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Abstract
Acute esophageal necrosis (AEN), commonly referred to 
as “black esophagus”, is a rare clinical entity arising from 
a combination of ischemic insult seen in hemodynamic 
compromise and low-flow states, corrosive injury from 
gastric contents in the setting of esophago-gastropare-
sis and gastric outlet obstruction, and decreased func-
tion of mucosal barrier systems and reparative mecha-
nisms present in malnourished and debilitated physical 
states. AEN may arise in the setting of multiorgan dys-
function, hypoperfusion, vasculopathy, sepsis, diabetic 
ketoacidosis, alcohol intoxication, gastric volvulus, trau-
matic transection of the thoracic aorta, thromboembolic 
phenomena, and malignancy. Clinical presentation is 
remarkable for upper gastrointestinal bleeding. Notable 
symptoms may include epigastric/abdominal pain, vom-
iting, dysphagia, fever, nausea, and syncope. Associated 
laboratory findings may reflect anemia and leukocytosis. 
The hallmark of this syndrome is the development of 
diffuse circumferential black mucosal discoloration in the 
distal esophagus that may extend proximally to involve 
variable length of the organ. Classic “black esophagus” 
abruptly stops at the gastroesophageal junction. Biopsy 
is recommended but not required for the diagnosis. His-
tologically, necrotic debris, absence of viable squamous 
epithelium, and necrosis of esophageal mucosa, with 
possible involvement of submucosa and muscularis pro-
pria, are present. Classification of the disease spectrum 

is best described by a staging system. Treatment is di-
rected at correcting coexisting clinical conditions, restor-
ing hemodynamic stability, nil-per-os restriction, sup-
portive red blood cell transfusion, and intravenous acid 
suppression with proton pump inhibitors. Complications 
include perforation with mediastinal infection/abscess, 
esophageal stricture and stenosis, superinfection, and 
death. A high mortality of 32% seen in the setting of 
AEN syndrome is usually related to the underlying medi-
cal co-morbidities and diseases. 
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INTRODUCTION
Acute esophageal necrosis (AEN), commonly referred to 
as “black esophagus” or “acute necrotizing esophagitis”, is 
a rare clinical disorder classically characterized by a strik-
ing endoscopic image of  diffuse, circumferential, black-
appearing, distal esophageal mucosa on esophagogastro-
duodenoscopy (EGD) (Figure 1) that stops abruptly at the 
gastroesophageal junction (GEJ)[1,2]. Proximal esophageal 
extension is common. Biopsy is recommended although 
not required to make the diagnosis. First described in 
1990 by Goldenberg et al[3], this medical phenomenon was 
again brought into the spotlight by our large review series 
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in 2007, in which we analyzed all cases reported in the 
English literature to date and formulated the concept of  a 
distinct clinical syndrome[2]. Its etiology is likely multifac-
torial. AEN is thought to arise from a combination of  an 
ischemic insult to the esophagus, impaired mucosal barrier 
systems, and a backflow injury from chemical contents of  
gastric secretions[2,4-6]. Male sex, older age, chronic medical 
conditions, including diabetes mellitus, hematologic and 
solid organ malignancy, malnutrition, renal insufficiency, 
cardiovascular compromise, trauma, and thromboembolic 
phenomena place a patient at a higher risk for develop-
ing AEN[4,7-13]. Clinical presentation is almost universally 
related to upper gastrointestinal bleeding. Complications 
may include stenosis or stricture formation in the distal 
esophagus, perforation, mediastinitis, and death. Overall 
mortality is largely related to the underlying medical con-
dition and approaches 32%[2].

In this latest review, we discuss the epidemiology 
of  AEN syndrome, its pathophysiological and clinical 
features, etiology, presentation, distinction from other 
mimickers of  “black esophagus”, natural course of  the 
disease, staging, complications, suggested treatment op-
tions, and prognosis. 

EPIDEMIOLOGY
Literature analysis shows that the estimated prevalence 
of  AEN is low. Two large autopsy series from the United 
States and France have reported zero cases in a series 
of  1000 adult autopsies[14] and 0.2% in 3000 autopsies, 
respectively[15]. Two large retrospective series that have 
reviewed the findings in > 100 000 endoscopies have 

estimated the incidence at approximately 0.01% (12 pa-
tients)[5,12], and another retrospective analysis of  10 295 
endoscopies has shown an incidence of  0.28% (29 pa-
tients)[13]. A 1-year prospective study of  EGD findings in 
3900 patients has identified eight cases of  AEN (0.2%)[6]. 
However, these numbers are likely underestimated and the 
true prevalence of  AEN remains unknown, largely due 
to the potential of  subclinical presentation of  the disease 
and the early healing of  the mucosa that can be seen with 
transient ischemic or chemical injury. An intriguing paper 
by Japanese authors has reported AEN as the fourth lead-
ing cause of  coffee ground emesis, hematemesis, or me-
lena in a series of  239 hospital admissions for upper gas-
trointestinal bleeding, which accounted for approximately 
6% of  the cases[16]. 

AEN clearly shows sex and age predilection. Men are 
four times more commonly affected than women, and 
although the disease has been documented in every age 
group, the peak incidence occurs in the sixth decade of  
life with an average age of  67 years[2]. General debilita-
tion and poor clinical condition with multiple medical 
co-morbidities are associated with increased likelihood 
of  development of  AEN. Personal history of  diabetes 
mellitus (24%), malignancy (20%), hypertension (20%), 
alcohol abuse (10%), and coronary artery disease (9%) 
places a patient at risk of  developing AEN[2]. 

ANATOMY AND PATHOPHYSIOLOGY
The esophagus is an expandable muscular organ lined 
by a stratified squamous epithelium. Characteristically, 
esophageal wall is composed of  four distinct layers: mu-
cosa, submucosa, muscularis propria, and adventitia. Un-
like the rest of  gastrointestinal tract, the esophagus lacks 
serosa and is separated from the adjacent organs by few 
millimeters of  connective tissue, an important factor in 
potential development of  extrinsic necrotic injury to the 
organ and spread of  the infectious processes. 

The esophagus receives an intricate segmental vascular 
supply that separates this organ into three parts: upper, 
middle, and distal esophagus. The arterial network of  the 
upper esophagus is derived from the descending branches 
of  the inferior thyroid arteries. Additional variable sup-
ply may come from branches of  the subclavian, thyroidea 
ima, common carotid, or superior thyroid arteries. Mid-
esophageal blood supply is derived from the bronchial ar-
teries, right third or fourth intercostal arteries, and numer-
ous small esophageal arteries off  the descending aorta. 
Distal esophagus receives its blood flow from branches 
off  the left gastric artery or left inferior phrenic artery, but 
variations are common and small branches off  the celiac, 
splenic, short gastric, or left hepatic arteries may provide 
additional or alternative blood supplies[17,18]. Relative to 
the densely vascularized proximal and middle parts of  the 
organ, the distal esophagus is slightly more “watershed” 
and therefore the first signs of  the ischemic injury to the 
esophagus typically appear there. Overall, the complex 
anastomotic vascular network that is present in the esoph-
ageal submucosa generally makes esophageal infarction a 
rare clinical disease[18]. 

An important physiological property of  the esophagus 
is the ability to use intricate protective barrier systems 
to shield itself  from the injurious chemical reflux of  the 
stomach contents. A delicate microarray of  the epithelial 
tight junctions, zonula adherens, intercellular glycocon-
jugated material, intrinsic cellular buffering systems and 
anion exchangers, and extensive desmosomal network, 
coupled with bicarbonate, lubricant, mucus, and epidermal 
growth factor production by submucosal glands account 
for comprehensive defense mechanisms and restorative 
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function of  the organ[18]. Compromise or inadequacy of  
these barriers may lead to cell damage, and ultimately, 
death. Local blood supply to the lamina propria and sub-
mucosa, which is essential in maintaining effective buffer-
ing systems, is influenced by a variety of  factors, including 
autoregulation in response to the intraluminal acidic pH 
of  gastric contents[19,20]. Initial augmentation in blood 
delivery needed for maintenance of  protective and repara-
tive processes may be significantly downregulated by an 
overwhelming back diffusion of  hydrogen ions[19,21]; an 
important factor in pathogenesis of  AEN, particularly in 
the setting of  an already compromised blood flow. At the 
cellular and molecular level, the mechanism of  the esoph-
ageal injury is similar to the development of  ischemic 
changes in the small and large bowel. Reactive oxygen 
metabolites formed as a result of  reperfusion injury and 
leukocytic migration may directly and indirectly damage 
important mechanisms of  cellular viability and function, 
which results in cellular lysis and death[18,22]. 

Finally, anti-reflux barriers and luminal clearance are 
important factors in preventing significant esophageal 
injury. Integrity of  the lower esophageal sphincter mecha-
nism, gravity and esophageal peristalsis are vital. Compro-
mise or ineffectiveness of  any one of  these may deeply 
potentiate necrotic injury[23].

ETIOLOGY
Tissue insult seen in AEN is likely multifactorial and 
usually results from a combination of  tissue hypoperfu-
sion, impaired local defense barriers, and massive influx 
of  gastric contents that acutely overwhelm the already 
vulnerable esophageal mucosa[2]. Perfusion injury in the 
development of  AEN is best demonstrated by an avas-
cular distal esophagus reported by Goldenberg et al[24]. 
Significant vasculopathy that is typically associated with 
diabetes mellitus, atherosclerosis, cardiovascular and renal 
diseases is an important risk factor that may predispose 
some patients to rapid tissue injury, as well as general sus-
ceptibility to hemodynamic instability and compromise. 
Low-flow state related to sepsis, cardiac arrhythmias, 
congestive heart failure, severe third spacing, systemic in-
flammatory response syndrome due to severe pancreatitis, 
lactic- and ketoacidosis, acute blood loss, hypothermia, 
trauma and shock may lead to ischemic compromise of  
the esophagus[2,12,16,25-31]. Thromboembolic phenomena and 
underlying coagulopathy seen in patients with solid tumor 
or hematological malignancies, anticardiolipin antibody 
syndrome, and atherosclerosis have also been implicated 
in the development of  AEN[8,9,11,16,29]. Striking predilection 
to the distal esophagus is likely explained by its lesser de-
gree of  vascularization relative to the proximal and middle 
portions of  the organ[12]. 

Vascular compromise to the distal esophageal tissue can 
also explain some of  the duodenal pathology commonly 
seen in association with AEN, namely, duodenal bulb ul-
cers, erosions, inflammation, and edema[3,6,24]. The common 
blood supply from the branches off  the celiac axis makes 
distal esophageal and duodenal pathologies less of  a coin-

cidence, but rather possibly related entities. Characteristic 
relative sparing of  the gastric mucosa can be explained by 
the acidic impact on the ischemic esophageal and duodenal 
surface[7], as well as typically rapid repair of  the injured gas-
tric mucosa (within hours) compared to the esophagus (may 
take days)[18]. The duodenal bulb ulcers and edema may 
result in gastric outlet obstruction that, in turn, potentiates 
the development of  mucosal necrosis of  the distal esopha-
gus[5,32]. A transient form of  non-obstructive gastropathy 
can be seen in acute alcohol intoxication and diabetic ke-
toacidosis, two medical conditions that are linked to the 
development of  AEN[25,26,33,34]. Back flow injury from the 
acid, pepsin, and other gastric contents is augmented by the 
increased transient lower esophageal sphincter relaxation, 
decreased resting lower esophageal pressure, prolonged re-
cumbence, decreased esophageal peristalsis, and increased 
gastroesophageal reflux that may be related to the multiple 
medical conditions seen in the patient with AEN (debilitated 
condition, significant hiatal hernia, alcohol use, diabetes 
mellitus, postoperative state, etc.).

Alteration in physiological processes is an important 
co-factor in the development of  AEN. Critical illness, 
poor nutritional status, and general deconditioning may 
contribute to the diminished mucosal buffering, compro-
mised local protective barriers, and impaired defensive 
mechanisms that may potentiate ischemic and chemical 
injury to the esophagus[6]. Such risk factors include malig-
nancy, cirrhosis, chronic pulmonary disease, neutropenia, 
renal insufficiency or failure, diabetes mellitus, hypoalbu-
minemia, immunosupression after solid organ transplan-
tation, acquired immune deficiency syndrome (AIDS), 
postoperative status, and sepsis[2,10,12,13,27,35-39]. 

Diffuse AEN may be associated with local infection 
and tissue biopsy is essential for proper management, 
which includes antiviral or antimicrobial agents. Exact 
distribution is variable and probably depends on mode 
of  transmission of  the infectious agent, from external 
spread reported from a superior mediastinitis that affects 
cervical and thoracic esophagus[40], to primary esophageal 
intraluminal infection seen in viral and fungal disease in 
immunocompromised patients[35,36,41]. Reported pathogens 
include Klebsiella pneumoniae[40] and cytomegalovirus[36,41], 
herpes simplex virus[37], Penicillium chrysogenum[35], Candida[7], 
and other fungal species. 

Other diseases and medical conditions associated with 
the development of  AEN include erythema multiforme 
or Stevens-Johnson syndrome, gastric volvulus, hematoma 
from traumatic transection of  thoracic aorta, hypersensi-
tivity to antibiotics, acute fatty liver of  pregnancy, drug-in-
duced hepatitis, photodynamic therapy, polyarteritis nodo-
sa, pulmonary lobectomy with paraesophageal lymph node 
dissection, severe infectious mediastinitis, emphysematous 
gastritis, hypoxia, and pancreatitis[2,7,12,39,40,42-49]. A single case 
of  isolated proximal black esophagus has been reported in 
a patient who underwent cardiac catheterization, an event 
that was possibly related to the procedure[50,51]. 

PRESENTATION
A typical patient with AEN is an elderly male with mul-
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tiple medical comorbidities, who manifests with signs of  
upper gastrointestinal bleeding. Clinical presentation of  
AEN ranges from hematemesis, coffee ground emesis, 
and melena (overall, accounting for nearly 90% of  the 
cases) to asymptomatic black esophagus that was noted 
during a percutaneous gastrostomy tube placement[2,52]. 
Review of  systems may be remarkable for epigastric/ab-
dominal pain, vomiting, dysphagia, nausea, low-grade 
fever, lightheadedness, and syncope. Other associated 
clinical conditions or endoscopic findings may include 
multiorgan failure[53], cardiac, pulmonary, and renal dis-
ease, diabetes mellitus and ketoacidosis, vasculopathy, 
coagulopathy, peptic ulcer disease, general debilitation 
and malnourishment, cirrhosis, acute alcoholic hepatitis, 
acute fatty liver of  pregnancy, acute pancreatitis, sepsis, 
ischemic processes (stroke, ischemic bowel, ischemic 
gangrene), and trauma. Physical findings in a patient 
with AEN are usually confounded by the underlying 
medical conditions but may be notable for cachectia, 
fever, hypoxia, hemodynamic instability or compromise, 
including arrhythmia and hypotension, pallor, abdominal 
tenderness, and guaiac-positive stools. Laboratory analy-
sis may show leukocytosis and anemia and computed 
tomography (CT) may reveal thickened distal esophagus, 
hiatal hernia, distended fluid-filled stomach with possible 
gastric outlet obstruction, and rarely, external compres-
sion of  the esophagus by a large mediastinal process. 

DIFFERENTIAL DIAGNOSIS
Classic AEN presents as a circumferential, black-appear-
ing, diffusely necrotic esophageal mucosa, preferentially 
affecting the distal esophagus, of  variable length, that 
stops abruptly at the GEJ. Proximal extension of  the mu-
cosal injury is common and the entire esophagus can ap-
pear black. Differential diagnosis includes malignant mela-
noma, acanthosis nigricans, coal dust deposition, pseudo-
melanosis, and melanocytosis of  the esophagus[54-63]. De-
tailed history and physical examination provide essential 
clues to the diagnosis. Classic endoscopic appearance may 
be supported by brush cytology or biopsy specimen that 
will confirm the diagnosis. This is especially important in 
rare cases of  isolated involvement of  proximal and middle 
esophagus. Additionally, a history of  corrosive ingestion[64] 
should be sought for and diligently excluded. 

CLINICAL DIAGNOSIS
The characteristic endoscopic appearance described above 
makes the diagnosis of  AEN. Almost universal predilec-
tion to the distal esophagus (97%) is a remarkable feature 
of  this disorder[2]. Additional endoscopic findings may 
include duodenal peptic ulcer disease, erosions, edema, 
and sings of  gastric outlet obstruction[23]. Early evaluation 
may also be notable for signs of  bleeding, including ac-
tive oozing from the distal esophagus and blood clots and 
“coffee grounds” material in the stomach. Esophageal 
biopsy or brushings of  the affected esophageal tissue are 
supportive but not required to make the proper diagnosis. 

Histological findings include absence of  viable epithe-
lium, abundant necrotic debris, and necrotic changes in 
the mucosa, possibly extending into the submucosa and 
even muscularis propria. Full-thickness necrosis has been 
described in the surgical specimens. Associated findings 
may include heavy leukocytic infiltrate, visible vascular 
thrombi, deranged muscle fibers, and severe inflammatory 
changes[2]. Biopsy specimens should be sent for bacterial, 
fungal, and viral cultures to exclude infectious etiologies 
associated with AEN or a superimposed infection[7,26]. 
Special care should be taken to evaluate for the presence 
of  multinucleated giant cells or viral inclusion bodies, 
particularly in immunocompromised patients. At this 
time, the role of  angiography for diagnosis of  AEN is not 
clearly defined, likely related to its potential risks, lack of  
effective therapeutic intervention in the absence of  a rec-
ognizable lesion, and tendency for a spontaneous recovery 
with correction of  the underlying medical illness. 

Upper gastrointestinal bleeding in a patient with multi-
ple medical conditions, vasculopathy, hemodynamic com-
promise, general debilitation, malignancy, ischemic disease, 
and hypercoagulable state should raise the possibility of  
AEN among other diagnoses. A strong association be-
tween diabetic ketoacidosis and AEN has been suggested 
by some authors, with four cases of  black esophagus seen 
in 29 hospital admissions (14%)[16].

DISEASE COURSE AND STAGING
Generally, uncomplicated AEN follows an indolent clini-
cal course and has a predictable endoscopic and histo-
pathological trajectory. The recently proposed staging 
system attempts to classify disease progression and detail 
the distinct phases of  AEN[2]. Stage 0 designates a pre-
necrotic viable esophagus. Stage 1 refers to an acutely 
diseased organ with an endoscopic picture dominated by 
a striking diffuse, circumferential, black-appearing esopha-
geal mucosa with occasional yellow exudates and signs of  
friability, loss of  light reflex, rigidity and under-distension 
of  the lumen. These endoscopic findings nearly univer-
sally start at the GEJ, involve the distal esophagus, and 
variably extend proximally, potentially covering the entire 
organ. Histological appearance is notable for lack of  vi-
able squamous epithelium, presence of  necrotic debris, 
and pronounced necrosis of  the mucosa with possible ex-
tension into the submucosa and muscularis propria. Asso-
ciated findings may include heavy leukocytic infiltrate with 
severe inflammatory changes, visible vascular thrombi, 
deranged muscle fibers, and mucosal infection with viral, 
fungal, and bacterial pathogens. Stage 2 describes the heal-
ing phase of  the AEN dominated by residual black areas 
in the esophagus and thick white exudates composed 
of  necrotic debris that cover friable pink mucosa. This 
“chess-board” appearance can sometimes be the present-
ing endoscopic picture of  AEN on delayed endoscopy. 
The exact timing of  this change is unknown and it likely 
parallels the underlying general condition of  the patient. 
However, it has been observed as late as 1 mo after the 
diagnosis. Stage 2 is also notable for some improvement 
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in histological appearance of  the esophageal tissue, with 
scattered areas of  necrosis among underlying cellular re-
generation, granulation tissue, and inflammatory changes. 
As early as 1-2 wk after diagnosis, the esophageal mucosa 
acquires its normal endoscopic appearance in stage 3 of  
the AEN with only microscopically present granulation 
tissue, a sequelae of  recent injury.

COMPLICATIONS
The most serious complication of  AEN is perforation, 
which can occur in severe cases that result in full-thickness 
necrosis of  the esophageal tissue. Its reported incidence 
is just below 7%[2], and should be suspected in rapidly de-
compensating patients. Traumatic or spontaneous rupture 
of  the thoracic aorta resulting in extrinsic esophageal 
compression by hematoma, photodynamic therapy for 
esophageal cancer, herniated gastric volvulus, and severe 
thromboembolic disease place a patient at a higher risk for 
this complication. Perforation can be seen in stage 1 of  
the disease, and it may lead to rapid clinical deterioration, 
mediastinitis, mediastinal abscess formation, empyema, and 
generalized sepsis. Prompt recognition, intravenous anti-
biotics, and surgical intervention are life-saving. Mortality 
may be especially high given a generally poor underlying 
medical condition and a limited reserve in many patients 
with AEN. 

Another possible sequela of  AEN is the formation 
of  stenotic areas or strictures, which can be seen in > 
10% of  patients. These findings typically occur in stages 
2 and 3 of  the disease and likely result from protective 
scar formation during the acute, reparative, and healing 
phase of  AEN. Acid suppression followed by possible 
endoscopic dilatation, if  needed, typically produces reso-
lution of  reported symptoms. 

Microbial superinfection of  necrotic media is an im-
portant consideration in treating patients with AEN[26]. 
Patients should be diligently monitored for early signs of  
clinical decompensation and sepsis with prompt institu-
tion of  intravenous antimicrobial therapy. 

MANAGEMENT
Development of  AEN carries a generally poor progno-
sis and the goal of  therapy should be directed at treating 
the coexisting medical diseases. Timely systemic resus-
citation and patient stabilization play pivotal roles in the 
management of  this disease. Intravenous hydration, cor-
recting anemia with packed red blood cell transfusion, 
and keeping the patient nil-per-os should be instituted. 
Parenteral support may be needed in malnourished pa-
tients to improve their nutritional status and expedite 
healing. Passage of  the nasogastric tube should not be 
undertaken, to avoid perforation. 

Medical management of  AEN includes aggressive in-
travenous proton pump inhibitor or histamine receptor 
blocker therapy until improvement in clinical status, at 
which time, a change to an oral formulation is appropri-
ate. Probably, oral therapy should be continued for a few 

months after the resolution of  symptoms to aid preven-
tion of  stricture formation, in the absence of  underlying 
reflux disease. Recent reports of  esophageal manometry 
and pH monitoring in patients with AEN have shown 
a lack of  significant acid reflux and normal motility at 
5-7 mo after recovery[23,65]. Oral suspension of  sucralfate 
may be used as a single therapy or as a supplement to 
the intravenous acid-reducing agents, excluding the cases 
with concomitant renal failure. 

Antimicrobial therapy is important in the setting of  
positive esophageal cultures, stains for fungal agents, or 
visualization of  multinucleated giant cells or inclusion 
bodies on histological evaluation of  the biopsy specimen. 
Empirical antibiotics should be initiated in cases of  sus-
pected esophageal perforation, rapid clinical decompen-
sation, unexplained fevers, and immune compromise in 
AIDS, cirrhosis, transplant recipient, and dialysis patients. 
Prophylactic use of  antibiotics in sterile necrosis is prob-
ably not necessary and few reports have potentially linked 
the antibiotic use itself  to the development of  AEN[49]. 

Surgical intervention in patients with AEN is reserved 
for perforated esophagus with resultant mediastinitis and 
abscess formation. Esophagectomy, decortication, lavage, 
and delayed reconstruction may be performed in addition 
to standard surgical approaches in the setting of  gastric 
volvulus or transected thoracic aorta. Primary closure of  
the perforated esophageal tissue should not be attempted. 
Subtotal esophagectomy and esophagogastrostomy have 
been reported in AEN-induced esophageal stricture that 
was refractory to repeated dilatations[3,26].

