
such as intestinal obstruction, intussusception, volvulus 
or even gangrene. Intestinal hemorrhage[2] and perfora-
tion by Ascaris have also been reported, with the latter 
being able to lead to acute diffuse peritonitis or peritoneal 
granuloma[3]. In addition, Ascaris infection can cause al-
lergic reactions, presenting with urticaria, skin itch, angio-
neurotic edema or even eosinophilic cholecystitis[4].

When the living environment becomes unfavorable 
such as gastrointestinal disease, hunger, fever, failed de-
worming therapy or impaction of  a mass of  worms in 
the intestinal lumen, adult Ascaris will try to enter into 
any orifice and advance into any channel leading off  
from it. Then various complications are encountered. 
The worms commonly enter the biliary or pancreatic 
ducts, causing cholecystitis, cholangitis, liver abscess, and 
pancreatitis. Ascaris may migrate into appendix as well, 
resulting in appendiceal colic and appendicitis. Ascaris 
has also been found in the lacrimal passage by being re-
gurgitated into the nasolacrimal duct when they acciden-
tally enter nasopharynx; in the air way causing mechanical 
asphyxia; and in the urethra and urinary bladder through 
vesico-intestinal fistulae or transanal migration causing 
urinary retention. Moreover, the emergence of  an Ascaris 
from mouth, nostrils and external auditory meatus has 
been documented. Esophagus ascariasis is extremely rare, 
because the esophagus is not normal habitat of  Ascaris 
as it prefers an alkaline environment and rarely travels 
from the jejunum and duodenum to the stomach (an acid 
environment) and then to esophagus.

The patient in our case is at high risk of  ascariasis as 
she is from rural area and in favor of  eating fresh veg-
etables. This old woman was admitted to the hospital 
due to dysphagia with an abnormal barium study of  the 
esophagus. In Figure 1, we can find several high-density 
string shadows and globular shadows in the esophageal 
spherical filling defect, which actually are Ascaris worms. 
The most likely explanation in our case is that the worms 
were forced to migrate by gastroduodenal antiperistalsis, 
which is induced by eating too many red bean buns and 
haw jellies. Subsequently these worms became entangled 
with each other to form a small worm bolus in the alkaline 
esophagus, resulting in the symptom of  dysphagia. The 
patient received treatment of  soybean oil after admission, 
and she drank lidocaine hydrochloride mucilage before en-
doscopic examination, which relaxed the lower esophageal 
sphincter, possibly stimulating the worms. All of  these 
measures induced the migration of  the Ascaris bolus to 
the gastrointestinal tract. Therefore, the esophagus ap-

peared normal except for some slight mucosal congestion 
on endoscopy. After anthelmintic therapy, more ascarides 
were passed out with feces, and a repeated barium study 
of  upper gastrointestinal showed that the former defect 
filling had disappeared, which confirmed that the abnor-
mal radiological appearance in the esophagus was a worm 
bolus. In a previous case[1] with similar radiographic ap-
pearance in the esophagus, the boy later vomited out six 
live Ascaris worms, and his esophageal lumen and mucosa 
were normal on the barium examination done the next 
day. Because of  lack of  exact causative factors in this case, 
we consider that children’s anatomically smaller intestine 
and larger worm loads caused the rapid transit of  worms 
across the esophagus. This kind of  anti-peristaltic migra-
tion of  Ascaris is truly uncommon.

As our patient had a history of  recurrent dysphagia 
and eating too many haw jellies before admission, we 
highly suspected that hiatal hernia combining with esoph-
ageal bezoar might cause this kind of  space-occupying 
lesion at the beginning. However, bezoars rarely form in 
the esophagus and are often associated with structural 
and functional abnormalities of  the esophagus, such as 
achalasia and hiatal hernia. Esophageal bezoar is also a 
complication of  enteral feeding and the predisposing 
factors include mechanical ventilation, supine position, 
neurological diseases, diabetes mellitus, hypothyroidism, 
obesity and history of  partial gastrectomy[5]. Therefore, 
we performed the gastrointestinal endoscopy to clarify 
the diagnosis. The unexpected result suggests that careful 
history-taking and complete examinations are necessary.

In conclusion, we reported a case of  an old woman 
with esophageal ascariasis and discussed the possible 
causes. We often lack of  awareness of  Ascaris infection 
because of  the dramatically decreasing incidence and 
several different and unspecific symptoms of  this infec-
tion. This report also listed some other common and 
rare complications, and we would like to warn all medical 
workers that we should pay more attention to such a dis-
ease and reduce any misdiagnosis in the future work.
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