PROGNOSIS AND ROLE OF REPEAT 
ENDOSCOPY
Prognosis of  AEN largely depends on coexisting medi-
cal conditions and ordinarily parallels the general state of  
health of  a patient. As a rule, overall prognosis is poor 
with nearly one third of  patients succumbing to the un-
derlying critical illness. However, mortality specific to the 
AEN is much lower, at around 6%[2]. Important risk fac-
tors include esophageal perforation, diabetic ketoacidosis, 
and compromised immune system. Overall, reversible phe-
nomena of  the disease and its tendency for spontaneous 
healing are favorable factors in predicting complete recov-
ery in otherwise healthy individuals. Relapsing AEN has 
been reported only once[66] but may be an important diag-
nosis to consider in the appropriate clinical setting. It may 
also explain some of  the observed color changes of  black 
esophagus reported in the literature[4]. Repeat endoscopic 
evaluation should be done to assess mucosal healing and 
document resolution of  AEN, as well as to determine the 
duration of  antacid therapy. Endoscopic sessions with bal-
loon dilatation may be necessary in patients suffering from 
dysphasia in the setting of  esophageal stenosis or stricture 
formation, which are well-known complications of  AEN.

CONCLUSION
AEN is a rare syndrome that arises in the characteristic 
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clinical setting of  combined ischemia from hemodynamic 
compromise, gastric outlet obstruction with backflow 
chemical injury, and inadequate protective barriers and 
physiological reserve due to critical illness and general de-
conditioning. It presents with signs of  upper gastrointesti-
nal bleeding and has a characteristic appearance on upper 
endoscopy of  circumferential, diffuse, black-appearing, 
friable esophageal mucosa, almost universally affecting 
the distal part of  the organ and abruptly ending at the 
GEJ. Histological tissue necrosis confirms the diagnosis. 
Treatment relies on aggressive resuscitation, correction of  
underlying medical conditions, institution of  therapy with 
proton pump inhibitors and sucralfate, and monitoring 
for signs of  infection or perforation. Mortality is high and 
is largely related to the principal medical conditions and 
the gravity of  the overall state of  health. 
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Abstract
The Middle East is the home of ethnic groups from 
three main backgrounds: Semitic (Arabs and Jews), 
Indo-European (Persians and Kurdish) and Turkic (Turk-
ish and Turkmens). Its geographic location, which has 
been under continuous influences from Asia, Europe 
and Africa, has made it an ideal site for epidemiologi-
cal studies on Helicobacter pylori  (H. pylori ) infection 
and genotyping. The gastric cancer rate differs in this 
region from very high in Iran (26.1/105) to low in Israel 
(12.5/105) and very low in Egypt (3.4/105). Epidemio-
logical studies showed that the prevalence of H. pylori is 
almost similar in those countries with a high level of in-
fection in childhood. Importantly, the frequency of vacA 
s1 and m1 regions and cagA+ genotypes were higher in 
non Semitic populations who inhabit the North than Se-
mitic populations, the inhabitants of Southern parts of 
the Middle East. H. pylori  infection prevalence, distribu-
tion pattern of virulence factors, diet and smoking could 
not have explained the difference in cancer rate. This 
reflects the multifactorial aetiology of gastric cancer and 
suggests that H. pylori infection does not always directly 
correlate with the risk for gastrointestinal disease, such 
as gastric cancer. Further detailed investigations and in-
ternational comparative studies of each risk factor need 

to be performed to investigate whether this represents 
a true enigma.
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INTRODUCTION
Helicobacter pylori (H. pylori) causes gastritis and peptic 
ulceration and it is an important risk factor for gastric 
adenocarcinoma, the second highest cause of  cancer 
deaths worldwide. The disease process is thought to 
have a multifactorial aetiology, and bacterial strain type, 
pattern of  gastritis, and environmental conditions, are all 
thought to contribute[1]. H. pylori strains differ, and pos-
session of  specific virulence factors greatly increases the 
risk of  disease. The best recognised of  these are the cag 
pathogenicity island and active forms of  the vacuolat-
ing cytotoxin (VacA). Duodenal ulcer promoting gene 
A (dupA) is a recently described gene shown to be as-
sociated with duodenal ulceration and protective against 
gastric cancer[2]. It was observed that the early acquisi-
tion of  H. pylori infection in childhood resulted in pan-
gastritis in adulthood. This pattern of  gastritis is usually 
associated with mucosal atrophy which is a precancerous 
condition[3]. Therefore, acquiring the infection at an early 
age is a recognised risk factor for the development of  
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gastric cancer[4]. Additionally, antral predominant gastritis 
is usually associated with duodenal ulcer. Furthermore, 
different environmental factors such as high salt intake 
and inadequate consumption of  fruit and vegetables 
containing vitamin C has been regarded as risk a factor 
for development of  gastric cancer[5].

The Middle East is home to ethnic groups from three 
main backgrounds: Semitic (Arabs and Jews), Indo-Eur-
opean (Persians and Kurdish) and Turkic (Turkish and 
Turkmens)[6-8]. Its geographic location, which has been 
under continuous influences from Asia, Europe and Af-
rica, has made it an ideal site for epidemiological studies 
on H. pylori infection and genotyping. The prevalence of   
H. pylori infection has been reported from many Middle 
Eastern countries, including Iraq, Iran, Turkey, Libya, 
Egypt, Israel, Bahrain, Oman, Saudi Arabia, and the Unit-
ed Arab Emirates. It has been shown that the prevalence 
rates of  infection in these countries are almost similar to 
each other and to the reported prevalence from Europe 
and United States. However, gastric cancer and other  
H. pylori related diseases rates vary from very high in Iran to 
rare in Iraq and Egypt (Table 1)[9]. It is not known whether 
the difference is due to host, environment, or bacterial fac-
tors or a combination of  these factors. In this review I tried 
to find a reason for the difference in H. pylori related dis-
eases amongst Middle Eastern countries by discussing the 
prevalence of  H. pylori and its virulence determinants, the 
pattern of  gastritis, and environmental factors that might 
influence the disease process in the Middle East.

PREVALENCE OF H. PYLORI
The prevalence of  H. pylori infection varies between coun-
tries; generally, the prevalence is about 30% in developed 
and up to 80% in developing countries[5]. Diagnosis of  
H. pylori can be achieved by taking biopsies by endoscopy. 
However, this procedure is invasive and might not give 
accurate results if  colonisation is patchy[10]. Furthermore, 
it does not suit population based studies. For population 
screening, serodiagnosis remains one of  the methods of  
choice for detecting the prevalence of  infection[11]. System-
ic humoral immunoglobulin G (IgG) immune responses 
to the organism are developed by humans infected with  
H. pylori[12-14]. Serological tests are useful tools for the di-
agnosis of  H. pylon infection because all H. pylori-infected 
patients produce an antibody response which can be de-
tected in the serum[14]. The technique of  choice is currently 
enzyme-linked immunosorbent assay because it is a simple, 
quick, and low-cost technique that permits immunoglobulin 
class-specific determinations[14]. 

In a study conducted in Iraq, the prevalence varied in 
various ages (age: percentage, 6 mo: 0%; 6-24 mo: 27%; 
2-18 years: 58%). In the same study, it was shown that 
78% of  adults were infected with H. pylori which was sig-
nificantly higher than children. The prevalence of  H. pylori  
increased markedly with age with the maximum coloniza-
tion (81.5%) occurring in adults (40-60 years)[15]. The same 
scenario was found in Saudi Arabia, Iran, Libya and Israel. 
In Saudi, the prevalence of  H. pylori infection markedly 

increased with age. The prevalence of  H. pylori infection 
rose from 32.4% in those aged 0-10 years to more than 
66.4% in those aged 20-30 years and 75% in those over 
50 years[16]. In Iran, the prevalence of  H. pylori infection 
increased with age [age (years): percentage, 6-10: 46%; 
10-20: 50%; 20-30: 67%; 30-40: 80%; 40-50: 85%; 50-60: 
84%; 60-70: 81%; over 70: 83%][17]. In Libya, overall 
prevalence was 67% with a steady increase with age [age 
(years): percentage, 0-10: 50%; 10-20: 84%; 20-30: 66%; 
30-40: 80%; 40-50: 88%; 50-60: 83%; 60-70: 83%; over 
70: 94%][18]. In a study conducted in Israeli rural com-
munal settlements with an age range from 6 to 90 years[19], 
the prevalence H. pylori infection was shown to be 72%. It 
was also found that the prevalence of  H. pylori increased 
with age [age (years): percentage, 6-10: 10%; 10-20: 39%; 
30-40: 60%; 40-60: 70%; over 60: 85%]. In the same study, 
a significant association was shown between H. pylori in-
fection and the country of  origin of  Israeli migrants. The 
highest prevalence (85%) was found in migrants from the 
Mediterranean and Asia. While 80% of  East European 
migrants were H. pylori positive, the prevalence in West 
Europeans was 57%. The prevalence in people born in Is-
rael was 66%. The association between H. pylori infection 
and country of  origin was not changed after age adjust-
ment[19]. 

In Turkey[20], the overall prevalence of  H. pylori infec-
tion was 81%. There is no marked difference in H. pylori 
prevalence in different ages [age (years): percentage, 
0-10: 70%; 10-20: 83%; 20-30: 77%; 30-40: 87%; 40-50: 
88%; 50-60: 90%].

In some countries in the Middle East, the prevalence of  
H. pylori infection has been studied using polymerase chain 
reaction and histopathology. The prevalence of  H. pylori  
infection in Jordan and Bahrain was 77.5% and 79%, re-
spectively[21,22]. In Kuwait and Egypt, H. pylori, as detected 
by H and E and H. pylori special stains, was present in 
84% and 86% of  the biopsy samples, respectively[23,24]. 
There was no significant difference in the prevalence of  
infection between male and female subjects in this region. 
In a study conducted in Western Saudi, the prevalence 
of  VacA and CagA were significantly elevated in males vs 
females[25]. In another study in Jordan, there was a clear 
trend that females were infected with less virulent H. pylori 
strains, though the correlation was not significant[22]. 

INCIDENCE OF GASTRIC CANCER IN THE 
MIDDLE EAST 
Despite declining incidence rates in Western countries, 
gastric cancer remains the second most common cancer 
type and second cause of  cancer-related death world-
wide. H. pylori infection is strongly associated with gastric 
cancer risk. Gastric cancer rate varies from country to 
country and from region to region. For example, it is very 
high in Japan (62.7/105) and estimated to be 12 times 
higher than India[9]. Gastric cancer occurs nearly 7 times 
more frequently in Iran than in Iraq (Table 1). These data 
might not be very accurate because of  incompetent di-
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agnostic methods, limitation of  medical services, and the 
lack of  unique reporting systems. However, I searched 
through all published literature and could not find any 
major discordance. Despite the geographical proximity, 
the gastric cancer rate varies from very low in Iraq and 
Egypt to intermediate in Israel and Turkey to high in Iran 
(Table 1)[9,26-28]. Interestingly, H. pylori infection prevalence 
in these countries is relatively high and almost the same. 
This discordance between gastric cancer incidence and  
H. pylori seroprevalence might imply that H. pylori infec-
tion is not the only factor related to gastric cancer risk[29,30]. 
A 6-fold variation was found in the association between 
gastric cancer risk and H. pylori infection[31]. H. pylori viru-
lence factors, immune response, diet, environment, and 
other factors should be considered. 

BACTERIAL VIRULENCE FACTORS
Cytotoxin associated gene A 
The cytotoxin associated gene A (CagA) protein, which 
is encoded by the cagA gene, is a highly immunogenic 
protein. H. pylori strains possessing cagA are associated 
with a significantly increased risk for the development 
of  atrophic gastritis, peptic ulcer diseases and gastric 
cancer[32-36]. The cagA gene is situated at one end of  a 
40 kb DNA insertion called the cag PAI and may have 
been acquired from a non-Helicobacter origin[33,37]. The cag 
PAI contains approximately 30 genes which are multicis-
tronic. The difference in the ability of  H. pylori strains to 
trigger chemokines from gastric mucosa depends upon 
the expression of  genes within the cag PAI[33,37,38]. 

Strains from Iraq, Turkey and Iran possessing cagA 
were found in 71%, 78% and 76% of  the samples anal-
ysed, respectively. cagA presence was significantly associ-
ated with peptic ulcer disease incidence in Iraq and Turkey 
but not in Iran[39,40]. In Iraq, the majority of  the population 
are Arabs. However in a study by Hussein et al[39], samples 
were collected from Kurdish majority (Kurdistan) region. 

In Jordan, the cagA genotype was detected in 26.4%[22]. 
While Kuwaitis and other Arabian Gulf  Arabs had essen-
tially the same prevalence rate of  about 41%, Egyptians 
had a modest positivity of  35.7%[23,41]. In a study con-
ducted in Israel, cagA and cagE genes were present in only 
25.5% and 24.5%, respectively[42]. The prevalence of  cagA 
positivity in Saudi was 52%[43]. cagA was associated with 
gastric cancer and/or peptic ulceration in Iran, Iraq, Saudi, 
Turkey and Israel[39,42-45]. However, Hussein et al[39] could 

not find significant relationships between cagA status and 
disease risk in the Iranian population. 

Argent et al[46], suggested that the presence or absence 
of  cagA is not enough to understand the relationship 
between cagA and clinical outcomes. It was found that 
there was a size variation of  the CagA protein and this 
variation was shown to be related to the presence of  the 
repeat tyrosine phosphorylation motifs (TPM) sequences 
containing the EPIYA within the 3’ variable ends[47]. 
It was found that H. pylori strains in Western and East 
Asian countries carry the EPIYA-A, EPIYA-B. While 
Western H. pylori strains carry Western cagA-specific 
EPIYA-C segments which vary in number ranging from 
1-3[48], East Asian strains carry the CagA-specific EPI-
YA-D motif. We previously studied the TPM of  the cagA 
in Iraq and Iran. The presence of  cagA alleles with more 
than 3 phosphorylation motifs was significantly higher 
amongst Iranian strains than those from Iraq (there was 
no Iraqi cagA-positive strain with more than 3 TPM, 
12% in Iran). We thought that the presence of  cagA with 
more phosphorylation motifs in Iran may help explain 
the higher cancer incidence rate in Iran[39]. However, a 
recent study from Turkey, where the gastric cancer rate is 
much lower than Iran, found that 34% of  cagA-positive 
Turkish strains carried more than three motifs. For the 
first time, in this study, they reported a cagA positive 
strain with 5 C motifs[49]. The absence of  cagA with more 
than 3 motifs in Iraq can be due to a type 2 error. 

There is clear discrimination in cagA distribution 
between Semitic (Arab and Jew) and non Semitic (Kurd, 
Turk and Persian) populations[39,40,50]. Semitic popula-
tions tend to carry less virulent H. pylori[22,23,41]. The cagA 
positivity in Saudi Arabia is higher than other Semitic 
countries. This might be due the fact that Saudi society 
has been influenced by Hajj. 

VacA 
The VacA is another H. pylori virulence factor[35]. Unlike 
cagA, almost all H. pylori strains posses the vacuolating cy-
totoxin gene (vacA). Vacuolating cytotoxin activity is relat-
ed to the mosaic structure of  vacA. In general, type s1/m1 
and s1/m2 strains produce high and moderate levels of  
toxin activity, respectively, whereas s2/m2 strains produce 
no vacuolating activity[51]. A 12-amino-acid hydrophilic 
amino-terminal segment, present in type s2 but absent 
from type s1 VacA proteins, slows the capacity of  VacA 
to form membrane channels and abolishes vacuolation. 
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Table 1  Prevalence of atrophy, gastric cancer and the distribution of vacA allelic types and cagA status among H. pylori  strains 
isolated in the Middle East

Country s1 (%) s2 (%) m1 (%) m2 (%) i1 (%) i2 (%) cagA (%) Atrophy (%) Male gastric cancer

Saudi Arabia  58.3[61] 41.7[61] 12.6[61] 87.4[61] No data No data 52.0[43]   3-19[77]   5.7/105

Kuwait  46.4[23] 53.6[23] No data No data No data No data 41.0[23] 28[75]   4.8/105

Jordan  45.3[22] 54.7[22] 48.9[22] 51.1[22] No data No data 26.4[22] 65[76]   6.6/105 
Iran  69.2[39] 30.8[39] 30.8[39] 69.2[39] 36.5[39] 63.5[39] 76.0[39] 22-39[74] 26.1/105

Iraq 88.6[39] 11.4[39] 25.7[39] 74.3[39] 28.5[39] 71.5[39] 71.0[39]   3[69]   4.5/105

Turkey  94.8[40]   5.2[40] 22.2[40] 77.8[40] No data No data 78.0[40]    43-75[72,73] 12.2/105

Egypt 42.9[41] 57.1[41] 14.3[41] 85.7[41] No data No data 35.7[41] 54[24]   3.4/105
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Some type s1/m2 VacA toxins show cytotoxic activity 
toward selected cell types, including RK-13, but relatively 
little activity for HeLa or AGS cells[51-53]. Heterogeneity 
among vacA alleles may be an important factor in un-
derstanding variations in clinical manifestations among  
H. pylori-infected subjects. Several studies have demon-
strated that gastric infection with H. pylori strains contain-
ing type s1 vacA alleles is associated with a higher risk for 
development of  peptic ulcer disease than infection with 
strains containing type s2 vacA alleles[51]. This relation is 
not seen in East Asia as the vast majority of  East Asian 
strains are vacA type s1[51,54-56]. Thus in these countries, s1 
cannot be used as a marker for the presence of  peptic 
ulcer disease because the prevalence of  the s1 genotype is 
uniformly high.

Rhead et al[45] have described a novel determinant of  
VacA toxicity, called the intermediate or i-region. They 
showed that two allelic variants of  this region existed, i1, 
and i2. Furthermore, only s1/m2 strains varied in i-type; 
s1/m1 and s2/m2 strains were exclusively i1 and i2, re-
spectively. This novel region determines vacuolating activ-
ity among these s1/m2 strains. More importantly, a signifi-
cant correlation has been established between the i1 region 
and gastric cancer[45]. In contrast to Rhead et al[45], no 
disease association between vacA i genotypes and outcome 
was found in East Asian and Southeast Asian countries. 
More studies, from other countries, are needed to deter-
mine whether this region is a true virulence determinant[57]. 

The studies from Turkey, Iran and Iraq (non-Semitic 
countries) had a high prevalence of  vacA s1 genotype of  
more than 70%, whereas strains from Semitic countries 
such as Egypt, Jordan, Saudi Arabia, Kuwait and Israel, 
had a low prevalence of  less than 60%. The prevalence 
of  vacA s1 genotype in the non Semitic countries was 
significantly higher than that in the Semitic countries[41,58].

Reports from Turkey, Iraq and Iran showed that vacA 
m2 was found in around 70% of  typed strains. In Egypt, 
Saudi and Israel, the percentage of  vacA m2 was between 
85% and 92%. 51.1% of  Jordanian strains typed vacA 
m2. vacA i region was studied in Iran and Iraq only. vacA 
i1 was associated with gastric cancer and gastric ulcer in 
Iran and Iraq, respectively. 

Studies from Iraq, Kuwait, Jordan, Israel and Iran did 
not show any association between vacA s and m geno-
types and gastroduodenal diseases[22,23,39,42,59]. In Iraq, an 
association with gastroduodenal diseases and vacA i-region 
genotype was shown. Studies from Iran and Turkey[44,60] 
reported a significant relationship between vacA s1 geno-
type and peptic ulcers. The vacA m1 genotype was linked 
to an increased risk for peptic ulcers in Turkey and Saudi 
Arabia[61,62].

Studies from Iran, Iraq, Jordan, Turkey and Israel 
have shown a significant association between cagA status 
and vacA s1, m1 and/or i1 genotypes[22,39,42,44,45]. In cagA-
negative strains, most of  the vacA genotypes were i2 geno-
types[58]. 

Other virulence factors
dupA: Recently, a novel virulence factor dupA (duodenal 

ulcer promoting gene A) (jhp0917-jhp0918) was shown 
to be associated with duodenal ulceration and increased 
epithelial cell interleukin-8 secretion[2]. The dupA gene 
is located in the region of  the bacterial genome that 
encodes surface proteins. A significant relationship be-
tween dupA and duodenal ulcer was found, and the pres-
ence of  dupA was associated with neutrophil infiltration. 
These findings, however, were not confirmed in a study 
of  Brazilian children and adults[63], thus indicating pos-
sible geographic differences. More recently, it has been 
found that dupA was not significantly associated with 
duodenal ulceration in populations from Belgium, South 
Africa, China, and the USA, but was significantly associ-
ated with gastric cancer development[64]. In the Middle 
East, dupA was studied in Iraq and Iran. dupA was found 
to be associated with duodenal ulcers in Iraq but not 
Iran[39]. In addition, dupA-negative H. pylori strains were 
found to associate with pre-malignant lesions in Iran[65]. 
No other studies have been conducted in the Middle 
East. More studies are needed to address the prevalence 
of  dupA-negative strains and the association between 
this gene and clinical outcome. 

iceA: iceA (induced by contact with epithelium) exists in 
allelic variants including iceA1 and iceA2. iceA1 only can 
be induced in the gastric epithelium. The iceA1-positive 
H. pylori strains were shown to be associated with peptic 
ulceration and increased mucosal IL-8 secretion, while a 
higher prevalence of  iceA2 strains was found among pa-
tients with non-ulcer dyspepsia[66,67]. In Turkey, iceA1 was 
found to be positive in 32.2% of  the strains[68]. In Jordan, 
analyses of  virulence genes revealed that iceA2 (73.6%) 
was the predominant genotype[22]. In a study conducted 
in Saudi, it was shown that all ulcer cases were infected 
with iceA1, while 94.6% of  gastritis and 90.9% of  nor-
mal subjects were infected with iceA2[43]. In Israel, iceA1 
was found in 37% and iceA2 in 52% of  cases. Both iceA 
alleles were found in 11%[42]. More research is needed to 
study iceA and its association with diseases in this region. 

HISTOPATHOLOGICAL CHANGES 
All strains of  H. pylori induce a marked inflammation in 
the gastric mucosa which is characterised by neutrophil, 
lymphocyte and other inflammatory cell infiltration. While 
antral-predominant gastritis leads to increased acid pro-
duction from the uninflamed corpus and predisposes to 
duodenal ulceration, corpus-predominant gastritis leads to 
hypochlorhydria and predisposes to gastric ulceration and 
adenocarcinoma[3]. In studies conducted in Iraq, Turkey 
and UAE, it was found there is antral-predominant mono-
nuclear cell infiltration[59,69,70]. In a study conducted in Iran, 
where the gastric cancer rate is very high, it was found 
that mononuclear cell infiltration was similar throughout 
the stomach; on average, patients had pangastritis[71]. 

Gradual loss of  gastric glandular tissue as a conse-
quence of  long term mucosal destruction is called atro-
phic gastritis[3]. The tissue damage may involve progressive 
loss of  all specific mucosal cells including the acid pro-
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ducing parietal cells, pepsinogen producing chief  cells and 
mucus producing gland cells. When these cell types have 
shrunk, the protective mucus layer will gradually disappear 
and acid secretion will cease[5]. Such pathological changes 
increase the risk of  gastric ulceration and development of  
gastric adenocarcinoma[72]. However, this protects against 
duodenal ulcers because of  low acid secretion[5]. In a study 
conducted in Turkey, histological evidence of  mucosal 
atrophy was found in 43% of  H. pylori-infected subjects[72] 
while in another study in Turkey atrophy was found in 
75% of  the subjects[73]. In UAE, gastric atrophy in Helico-
bacter associated gastritis was seen in 54% of  cases[70]. In 
a study conducted in Iran, where the gastric cancer rate 
is much higher than Turkey, histological evidence of  mu-
cosal atrophy was found in 39% and 22% of  antral and 
corpus biopsies, respectively[74]. In Iraq, glandular atrophy 
was found in only one (3%) specimen taken from the an-
trum. In Kuwait, H. pylori were found in 81.7% patients, 
of  which 28.3% had atrophic gastritis and 15.1% intesti-
nal metaplasia[75]. Atrophy was found in 65% and 54% of  
examined subjects in Jordan and Egypt, respectively[24,76] 
(Table 1). 

In a study conducted in Saudi where a comparison 
of  Sydney scores from younger and older patients was 
made, no significant differences were seen in the scores of   
H. pylori density, neutrophilic activity, or chronic inflam-
matory cell infiltration between the two groups. While 
intestinal metaplasia was not found in any young patient, 
22% of  older patients had focal metaplastic changes. The 
atrophic changes were seen in 19% of  older patients and 
one (3%) younger patient[77].

In Turkey, while a significant relationship was found 
between cagA positivity and neutrophil activity and glan-
dular atrophy in antral specimens, corpus neutrophil infil-
tration was found to be more severe in the vacA m1 group 
than in the vacA m2 group[59]. No association between 
virulence factors and histopathology was found in Iraq[69]. 
In Iran, dupA-negative strains were associated with prema-
lignant histological changes[65]. 

In most of  the studies conducted in the Middle East, 
histological changes seen in the antral sections (such 
as neutrophil infiltration of  the lamina propria and the 
glands and the increase in the number of  lymphocytes 
and plasma cells) were on average of  mild scores.

DIET IN THE MIDDLE EAST
Diet pattern correlates with gastric diseases. Most popu-
lations in the Mediterranean region (including Middle 
Eastern populations) adhere to the Mediterranean dietary 
pattern. Mediterranean food has several common features 
including low consumption of  meat and animal products, 
a high consumption of  fish, vegetables, fruit, and cereal, 
and olive oil as the main source of  fat. A Mediterranean 
diet, particularly olive oil, vegetable and fruit consump-
tion, has been shown to be related to a low risk of  cardio-
vascular disease and several cancers including upper gas-
trointestinal tract cancer[78,79]. Whole grain is also related to 
low risk of  gastric cancer[78]. In contrast, intake of  refined 

grains by some Mediterranean populations was associ-
ated with increased risk of  stomach cancer[78]. Overall, the 
Mediterranean dietary pattern is associated with better 
health and protects against various chronic diseases. After 
revision of  most recently published papers about diet and 
food in the Middle East, I did not find any significant dif-
ferences in the diet pattern amongst the countries of  this 
region[80,81]. 

SMOKING IN THE MIDDLE EAST
The association between smoking and increased risk of  
gastric cancer has been observed. In an epidemiological 
study conducted in Portugal it was shown that smoking 
is associated with gastric intestinal metaplasia[82]. In other 
studies, it was shown that tobacco can increase the risk 
of  gastric cancer[83], and epidemiological evidence linking 
smoking and gastric cancer has been found[84]. The preva-
lence of  smoking in Iraq where the gastric cancer rate is 
very low is twice as the prevalence in Iran where the gastric 
cancer is very high. On the other hand, the highest preva-
lence was found in Turkey[85]. The prevalence of  smoking 
in other Middle Eastern countries can be seen in Table 2. 

GENERAL CONSIDERATIONS
H. pylori is a causative agent of  peptic ulcer disease and an 
important risk factor of  gastric cancer. Despite the high 
H. pylori infection rate in Middle Eastern countries, gastric 
cancer incidence is low in all countries but Iran. Previous 
reports have shown that the age of  patients at the onset 
of  infection may help predict the disease development 
process as the early acquisition of  infection carries more 
risk of  disease development. As shown above, H. pylori 
infection is acquired early in life in this region. In spite of  
this, the cancer rate is low. 

In the Middle East, the populations can ethnically be 
divided into two main groups: Semitic populations (Arab 
and Jew who are southern region inhabitants) and non 
Semitic populations (Kurd, Turk, and Persian who are 
northern region inhabitants). 

The prevalence of  virulence factors in countries in-
habited by non Semitic populations (Turkey, Iran and 
Iraq) is similar to what was found in South Asian and 

3230 July 14, 2010|Volume 16|Issue 26|WJG|www.wjgnet.com

Hussein NR. H. pylori  infection in the Middle East

Table 2  Smoking prevalence in different countries (%)

 Males  Females  

Saudi: Male Adult (30-70 yr and older), 1996-2001    19.1      8.3 
Kuwait: Adult, 1996    29.6      1.5
Italy: Adult (15 yr and older), 2002    31.1    22.3
Iraq: Adult (16 yr and older), 1990  40   5
Jordan: Adult, 1999 48 10
Japan: Adult (15 yr and older), 2002 51 10
Iran: Adult (15 yr and older), 1999-2000    22.2      2.1
Egypt: Adult (15 yr and older), 2000 40 18
Spain: Adult (16 yr and older), 2001    39.1    24.6
Turkey: Adult (20 yr and older), 1997-1998    50.9    10.9
Israel: Adult (25-64 yr and older), 1999-2001    38.6    22.1
Costa Rica: Adult (20-49 yr and older), 2001 29      9.7



Europe[41] and significantly more than what was found in 
countries with a Semitic background. This might be be-
cause populations which lived in the northern part of  the 
Middle East near Europe and south Asia might correlate 
with European and south Asian populations. Additionally, 
this provides more evidence of  the ethnical tropism of   
H. pylori infection. It is noticed that virulence factor rates 
in Saudi H. pylori are higher than other Arabic countries. 
This might be due the fact that Saudi society has been an 
open society due to continued population movement into 
this region to perform pilgrimage (Hajj). 

Graham et al[86] suggested a better strategy for the 
explanation of  the relationship between H. pylori and 
diseases by focusing on underlying patterns of  gastritis. 
This, to a certain extent, is true in this region because all 
histopathology reports have shown that antral predomi-
nant gastritis is the main pattern of  gastritis in this region 
apart from Iran where corpus or pan gastritis is the main 
pattern. However, if  atrophic gastritis, which is precancer-
ous and shown to be associated with cancer, is considered, 
the high cancer rate in Iran cannot be explained because 
atrophic gastritis is very high in Turkey, Jordan, UAE, and 
Egypt with much lower cancer rates. Yet another question 
to be answered: why this difference in gastritis pattern? 
Previous reports have blamed environmental factors and 
diet. For the sake of  argument, one would accept the 
blame but which environmental factor can play such a role 
in a region which has almost the same environment and 
traditions. Moreover, as seen above, most Mediterranean 
countries (including Middle Eastern and South European 
countries) adhere to a Mediterranean diet pattern and 
neither diet pattern nor smoking rates seem to explain 
the difference in cancer rate. The only difference, how-
ever, that can be found between Iran and other countries 
(apart from Israel) is the presence of  nuclear facilities in 

Iran. Examining the map of  Iran’s nuclear sites, Iranian 
uranium mines, nuclear reactors, and uranium processing 
facilities that include three known uranium enrichment 
plants can be found in Iran’s most populous urban areas 
especially in the northwest and central region where there 
is a very high gastric cancer rate (Figure 1)[87]. On the oth-
er hand, there is no nuclear facility in the southeast where 
the gastric cancer rate is similar to that found in neighbor-
ing countries[87]. In Israel, these facilities are in the desert 
and relatively isolated areas. But if  the theory of  the re-
lationship between those facilities and cancer is true, one 
would expect high rates of  other cancers in Iran and this 
is not true[28]. 

Host genetics play an essential role in the inflamma-
tory process and in the interactions between the host and 
H. pylori (see review by Kusters et al[88]). It has been shown 
that proinflammatory genetic polymorphisms tend to in-
crease the risk of  development of  gastric cancer. Hence, 
would the genetic make-up explain the dilemma of  cancer 
rate in this region? Proinflammatory host genetic facili-
tates gastric cancer through the development of  hypo-
chlorhydric and atrophic gastritis which has been studied 
and could not have explained the difference in cancer rate. 
Graham et al[86], suggested that host genetics affect indi-
viduals and generally cannot explain widespread changes. 
In addition, the genetic markers we have at present are not 
sensitive or specific enough to form the basis of  a screen-
ing strategy[89]. According to Canedo et al[89], any genetic 
association studies should fulfil specific criteria among 
which there should be no evidence of  population admix-
ture. This criterion is almost impossible to fulfil in this 
region. When looking back through history, you will find 
that Indo-European races (Kurd and Iranian) are not in-
digenous. In addition, after the rise of  Islam and the Arab 
conquest of  the surrounding countries, there was much 
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Figure 1  Map showing Iran’s 
nuclear sites and annual in-
cidence of gastric cancer in 
Iran reported from different 
cancer registries presented 
as male age standardized 
rate per 100 000.
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intermixture between Indo-European and Semitic popula-
tions. Further evidence for this intermixture is that in a 
study of  human genetics, a close relatedness of  Semitic 
and Indo-Europeans with each other and with neighbour-
ing geographic groups was shown. In the same study it 
was shown that Semitic North African groups are more 
distant genetically from Semitic-speaking groups from the 
Near East and Iran[90]. Hence, avoiding a mixed population 
is insuperable in this region. However, this does not negate 
the importance of  the host genetic analyses of  cytokine 
polymorphisms affecting mucosal inflammation and gas-
tric acid secretion. Carefully planned projects would pro-
vide additional information to identify predictive markers 
for an individual’s risk for gastric atrophy and malignancy.

CONCLUSION
To conclude, there is unexplained variation in the distri-
bution of  virulence factors and gastritis patterns in the 
Middle East. These variations fail to explain the discor-
dance between H. pylori infection rates and the variations 
in gastric cancer prevalence. Although detailed studies 
are needed to investigate dietary pattern, generally diet 
is unlikely to contribute because all the countries are fol-
lowing the same Mediterranean pattern. Smoking rates 
could not explain the variation in cancer rates as we have 
seen countries with a very high smoking rate but low can-
cer rate. This might indicate the presence of  an enigma 
similar to or part of  that reported (controversially) in 
Africa and Asia[91,92]. Further detailed investigations and 
international comparative studies of  each risk factor need 
to be performed to investigate whether this phenomenon 
represents a true enigma.
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Abstract
The two-layer cold storage method (TLM) was first re-
ported in 1988, consisting of a perfluorochemical (PFC) 
and initially Euro-Collins’ solution, which was later re-
placed by University of Wisconsin solution (UW). PFC is a 
biologically inert liquid and acts as an oxygen-supplying 
agent. A pancreas preserved using the TLM is oxygen-
ated through the PFC and substrates are supplied by 
the UW solution. This allows the pancreas preserved us-
ing the TLM to generate adenosine triphosphate during 
storage, prolonging the preservation time. In a canine 
model, the TLM was shown to repair and resuscitate 
warm ischemically damaged pancreata during preserva-
tion, improve pancreas graft survival after transplanta-
tion, and also improve the islet yield after isolation. Clini-
cal trials using the TLM in pancreas preservation before 
whole-pancreas transplantation and islet isolation have 
shown promising outcomes. We describe the role of the 
TLM in pancreas and islet transplantation.
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INTRODUCTION
Successful transplantation depends on multiple factors 
including the prevention of  preservation injuries incurred 
by cold storage and reperfusion[1,2]. A shortage of  donor 
organs has an impact on the development of  preserva-
tion methods. We developed the two-layer cold storage 
method (TLM) using perfluorochemicals (PFC) to reduce 
ischemic injury and maintain cellular integrity during pres-
ervation.

In 1966, it was reported that mice could breathe and 
survive in oxygen-saturated PFC[3]. PFC is a hydrocarbon, 
comprising a colorless and odorless solution with specific 
gravity approximately twice that of  water. The most inter-
esting property of  PFC is a very high capacity for dissolv-
ing respiratory and other nonpolar gases[4]. A negligible 
O2-binding constant of  PFC allows them to release O2 
more effectively than hemoglobin into the surrounding 
tissue. As a result of  this unique property, PFC-based so-
lutions have been examined as oxygen carriers for blood 
substitutes, myocardial protection, respiratory support[4], 
and organ preservation before transplantation[5]. 

In this editorial, the role of  the TLM in pancreas and 
islet transplantation is discussed.

DEVELOPMENT OF TWO-LAYER COLD 
STORAGE METHOD
The TLM was first reported in 1988 at Kobe Univer-
sity as a pancreas cold storage method[5]. The TLM first 
consisted of  a PFC and initially Euro-Collins’ solution 
(EC), which was later replaced by University of  Wiscon-
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sin solution (UW)[6]. Because the PFC is lipophilic and 
has a high density, the PFC and EC or UW separate into 
layers. This allows for the pancreas graft to float on the 
oxygenated PFC surrounded by EC or UW (Figure 1).

Before UW was developed, EC was the standard so-
lution for pancreas preservation before whole-pancreas 
transplantation. EC could preserve human pancreata for 
up to 10 h[7] and canine pancreata for up to 24 h[5]. The 
original TLM (EC/ PFC) could preserve canine pancreata 
for up to 72 h[5]. UW solution could preserve canine 
pancreata for up to 72 h[6], and the modified TLM (UW/ 
PFC) could preserve canine pancreata for up to 96 h[6]. 
Although PFC alone may provide an excellent preserva-
tion solution, this solution only preserved canine pan-
creata for 48 h[8]. Despite evidence for the superiority of  
the TLM, simple cold storage using UW has become the 
standard organ preservation method in clinical pancreas 
transplantation. This is likely to be because UW effectively 
preserves human pancreata for more than 24 h and the 
TLM is relatively more complicated compared with UW 
cold storage.

MECHANISM OF THE TWO-LAYER 
METHOD
The TLM reduced cold ischemic[6], warm ischemic[9], re-
warming ischemic[10], and reperfusion[11] injuries in pan-
creas and islet transplantation. The mechanisms of  the 
TLM have been vigorously examined using experimental 
transplantation models. During preservation by the TLM, 
the pancreas is directly oxygenated through PFC and main-
tains an oxygen tension at about 60% of  the normal physi-
ologic level[12]. 

During ischemia, tissue adenosine triphosphate (ATP) 
degrades to hypoxanthine following an increase of  xan-
thine oxidase. Next, reactive oxygen radicals are generated 
and involved in a complex interaction of  immediate cel-
lular damage in ischemia-reperfusion injury[13,14]. On the 
other hand, tissue ATP is maintained in grafts preserved 
by the two-layer method and is rapidly recovered after 
reperfusion, which may be a better prophylaxis and treat-
ment for the first step of  ischemia-reperfusion injuries. 
During preservation by the TLM, pancreas grafts continu-
ously generate ATP for up to 96 h[6]. ATP levels are also 
enhanced in human pancreas stored using the TLM. This 
proves the ability of  the TLM to oxygenate human pan-
creas[15,16]. The ATP generated is used to drive a sodium-
potassium pump to maintain cell integrity; thus, the TLM 
prevents pancreas swelling more effectively than UW 
solution[17]. Furthermore, the TLM improves the viabil-
ity of  the vascular endothelium and microcirculation[18]. 
Although the mechanisms involved in reducing ischemic 
reperfusion injury are unclear, one possibility is the induc-
tion of  heat shock proteins during preservation[11]. ATP is 
essential for protein synthesis, and we demonstrated that 
protein synthesis was likely to be involved in the process 
of  postischemic cellular recovery during preservation by 
the two-layer method[11,19]. These heat shock proteins may 
work to provide an anti-reperfusion or cell repair property.

The TLM also has an excellent ability to resuscitate 
pancreas grafts that have suffered from warm ischemic 
injury and to prolong the preservation time of  isch-
emically damaged pancreata[20]. After 90 min of  warm 
ischemic injury, the canine pancreas grafts lost ATP and 
were no longer viable. However, when the damaged pan-
creata were preserved and resuscitated by the TLM for 
24 to 48 h at 4℃, the grafts regained tissue ATP and be-
came viable[19]. The resuscitation effect is associated with 
active protein synthesis, suggesting active cell repair, and 
may involve heat shock proteins[19]. This suggested the 
possibility of  pancreas transplantation from ischemically 
damaged or non-heart-beating donors. 

Resuscitation by the TLM before pancreas transplan-
tation correlates with the pancreatic tissue ATP levels 
after the TLM[21]. This is important because it predicts 
the outcomes of  marginal donor grafts before transplan-
tation. Recently, the TLM has shown promise in small 
intestine[22] and heart preservation[23].
 
PANCREAS PRESERVATION BEFORE 
ISLET ISOLATION
The most common exclusion criteria of  pancreata for 
islet isolation are an unstable blood pressure, significant 
downtime, and high-level vasopressor usage for donor 
management. All of  these criteria are related to warm 
ischemic injury and can be alleviated using the TLM; 
thus, the TLM could potentially make the majority of  
the donor pancreata usable for islet isolation.

Tanioka et al[24] first reported islet isolation after pres-
ervation by the TLM in a canine pancreas model. After 
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Figure 1  The two-layer method. The pancreas graft is surrounded by 
UW or EC and floated on the oxygenated PFC. A: The photograph; B: The 
schema. UW: University of Wisconsin solution; EC: Euro-Collin’s solution; PFC: 
Perfluorochemical.
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24 h storage of  the canine pancreas in UW solution, islet 
yields were significantly decreased and the posttransplant 
outcome was further deteriorated. However, after 24 h 
of  preservation by the TLM, the islet yield and post-
transplant outcome were essentially equal to the immedi-
ate isolation.

After 60 min of  warm ischemia, the islet yield after is-
let isolation was significantly decreased compared with the 
islet yield from the pancreas without warm ischemia[25]. 
When pancreata ischemically damaged for 60 min were 
preserved using the TLM for 24 h, the level of  islet yield 
became similar to that from pancreata without warm isch-
emia[26]. Tanaka et al[27] also demonstrated that pancreata 
damaged on 30 min warm ischemia were restored by 3 h 
TLM preservation. The TLM may facilitate the selective 
use of  non-heart-beating donors as an alternative source 
for islet transplantation.

In the rat model, the TLM for pancreas preservation 
prior to islet isolation resulted in an excellent islet func-
tion in addition to improved islet yield, which was almost 
comparable to freshly isolated islets[28].

At the University of  Alberta (Edmonton, Canada), it 
was observed that seven of  seven patients with type 1 dia-
betes receiving allogeneic islet transplants became insulin 
independent[29]. Two major drawbacks of  the Edmonton 
protocol are that it requires pancreata to have short pres-
ervation periods before islet isolation, and almost always 
requires two or more donor pancreata to cure one diabetic 
patient. 

On the basis of  these data, Matsumoto et al[30] exam-
ined the effect of  the TLM on the pancreas before islet 
isolation using preclinical, nonhuman primate pancreata 
and human pancreata. In the primate model, storing 
pancreata in UW solution for 5 h yielded a similar islet 
number, viability, and in vitro function compared with 
immediate isolation. However, 5 h of  TLM preservation 
significantly increased the islet yield, viability, and in vitro 
function. They also suggested that the TLM maintains 
or repairs exocrine cell integrity and prevents trypsin ac-
tivation, which enables effective collagenase delivery and 
protects islets from enzymatic digestion. 

Zhang et al[31] also demonstrated that the islet yield 
from pancreata preserved using the TLM was more than 
that from pancreata stored in UW solution. Islet viability 
was significantly higher with the TLM vs UW solution. 
This experiment confirmed the superiority of  the TLM-
based preservation of  pancreata for human islet isolation 
compared with UW solution. Although the beneficial 
effect of  the TLM is controversial, the overall perfor-
mance of  the TLM could improve the outcome of  islet 
isolation and transplantation[32].

CLINICAL APPLICATION OF THE 
TWO-LAYER METHOD
The TLM was clinically employed for pancreas transplan-
tation at the University of  Minnesota for the first time 
in 1999[33]. In this first clinical trial involving 10 cases, the 

TLM had no adverse effect on the recipients after trans-
plantation. Furthermore, the morphologic quality of  the 
human pancreas grafts after reperfusion was excellent 
compared with the pancreata stored in UW solution. There 
was no episode of  acute rejection of  pancreata preserved 
using the TLM. This is interesting because the immuno-
suppressive property of  PFCs was one of  the reasons not 
to use them as a blood substitute[34]. This immunosuppres-
sive property could be beneficial for allogeneic organ pres-
ervation, and the role is under investigation. 

Pancreas preservation using the TLM before islet iso-
lation for clinical islet transplantation began at the Uni-
versity of  Minnesota[35]. Hering et al[35] reported the cure 
of  four patients with islets from a single donor. In this 
report, cadaver pancreata were subjected to the TLM im-
mediately after retrieval at the procurement site without 
UW solution storage before islet isolation. Their islet yield 
was sufficient to cure one patient from one donor. Their 
experiment suggests that pancreata should be preserved 
by the TLM immediately at the time of  procurement.
 
CONCLUSION
Irrespective of  these promising data, the role of  the 
TLM requires further investigation in pancreas and islet 
transplantation. 
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Abstract
Interstitial cells of Cajal (ICC) are important players in 
the symphony of gut motility. They have a very signifi-
cant physiological role orchestrating the normal peristal-
tic activity of the digestive system. They are the pace-
maker cells in gastrointestinal (GI) muscles. Absence, 
reduction in number or altered integrity of the ICC 
network may have a dramatic effect on GI system mo-
tility. More understanding of ICC physiology will foster 
advances in physiology of gut motility which will help in 
a future breakthrough in the pharmacological interven-
tions to restore normal motor function of GI tract. This 
mini review describes what is known about the physi-
ologic function and role of ICCs in GI system motility 
and in a variety of GI system motility disorders.
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INTRODUCTION
Physiology of  gut motility has been always a fascinating 
chapter in gastroenterology. It poses interesting challeng-
es to physiologists. Our understanding of  basic gut mo-
tility processes is advancing; a major emphasis is placed 
on elucidating gut regulatory mechanisms. A better ap-
preciation of  the importance of  the presence of  normal 
function of  interstitial cells of  Cajal (ICC) transformed 
this field of  research. In 1893, Spanish Nobel Laureate 
physician and neuropathologist Santiago Ramon y Cajal, 
was the first to describe cells that are located between 
the nerve endings and smooth muscle cells in the gastro-
intestinal (GI) tract. Their location prompted him to call 
them “interstitial”. They are now known as the ICC. 

ICC may be considered to be a specialized popula-
tion of  smooth muscle cells. Both arise from common 
mesenchymal cells[1-3]. However, whereas smooth muscle 
cells develop an extensive array of  contractile elements, 
ICC have few contractile elements but contain large 
numbers of  mitochondria, an abundance of  endoplas-
mic reticulum and distinct sets of  channels in their 
membrane. The ICC consist of  a fusiform cell body 
with a thin cytoplasm, a large oval nucleus and dendritic-
like processes[4]. Two to five primary dendritic processes 
divide further into secondary and tertiary processes[5]. 
Many ICC express Kit, a tyrosine kinase receptor (Kit-
ir); this allows them to be recognized by their ability to 
bind antibodies to Kit[4]. Similarly ICC readily react with 
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antibodies to vimentin whereas nearby smooth muscle 
cells do not[6]. The presence of  ICC is not restricted to 
the GI tract. They can be found in the bladder[7,8], the 
ureteropelvic junction[9], the vas deferens[10], the pros-
tate[11], the penis[12,13], the mammary gland, the uterus[14], 
the pancreas[15], blood vessels[16] such as the portal vein[17] 
and the vagina[18]. More recently, they have been found in 
the vermiform appendix in childhood[19]. Some of  these 
cells are thought to have a pacemaker function (such as 
those in the portal vein, in the lymphatics or prostate) 
but not those in the arteries, uterus (where the influence 
is, if  any, an inhibitory one) or bladder[20]. 

The motor activity of  the GI tract is critical for life[21]. 
It is a complex process involving multiple cell types such 
as enteric neurons that can sense the contents of  the GI 
tract, integrate information and devise a suitable motor 
pattern, ICC that transduce inputs from enteric motor 
neurons and generate intrinsic electrical rhythmicity, and 
smooth muscle cells that can interpret and integrate large 
arrays of  inputs and develop appropriate responses[22]. 
ICC are a minor component of  the tunica muscularis of  
the GI tract (only about 5% of  cells present[23]); however, 
these cells have very significant physiological roles in GI 
motility[22]. 

Many tissues, isolated from different regions of  the 
GI tract, contract rhythmically in the absence of  neu-
ronal or hormonal stimulation. When contractions and 
membrane potential are recorded simultaneously each 
contraction is seen to be triggered by a long lasting wave 
of  depolarization: because of  their low frequency of  oc-
currence and long duration, the waves of  depolarization 
have been termed slow waves[24]. The origin and basis 
of  the generation of  slow waves have been debated for 
many years. It was initially thought that the generation 
of  slow waves reflected some properties of  GI smooth 
muscle cells[25,26], but studies on isolated smooth muscle 
cells have consistently failed to demonstrate a capability 
to generate slow wave activity[27]. It has also long been 
recognized that the generation of  slow waves does not 
rely on the sequential activation of  voltage-dependent 
ion channels as do cardiac pacemaker cells. Rather, many 
early studies raised the possibility that rhythmical activ-
ity relied on the cycling of  one or more metabolic pro-
cesses within cells of  the gut wall. Thus Conner and his 
colleagues proposed that the generation of  slow waves 
involved changes in the activity of  the sodium pump[25].

Subsequently Nakayama et al[28] suggested an involve-
ment of  glycolytic pathways, again assuming that pace 
making activity originated in smooth muscle cells. Al-
though ICC were first described in the intestine a century 
ago by Cajal, they were long viewed as an oddity. Their 
role in the generation of  pacemaker activity in the GI 
tract was suggested on the basis of  histological studies[29]. 
More recently, studies on mutants that lack subpopula-
tions of  ICC revealed their role in the generation of  
rhythmicity[30].

Critically, whereas isolated smooth muscle cells rarely 
generate spontaneous electrical activity[27], isolated ICC 
invariably do[31,32].

STRUCTURAL ORGANIZATION 
AND IDENTIFICATION OF SPECIFIC 
POPULATIONS OF ICC
The discovery that ICC express c-Kit, the proto-onco-
gene that encodes the receptor tyrosine kinase Kit has 
offered a simple and reliable immunohistochemical 
method for determining the structure and distribution of  
ICC networks[30]. ICC are found throughout the GI tract 
from the esophagus to the internal anal sphincter[33,34]. 
Hanani et al[35] mentioned that while it is becoming clear 
that more than one type of  ICC exists, based on both 
morphological and functional data, we still subdivide 
ICC based on location. Furthermore, Farrugia[36] empha-
sized the importance of  revisiting a classification based 
solely on location and move towards a classification 
that is based on function, suggesting a reasonable start, 
to subdivide ICC into those that have the machinery 
to, and generate, unitary potential and slow waves and 
those that do not. Morphological studies now supported 
by some functional evidence suggest that at least three 
separate functional groups of  ICC exist. In most regions 
of  the GI tract, a network of  ICC are located within the 
intermuscular space at the level of  the myenteric plexus 
(ICC-MY) between the circular and longitudinal muscle 
layers. ICC-MY are the pacemaker cells in the stomach 
and small intestine that trigger the generation of  slow 
waves in the tunica muscularis[37].

A second population of  ICC (referred to as intramuscu-
lar ICC or ICC-IM) are found within the muscle layers of  
the GI tract and are innervated preferentially by enteric 
motor nerves[37]. ICC-IM are closely associated with not 
only enteric motor nerves but also vagal afferent nerves. 
Vagal afferent nerve fibers, labeled by the injection of  
neural tracers into the nodose ganglia, can terminate as 
intramuscular arrays within the musculature and as intra-
ganglionic laminar ending within the myenteric ganglion 
of  the stomach and duodenum. These afferent fibers 
transmit mechanoreceptive information from the muscle 
wall[38,39]. Horiguchi et al[40] gave histological evidence that 
a third population of  ICC, ICC-SEP, lies within the septa 
between the circular muscle bundles, and suggested that it 
may play a role in conducting electrical information from 
ICC-MY deep into the distant circular muscle bundles, 
Figure 1 showing functional organization of  ICC in the 
canine gastric antrum[41].

Electrophysiological data are presented which indicate 
that when the normal pathway from ICC-MY is sectioned, 
electrical stimulation of  the cut ends of  the muscle bun-
dles can initiate slow waves over considerable distances. In 
the absence of  stimulation, the muscle bundles isolated 
from ICC-MY can generate rhythmical activity but do so 
at low frequencies. Thus a distinct population of  ICC, 
ICC-SEP, exists which can transfer pacemaker depolar-
ization from ICC-MY deep into the distant bundles of  
circular muscle. Although ICC-SEP have the potential 
to generate pacemaker activity they are not normally 
the dominant pacemaker centre. As an analogy with the 
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generation of  pacemaker activity in the heart, the plexus 
of  ICC-MY, like the sino-atrial node, is the dominant 
pacemaker centre. ICC-SEP, like Purkinje fibers, have the 
potential to generate pacemaker activity, but normally 
function to convey electrical activity from the dominant 
pacemaker region to more distant tissues[41].

PHYSIOLOGICAL FUNCTIONS OF ICC
Peristaltic motor activity is a motor pattern orchestrated by 
complex sequencing of  neural excitation and inhibition in 
cooperation with intrinsic muscular control mechanisms, 
including those residing in ICC[42]. Peristalsis is defined as 
waves of  contraction propagating along the GI tract for 
various distances as a means of  mixing and propelling 
its content distally. Both the type of  neural activity and 
the type of  intrinsic myogenic control mechanism differ 
widely throughout the GI tract[42]. Physiological activation 
of  peristalsis will in most cases involve the stretching of  a 
segment of  stomach, intestine, or colon and it will occur 
by neural pathways that contain additional mechanisms to 
those required for the ascending excitatory reflex[43]. When 
peristaltic motor activity occurs, in particular in stomach 
and proximal small intestine, the waves of  contraction 
always have rhythmicity to it. This rhythmicity is deter-
mined by electrical slow wave activity in the musculature, 
referred to as pace maker activity[44]. 

New reagents, coupled with immunohistochemical tech-
niques and new electrophysiological experimental approach-
es opened the door to recent progress in identification of  
the important roles of  ICC as pacemakers, in propagation 
of  slow waves and as mediators of  inputs from enteric mo-
tor neurons[45]. Other functions, such as mechanosensors 
have also been proposed, but little physiological evidence 
supporting this function has been published[45].

Laboratory approaches used for ICC study
Isolated ICC have been examined using conventional 
patch clamp recording techniques. This approach, which 
has been applied to ICC-MY, allows a description of  
the specific populations of  ion channels present in their 
membrane[31,32,46] and an analysis of  the cellular mecha-
nisms which regulate the channels[47,48]. Simple intracel-

lular recording from smooth muscle cells in isolated 
segments of  GI tissues and isolated segments of  urethra, 
after blocking smooth muscle L-type Ca2+ channels, re-
cord primarily the activity of  the ICC in the tissues. The 
properties of  ICC-MY can be determined in situ using 
sharp electrodes, allowing one to monitor the behavior of  
populations of  interconnected ICC-MY and to determine 
how pacemaker potentials generate signals in adjacent 
smooth muscle layers[47,49,50]. A third method used to study 
the properties of  ICC IM involves recording from small 
isolated segments of  circular muscles; if  dissected appro-
priately the preparations are isopotential and contain up 
to 2000 smooth muscle cells linked to up to 200 ICC-IM. 
The membrane potential of  both smooth muscle cells and 
ICC-IM, can be varied over a limited range and the effects 
of  nerve stimulation can be analyzed[51-53]. Finally, the use 
of  mutant mice in which specific sets of  ICC are either 
absent of  dramatically reduced in numbers has allowed an 
evaluation of  the physiological properties of  tissues, with 
and without different sets of  ICC[24].

PATHOPHYSIOLOGY OF ICCs
Many GI motor disorders can be related to changes in 
number and/or structure and/or density of  ICCs[54-57]. 
These changes can be primary, due to toxin substances, 
neurotoxins or viral diseases, or secondary as a consequence 
of  neural damage, degraded tissue or treatment effect[54,58]. 

An absence or reduction in the number of  ICCs causes 
abnormal electrical slow waves causing a decreased con-
tractility of  smooth muscle cells resulting in a diminished 
intestinal transit[56]. Although the density decreases, the slow 
wave is still present in most affected patients but the fre-
quency and duration are prolonged[54]. 

COMMON GI MOTILITY PROBLEMS
ICC in the human esophagus and cardia
ICC in human esophagus has a myoid ultrastructure with 
abundant smooth endoplasmic reticulum, numerous mi-
tochondria, intermediate filaments, scattered caveolae, and 
discontinuous basal lamina. They are most frequent in the 
esophageal part of  the lower esophageal sphincter (LES) 
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but rare in the gastric part. They are in close contact with 
nerve terminals and make specific junctions with smooth 
muscle cells[59,60]. 

Achalasia: Achalasia is a disorder of  esophageal motil-
ity that has been well documented for over 300 years[61]. 
Achalasia is characterized by relaxation failure of  the 
LES and lack of  peristaltic contraction of  the esophageal 
body[62]. The mechanism of  LES relaxation is complex, 
requiring the coordinated interaction of  nerves, smooth 
muscle, ICC and hormones. The LES is a functional and 
anatomic barrier between the stomach and esophagus. It 
consists of  a thickening of  the circular smooth muscle 
layer of  the esophagus at the gastroesophageal junction. 
It is anatomically asymmetric, and this is reflected in the 
physiology of  the sphincter as demonstrated by ultra-
sound and pharmacologic manometric studies[63]. The 
LES is tonically contracted. Initiation of  a peristaltic wave 
in the esophagus is accompanied by a decrease in LES 
pressure as a result of  smooth muscle relaxation. This al-
lows the swallowed bolus to enter the stomach[61].

ICC involvement in achalasia is debated. Electron mi-
croscope studies of  the muscle coat of  the LES in seven 
patients with achalasia showed that muscle wall com-
ponents (nerve endings, smooth muscle cells, ICC and 
connective tissue) were modified. ICC ultrastructure was 
altered, namely clear cytoplasm, fewer mitochondria, and 
scarce smooth endoplasmic reticulum[64].

A reduced number of  contacts between nerves and 
ICC were reported. Specific changes in smooth muscle 
cells were also documented, whereas the nerve endings 
had abnormal ultrastructure. Alterations in older patients 
were more pronounced[65]. Since the LES components 
specifically altered in achalasia are the nerve endings and 
ICC, they are regarded as principally responsible for ab-
normal motility[65].

Achalasia is uncommon among the pediatric popula-
tion. It is usually sporadic and affects mainly teenagers[66]. 
A rare familial form combining early onset achalasia of  
cardia, alacrymia (absence of  tears), and ACTH insensi-
tivity, are known as Allgrove’s syndrome[67,68] or “Triple 
A” syndrome[69]. These forms are inherited on the auto-
somal recessive mode[70]. Massive loss of  neural elements 
and neuronal nitric oxide synthase as well as a marked 
fibrotic process of  the muscle layers of  the cardia have 
been observed in “Triple A” syndrome[71]. ICC in the 
cardia are also markedly diminished or are completely 
absent while ICC (and neural structures) are preserved 
in the pylorus[59].

Gastroesophageal reflux: Gastroesophageal reflux (GERD)  
is a common condition and its prevalence varies in dif-
ferent parts of  the World[72]. Typical symptoms of  heart-
burn and acid regurgitation are encountered in 15%-20% 
of  the general population[62]. The major mechanism for 
GERD is transient relaxation of  the LES[73]. The role of  
the ICC in inhibitory transmission in the LES is still being 
discussed[62].

In W/Wv mutant mice (lack of  ICC) LES pressure 
was lower than wild-type mice but a normal swallow 
still induced LES relaxation, arguing against the role of  
ICC in inhibitory transmission[74]. Another study demon-
strated that in W/Wv animals, cholinergic and nitrergic 
neurotransmission is greatly reduced pleading for the role 
of  ICC in mediating neural inputs[37]. However, enteric 
neurons, varicose processes, and the ability to release neu-
rotransmitters are not reduced, and smooth muscle cells 
demonstrate responsiveness to exogenous transmitters[37].

Loss of  ICC during development or in pathologic 
conditions would significantly compromise the ability of  
GI muscles to generate typical motor reflexes[75].

Esophagitis itself  may be at the origin of  an altera-
tion of  normal function of  the Cajal cells: in advanced 
stages of  GERD, inflammatory changes in the esophageal 
wall will also involve the ICC. That way, the more severe 
the esophagitis, the more severe is the ICC impairment. 
This destruction leads to loss of  effective contraction of  
esophagus, maintaining reflux and thus aggravating the 
symptoms[76].

ICC in the human stomach and pylorus
Gastroparesis: The pathogenesis of  gastroparesis is 
complicated and poorly understood. This lack of  under-
standing remains a major impediment to the develop-
ment of  effective therapies for this condition. Most of  
the scientific information available on the pathogenesis 
of  gastroparesis has been derived from experimental 
studies of  diabetes in animals. These studies suggest that 
the disease process can affect nerves (particularly those 
producing nitric oxide, but also the vagus nerve), ICC 
and smooth muscle[77]. It is broadly defined as disordered 
gastric emptying, and is a commonly encountered clinical 
problem[78]. Delayed gastric emptying can be secondary to 
muscular, neural, humoral causes or use of  anticholiner-
gic and opiate medicines. In the absence of  an identified 
cause, gastroparesis is termed as idiopathic[79]. Gastropa-
resis has a broad range of  clinical presentations ranging 
from dyspeptic symptoms to nausea, vomiting, abdominal 
pain, malnutrition, frequent hospitalizations and incapaci-
tation[80], chronic abdominal pain and vomiting leading to 
dehydration, electrolyte imbalance, nutritional impairment 
and weight loss[81].

The ICC are fundamental in the generation of  gastric 
slow waves[79]. A decrease in ICC density ranging from 
60%-100% depending on the area investigated was dem-
onstrated in histologic studies of  the stomach of  type 1 
diabetic patients[55]. The number of  immunopositive cells 
for c-kit was significantly decreased in the corpus and an-
trum of  the gastroparesis patients compared with control 
tissues[62]. The loss of  intramuscular ICC and associated 
nerves in the gastric fundus could explain the low basal 
gastric tone and increased compliance of  the stomach. 
The hypomotility of  the antrum can also be explained by 
the absence of  slow wave generation by the ICC[23].

Infantile hypertrophic pyloric stenosis: Infantile hy-
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pertrophic pyloric stenosis (IHPS) is common in infants, 
characterized by marked delayed gastric emptying and 
hypertrophy of  the inner (circular) muscle layer of  the 
pylorus[59]. IHPS has been known for more than a cen-
tury[82] but it remains a puzzling disorder[83]. The genetic 
susceptibility to development of  IHPS seems to be mul-
tifactorial[84]. Hypertrophy of  the pyloric musculature 
develops after birth[85] and produces the characteristic 
palpable pyloric “olive.” The pyloric lumen is however 
not fully occluded[86] and can be intubated relatively eas-
ily[87], suggesting that the obstruction of  the gastric outlet 
in IHPS is not merely due to a mechanical obstruction 
by the hypertrophied musculature. The extent of  muscle 
hypertrophy appeared to be unrelated to the age or dura-
tion of symptoms[88]. 

Various neurotransmitters[89-91] and the neuronal iso-
form of  NO synthase[92] are reduced or lacking in the 
hypertrophic musculature. The increased thickness of  
the pyloric muscular coats appears to be due to hyper-
trophy, rather than to hyperplasia, of  the smooth muscle 
cells[93]. ICC, identified either by electron microscopy[94] 
or by Kit-ir[95,96] were consistently lacking in the hypertro-
phic circular muscle layer. However, Kit-ir cells, similar 
to Kit-ir ICC observed in controls, were observed in the 
innermost part of  the hypertrophic pylorus and in the 
antrum, indicating that the lack of  Kit-ir is restricted to 
the hypertophic pyloric musculature[95].

The lack of  ICC in IHPS may interfere with the 
propagation of  slow waves and may be, at least partly, 
involved in antro-pyloric incoordination[59]. Homozy-
gous transgenic mice carrying inactivated genes (‘‘knock-
out’’) coding for the neuronal NO synthase developed 
hypertrophy of  the pylorus[97]. The link between the lack 
of  ICC, the lack of  inhibitory nitrergic neurotransmis-
sion, and the hypertrophy of  the smooth musculature in 
IHPS remains to be elucidated[59].

Small intestine and colon
Hirschsprung’s disease: Hirschsprung’s disease (HD) 
is characterized by the lack of  intrinsic enteric nervous 
system (ENS) in the distal part of  the GI tract (‘‘agan-
glionosis’’). The affected segment extends cranially from 
the anus and encompasses a variable portion of  the gut. 
Functionally, the lack of  propulsive movements may lead 
either to an early obstructive syndrome in infancy or to 
a severe constipation[98]. Lack of  slow wave activity in 
the aganglionic segment has been identified[99]. Kit im-
munohistochemistry identified ICC in HD. However, the 
cellular density of  Kit+ ICC appeared markedly reduced 
in the aganglionic segment[100]. ICC-MP were rather 
abundant in the (aganglionic) space between the muscle 
layers. Kit+ ICC were specially scarce in the inner part 
of  the circular musculature and in the submuscular 
plexus. However, the presence of  some ICC-SMP was 
confirmed by electron microscopy. 

In contrast, another study reported a distribution of  
Kit+ ICC in HD comparable to controls and claimed 
that Kit1 ICC-MP form “normal” networks in agangli-

onic segments when studied by confocal microscopy on 
whole mount preparations[101].

Differences in interpretation may be less significant 
than it appears as there is an agreement in the literature 
to acknowledge the presence of  a number of  intercon-
necting ICC-MP in aganglionic segments but there is 
no objective criterion to assess the “normality” of  net-
works. Considering the very close relationships of  ICC 
with intrinsic nerves and glial cells in the normal gut, a 
normal arrangement of  ICC appears quite unlikely in 
the absence of  both intrinsic nerves and glial cells as 
encountered in aganglionic segments. In the embryonic 
chicken[1] or mouse[102] gut experimentally deprived of  
neural crest derivatives, ICC develop in the absence of  
ENS, confirming the mesenchymal nature of  ICC. But 
it has not been established if  ICC fully develop morpho-
logically and functionally in such conditions.

HD is a heterogenous, multigenic disease and review-
ing its genetic aspects is beyond the scope of  this paper. 
Several systems regulating neural crest migration have 
recently been identified[103]. Some genes are expressed by 
the neural crest, others by the mesenchyme of  the gut. 
Kit has previously been considered as a possible candi-
date in the search for genes involved in hereditary forms 
of  HD[104] but the absence of  linkage between HD and 
the region of  the Kit gene has been more recently re-
ported[105]. The genetic defects leading to aganglionosis 
in the HD patients enrolled in all studies on ICC pub-
lished so far have not been assessed. Subtle differences 
may explain the discrepancies observed between studies, 
and a link between some specific genetic defect leading 
to aganglionosis and the differentiation of  ICC in HD 
patients cannot be ruled out.

Intestinal neural dysplasia: A clinical condition that re-
sembles HD was first described by Meier-Ruge[106] in 1971 
as a malformation of  the enteric plexus. In 1983, Fadda 
et al[107] subclassified intestinal neural dysplasia (IND) into 
two clinically and histologically distinct subtypes. Type A 
occurs in less than 5% of  cases, is characterized by con-
genital aplasia or hypoplasia of  the sympathetic innerva-
tions, and presents acutely in the neonatal period with 
episodes of  intestinal obstruction, diarrhea and bloody 
stools. The clinical picture of  Type B resembles HD and 
is characterized by malformation of  the parasympathetic 
submucous and myenteric plexuses and accounts for over 
95% of  cases of  isolated IND. IND occurring in associa-
tion with HD is of  Type B[108]. IND have been reported to 
be associated with loss or deficiency of  ICC networks[109].

Chronic intestinal pseudo-obstruction: Chronic intesti-
nal pseudoobstruction (CIPO) is characterized by defective 
GI propulsion together with symptoms and signs of  bowel 
obstruction in the absence of  any lesions or mechanical 
obstacle[110]. It is generally a serious, even life-threatening, 
condition with frequent need for long-term parenteral 
nutrition. CIPO can either be restricted to the intestine, 
can involve other parts of  the GI tract, or can be part of  
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a multisystemic disorder[59]. CIPO can be secondary to a 
number of  identified disorders or can be “idiopathic”[111]. 
Very little is known about the etiology of  idiopathic CIPO. 
Pathological features of  CIPO are pleiomorphic. A num-
ber of  alterations of  the ENS (‘‘neuropathic” forms)[112] 
and “myopathic” forms, limited to the musculature of  the 
GI tract or involving also the musculature of  the urinary 
system[113,114], have been described.

Slow transit constipation: Functional constipation en-
compasses a group of  functional disorders that exhibit 
persistent difficult, infrequent, or seemingly incomplete 
defecation and infrequent, lumpy, or hard stools[115,116]. This 
symptom is very common and may occur in up to 20% of  
populations, depending on demographic factors, sampling, 
and the definitions employed[115,117]. The term constipation 
is probably better viewed as a sort of  semantic umbrella, 
covering pathophysiologic subtypes, among which 2 major 
groups may now be identified: slow transit constipation 
(STC) and pelvic floor dysfunction[118].

STC is thought to have, as a primary defect, slower than  
normal movement of  contents from the cecum to the 
rectum[119]. This is a very prevalent motility problem, but 
its mechanisms are unclear[62]. Although STC may not be a 
congenital disease, the frequent onset in adolescence and 
strong female predominance suggest that STC could be a 
result of  a sex modified multifactorial disorder of  the GI 
tract with a genetic basis[120].

ICC volume was significantly lower in the STC patien+ 

cross all colonic regions[121]. Expression of  c-kit mRNA and 
c-kit protein was significantly decreased in the colon of  
STC, suggesting that the c-kit signal pathway may play an 
important role in ICC reduction in STC[122]. Shafik et al[123]  
concluded that a disorder of  the ICC, which generate 
electric activity, may have a role in inducing diminished or 
absent colonic motor activity, a point that should be further 
investigated.

TUMORS OF GI TRACT
GI stromal tumors (GISTs) have been recognized as a 
biologically distinctive tumor type, different from smooth 
muscle and neural tumors of  the GI tract. They constitute 
the majority of  GI mesenchymal tumors[124]. 

GISTs exhibit considerable phenotypic heterogene-
ity[125]. Their origin remains unclear, although origin in 
smooth muscle cells has been proposed[126,127]. CD34-ir 
is often present in GIST[125,128-130], a property shared with 
various other solid tumors[131,132].

Kit-ir may be a suitable marker for GIST[133], possibly 
superior to CD34-ir[134]. Mutations (usually activating) of  the 
proto-oncogene Kit have been identified in GIST[133,135-137]. 
GIST with Kit mutation appear to have a poorer progno-
sis[133,135-138]. Therefore Kit mutations may merely be part 
of  the oncogenic process rather than an indication of  the 
origin of  these tumors.

Recent studies suggesting that ICC in the human gut 
were both Kit-ir and CD34-ir raised the idea that Kit+ 
CD34+ GIST may derive from ICC[128,133,137].

The majority of  GISTs occurs in the stomach (60%- 
70%), small intestine (20%-30%) and only 10% or less in 
the esophagus, colon and rectum, and they affect mainly 
middle aged patients. Similar tumors, sometimes known 
as extra-GIST, may arise in the omentum, mesentery, or 
retroperitoneum and at least one case of  pancreatic tumor 
was described[139,140]. The presence of  ICC in normal pan-
creas was demonstrated recently[15].

The symptoms may vary from none or slight abdom-
inal discomfort to brisk GI hemorrhage, perforation or 
obstruction.

Imatinib mesylate, a synthetic tyrosine kinase inhibi-
tor developed for the use in the management of  inter-
feron resistant chronic myeloid leukemia, was shown to 
be effective against a number of  other tyrosine kinases 
including c-kit and platelet derived growth factor and 
now it is considered to be the drug of  choice for meta-
static and inoperable GISTs[124,141].

CONCLUSION
Knowledge on the role of  ICC in GI disorders is in-
creasing and there is currently overwhelming evidence 
to support the idea that ICC play important roles in GI 
motility in laboratory animals. Studies of  several animal 
models have shown that the lack of  specific ICC sub-
populations produces major disturbances of  GI motil-
ity. ICC are unique cell types with a central role in the 
control of  gut function. Further studies of  ICC may, 
therefore, lead to a major breakthrough in more under-
standing of  GI physiology which may be considered as 
a promising target, at least in the long run, for specific 
pharmacological interventions to restore the normal 
physiology and motor functions of  the GI tract. 
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Abstract
AIM: To investigate the anti-diabetogenic mechanism 
of Nardostachys jatamansi  extract (NJE).

METHODS: Mice were injected with streptozotocin via  

a tail vein to induce diabetes. Rat insulinoma RINm5F 
cells and isolated rat islets were treated with interleukin-
1β and interferon-γ to induce cytotoxicity.

RESULTS: Treatment of mice with streptozotocin re-
sulted in hyperglycemia and hypoinsulinemia, which 
was confirmed by immunohistochemical staining of the 
islets. The diabetogenic effects of streptozotocin were 
completely abolished when mice were pretreated with 
NJE. Inhibition of streptozotocin-induced hyperglycemia 
by NJE was mediated by suppression of nuclear factor 
(NF)-κB activation. In addition, NJE protected against 
cytokine-mediated cytotoxicity. Incubation of RINm5F 
cells and islets with NJE resulted in a significant reduc-
tion in cytokine-induced NF-κB activation and down-
stream events, inducible nitric oxide synthase expres-
sion and nitric oxide production. The protective effect of 
NJE was further demonstrated by the normal insulin se-
cretion of cytokine-treated islets in response to glucose.

CONCLUSION: NJE provided resistance to pancreatic 
β-cell damage from cytokine or streptozotocin treat-
ment. The β-cell protective effect of NJE is mediated 
by suppressing NF-κB activation.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Type 1 diabetes mellitus is an autoimmune disease that 
causes selective destruction of  insulin producing β-cells 
in the islets of  Langerhans. In early-stage disease, infiltra-
tion of  inflammatory cells into the pancreatic islets can be 
observed histologically[1]. The inflammatory cells produce 
and release cytokines, including interleukin-1β (IL-1β), tu-
mor necrosis factor-α (TNF-α), and interferon-γ (IFN-γ). 
IL-1β, alone or in combination with TNF-α or IFN-γ, 
upregulates inducible nitric oxide synthase (iNOS), and 
produces high levels of  nitric oxide (NO) in pancreatic 
islets[2,3]. NO is produced by the oxidation of  L-arginine to 
L-citruline by NOS, and generation of  excess NO can in-
hibit mitochondrial metabolism, protein modification, and 
DNA cleavage; any one of  which could lead to impaired 
insulin secretion and β-cell death[4,5]. Streptozotocin (STZ) 
is a diabetogenic agent that is toxic to pancreatic β-cells 
and is commonly used in diabetes research[6]. Streptozoto-
cin contains a nitroso moiety and releases NO during its 
metabolism[7]. In rodents, STZ activates poly-ADP ribose 
polymerase, depletes cellular NAD and ATP, breaks DNA 
strands, and initiates β-cell necrosis[8].

NO production is regulated by transcription factors 
that bind to specific sites in the iNOS promoter. Nuclear 
factor (NF)-κB, which can be activated by cytokines and 
STZ, has been implicated as a key signaling mediator in 
iNOS induction[9,10]. When inactive, NF-κB is located in 
the cytosol complexed with NF-κB inhibitory factor (IκB). 
Various inducers cause complex dissociation, presumably 
via IκB phosphorylation. Released NF-κB translocates to 
the nucleus, where it interacts with recognition sites to me-
diate gene transcription[11]. We and others have shown that 
NF-κB-dependent NO production is involved in the dys-
function and destruction of  β-cells, which suggests NO 
involvement in autoimmune diabetes pathogenesis[9,12-15].

Nardostachys jatamansi (N. jatamansi) is used in Ayurvedic 
medicine to treat mental disorders, hyperlipidemia, hyper-
tension, and convulsions[16-18]. Various sesquiterpenes such 
as lignans and neolignans are present in root extracts of  
this plant[19]. N. jatamansi is suggested to protect cells and 
tissues through its antioxidative properties[20,21]. We found 
that N. jatamansi extract (NJE) protects against develop-
ment of  acute cerulean-induced pancreatitis[22]. However, 
as far as we are aware, no studies have reported on the an-
tidiabetic effects of  NJE. Therefore, in this study we ex-
amined the effect of  NJE on cytokine- or STZ-stimulated 
pancreatic β-cell damage and the resultant development 
of  type 1 diabetes.

MATERIALS AND METHODS
Cell culture and reagents
Rat pancreatic β-cell line RINm5F was from the American 

Type Culture Collection and were grown at 37℃ in a hu-
midified 5% CO2 atmosphere in RPMI 1640 medium (Gib-
co BRL, Grand Island, NY, USA), supplemented with 10% 
fetal bovine serum and 2 mmol/L glutamine, 100 U/mL  
penicillin, 100 μg/mL streptomycin, and 2.5 μg/mL  
amphotericin B. IL-1β and IFN-γ were obtained from 
R&D Systems (Minneapolis, MN, USA). All reagents were 
from Sigma (St. Louis, MO, USA), unless otherwise noted.

Preparation of NJE
N. jatamansi was from a standard commercial source (Omni 
Herb, Seoul, Korea), and its identity was confirmed at the 
Korean Drug Test Laboratory (Seoul, Korea). Voucher 
specimens (NO; Oh/wh/nj-43) were deposited at the 
School of  Oriental Medicine Herbarium, Wonkwang 
University. NJE was prepared by decocting 200 g of  
dried herbs with 1800 mL boiling distilled water for ap-
proximately 2 h. The extract was filtered, freeze-dried and 
stored at 4℃.

Type 1 diabetes induction
Specific pathogen-free male ICR mice, weighing 25-30 g, 
were purchased from Orientbio Inc. (Seoungnam, Korea) 
and housed at our animal facility for 1 wk. All mice were 
kept under specific pathogen-free conditions with free ac-
cess to a standard commercial diet and were used at 5-6 wk 
of  age. To induce diabetes, mice were injected via the tail 
vein with 80 mg/kg STZ dissolved in 0.1 mol/L sodium 
citrate buffer (pH 4.0), prepared within 5 min of  admin-
istration. Mice were divided into the following groups: 
(1) non-treated controls; (2) STZ; (3) NJE; and (4) NJE 
+ STZ (n = 5 for each group). Control animals received 
citrate buffer alone. Group 4 received intraperitoneal injec-
tions of  125 mg/kg NJE daily for 3 d before administra-
tion of  STZ. The day on which STZ was first administered 
was defined as day 1. At day 5, mice were sacrificed by 
decapitation without anesthesia and trunk blood was col-
lected in pre-chilled tubes that contained 1 mg/mL EDTA. 
Plasma glucose was assayed using the glucose oxidase-per-
oxidase method, and plasma insulin was measured using a 
radioimmunoassay kit (Linco Research, St. Charles, MO, 
USA). All experimental procedures were approved by the 
Institutional Animal Care and Use Committee at Chonbuk 
National University, Jeonbuk, Korea.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide assay for cell viability
The viability of  cultured cells was determined by the re-
duction of  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) to formazan. RINm5F cells were 
seeded overnight in clear, flat-bottomed 96-well tissue 
culture plates at 105 cells/well in 100 μL medium. Cells 
were pretreated with NJE as indicated for 3 h, then IL-
1β (1 U/mL) and IFN-γ (100 U/mL) were added for an 
additional 48 h. Cells were washed twice with PBS, and 
MTT was added (100 μg/100 μL PBS). After incubation 
at 37℃ for 1 h, 100 μL DMSO was added to dissolve 
the formazan crystals, and absorbance was measured at 
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570 nm using a Spectra MAX PLUS spectrophotometer 
(Molecular Devices, Sunnyvale, CA, USA).

NO measurement
Biologically produced NO is rapidly oxidized to nitrite and 
nitrate in aqueous solutions. NO production was measured 
as nitrite concentration in cell-free culture supernatants 
using a colorimetric assay. Briefly, 5 × 105 RINm5F cells 
or 30 islet samples were pretreated with the indicated con-
centrations of  NJE for 3 h prior to the addition of  IL-1β 
(1 U/mL) and IFN-γ (100 U/mL). After 24 h, 100 μL ali-
quots of  culture supernatant were incubated with 100 μL  
of  a modified Griess reagent of  a 1:1 mixture of  1% sul-
fanilamide in 30% acetic acid and 0.1% N-(1-naphthyl) 
ethylenediamine dihydrochloride in 60% acetic acid, at 
room temperature for 5 min, and the absorbance was 
measured at 540 nm using a spectrophotometer (Ultrospec 
2100 pro; Amersham Biosciences). NO concentration was 
determined from a linear standard curve of  serial dilutions 
of  sodium nitrite in a working medium.

Whole cell and nuclear protein extracts
Cells, islets, or pancreatic tissues were washed with PBS 
and lysed in CytoBuster protein extraction buffer (Nova-
gen, Madison, WI, USA). Lysate was centrifuged at 10 000 
× g for 5 min at 4℃, and the supernatant was used as 
whole cell protein extract. Cytosolic and nuclear extracts 
were prepared from cells using NE-PER Nuclear and 
Cytoplasmic Extraction Reagent (Pierce Biotechnology, 
Rockford, IL, USA).

Western blotting analysis
RINm5F cells (5 × 106) or 30 islet samples were homog-
enized in 100 μL ice-cold lysis buffer (20 mmol/L HEPES, 
pH 7.2, 1% Triton X-100, 10% glycerol, 1 mmol/L PMSF, 
10 μg/mL leupeptin, 10 μg/mL aprotinin) and 20 μg pro-
tein separated by SDS-PAGE and transferred to nitrocellu-
lose membranes. Blots were probed with 1 μg/mL primary 
antibody against p50, p65, iNOS, actin, or PCNA (Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) and detected 
with horseradish peroxidase-conjugated IgG (Zymed, South 
San Francisco, CA, USA).

Electrophoretic mobility shift assay
NF-κB activation was assayed using a gel mobility shift 
assay with nuclear extracts from control and treated cells. 
An oligonucleotide that contained the κ-chain binding 
site (κB, 5′-CCGGTTAACAGAGGGGGCTTTCC-
GAG-3′) was used as a probe. The two complementary 
strands were annealed and labeled with [α-32P]dCTP. 
Binding reactions that contained labeled oligonucleotide 
(10 000 cpm), 10 μg nuclear extract protein, and binding 
buffer (10 mmol/L Tris-HCl, pH 7.6, 500 mmol/L KCl, 
10 mmol/L EDTA, 50% glycerol, 100 ng poly (dI·dC),  
1 mmol/L dithiothreitol) in a final volume of  20 μL 
were incubated for 30 min at room temperature. Reac-
tions were separated on 4% polyacrylamide gels in 0.5 × 
Tris-borate buffer, and the gels were dried and visualized 

by autoradiography. Specificity of  the DNA/NF-κB 
interaction was demonstrated by competitive assays with 
50-fold excess unlabeled oligonucleotide.

RNA isolation and real-time RT-PCR
RNA was isolated from RINm5F cells or islets using Tri-
zol reagent (Invitrogen, Carlsbad, CA, USA). RNA was 
precipitated with isopropanol and dissolved in DEPC-
treated distilled water. Total RNA (2 μg) was treated with 
RNase-free DNase (Invitrogen), and first-strand cDNA 
was generated using random hexamer primer in a first-
strand cDNA synthesis kit (Applied Biosystems, Foster 
City, CA, USA). Specific primers for iNOS were designed 
using primer express software (Applied Biosystems): 
iNOS (accession No. NM_012611), 5′-TGTGCTAATGC-
GGAAGGTCAT-3′ (forward), and 5′-CGACTTTCCT-
GTCTCAGTAGCAAA-3′ (reverse). Control 18S rRNA 
was purchased from Applied Biosystems and was used as 
the invariant control. Real-time RT-PCR mixtures consist-
ed of  10 ng reverse transcribed total RNA, 167 nmol/L  
forward and reverse primers, and 2 × PCR Master Mix 
in a final volume of  10 μL. Reactions were carried out in 
384-well plates using the ABI Prism 7900HT Sequence 
Detection System (Applied Biosystems). All experiments 
were performed in triplicate.

Glucose-stimulated insulin secretion assay
Pancreatic islets were isolated from 250-300 g male Sprague-
Dawley rats, using the collagenase digestion method[23]. Islets 
were cultured for 24 h with IL-1β and IFN-γ in the presence 
or absence of  NJE, then washed three times in Krebs-Ring-
er bicarbonate buffer (25 mmol/L HEPES, 115 mmol/L  
NaCl, 24 mmol/L NaHCO3, 5 mmol/L KCl, 1 mmol/L 
MgCl2, 2.5 mmol/L CaCl2, 0.1% bovine serum albumin, pH 
7.4), which contained 3 mmol/L D-glucose. Insulin secre-
tion assays were performed with either 5.5 or 20 mmol/L 
D-glucose. All experiments were performed in triplicate.

Immunohistochemistry
Immunohistochemical staining was performed with the 
DAKO Envision system (DAKO, Carpinteria, CA, USA), 
which used dextran polymers conjugated with horserad-
ish peroxidase to avoid contamination with endogenous 
biotin. Pancreases were removed and immediately placed 
in fixative (10% formalin solution in 0.1 mol/L PBS). His-
tological sections of  4 μm were cut from formalin-fixed, 
paraffin-embedded tissue blocks. After deparaffinization, 
tissue sections were treated using a microwave antigen 
retrieval procedure in 0.01 mol/L sodium citrate buffer. 
After blocking endogenous peroxidase, the sections were 
incubated with Protein Block Serum-Free (DAKO) to 
block nonspecific staining, then with anti-insulin antibody 
(Santa Cruz Biotechnology). Peroxidase activity was de-
tected with 3-amino-9-ethylcarbazole. 

Statistical analysis
Statistical analyses were performed using ANOVA and 
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Duncan’s tests. Differences with P < 0.05 were consid-
ered statistically significant.

RESULTS
Anti-diabetic effect of NJE in mice
Mice injected with STZ gradually became hyperglycemic, 
with an increased incidence of  diabetes observed start-
ing at day 3. At day 5, the average blood glucose level 
of  mice injected with STZ was 344 ± 52.8 mg/dL. Mice 
that were pretreated with NJE were fully resistant to dia-
betes development (Figure 1A), and treatment with NJE 
alone did not affect blood glucose concentration. In ad-
dition, the mean plasma insulin level at day 5 in the STZ 
group decreased by 84.2% compared with the control 

(from 1.9 ± 0.1 to 0.3 ± 0.1 ng/mL), while the severity 
of  hypoinsulinemia was attenuated in mice pretreated 
with NJE (Figure 1A). These results indicate that NJE is 
protective against STZ-induced diabetes.

The preventative effect of  NJE on STZ-induced dia-
betes was histologically examined. Pancreatic tissues at  
5 d after STZ administration, with or without NJE pre-
treatment, were subjected to hematoxylin and eosin (HE) 
staining and immunohistochemistry. STZ-treated mice 
showed degenerative and necrotic changes and islet shrink-
age (Figure 1B, b), as well as weak insulin-reactivity in a 
few β-cells (Figure 1B, f). However, tissues from STZ-
treated mice pretreated with NJE showed round, nearly 
normal, and clearly defined islets that were strongly posi-
tive for insulin (Figure 1B, d and h).
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To elucidate the antidiabetogenic mechanism of  NJE, 
we examined its effect on STZ-induced NF-κB activation. 
Figure 1C is a representative electrophoretic mobility shift 
assay (EMSA) that shows the 32P-DNA/NF-κB complex 
formed with nuclear extracts from the pancreas 30 min 
after STZ administration. The findings were similar to 
those of  our previous study, with STZ treatment result-
ing in increased NF-κB binding to DNA[10]. This complex 
was not detected in pancreatic nuclear extracts from NJE-
pretreated mice. Taken together, these results show that 
NJE inhibits NF-κB activation and prevents type 1 diabe-
tes development in mice.

NJE prevented cytokine-mediated cell death in RINm5F 
cells
We investigated the antidiabetogenic effect of  NJE at the 
cellular level. Untreated RINm5F cells or cells pretreated 
with NJE for 3 h were exposed to cytokine for 48 h, and 
viability was assessed using an MTT assay. Treatment 
with cytokine significantly reduced cell viability to 39.8% 
± 0.6% of  the controls (Figure 2A). Conversely, NJE in-
creased the viability of  cytokine-treated RINm5F cells in 
a concentration-dependent manner. Treatment with NJE 
alone did not affect cell viability at the concentrations 
used in this study (data not shown).

NO production was also evaluated. In 24 h, control 
RINm5F cells generated 9.8 ± 0.5 μmol/L nitrite, while cy-
tokine-treated cells generated 34.2 ± 2.7 μmol/L (Figure 2B).  
A concentration-dependent reduction in cytokine-me-
diated nitrite production was observed in RINm5F cells 
treated with cytokine plus NJE. Near complete inhibition 
of  nitrite production was observed in cells that were pre-
treated with 100 μg/mL NJE. 

To investigate the regulatory effects of  NJE on NO 
production, we examined the effects of  NJE on cytokine-
induced iNOS mRNA and protein expression, using real-
time RT-PCR and Western blotting. Cytokine increased 
iNOS mRNA and protein levels (Figure 2C). However, 
when cells were treated with NJE prior to cytokine treat-
ment, mRNA and protein levels decreased in a concentra-
tion-dependent manner. Treatment with 100 μg/mL NJE 
completely blocked iNOS expression.

NF-κB was implicated in STZ toxicity (Figure 1C). 
Therefore, the effect of  NJE on the cytokine-stimulated 
translocation of  NF-κB from the cytosol to the nucleus 
in RINm5F cells was examined. Nuclear extracts from 
cytokine-stimulated RINm5F cells showed increased NF-
κB binding activity (Figure 3A, lane 2), as well as increased 
nuclear levels of  p65 and p50 subunits (Figure 3B), com-
pared to those of  unstimulated cells. In contrast, cytokine-
induced NF-κB activation was markedly suppressed by 
NJE pretreatment, which suggested that NJE inhibited 
iNOS expression by suppressing NF-κB activation. We 
previously have reported that IκBα, but not IκBβ, is 
the major participant in cytokine-induced NF-κB activa-
tion[23]. Therefore, we investigated IκBα levels in the cy-
tosol following cytokine treatment (Figure 3B). Cytokine-
treated RINm5F cells showed a decreased level of  IκBα 

protein in the cytosol compared to a similar fraction from 
unstimulated cells; however, increased IκBα degradation 
as a result of  cytokine treatment was markedly suppressed 
by pretreatment with NJE.

NJE suppressed the cytokine-induced NF-κB pathway and 
preserved glucose-stimulated insulin secretion in rat islets
We further assayed the preventive effects of  NJE using rat 
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pancreatic islets isolated from male Sprague-Dawley rats. 
Incubation of  rat islets with cytokine for 24 h resulted in a 
2.8-fold increase in NO production (Figure 4A). Real time 
RT-PCR and Western blotting revealed that iNOS mRNA 
and protein levels were markedly increased by cytokines 
(Figure 4A). Consistent with results from RINm5F cells, 
pretreatment of  islets with NJE abolished the cytokine ef-
fects and reduced NO production and iNOS expression to 
the level of  those of  control islets. Additionally, treatment 
with cytokine increased NF-κB DNA binding activity in 
islets (Figure 4B), and pretreatment of  islets with NJE 
completely abolished these effects. To add functional data, 
NJE protection against cytokine-induced impairment of  
glucose-stimulated insulin secretion (GSIS) was evaluated. 
After 24 h of  cytokine exposure, insulin secretion was as-
sayed in response to 20 mmol/L glucose. Control islets se-

creted 3.4 ± 0.4 ng/mL insulin, while cytokine-treated is-
lets secreted significantly less, at 1.2 ± 0.2 ng/mL (P < 0.01) 
(Figure 4C). However, pretreatment with NJE blocked the 
cytokine effect and maintained islet cell insulin secretion 
to levels similar to those of  the controls. In addition, treat-
ment with NJE alone did not affect insulin secretion in 
response to glucose (data not shown).

DISCUSSION
In this study, we present a mode of  action for NJE pro-
tection against development of  type 1 diabetes. Intraperi-
toneal administration of  NJE prevented diabetes develop-
ment after STZ and preserved β-cell mass. In addition, 
NJE protected β-cells from cytokine toxic challenge in 
RINm5F cells and islets.

We demonstrated that NJE prevented STZ-induced 
diabetes in mice. STZ destroys islet cells through several 
mechanisms, including the production of  reactive oxygen 
species (ROS)[24], activation of  pancreatic NF-κB[25], and 
induction of  pronounced immune and inflammatory 
responses[26]. STZ-treated mice showed marked islet de-
struction and relatively small numbers of  insulin-positive 
β-cells, while NJE pre-treated mice showed well-defined 
islets and strong insulin staining. An EMSA revealed 
increased NF-κB binding activity in pancreatic nuclear 
extracts derived from STZ-treated hyperglycemic dia-
betic mice. However, pretreatment with NJE prevented 
NF-κB activation, which resulted in the maintenance of  
plasma glucose and insulin levels in the normal range. NF-
κB participates in the transcriptional regulation of  pro-
inflammatory genes, and their activation results in the pro-
duction of  pro-inflammatory mediators[27,28]. Therefore, 
NF-κB might be a key regulator in local cytokine response 
pathways in STZ-mediated β-cell destruction. Alternative-
ly, the NJE anti-diabetic effect could be related to its anti-
oxidative properties. Several studies have confirmed that 
NJE is an ROS scavenger[20,21], and that ROS induces NF-
κB activation[29,30], which suggests that ROS scavenging by 
NJE suppresses STZ-induced NF-κB activation. Taken 
together, these results suggest that manipulation of  NF-
κB activity by NJE in pancreatic β-cells allows these cells 
to withstand and survive STZ-mediated immune attack.

NJE not only protected against STZ-induced diabetes, 
but also protected RINm5F cells and rat islets against cy-
tokine toxicity. IL-1β has been implicated in early events 
in β-cell destruction. Suppression of  IL-1β production or 
inhibition of  its interaction with corresponding cellular 
receptors significantly inhibits IL-1β-mediated deleteri-
ous effects on β-cells[31,32]. IL-1β exerts its main effects 
through the NF-κB pathway[33-35]. IFN-γ alone does not 
stimulate iNOS expression in rodent or human islets, but 
it reduces the concentration of  IL-1β required to induce 
iNOS expression in rat islets, and a combination of  IL-
1β and IFN-γ is required to induce iNOS expression and 
β-cell dysfunction in mouse and human islets[36]. In addi-
tion to cytokines, different intracellular pathways that lead 
to β-cell death (e.g. oxidative stress, chemical generation 
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of  NO, mitogen-activated protein kinase activation, JAK-
STAT activation, and endoplasmic reticulum stress) par-
tially converge at NF-κB[12,14,37,38]. Hypothetically, this gives 
us, employing only one approach, the ability to block NF-
κB signaling, to save β-cell mass and thereby prevent dia-
betes development. In this model, NJE completely inhibits 
NO production in IL-1β- and IFN-γ-stimulated RINm5F 
cells and islets, through suppression of  NF-κB-dependent 
iNOS expression, thereby protecting RINm5F cells and 
islets from IL-1β and IFN-γ cytotoxicity. In addition to 
increased cell viability, we observed the preservation of  
insulin secretion in NJE pretreated rat islets. The molecu-
lar mechanism by which NJE inhibits NF-κB activation 
by IL-1β and IFN-γ appears to involve both inhibition of  
IκBα degradation and translocation of  p65 and p50 into 
the nucleus.

Flavonoids comprise the most common group of  
plant polyphenols and provide much of  the flavor and 
color to fruits and vegetables. Several flavonoids have been 
shown to inhibit the expression of  NF-κB-dependent 
cytokines, iNOS, and cyclooxygenase-2 genes[39]. Therefore, it 
would be interesting to analyze flavonoid composition in 
NJE extracts. 

In summary, this study is believed to be the first to 
demonstrate that NJE has a β-cell protective effect. Specif-

ically, NJE protected β-cells from cytokine-induced injury 
in vitro and counteracted the development of  type 1 diabe-
tes in response to STZ in vivo. This β-cell protective effect 
might be mediated, at least in part, by suppressing NF-κB 
activation. NJE did not cause serious side effects in mice, 
therefore, it could be a therapeutic alternative for rescuing 
β-cells in cases of  ongoing β-cell destruction.

COMMENTS
Background
Type 1 diabetes mellitus is an autoimmune disease that causes selective de-
struction of insulin-producing β-cells in the islets of Langerhans. Once those 
cells are destroyed, they do not ever produce insulin again. Type 1 diabetes 
affects younger individuals and requires lifelong insulin treatment. Without treat-
ment, the blood glucose rises to levels which can cause hyperglycemia. Type 1 
diabetes cannot be prevented. There is no practical way to predict who will de-
velop the disease because most people who develop it are otherwise healthy. 
Therefore, the best way to control type 1 diabetes is understanding the disease 
better and finding a therapeutic regimen to preserve functional β-cell damage.
Research frontiers
Cytokines such as interleukin (IL)-1β and interferon (IFN)-γ, which are released 
during islet inflammation, are believed to participate in β-cell damage during 
the development of autoimmune type 1 diabetes. Evidence has suggested that 
activation of nuclear factor (NF)-κB in response to cytokines is an important com-
ponent of the signal that triggers β-cell death. For this reason, NF-κB has been 
targeted for preventing type 1 diabetes development.
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Figure 4  NJE inhibits cytokine-induced activation of NF-κB and maintains glucose-stimulated insulin secretion in rat islets. Rat islets were treated with IL-1β 
(1 U/mL) and IFN-γ (100 U/mL) with or without 3 h pretreatment with NJE. Nitrite production and iNOS mRNA and protein expression (A) were determined after 24 h, and 
NF-κB DNA binding (B) was determined 1 h later; C: Rat islets (10 islets/500 μL) were treated with IL-1β (1 U/mL) and IFN-γ (100 U/mL) with or without 3 h pretreatment 
with NJE. Following 24 h incubation, glucose-stimulated insulin secretion was quantified. The results of triplicate samples are expressed as the mean ± SE. bP < 0.01 vs 
untreated controls; cP < 0.05, dP < 0.01 vs cytokine.
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Innovations and breakthroughs
Nardostachys jatamansi is used in Ayurvedic medicine to treat mental disor-
ders, hyperlipidemia, hypertension, and convulsions. N. jatamansi has been 
suggested to protect cells and tissues through its antioxidative properties. How-
ever, no studies to date have reported the antidiabetic effects of N. jatamansi. 
In this study, the authors observed that N. jatamansi extract (NJE) had antidia-
betic effects in in vitro and in vivo models of diabetes. 
Applications 
NJE did not cause serious side effects in vivo, therefore, it might be a therapeutic 
alternative for rescuing β-cells in cases of ongoing β-cell destruction. NJE-treated 
islets can also be used to increase islet survival in an allograft transplantation 
model.
Terminology
IL-1β and IFN-γ are cytokines that are secreted from infiltrated inflammatory 
cells into the pancreatic islets. Streptozotocin is a diabetogenic drug and par-
ticularly toxic to pancreatic β-cells.
Peer review
The article is written well, however, there are many major queries which have 
to be answered by the authors. Authors have to report on the phytochemical 
constituents of the extract (at least qualitative analysis).
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Abstract
AIM: To investigate the expression and function of 
CD74 in normal murine colon epithelial cells (CEC) and 
colon carcinoma cells.

METHODS: Expression of CD74 mRNA and protein 
were measured by reverse transcriptase-polymerase 
chain reaction (RT-PCR), Western blotting and fluores-
cence-activated cell sorter (FACS). The effect of migra-
tion inhibitory factor (MIF) on the survival of normal 
CEC from C57BL/6, NOD/SCID, and CD74 deficient mice 
both in vitro  and in vivo , and on the CT26 carcinoma 
cell line was analyzed by (quantitative) qRT-PCR, RT-
PCR, Western blotting and FACS.

RESULTS: CD74 was found to be expressed on normal 

CEC. Stimulation of CD74 by MIF induced a signaling 
cascade leading to up-regulation of Bcl-2 expression, 
resulting in a significant increased survival of CEC. CD74 
was also expressed on the CT26 colon carcinoma cell 
line and its stimulation by MIF resulted in enhanced cell 
survival, up-regulation of Akt phosphorylation and Bcl-2 
expression. 

CONCLUSION: CD74 is expressed on CEC and colon 
carcinoma cells and serves as a survival receptor in these 
cells. These results may have implications on colorectal 
cancer research.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
CD74 (Invariant chain; Ii) is a type Ⅱ integral membrane 
protein, which acts as a chaperone for major histocompat-
ibility complex (MHC) class Ⅱ protein expression[1]. It is 
a non-polymorphic type Ⅱ integral membrane protein; 
the mouse protein is comprised of  a 30 amino acid (aa) 
N-terminal cytoplasmic tail, followed by a single 24 aa 
transmembrane region and an approximately 150 aa long 
lumenal domain. The CD74 chain was initially thought 
to function mainly as an MHC class Ⅱ chaperone, which 
promotes endoplasmic reticulum (ER) exit of  MHC class 
Ⅱ molecules, directs them to endocytic compartments, 
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prevents peptide binding in the ER, and contributes to 
peptide editing in the MHC class Ⅱ compartment[1]. A 
small proportion of  CD74 is modified by the addition of  
chondroitin sulfate (CD74-CS), and this form of  CD74 
is expressed on the surface of  antigen presenting cells 
(APCs), including monocytes and B cells. In addition to 
APCs, other cells of  the gastrointestinal tract, such as 
epithelial cells, express class Ⅱ MHC proteins and CD74 
and act as APCs[2]. The role of  CD74 in the epithelium 
is not fully defined. It was formerly accepted that the 
functions of  CD74 in these cells have been correlated 
with its role in antigen processing and presentation in 
conventional APCs. However, CD74 may play additional 
roles in epithelial cells. CD74 expression on normal hu-
man colon epithelial cells (CEC) is still controversial, as 
the presence of  this molecule was demonstrated using 
immunohistochemistry by some groups[3], but not by oth-
ers[4,5]. On human colonic epithelial cell lines it was found 
to be expressed only after interferon-γ treatment[6]. In 
mice, CD74 expression on CEC is also not clear, although 
CD74 was not demonstrated on normal murine CEC[7]. 
In one study, CLIP (class Ⅱ invariant chain peptide) was 
shown to be expressed in a complex with MHC class Ⅱ, 
suggesting that CD74 is expressed on these cells as well[8]. 
Recently, it was demonstrated that CD74 is expressed on 
CEC of  APCMin/+ mice. However, these mice bear a point 
mutation in the murine homolog of  the APC gene and 
develop multiple intestinal adenomas[9]. In humans, on the 
contrary, there was no CD74 expression on normal CEC, 
but it was expressed on CEC of  sporadic colorectal ad-
enomas[10]. 

It was shown previously that macrophage migration 
inhibitory factor (MIF) binds to the CD74 extracellular 
domain, a process that results in the initiation of  a sig-
naling pathway in a CD44 dependent manner[11-13].

In our previous studies, we showed that CD74 ex-
pressed on B cells is directly involved in shaping the B 
cell repertoire[14-16] through a pathway leading to the ac-
tivation of  transcription mediated by the nuclear factor-
κB (NF-κB) p65/RelA homodimer and its co-activator, 
TAFII105[17]. We demonstrated that CD74 stimulation 
with anti-CD74 antibody or MIF leads to NF-κB activa-
tion, enabling entry of  the stimulated B cells into the S 
phase, an increase in DNA synthesis, cell division, and 
augmented expression of  anti-apoptotic proteins. These 
findings indicated that surface CD74 functions as a sur-
vival receptor[13,18,19]. 

In addition, CD74 is expressed at high levels from 
an early stage of  the B cell leukemia, B-CLL. The activa-
tion of  CD74 on human B-CLL cells by MIF, initiates a 
signaling cascade that contributes to tumor progression. 
This pathway induces NF-κB activation, resulting in the 
secretion of  interleukin 8, which in turn promotes cell 
survival. Blocking of  this pathway leads to decreased cell 
survival. Thus, CD74 expressed on the surface of  B-CLL 
cells plays a critical role in regulating the survival of  these 
malignant cells[20]. 

MHC class Ⅱ expression was initially thought to be 
limited to a restricted set of  cells collectively known as 

APCs. However, in addition to conventional APCs, other 
cell types, including mucosal epithelial cells, were subse-
quently reported to express class Ⅱ MHC molecules and 
to present antigens[21]. 

Surface expression of  newly synthesized CD74 is fol-
lowed by rapid internalization to the endosomal pathway. 
Experiments that investigate cell surface CD74 are com-
plicated by the fact that CD74 remains on the cell surface 
for a very short time. The surface half-life of  CD74 was 
calculated to be less than 10 min[22,23].

In this article, we followed CD74 expression in colonic 
intestinal epithelial cells in the mouse. We show that CD74 
is expressed on CEC derived from C57BL/6 and on the 
CT26 colon carcinoma cell line and serves as a survival 
receptor on these cells. This finding may suggest a role for 
CD74 in colon cancer development. 

MATERIALS AND METHODS
Mice 
C57BL/6, C57BL/6 CD74 deficient[24], C57BL/6 MIF 
deficient[25], CD44 deficient NOD/SCID mice (Jackson 
Lab), were used. All animals were used at 6-10 wk of  age.

All animal procedures were approved by the Animal 
Research Committee at the Weizmann Institute of  Science.

Intraperitoneal MIF administration
Recombinant murine MIF was purified from an expres-
sion system as previously described and contaminating 
endotoxin removed by C8 chromatography[26]. Mice were 
injected daily ip with MIF (400 ng) or with PBS, as in-
dicated. Mice were sacrificed after 3.5 or 24 h and CEC 
were isolated. 

Isolation of CECs
CEC were isolated using a modification of  the method 
described previously[27]. Briefly, mice were sacrificed, colons 
were immediately removed and washed with phosphate 
buffered saline (PBS) until all content was removed. Colons 
were inverted and washed gently with Roswell Park Memo-
rial Institute solution. Mucus was removed by incubation 
for 10 min in 1 mmol/L DTT. Specimens were treated with 
Dispase Ⅱ (Roche Diagnostics; 3 mg/mL) in DMEM for 
30 min (vortexing every 5 min) at 37℃. CEC were isolated 
from the remaining tissue by passage through a metal filter. 
In order to purify CEC, cells were centrifuged on a dis-
continuous Percoll gradient for 30 min, 2000 r/min. Cells 
found on the top 0%-30% gradient are CEC[28]. Isolated 
cells were washed in PBS. CEC isolated in this fashion con-
tained over 90% viable cells as determined by Trypan blue 
exclusion. A total of  92%-95% of  the cells stained with the 
anti-epithelial cell marker anti-pan cytokeratin-26 (FITC 
conjugated) (Sigma-Aldrich). The remaining contaminating 
cells represented CD3+ and B220+ cells. 

CT26 cell line
CT26 murine colon carcinoma cells were grown as mono-
layer cultures in DMEM-10%, fetal bovine serum (FBS) 
(Invitrogen) supplemented with 100 IU/mL penicillin and 

Maharshak N et al . CD74, a novel colonic survival receptor

3259 July 14, 2010|Volume 16|Issue 26|WJG|www.wjgnet.com



100 µg/mL streptomycin. Cells were maintained in a 37℃ 
incubator with 5% CO2-humidified air.

Stimulation of cells by MIF
CECs (3-6 × 106 cells/well) isolated from CD57BL/6 
mice, were cultured in 12-well plates at 37℃ in DMEM 
medium supplemented with 10% FCS, 2 mmol/L glu-
tamate, 300 U/mL penicillin, 300 µg/mL streptomycin, 
with or without 400 ng/mL of  MIF for 17 h.

1.5 × 106 cells (CT26 cell line) were plated in complete 
medium into dishes of  6-well cell culture plates, and were 
allowed to adhere for 24 h. After washing the cells twice 
with PBS, they were incubated with MIF (400 ng/mL) for 
3 or 6 h (as indicated in the text) in serum-free medium.

RNA isolation and reverse transcription
Total RNA was isolated from cells using the Tri Reagent 
Kit (MRC), according to the manufacturer’s instructions. 
Reverse transcription was carried out using Superscript 
Ⅱ RT (Gibco-BRL). 

Primers that were used in polymerase chain reaction 
(PCR) reactions: Bcl-2: 5'-CACCGAACACTTGATT 
CTG, 3'-AGATCTCTGGTTGGGATTC; Cyclin E: 
5'-GAAAATCAGACCACCCAGAGCC, 3'-GAAA 
TGATACAAAGCAGAAGCAGCG; CD74: 5'-GGAGT 
ACCCGCAGCTGAAGGGG, 3 ' -GAAGATAG-
GTCTTCCATGTCCAGTG; HPRT: 5'-GAGGGTAG-
GCTGGCCTATGCCT, 3'-GTTGGATACAGGC-
CAGACTTTGTTG.

Real time PCR
Levels of  mRNA of  Actin, Bcl-2 and Cyclin E, were ana-
lyzed by quantitative real-time reverse transcriptase (RT)-
PCR using a Light-Cycler instrument (Roche Diagnostics, 
Mannheim, Germany). Total RNA was isolated from 
cells using the Tri Reagent Kit (MRC). Reverse transcrip-
tion was carried out using Superscript Ⅱ RT (Gibco-
BRL). The reaction volume (10 mL) contained 3 mmol/L 
MgCl2, LightCycler HotStart DNA SYBR Green Ⅰ mix 
(Roche Diagnostics), specific primer pairs, and 2.5 mL of  
cDNA. Conditions for PCR were as follows: 10 min at 
95℃ followed by 60 cycles of  15 s at 95℃, 15 s at 60℃, 
and 15 s at 72℃. PCR was performed in triplicates. Prim-
er sequences were as follows: Bcl-2: 5'-GCTACCGTC-
GTGACTT-3', 5'-GCCGGTTCAGGTACTC-3'; Cyclin 
E: 5'-GTAACATAAGCAAACTG-3', 5'-TTCTTCTG-
GATTGGCTAA-3'; Actin: 5'-CAGTAACAGTCC-
GCCT-3', 5'-GTGACGTTGACATCCG-3'; β-actin 
levels were used to normalize samples for calculation of  
the relative expression levels of  the genes. 

Western blotting analysis
To detect whether CD74 protein is expressed by CEC and 
to examine levels of  Bcl-2 protein, cells were lysed in RIPA 
lysis buffer (10 mmol/L Tris, pH 7.2, 150 mmol/L NaCl, 
1% deoxycholate, 1% Triton X-100, 0.1% SDS, 5 mmol/L 
EDTA) containing complete protease inhibitor cocktail  
[10 µg/mL leupeptin, 10 µg/mL aprotinin, 10 µg/mL pep-
statin, 10 µg/mL chymostatin (Roche), 1 mmol/L PMSF 

(Sigma), and 20 mmol/L N-etheyl-melamide (Sigma)], for 
30 min on ice and then centrifuged at 14 000 g at 4℃ to 
remove cell debris. Lysates were separated by 12% (w/v) 
SDS-PAGE. The proteins were then transferred onto a ni-
trocellulose membrane and probed with anti-CD74 (FL-293; 
Santa Cruz) or anti-Bcl-2 (C-2; Santa Cruz), followed by 
horseradish peroxidase-conjugated anti-mouse (Jackson 
Laboratories). 

To detect changes in Akt phosphorylation, stimulated 
cells were lysed in buffer containing: 25 mmol/L Tris, pH 
7.4; 2 mmol/L vanadate; 75 mmol/L glycophosphate, pH 
7.2; 2 mmol/L EDTA; 2 mmol/L EGTA; 10 mmol/L 
NaPPi; and 0.5% NP-40 in the presence of  protease 
inhibitors. Lysates were separated by 10% (w/v) SDS-
PAGE. The proteins were transferred onto a nitrocellu-
lose membrane and probed with anti-p-Akt antibody (Cell 
Signaling Technology) followed by peroxidase-conjugated 
anti-mouse (Jackson Labs). The membrane was then 
stripped and reprobed with anti-tubulin antibody (Sigma), 
followed by peroxidase-conjugated anti-mouse (Jackson 
Laboratories).

Immunofluorescence and flow cytometry
Staining of  IECs was performed using anti-CD74 (Santa 
Cruz), anti pan-cytokeratin (Sigma-Aldrich).

Cell survival assays
Annexin and PI staining: Cells were centrifuged, washed, 
and stained with annexin (BD Biosciences) and propidium 
iodide (PI) for 15 min at room temperature. The extent of  
annexin and PI staining was analyzed by FACS. Unstained 
cells were classified as living cells; annexin stained cells are 
apoptotic, and PI stained cells were considered necrotic. 

FLICA staining: Analysis of  apoptosis. To detect earlier 
stages of  apoptosis, intracellular caspase 3 and 7 activity 
was analyzed using the FLICA (Fluorochrome Inhibitors 
of  Caspases) Apoptosis Detection kit from Immuno-
chemistry Technologies (Bloomington, MN). The kit con-
tains carboxyfluorescein-labeled valylalanylaspartic acid 
fluoromethyl ketone, which tightly binds activated cas-
pases. Cells were harvested and incubated with a FLICA 
solution in the complete medium at 37℃ for 1 h. After 
washing twice cells were analyzed by FACS. 

Statistical analysis
Results are represented as averages of  several experiments 
(as indicated) ± SE. Comparison between groups was 
done by Student’s t-test.

RESULTS
CD74 is expressed on mouse colonic epithelial cells
To determine whether CD74 is expressed in normal CEC, 
we first analyzed its mRNA and protein levels in control 
and CD74 deficient (CD74-/-) CEC. As shown in Figure 1,  
CD74 mRNA (Figure 1A) and protein (Figure 1B) were 
detected in CEC, while they were not observed in the 
CD74 deficient cells. Isolation of  CEC from C57BL/6 
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resulted in a population that was more than 90% pure, 
containing less than 5% B cells (data not shown), which 
expressed relatively high levels CD74. To eliminate con-
tamination by B cell CD74, we analyzed CD74 mRNA and 
protein levels in CEC isolated from NOD/SCID mice, 
which lack B and T cells. As demonstrated in Figure 1,  
CD74 mRNA (Figure 1A) and protein (Figure 1B) were 
detected in CEC derived from NOD/SCID mice as well, 
showing that normal CEC express CD74. We next ana-
lyzed, by FACS analysis, CD74 cell surface expression on 
normal CEC. As shown in Figure 1C, CD74 is specifically 
expressed on normal CEC derived from C57BL/6 or 
NOD/SCID mice. Thus, CD74 is expressed on normal 
CEC. 

CD74 serves as a survival receptor on CEC
We have previously shown that CD74 stimulation results 
in augmented expression of  anti-apoptotic proteins, result-
ing in induction of  cell survival[13,18]. In order to examine 
whether CD74 serves as a survival receptor on CEC, we 
followed the downstream cascade initiated by MIF in 
CEC. CEC from C57BL/6 mice were incubated in vitro for 
17 h with MIF or with PBS, and the percentage of  live and 
apoptotic cells in each group was analyzed using annexin-
PI staining. As shown in Figure 2, MIF stimulation result-
ed in elevation of  the proportion of  live CEC (42%, n = 4, 
P = 0.003) and reduction in the apoptotic population.

To further show the in vivo role of  MIF and CD74 in 
CEC survival, MIF was injected ip to control C57BL/6 
and NOD/SCID mice and Bcl-2 mRNA and protein lev-
els were determined. As can be seen in Figure 3A and B, 
a significant elevation in Bcl-2 mRNA and protein levels 
were detected following MIF stimulation compared to 
PBS-treated cells. The MIF-induced cascade was CD74 
dependent, since in its absence, MIF was not able to in-
crease Bcl-2 levels. 

Since CEC survive poorly in vitro, and following 17 h  
incubation a large proportion of  the cells are dead, we 
followed CEC survival immediately after their isolation. 
Thus, 24 h after MIF injection to C57BL/6, NOD/SCID 
and CD74-/- mice, cells were isolated and their cell death 
was analyzed using FLICA, which detects early stages of  
apoptosis by analyzing intracellular caspase 3 and 7 activ-
ity. The percentage of  apoptotic cells was significantly 
higher in the PBS treated cells compared with the MIF 
treated cells derived from C57BL/6 and NOD/SCID 
mice (Figure 3C), while the CD74-/- cells were insensitive 
to MIF treatment. Results of  four experiments are sum-
marized in Figure 3D.

It has been recently shown that CD44 forms a com-
plex with CD74 which regulates MIF-induced B cell sur-
vival[11,13]. CD44 expressed on CEC was previously char-
acterized as a negative regulator of  apoptosis as well[29]. 
Accordingly, CD44 deficient cells (CD44-/-) demonstrat-
ed an elevated basal apoptotic rate compared to control 
mice. In addition, there was no increase in CEC survival 
upon MIF stimulation (Figure 3C and D), suggesting that 
CD44 is a crucial component in the CD74-induced sur-
vival cascade.

Cell cycle progression is regulated by cyclin dependent 
kinases (Cdks). Cdks are constitutively expressed during 
the cell cycle and are activated upon specific cyclin binding. 
Different cyclins are differentially expressed during various 
stages of  the cell cycle. This transient expression activates 
Cdks and regulates cell cycle progression. To further de-
termine whether CD74 regulates cell entry to the S-phase, 
we followed cyclin E, which is expressed upon S-phase 
initiation. MIF (400 ng) was injected to C57BL/6 and 
NOD/SCID mice. 3.5 h later, CEC were isolated and their 
cyclin E mRNA levels were analyzed. As demonstrated in  
Figure 4A and B, cyclin E mRNA levels were upregulated 
in both C57BL/6 and NOD/SCID derived cells. These 
results demonstrate that following CD74 stimulation, CEC 
cells synthesize DNA, enter S phase, and probably divide. 

Taken together, our results demonstrate that CD74 
serves as a survival receptor on CEC. MIF binding to CD74  
induces a signaling cascade resulting in Bcl-2 and cyclin E 
expression and survival in normal CEC.

In order to evaluate whether our finding may have 
implications on malignant cells, we further assessed the 
expression and function of  CD74 in the colon carcinoma 
cell line CT26. We found that CD74 is expressed on the 
CT26 cell line (Figure 5A) and MIF stimulation reduces 
their apoptosis (Figure 5B and C), by upregulating Bcl-2 
mRNA (Figure 5D and E), protein (Figure 5F) and cyclin 
E (Figure 5G) mRNA levels.
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Figure 1  CD74 is expressed on naive CEC isolated from C57BL/6 mice. CEC 
were isolated from C57BL/6, NOD/SCID and CD74-/- mice. A: RNA was purified 
and CD74 or HPRT mRNA were analyzed by RT-PCR. The results presented are 
representative of four separate experiments; B: Cells were lysed and proteins 
were analyzed by Western blotting; C: Cells were stained with anti cytokeratin 
and anti CD74 antibodies, and analyzed by FACS. Histograms show CD74 
expression on cytokeratin positive cells. CEC: Colon epithelial cells; RT-PCR: 
Reverse transcriptase-polymerase chain reaction; FACS: Fluorescence-activated 
cell sorter.
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We have previously shown that in B cells the CD74 in-
duced survival cascade involves Akt phosphorylation[18]. In 
intestinal epithelial cells, it has been shown that phosphory-
lation of  Akt enhances cell survival as well[30] and is closely 
associated with CRC[31,32]. We therefore analyzed Akt 
phosphorylation in CT26 cells. As shown in Figure 5H,  
MIF elevated Akt phosphorylation 1 min following stimu-
lation. 

Together, our results suggest that MIF and CD74 
regulate colon tumor cell proliferation and survival. 

DISCUSSION
The importance of  CD74 as a survival receptor on B cells, 
and its role in the pathogenesis of  certain malignancies 
is a subject of  intense study. In the colon, CD74 is ex-
pressed on malignant cells, and its expression correlates 
with tumor grade[5]. Recent evidence suggests that up-
regulation of  CD74 and MIF on human colon adenomas 
is in correlation with dysplasia of  the epithelial cells[10]. 
However, contradictory results regarding the presence of  
CD74 on normal human CEC were published through 
the years. In one report, the authors were able to detect 
the presence of  CD74 by using immunohistochemistry, 
whereas, in a more recent study, using similar methodolo-
gy, CD74 was not detected. In this article, we show CD74 
expression in mouse normal CEC at the levels of  mRNA, 
protein, and cell surface expression. Furthermore, we 

found that stimulation of  CD74 by its natural ligand, MIF, 
results in increased survival of  CEC. This can be at least 
partially attributed to enhanced expression of  the survival 
gene, Bcl-2, which was found to be up-regulated in MIF-
stimulated CEC. These findings suggest a role for CD74 
on normal CEC. 

Demonstration of  CD74 on CEC is complicated 
by two main phenomena. First, CD74 has a very short 
half-life on these cells, and secondly, CEC are difficult to 
handle. These cells typically undergo apoptosis and/or 
necrosis, shortly after isolation[33]. Therefore, experiments 
involving incubation of  these cells for more than a few 
hours usually result in death of  most of  the cells. In ad-
dition, isolates of  CEC are never free of  contaminating 
cells, specifically B cells from the lamina propria that also 
express CD74. In order to overcome these limitations, we 
performed our experiments shortly after CEC isolation. In 
experiments where we tested stimulation by MIF, we used 
mainly in vivo stimulation by ip injections of  MIF for vari-
ous amounts of  time. To avoid contamination with B cells, 
we also repeated most of  the experiments in NOD/SCID  
mice, which lack B cells. Our results show that CD74 is 
expressed on normal CEC cells. 

Due to the difficulties discussed above, we used mul-
tiple models in order to demonstrate the positive effect 
CD74 has on CEC survival. In these experiments, we 
analyzed by FACS the percentage of  living and apoptotic 
CEC. We demonstrated that stimulation by MIF either 
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cells were collected and analyzed for survival by annexin and propidium iodide staining; B: Graphs summarizing the results of four independent experiments. MIF: 
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by ip injection in vivo or by incubation of  isolated CEC 
with MIF in vitro, resulted in elevated CEC survival and 
decreased apoptosis. These results strengthen our hypoth-
esis that CD74 is a survival receptor on CEC and suggests 
that MIF is the natural ligand of  CD74 on CEC, as de-
scribed for B lymphocytes[13,18,19]. 

MIF is expressed throughout the human gastrointesti-
nal tract, and has previously been implicated in control of  
apoptosis of  non-epithelial and epithelial cells[34,35]. MIF 
induces Bcl-2 expression and cell survival. It was previ-
ously shown that CD74 forms a complex with CD44 in 
normal[11,12] and tumor cells[36]. We show here that CD44 is 
crucial for the MIF/CD74 induced survival cascade, since 
stimulation of  CD44 deficient cells by MIF did not affect 
cell death. 

Evidence for a role of  CD74 in colorectal cancer was 
suggested by its expression on carcinoma cell lines of  the 
colon[37], and by the observation that in human colorectal 
carcinomas, the grade of  the tumor correlated with the 
level of  CD74 expression on the transformed CEC[5]. 
Interestingly, both MIF and CD74 have been associated 
with tumor progression and metastasis. It was reported 
that MIF mRNA is over-expressed in various tumors[38,39] 

and MIF has also been associated with the growth of  
malignant cells[40]. Numerous studies have demonstrated 
the overexpression of  CD74 in various cancers[20,41-46]. 
CD74 expression may also serve as a prognostic factor 
in many of  these cancers, with higher relative expression 
of  CD74 behaving as a marker of  tumor progression[47]. 
Our findings further support a possible role for CD74 in 
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CRC. Additionally, CD44, which we showed essential in 
the MIF-CD74 survival cascade, is overexpressed in CRC, 
and has an anti-apoptotic effect on these cells, and prob-
ably involved in disease progression and metastases[29,48]. 
Moreover, we show that CD74 is expressed on the CT26 
cell line and its stimulation by MIF enhances Akt phos-
phorylation, cyclin E and Bcl-2 expression resulting in 
their survival. 

Our work clearly shows that CD74 is expressed on 
mouse intestinal epithelial cells, and serves as a survival re-
ceptor on these cells. Our results further show that CD74 
may regulate survival of  colorectal carcinoma tumor cells. 
Since we found that CD74 is a survival receptor on CEC, 
any change in gene expression that causes enhanced ex-
pression of  CD74 or MIF may result in increased risk of  
colorectal cancer. Thus, CD74 may be found in the future 
to serve not only as a marker of  colorectal cancer, but also 
as a therapeutic target. 

COMMENTS
Background
CD74 is a protein that is expressed in and on some of the cells of the immune 
system, such as B lymphocytes and antigen presenting cells. This protein 
is known for its function in helping the immune cells to process and present 
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as a survival receptor on cells of the immune system, and that its stimulation 
by its natural ligand - migration inhibitory factor (MIF) - prevents apoptosis (self 
destruction) of the cells.
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Abstract
AIM: To identify the key cytokines involved in hepatic 
differentiation of mouse bone marrow mesenchymal 
stem cells (mBM-MSCs) under liver-injury conditions. 

METHODS: Abdominal injection of CCl4 was adopted 
to duplicate a mouse acute liver injury model. Global 
gene expression analysis was performed to evaluate 
the potential genes involved in hepatic commitment 
under liver-injury conditions. The cytokines involved 
in hepatic differentiation of mBM-MSCs was function-

ally examined by depletion experiment using specific 
antibodies, followed by rescue experiment and direct 
inducing assay. The hepatic differentiation was charac-
terized by the expression of hepatic lineage genes and 
proteins, as well as functional features.

RESULTS: Cytokines potentially participating in hepatic 
fate commitment under liver-injury conditions were ini-
tially measured by microarray. Among the up-regulated 
genes determined, 18 cytokines known to closely relate 
to liver growth, repair and development, were selected 
for further identification. The fibroblast growth factor-4 
(FGF-4), hepatocyte growth factor (HGF) and oncostatin 
M (OSM) were finally found to be involved in hepatic 
differentiation of mBM-MSCs under liver-injury condi-
tions. Hepatic differentiation could be dramatically de-
creased after removing FGF-4, HGF and OSM from the 
liver-injury conditioned medium, and could be rescued 
by supplementing these cytokines. The FGF-4, HGF and 
OSM play different roles in the hepatic differentiation 
of mBM-MSCs, in which FGF-4 and HGF are essential 
for the initiation of hepatic differentiation, while OSM is 
critical for the maturation of hepatocytes. 

CONCLUSION: FGF-4, HGF and OSM are the key cy-
tokines involved in the liver-injury conditioned medium 
for the hepatic differentiation of mBM-MSCs.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
It is generally believed that the bone marrow mesenchy-
mal stem cells (BM-MSCs) provide an appropriate hema-
topoietic microenvironment that exerts regulatory effects 
on the self-renewal and differentiation of  hematopoietic 
stem/progenitor cells. They are capable of  differentiat-
ing into mesoderm cell lineages, including osteoblasts, 
chondrocytes and adipocytes[1-3]. However, emerging new 
findings suggest that BM-MSCs are able to give rise to a 
more broad range of  cells, including hepatocytes, neurons, 
epithelial cells and keratinocytes[4-8]. This plasticity of  BM-
MSCs has attracted much attention to their in vivo new 
functions under either metabolic or pathologic conditions, 
and their clinical therapy for tissue repair. In fact, several 
studies in animal models have suggested that endogenous 
MSCs may “naturally” be involved in wound healing and 
tissue regeneration, and the engrafted exogenous MSCs 
have beneficial effects in tissue repair, including that of  
bone, myocardial tissue, skin, kidney and liver[9-19]. These 
may encourage further studies on the new insight into 
MSCs biology and the mechanisms underlying MSCs dif-
ferentiation, which are still poorly understood at present. 

Recently, by an in vivo tracing technology, we have 
demonstrated that BM-MSCs could be recruited from 
the bone marrow into peripheral blood, and toward into 
the wounded sites in response to the injured-liver signals, 
which indicated a close relationship between BM-MSCs 
and liver repair[20]. Moreover, we have also found that the 
engrafted exogenous BM-MSCs could be recruited to the 
injured liver, and were able to differentiate into multiple 
hepatic-lineage cells, which greatly improved the wound 
healing, providing further insight into the relationship 
between BM-MSCs and injured liver[20]. Our previous 
reports also support the idea that the liver-injury condi-
tioned culture medium can induce the differentiation of  
BM-MSCs into functional hepatic cells in an in vitro ex-
periment[4]. These observations indicated that the hepatic 
differentiation of  BM-MSCs may be induced by the cy-
tokines secreted from the injured liver cells, since no cel-
lular interactions existed in such cell-free cultural medium. 
However, which cytokines direct hepatic fate specification 
of  BM-MSCs still remains unclear. In the present study, 
we identified the key cytokines that play a crucial role in 
the differentiation of  mBM-MSCs in the liver-injury con-
ditioned medium. We hope our finding will benefit the 
better understanding of  the novel mechanisms underlying 
BM-MSCs involved liver repair and regeneration, and help 
improve the cytokine-based hepatic inducing strategy and 

provide a rich cellular resource from BM-MSCs for cyto-
therapy of  acute liver diseases.

MATERIALS AND METHODS
Experimental animals
Eight to ten-week-old male ICR mice obtained from the 
Laboratory Animal Unit of  Zhejiang Academy of  Medi-
cal Sciences (Hangzhou, China) were used in the experi-
ments. Animals were housed under specified pathogen-
free conditions. All animal experiments were done in ac-
cordance with a legal regulation, which includes approval 
by a local ethical committee.

Isolation and culture of bone marrow MSCs
The mouse bone marrow MSCs (mBM-MSCs) were pre-
pared as described previously[4]. Briefly, the bone marrow 
was extruded by clipping of  the epiphysial ends of  the 
bones and flushing with IMDM (Sigma, St. Louis, MO), 
supplemented with 10% fetal bovine serum (Hyclone, 
Rockville, MD), 1% penicillin/streptomycin (Medium A). 
After 3 d, non-adherent cells and debris were removed, 
and the adherent cells were cultured continuously. At near 
confluence, the cells were replated at 5 × 104 cells/cm2. 
Osteogenic, chondrogenic and adipogenic differentiations 
were examined for functional identification[5].

Preparation of acute liver-injury mouse model
The acute liver-injury mouse model was prepared accord-
ing to the method described previously[21]. Briefly, the mice 
were treated with CCl4 (1.0 mL/kg body weight of  a 10% 
solution in mineral oil injected intraperitoneally) twice a 
day and then sacrificed by cervical vertebrae luxation on 
the 24th h after the last injection. 

Hepatocyte isolation and preparation of conditioned 
medium
The hepatocytes were isolated by the two-step collagenase 
perfusion from healthy mice (as control) or liver-injury 
mouse model prepared by the method described above. 
Briefly, donor animals received 25 U heparin (Sigma) prior 
to cell isolation. After cannulation of  the portal vein, the 
liver was perfused with a calcium-free buffer solution, 
3 mL/min at 37℃ for 10 min. Then, the liver was per-
fused with 0.025% collagenase Ⅳ (Invitrogen, Carlsbad, 
CA), 2 mL/min at 37℃ for 15 min. The perfused liver 
was resected, and the cells were released by gentle shak-
ing and collected in 20 mL IMDM. The supernatant cell 
suspension was filtered using a 200 mm nylon mesh and 
the filtrate was washed twice with PBS by centrifugation 
at 50 × g for 45 s to remove cell debris, damaged cells, and 
non-parenchymal cells. After washing, the hepatocytes 
were cultured in medium A at 5 × 104 cells/cm2. Forty-
eight hours later, the supernatant was collected and passed 
through a 0.25 mm filter. The filtrate was finally defined 
as hepatocyte-injury conditioned medium and stored in 
aliquots at -20℃ for future use.
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Induction of hepatogenic differentiation of mBM-MSCs 
in conditioned medium
The mBM-MSCs of  passage 3 were inoculated in differen-
tiation medium at 5 × 104 cells/cm2 on culture flasks. The 
differentiation medium consisted of  50% fresh IMDM 
medium (Medium A) and 50% conditioned medium. As 
a negative control, mBM-MSCs were cultured in medium 
A only. Cells were cultured in a humidified atmosphere of  
5% CO2 and 95% air at 37℃. Cultures were maintained 
by medium exchange every 3 d. The cell morphology was 
observed under a confocal laser-scanning microscope 
(LSM 510; Carl Zeiss Inc., Jena, Germany).

Gene expression analysis by real-time polymerase chain 
reaction 
The expressions of  hepatic linage genes [α-fetoprotein 
(AFP), albumin (ALB), hepatocyte nuclear factor 3β 
(HNF3β), tyrosine aminotransferase (TAT)] and cytokine 
genes [fibroblast growth factor-4 (FGF-4), hepatocyte 
growth factor (HGF) and oncostatin M (OSM)] involved 
in hepatic differentiation and commitment were analyzed 
by real-time polymerase chain reaction (PCR). For this, 
total RNA was extracted from undifferentiated control or 
differentiated cells, normal or injured liver cells, respective-
ly, using NucleoSpin® RNAIIKits, and then 5 μg of  which 
was reversely transcribed into cDNA with SuperScript Ⅲ 
first-strand synthesis system (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instructions. The 
transcripts normalized to β-actin were measured by real-
time PCR using Mastercyclerep realplex system and Real-
Time Detection software (Eppendorf, Germany), in which 
the standard double-stranded DNA dye (SYBR Grean Ⅰ) 
was used. Gene-specific primers were designed using the 
Primer Premier software (Table 1).

Protein expression analysis by ELISA 
The expressions of  hepatic linage proteins (AFP and 
ALB) in differentiated hepatocytes and cytokine proteins 
(FGF-4, HGF and OSM) in injured liver cells were further 
analyzed by ELISA. The total proteins from differentiated 
cells or undifferentiated control cells, normal or injured 
liver cells were extracted using T-PER (a protein extrac-
tion reagent) (Qiagen, Germany) according to the manu-
facturer’s manual, and were coated on a 96-well polysty-
rene plate at 4℃ overnight. The wells were washed with 
PBST (500 μL Tween 20/L PBS) and then blocked with 
0.5% BSA for 1 h at 37℃. The hepatic linage proteins (AFP 
and ALB) or cytokines (FGF-4, HGF and OSM) were de-
tected using the polyclonal antibodies, including rabbit an-
ti-mouse HGF and FGF4, goat anti-mouse OSM (abcam, 
UK) rabbit anti-AFP and goat anti-ALB (Biodesign, Saco, 
Maine, USA) after washing with PBST for 3 times. The 
secondary antibodies, including goat anti-rabbit and rab-
bit anti-goat (Santa Cruz Biotechnology, Santa Cruz, CA, 
USA), labeled with horseradish peroxidase (HRP) were 
added at a proper dilution. Finally, the TMB was added, 
and the observation density was detected by a microplate 

reader at 450 nm after 2 mol/L sulphuric acid was added 
to stop the reaction. 

Periodic acid-Schiff stain for glycogen 
The hepatic differentiation was functionally determined 
by glycogen storage. For this, the culture dishes contain-
ing differentiated cells were fixed in 95% alcohol for  
10 min. Samples were then oxidized in 1% periodic acid 
for 5 min, rinsed three times in deionized (d) H2O, treat-
ed with Schiff ’s reagent for 15 min, and rinsed in dH2O 
for 5 min. Finally, the preparations were assessed under 
light microscope, and the positive rate of  differentiated 
cells was counted as previously described[4]. 

Evaluation of urea synthesis
The hepatic differentiation was functionally determined 
by urea synthesis. The mBM-MSCs were plated at 5 × 104 

cells/cm2 on collagen coated six-well plates in differentia-
tion medium or control medium. After washing extensive-
ly with PBS, cells differentiated at days 0, 4, 8, 16, 20 and 
21 were incubated in 2 mL of  serum-free Hanks’ buffered 
salt solution containing 5 mmol/L NH4Cl for 2 h at 37℃. 
After incubation, the urea concentrations in the superna-
tant were measured according to the method described 
previously[22]. 

Global evaluation of cytokines potentially involved in 
injured liver commitment 
A global gene expression analysis was performed by mi-
croarray to identify the potential cytokines responsible 
for hepatic commitment. Total RNA and complementa-
ry DNA were prepared from CCl4-treated and untreated 
mouse livers. An Illumina Mouse WG-6 v2.0 BeadChip 
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Table 1  Primers and annealing temperatures used for PCR

Gene Sequence (5’-3’) Annealing  
(℃)

Product 
(bp)

AFP-F CACTGCTGCAACTCTTCGTA 52 300
AFP-R CTTTGGACCCTCTTCTGTGA
HNF3b-F GACCTCTTCCCTTTCTACCG 51 551
HNF3b-R TTGAAGGCGTAATGGTGC       
ALB-F TCTTCGTCTCCGGCTCTG 55 475
ALB-R CTGGCAACTTCATGCAAAT
TAT-F CTTCAGTCCTGGATGTTCGC 55 619
TAT-R CAGGGATTGGACGGGTTGTT
FGF4-F CTGGTGGCTCACAGGACAATAA

GAT
62 483

FGF4-R GCTGGCTGAAGAAACAGGTAAT
AGGT

HGF-F GTGCCAACAGGTGTATCAG 62 399
HGF-R TGTCACAGACTTCGTAGCG
OSM-F CTCACGGTCCACTACAACAC 62 123
OSM-R GAGCCATCGTCCCATTCC
β -actin-F TTCCTTCTTGGGTATGGAAT 55 200
β -actin-R GAGCAATGATCTTGATCTTC

PCR: Polymerase chain reaction; AFP: α-fetoprotein; HNF: Hepatocyte 
nuclear factor; ALB: Albumin; TAT: Tyrosine aminotransferase; FGF-4: 
Fibroblast growth factor-4; HGF: Hepatocyte growth factor; OSM: 
Oncostatin M.
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(Illumina, San Diego, CA, USA) was used to generate 
expression profiles of  more than 48 000 transcripts with 
500 ng of  labelled cDNA for each sample, following 
manufacturer’s recommended protocols. A randomized 
design was used to minimize chip effects. Four individu-
als were replicated in the two batches. Expression inten-
sity was measured with an average of  30 beads for each 
transcript. The BeadChips were imaged with an Illumina 
BeadArray Reader. The raw intensities were extracted 
with the Gene Expression Module in Illumina’s Bead-
Studio software. Expression intensities were log2 trans-
formed and median-centered by subtracting the mean 
value of  each array from each intensity value. 

Cytokine identification in depletion experiment
The cytokines involved in hepatic specification in liver-
injury conditioned medium were initially identified in a 
depletion experiment. The liver-injury conditioned me-
dium was incubated with a number of  different cytokine 
antibodies (anti-HGF, -FGF-4, -OSM, -FGF-3, -FGF-10, 
-FGF-12, -FGF-13, -FGF-14, -FGF-15, -FGF-17, 
-FGF-18, -FGF-20, -FGF-21, -bNGF, -IGF-1, -TGF-β1, 
-TGF-β2, and -TGF-β3, abcam and Biodesign) at differ-
ent concentrations (1:100, 1:200 and 1:500) overnight at 
4℃ under agitation. Then, the cytokines were removed by 
affinity co-immunoprecipitation. The protein A-coupled 
sepharose beads were prepared according to the manufac-
turer’s instructions (Abcam), and were added into the an-
tibody pretreated liver-injury conditioned medium. After 
being incubated at 4℃ for 4 h, the samples were centri-
fuged at 10 000 × g for 5 min. Supernatants were collected 
for hepatic differentiation induction assay. The hepatic 
differentiation was examined based on the hepatic lineage 
gene and protein expressions and functional characteriza-
tions as described above. In parallel, a non-specific rabbit 
antibody (IgG isotype) was used in control groups. 

Cytokine identification in rescue experiment
To confirm the observation from depletion experiment 
that HGF, FGF-4 and OSM may be involved in hepatic 
differentiation in liver-injury conditioned medium, a 
rescue experiment was performed by adding back these 
three cytokines into the co-immunoprecipitated liver-inju-
ry conditioned medium. The liver-injury conditioned me-
dium was pretreated with anti-HGF, anti-FGF-4 and anti-
OSM, followed by protein A-coupled Sepharose beads 
as described above, and mouse FGF-4 (0, 1.25, 2.5, and  
5 μg/mL), HGF (0, 2.5, 5 and 10 μg/mL) and OSM (0, 
1.25, 2.5 and 5 μg/mL) (R&D Systems, Abingdon, UK) 
were added back to this medium to rescue its liver-in-
ducing activity. The hepatic differentiation was examined 
based on the hepatic lineage gene and protein expressions 
and functional characterizations as described above. 

Induction of hepatic differentiation by FGF-4, HGF and 
OSM
To further investigate the role of  FGF-4, HGF and 
OSM in hepatic differentiation, an in vitro hepatic induc-

tion assay was conducted using different combinations 
of  FGF-4, HGF and OSM. The mBM-MSCs were in-
oculated in medium A with different combinations of   
10 ng/mL FGF-4, 20 ng/mL HGF and 10 ng/mL 
OSM[21] at 5 × 104 cells/cm2 on culture flasks. As a nega-
tive control, the mBM-MSCs were cultured in medium 
A without FGF-4, HGF and OSM. Cells were cultured 
in a humidified atmosphere of  5% CO2 and 95% air at 
37℃. After 72 h, non-adherent cells and debris were re-
moved and the adherent cells were cultured continuously. 
Cultures were maintained by medium exchange every 3 d. 
The hepatic differentiation was examined based on the 
hepatic lineage gene and protein expressions and func-
tional characterizations as described above. 

Statistical analysis
Statistical analysis was performed using the SPSS ver-
sion 16.0, and data were expressed as mean ± SD. Dif-
ferences between the values were determined by paired-
samples t test. A value of  P < 0.05 was considered statis-
tically significant.

RESULTS
Evaluation of cytokines in response to liver injury
To evaluate the possible cytokines that participate in the 
hepatic differentiation of  BM-MSCs under liver-injury 
conditions, the gene expression levels of  cytokines/pro-
teins in injured liver were initially examined at different 
injury time-points (12, 24 and 48 h) by microarray analy-
sis. The results showed that more than 1200 genes were 
significantly up- or down-regulated during these time 
periods, and most of  them were closely related to hepa-
tocyte detoxification and metabolisms (data not shown). 
Totally, 40 cytokines/chemokines or their corresponding 
receptors closely associated with cellular growth, dif-
ferentiation and migration were found to be significantly 
up-regulated (2-62 folds), among which 18 cytokines, 
including FGF-3, FGF-4, FGF-10, FGF-12, FGF-13, 
FGF-14, FGF-15, FGF-17, FGF-18, FGF-20, FGF-21, 
HGF, OSM, b-NGF, IGF-2, TGFβ-1, TGFβ-2 and 
TGFβ-3, were largely contributed to the hepatic growth 
and development. Therefore, these cytokines were con-
sidered to be potentially involved in the hepatic differen-
tiation of  mBM-MSCs under liver-injury conditions, and 
to be the candidates for further identification.

Cytokine identification in depletion experiment
Based on the microarray analysis as described above, the 
cytokine candidates were removed from the conditioned 
medium by a co-immunoprecipitation strategy using dif-
ferent combinations of  specific antibodies which fall 
into several groups, designated as E1 (anti-FGF-3 and 
-FGF-4), E2 (anti-FGF-10, -FGF-12 and -FGF-13), E3 
(anti-FGF-14, -FGF-15 and -FGF-17), E4 (anti-FGF-18, 
-FGF-20 and -FGF-21), E5 (anti-HGF, -OSM and 
-bNGF) and E6 (anti-IGF-1, -TGF-β1, -TGF-β2 and 
-TGF-β3). The conditioned medium from each group 
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was used for further hepatic differentiation. The results 
showed that, after being induced for 20 d, the ALB in 
differentiated cells in E1 and E5 groups was more signifi-
cantly down-regulated (P < 0.01) than that in the control 
group. However, no significant down-regulations of  ALB 
could be observed in other experimental groups (E2, E3, 
E4 and E6), suggesting that FGF-3, FGF-4, HGF, OSM 
and bNGF in the conditioned medium examined in E1 
and E5 groups may play essential roles in the hepatic dif-
ferentiation of  mBM-MSCs (Figure 1A). In an attempt to 
verify this observation, the FGF-3, FGF-4, HGF, OSM 
and bNGF were removed selectively: E1, anti-FGF-4; 
E2, anti-FGF-3; E3, anti-bNGF; E4, anti-HGF; and E5, 
anti-OSM. The hepatic differentiation of  mBM-MSCs in 
each group was detected and the results showed that the 
ALB in differentiated cells in E1, E4 and E5 groups was 
significantly down-regulated (P < 0.01) compared with 
that in the control group. However, no significant down-
regulations of  ALB could be observed in E2 and E3 
groups (Figure 1B). These results indicated that FGF-4, 
HGF and OSM are key factors involved in the hepatic 
differentiation of  mBM-MSCs. This observation seems 
in accordance with some previous reports showing that 
FGF-4, HGF and OSM played important roles in liver 
healing, regeneration and initiation of  development[23-26].

Expression analysis of FGF-4, HGF and OSM during 
liver injury
To obtain a deep insight into the role of  FGF-4, HGF 
and OSM in liver injury, a kinetic expression analysis of  
these cytokines during liver injury was performed. The 
results showed that the expression of  HGF mRNA was 
significantly up-regulated at 6 h after injury (P < 0.05), 
peaked at 12 h (P < 0.01) and kept in high level up to 72 h 
(Figure 2A). Similarly, the expressions of  FGF-4 and OSM 
mRNAs were importantly up-regulated at 12 h (P < 0.01) 
after injury, peaked in 24-48 h (P < 0.01) and also kept in 
high levels up to 72 h (Figure 2B and C). Accordingly, the 

expression changes of  HGF, FGF-4 and OSM proteins 
were generally identical with their mRNA expressions 
(Figure 2D-F). 

Detection of FGF-4, HGF and OSM in culture medium 
To further investigate the existence and occurrence of  
FGF-4, HGF and OSM in liver-injury conditioned medi-
um, the kinetic secretion of  FGF-4, HGF and OSM into 
the cultured medium was determined. The results showed 
that the concentrations of  HGF and OSM proteins were 
dramatically up-regulated at 12 h after culture, peaked at 
24 or 48 h and kept in high levels up to 72 h (Figure 3A 
and C); while the FGF-4 was significantly up-regulated at 
24 h and peaked at 48 h (Figure 3B). Notably, it showed 
that FGF-4, HGF and OSM protein expressions could 
also be detected in the cell culture without undergoing 
liver injury (Figure 3), possibly due to the fact that isola-
tion of  cells from liver itself  is a tissue “anatomy” which 
may result in the “injured signal” to stimulate the cells to 
secrete cytokines.

Effects of FGF-4, HGF and OSM in hepatic differentiation 
To investigate the effects of  each cytokine in the hepatic 
differentiation, a number of  depletion experiments were 
conducted using different combinations of  antibodies. 
The results showed that after treatment with anti-FGF-4 
and anti-HGF independently, the hepatic differentiation 
induced by the conditioned medium was significantly (P < 
0.01) down-regulated with the increased use of  antibody 
(E1: 1:500, E2: 1:200, E3: 1:100) as determined by the 
expression of  both the early liver-specific marker (HNF3β 
and AFP) and the late liver-specific marker (ALB and 
TAT) at mRNA or protein levels, and by the functional 
[Periodic acid-Schiff  (PAS) and urea production] analyses 
(Figure 4A-H). However, after treatment with anti-OSM 
alone, the expressions of  HNF3β and AFP in cells were 
not significantly decreased (Figure 4A and B), while the 
expressions of  ALB and TAT were dramatically (P < 0.01) 
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Figure 1  Analysis of albumin synthesis in cells for 20 d by ELISA (A450 nm). MSC group: Control MSCs cultured in medium A with PBS; C group: MSCs induced with 
liver-injury conditioned medium with nonspecific IgG; (A) E1-E6 groups: MSCs induced with liver-injury conditioned medium and different combinations of specific antibodies 
(E1: Anti-FGF-3 + anti-FGF-4; E2: Anti-FGF-10 + anti-FGF-12 + anti-FGF13; E3: Anti-FGF-14 + anti-FGF-15 + anti-FGF-17; E4: Anti-FGF-18 + anti-FGF-20 + anti-FGF-21; 
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restrained at both mRNA and protein levels (Figure 4C, 
D and F). Accordingly, the PAS and urea production were 
also dramatically (P < 0.01) decreased in anti-OSM treat-
ment groups (Figure 4G and H). These results suggested 
that FGF-4, HGF and OSM may play different roles in 
the hepatic differentiation of  mBM-MSCs. Among these 
factors, FGF-4 and HGF may be essential for the initia-
tion of  early hepatic differentiation, while OSM may be 
critical for the maturation of  hepatocytes.

Functional evaluation of FGF-4, HGF and OSM in rescue 
experiment
In order to find further evidence on the role of  FGF-4, 

HGF and OSM in the conditioned medium in hepatic dif-
ferentiation, we performed a rescue experiment in which 
three recombinant cytokines were added back to the cy-
tokine-removed medium treated with anti-FGF-4 (1:100), 
anti-HGF (1:100) and anti-OSM (1:100). The results 
showed that administration of  FGF-4, HGF and OSM 
into this cytokine-removed medium could significantly res-
cue the hepatic differentiation with the increased concen-
trations of  the cytokines as determined by the expression 
of  ALB protein and urea synthesis (E1: 0 ng/mL FGF-4 
+ 0 ng/mL HGF + 0 ng/mL OSM; E2: 1.25 ng/mL  
FGF-4 + 2.5 ng/mL HGF + 1.25 ng/mL OSM; E3:  
2.5 ng/mL FGF-4 + 5 ng/mL HGF + 2.5 ng/mL OSM; 
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E4: 5 ng/mL FGF-4 + 10 ng/mL HGF + 5 ng/mL 
OSM) (Figure 5A and B). These results provided solid 
support that FGF-4, HGF and OSM are the key cyto-
kines that contribute to the induction of  hepatic differen-
tiation in the liver-injury conditioned medium.

Hepatic differentiation induced directly by FGF-4, HGF 
and OSM
Based on the observations from the above experiments 
that FGF-4, HGF and OSM are crucial for hepatic dif-
ferentiation in the conditioned medium, we performed a 
further hepatic differentiation experiment induced direct-
ly by FGF-4, HGF and OSM in different combinations. 
The results showed that FGF-4, HGF and OSM may 
have synergistic effects on the hepatic differentiation of  
mBM-MSCs, indicating that the three cytokines may play 
different roles in the induction of  hepatic differentiation. 
As shown in Figure 6, after induced with a factor alone 
or combination of  the two, the hepatic differentiation 
of  mBM-MSCs was lowly detectable as determined by 
the synthesis of  both AFP (early hepatic differentiation 
marker) and ALB (late hepatic differentiation marker) 
in differentiated cells. In the group induced with FGF-4  
(10 ng/mL) and HGF (20 ng/mL, E4), the concentra-
tion of  AFP was highly detectable, while ALB was lowly 
detectable, suggesting that FGF-4 and HGF have a syn-
ergistic effect on the initiation of  early hepatic differen-
tiation. In contrast, both of  the AFP and ALB proteins 
could be highly detected in group E5 in which the mBM-
MSCs were induced by the combination of  these three 
factors. This indicated that FGF-4, HGF and OSM had 
a synergistic effect in the differentiation of  functional 
hapatocytes from mBM-MSCs. Furthermore, FGF-4 and 
HGF exhibited a cooperative effect on the early hepatic 
differentiation of  mBM-MSCs, while OSM is essential to 
the maturation of  hepatocytes in the late hepatic differ-
entiation. 

DISCUSSION
Mesenchymal stem cells (MSCs) have emerged as a prom-

ising resource of  functional hepatocytes for treatment 
of  liver diseases because of  its plasticity of  multiple cell 
lineages. To date, many inducing systems for hepatic 
differentiation from MSCs have been developed[22,27,28]. 
However, the rate of  hepatocyte-like cells differentiated 
from MSCs is still very low and the mechanisms are also 
not well known. It is undoubted that exposition of  MSCs 
to the inducing systems, resembling the conditions in liver 
development, injury and regeneration, could acquire a 
more efficient differentiation[29]. Our previous studies have 
shown that mBM-MSCs could be induced to differenti-
ate into hepatic cells by conditioned culture medium of  
hepatocytes[4]. Thus identification of  the exact cytokines 
involved in liver-injury conditions for the mBM-MSCs 
differentiation needed further studies. This study provides 
such investigation. Eighteen cytokines closely related 
to liver growth, repair and development were chosen as 
candidates from numerous up-regulated cytokine genes 
by microarray. It was found that three cytokines (FGF-4, 
HGF and OSM) may play a crucial role in the conditioned 
medium-induced hepatic differentiation, since hepatic 
differentiation was dramatically decreased after removing 
FGF-4, HGF and OSM from the conditioned medium. 
Therefore, the present study provided a direct basis on 
the selection of  cytokines for hepatic differentiation. 
However, besides these three key cytokines, some other 
factors involved in the liver injury need to be identified for 
improving the cytokine-based inducing system.

FGF-4, HGF and OSM play important roles in liver 
regeneration, healing, initiation and development. FGF-4 
was considered to be one of  the most important fibroblast 
growth factor family members that can irritate the prolif-
eration of  mesodermal and endodermal cells and improve 
development of  fetal liver[30]. HGF was found to be es-
sential for the development of  several epithelial organs 
and was one of  the most well characterized cytokine for 
the stimulation of  DNA synthesis in primary hepatocyte 
cultures, and for liver development[31]. The OSM, how-
ever, is a member of  the interleukin-6 family produced 
by hematopoietic cells and induces differentiation of  fetal 
hepatic cells, conferring various metabolic activities of  
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Figure 3  Detection of kinetic secretions of HGF (A), FGF-4 (B) and OSM (C) proteins in liver-injury conditioned medium. Experiment: Hepatocyte-injury conditioned 
medium; Control: Normal-hepatocyte conditioned medium.
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Figure 4  Effects of FGF-4, HGF and OSM in hepatic differentiation. A number of depletion experiments using different combination of antibodies were conducted, 
and the expression of both liver-specific markers and function was analyzed. A-D: The expression of both the early liver-specific markers (HNF3β and AFP) 10 d 
after induction and the late liver-specific markers 20 d after induction (ALB and TAT) at mRNA levels detected by real-time PCR; E, F: The expression of AFP 10 d 
after induction and ALB 20 d after induction at protein levels detected by ELISA; G: Analysis of intracellular glycogen accumulation by PAS staining on day 20 after 
induction; H: Urea production by differentiated cells on day 20 after induction. MSC group: Control MSCs cultured in medium A with PBS; C group: MSCs induced 
with liver-injury conditioned medium with non-specific IgG; E1-E3 groups: MSCs induced with liver-injury conditioned medium and different concentrations of specific 
antibodies (E1: 1:500; E2: 1:200; E3:1:100). aP < 0.05, bP < 0.01 vs C group.
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adult liver[32]. These three factors participate in different 
liver developmental stages. Thus, we further examined the 
exact roles of  FGF-4, HGF and OSM in the hepatic dif-
ferentiation from mBM-MSCs. It clearly showed that after 
removing FGF-4 and HGF from the conditioned medium 
by their antibodies, either the early or the late hepatic dif-
ferentiation induced by the conditioned medium could be 
significantly down-regulated, while after removing OSM 
from the conditioned medium, only the late hepatic dif-
ferentiation was down-regulated. It suggested that FGF-4, 
HGF and OSM also play different roles in the hepatic 
differentiation of  mBM-MSCs, and FGF-4 and HGF are 
essential for the initiation of  hepatic differentiation, while 
OSM is critical for the maturation of  hepatocytes. 

In conclusion, the present study analyzed the potential 
factors in injured liver for hepatic differentiation from 
mBM-MSCs. It was found that FGF-4, HGF and OSM 
might be the key cytokines. They played different roles 
during hepatic differentiation, which is similar to their 
functions in liver development. Hopefully, our study would 

not only provide evidence of  cytokine selection for hepatic 
differentiation, but also benefit the exploration of  the mo-
lecular mechanisms underlying the differentiation of  BM-
MSCs into hepatocytes.

COMMENTS
Background
Acute liver failure is a severe liver disease with a mortality of 60%-90%. The 
only therapeutic option, orthotopic liver transplantation, is limited because of 
the shortage of suitable donor organs. Mesenchymal stem cells (MSCs), known 
for their capacity to proliferate indefinitely and differentiate into almost all types 
of cells, including hepatocytes, have provided the hope of cellular replacement 
therapy for liver failure. 
Research frontiers
Mouse liver-injury conditioned culture medium dramatically facilitated the dif-
ferentiation of mouse bone marrow MSCs (mBM-MSCs) into functional hepatic 
cells. However, which cytokines direct hepatic fate specification of mBM-MSCs 
still remains unclear. In this study, the authors demonstrate that fibroblast 
growth factor-4 (FGF-4), hepatocyte growth factor (HGF) and oncostatin M 
(OSM) may play crucial roles in the differentiation of mBM-MSCs in the liver-
injury conditioned medium. 
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Innovations and breakthroughs
In the present study, the authors reported the identification of cytokines involved 
in hepatic fate specification of mBM-MSCs in the liver-injury conditioned medium. 
By removing cytokines from conditioned medium and adding back cytokines into 
the “cytokine-removed” conditioned medium, it was demonstrated that FGF-4, 
HGF and OSM may play crucial roles in the conditioned medium-induced hepatic 
differentiation. Furthermore, different combinations of FGF-4, HGF and OSM were 
used to induce hepatic differentiation, and the result showed that FGF-4 and HGF 
had a cooperative effect on the early hepatic differentiation of mBM-MSCs, while 
OSM was essential to the maturation of hepatocytes in the late hepatic differentia-
tion. This is the first study to report that FGF-4, HGF and OSM FGF-4, HGF and 
OSM not only play crucial roles in the hepatic differentiation of mBM-MSCs, but 
also have profound synergistic effect on the hepatic differentiation of mBM-MSCs 
pro and con. This in vitro study would contribute to the improvement of hepatic 
cell resource for cell-based therapies for acute and chronic end-stage liver dis-
eases and provide a model for more detailed characterization on the molecular 
mechanisms underlying the differentiation of BM-MSCs into hepatocytes.
Applications 
This study may benefit not only the better understanding of novel mechanisms 
underlying BM-MSCs involved in liver repair and regeneration, but also the im-
provement of cytokine-based hepatic inducing strategy, in which a rich cellular re-
source for cytotherapy of acute liver diseases with BM-MSCs would be provided. 
Terminology
FGF-4 is one of the most important fibroblast growth factor family members that 
can irritate the proliferation of mesodermal and endodermal cells and improve 
development of fetal liver; HGF is one of the most well characterized cytokines 
for the stimulation of DNA synthesis in primary hepatocyte cultures and liver de-
velopment; OSM is a member of the interleukin-6 family which is produced by 
hematopoietic cells and induces differentiation of fetal hepatic cells, conferring 
various metabolic activities of adult liver.
Peer review
The authors corroborate that 3 cytokines (HGF, FGF4 and OSM) are fundamen-
tal for directing the differentiation of BM-MSCs towards hepatocytes. The work 
is interesting and could be helpful for developing effective inducing systems of 
hepatic differentiation from BM-MSCs.
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Abstract
AIM: To compare the efficacy and safety of acellular 
dermal matrix (ADM) bioprosthetic material and en-
dorectal advancement flap (ERAF) in treatment of com-
plex anorectal fistula. 

METHODS: Ninety consecutive patients with complex 
anorectal fistulae admitted to Anorectal Surgical Depart-
ment of First Affiliated Hospital, Xinjiang Medical Uni-
versity from March 2008 to July 2009, were enrolled in 
this study. Complex anorectal fistula was diagnosed fol-
lowing its clinical, radiographic, or endoscopic diagnostic 
criteria. Under spinal anesthesia, patients underwent 
identification and irrigation of the fistula tracts using hy-
drogen peroxide. ADM was securely sutured at the sec-
ondary opening to the primary opening using absorb-
able suture. Outcomes of ADM and ERAF closure were 

compared in terms of success rate, fecal incontinence 
rate, anorectal deformity rate, postoperative pain time, 
closure time and life quality score. Success was defined 
as closure of all external openings, absence of drainage 
without further intervention, and absence of abscess 
formation. Follow-up examination was performed 2 d, 2, 
4, 6, 12 wk, and 5 mo after surgery, respectively.

RESULTS: No patient was lost to follow-up. The overall 
success rate was 82.22% (37/45) 5.7 mo after surgery. 
ADM dislodgement occured in 5 patients (11.11%), 
abscess formation was found in 1 patient, and fistula 
recurred in 2 patients. Of the 13 patients with recurrent 
fistula using ERAF, 5 (11.11%) received surgical drain-
age because of abscess formation. The success rate, 
postoperative pain time and closure time of ADM were 
significantly higher than those of ERAF (P  < 0.05). How-
ever, no difference was observed in fecal incontinence 
rate and anorectal deformity rate after treatment with 
ADM and ERAF. 

CONCLUSION: Closure of fistula tract opening with 
ADM is an effective procedure for complex anorectal 
fistula. ADM should be considered a first line treatment 
for patients with complex anorectal fistula. 

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Anal fistula, an abnormal communication between the 
anal or rectal lumen and perianal skin, is a common con-
dition in general population, and occurs in 5.6 per 100 000 
women and in 12.3 per 100 000 men[1], predominantly 
in the third and fourth decades of  life[2]. It is believed 
that infection of  the intersphincteric glands is the initiat-
ing event in anorectal fistula, in a process known as the 
cryptoglandular hyposis[3]. It is also commonly believed 
that surgery is the only way to cure it. Up to now, its treat-
ment is diverse due to lack of  standard treatment. Incor-
rect diagnosis and treatment are the important reason of  
anorectal surgery failure[4]. Traditional surgical procedures 
include fistulotomy, endorectal advancement flap (ERAF), 
loose-seton placement, and fibrin glue installation. Anal 
fistula is described according to the level at which it trans-
gresses the anal sphincter. If  the internal opening begins 
above the anal sphincter, the fistula is described as “high” 
or transphincteric. Traditional surgery for transsphincteric 
anal fistula often requires staged operations with fistu-
lotomy and seton insertion. The surgery usually results in 
large and deep wounds which can take months to heal. 
Moreover, risk of  fecal incontinence is inevitable because 
part of  the anal sphincter is divided during surgery. The 
success rate of  these techniques is disappointed. Fistu-
lotomy invariably requires at least some division of  the 
sphincter muscle with risk of  incontinence[4], thus leading 
to a high recurrence and fecal incontinence. It has been 
reported that the recurrence rate of  ERAF for trans-
sphincteric anal fistula is 0%-63%[5]. Although fibrin glue 
is an alternative to fistulotomy, its long-term closure rate 
is low[6-11]. The liquid consistency of  fibrin glue is not ideal 
for closing anorectal fistula, because it is easily extruded 
from the fistula tract due to the increased pressure[12]. 
Meta analysis indicates that the healing rate of  fibrin glue 
is not significantly different from that of  other sphincter 
saving procedures for fistula[13]. Complete closure of  pri-
mary opening and sphincter preserving are the key to suc-
cessful anorectal fistula surgery. An alternative strategy is 
to obliterate the fistula tract. 

Using a biological substance to close complex anorectal 
fistula has attracted attention in recent years. A biological 
anal fistula plug can securely close the primary opening, 
thus enabling the surgeon to eradicate the fistula tract with 
a minimal damage to the sphincter. We report our experi-
ence with the management of  complex anorectal fistulae 
using acellular dermal matrix (ADM) which is similar to 
acellular extracellular matrix (AEM). It is a newly devel-
oped biomaterial from pigs that have a collagen structure 
almost identical to that of  humans. During manufacturing 
of  the ADM, living cells are removed by special processes 
to ensure that no transmittable diseases are present in the 
tissue.

MATERIALS AND METHODS
Study design
Protocol synopsis for this trial and supporting CON-
SORT checklist were used as supporting information 

(Figure 1). ADM trial was a single-center, randomized, 
prospective, single blinded, controlled trial.

Inclusion/exclusion criteria
Patients at the age of  12-60 years with 2-6 cm long intra-
sphincteric and transsphincteric anorectal complex fis-
tulae identified with a fistula probe during surgery, who 
gave their informed consent, were included in this trial. 
Patients with no internal opening found during surgery, 
and those with positive human immunodeficiency virus, 
Crohn’s disease, malignant cause, tuberculosis, hydrad-
enitis suppurativa, severe cardiovascular state, diabetes, 
pregnancy, and sepsis were excluded. 

Patients 
Ninety consecutive patients with complex anorectal fis-
tula, admitted to First Affiliated Hospital of  Xinjiang 
Medical University from March 2008 and July 2009, were 
randomized into ADM group or ERAF group. Patients 
were blinded for ADM or ERAF. Demographic data (age 
and gender of  the patients), smoking history, course of  
disease, fistula types and follow-up time of  each patient 
were recorded (Table 1). 

Randomization
Randomization was performed during surgery after the 
internal opening of  fistula was identified. Computer-
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generated random codes were used to produce envelopes 
containing the information about “ADM” or “ERAF”. 
These envelopes were prepared by a statistician who was 
not involved in treatment of  patients or in other work 
specific to the study. Computer randomization was com-
pleted at Medical Statistical Center, First Affiliated Hospi-
tal of  Xinjiang Medical University.

Ethics 
The trial, conducted in accordance with the Declaration of  
Helsinki and “good clinical practice” guidelines, local regu-
lations, and China government laws, was approved by the 
Medical Ethics Committee of  First Affiliated Hospital of  
Xinjiang Medical University. Prior to the randomization, all 
patients who gave their informed consent were required to 
comment on the informed consent before the trial.

Sample size and power
Before the trial, sample size was calculated using SPSS 
software 13.0 version. Armstrong reported that the suc-
cess rate of  anal fistula plug is 87% for the closure of  
fistula opening[14] and van der Hagen et al[5] showed that 
the success rate of  ERAF is 37% for the closure of  fistula 
opening, indicating that to increase the success rate from 
40% to 80%, at least 44 patients in each group had to be 
randomized to achieve a power of  90%. 

Surgical technique
All patients underwent a proctology at surgery for con-
figuration of  the fistula passage. All patients who were 
given prophylactic broad-spectrum antibiotics underwent 
preoperative regular test, endoscopy, anorectal ultrasound 
and mechanical bowel preparation before surgery. An-
esthesia was induced with broad-spectrum parenteral 
antibiotics and 500 mg of  intravenous metronidazole. 
Patients were placed in the prone jackknife position under 
spinal or general anesthesia. Primary opening was located 
using a fistula probe or by injecting hydrogen peroxide 
into the fistula tract. All fistula tracts were irrigated with 
a hydrogen peroxide solution. A fistula probe was passed 
through the fistula tract from the secondary opening and 
pulled out through the primary opening. After the fistula 
tract was identified and cleaned with curettage and hydro-
gen peroxide, ADM materials were prepared according to 

the length and lumen of  the fistula tract, inserted into the 
clean fistula tracts, and pulled into a position using a silk 
suture passed through the fistula tract and secured to the 
tip of  ADM, then via the secondary opening until it fitted 
snugly into the primary opening. Excess ADM material 
was trimmed with the secondary and primary openings 
flushed and secured to the mucosa and internal sphincter 
with a 3-0 vicryl suture. All data were recorded and ana-
lyzed by the same statistic member who did not attend the 
intervention.

Rectal advancement flap was done for the control 
group according to the following techniques. In brief, the 
primary opening was excised followed by mobilization of  
the mucosa, submucosa, and a small amount of  muscular 
fibers from the internal sphincter complex. A rectal flap 
with a 2-3 cm broad base was mobilized. The rectal flap 
was mobilized sufficiently to cover the internal opening 
with overlap. Hemostasis was performed to prevent a 
hematoma under the flap. The fistula tract was curetted. 
The internal opening was not closed before the flap was 
advanced over the primary opening. Finally, the flap was 
sutured to the distal anal canal. All patients were not given 
analgesics after surgery. Patients were followed up at the 
discretion of  the operating surgeon. Per-operative man-
agement (including daily activities, diet) of  the two groups 
was identical.

 ADM used in this study was an absorbable J-I type 
(J. Y. Life Tissue Engineering Co., Ltd., China). It is 
a complex collagen structure manufactured from the 
submucosa of  porcine small intestine. According to the 
information about the J-I ADM product, its manufactur-
ing is completely similar to Surgisis AFP™ (Cook Surgi-
cal Inc., Bloomington, Indiana, USA). These biologically 
absorbable xenografts including ADM, AEM, Surgisis 
or other kinds of  anal fistula plug consist of  an acellular 
scaffold similar to the human extracellular matrix[14]. In 
general, integration into the implant begins within a few 
days after such materials are placed into the fistula tract 
through penetrating capillaries.

Postoperative care and follow-up
All patients were hospitalized with a clear liquid diet and 
bed rest for 48 h. Activity was restricted to minimal. Pa-
tients were required to have a warm Sitz bath, 3 times a 
day. All patients were given intravenous broad-spectrum 
antibiotics and metronidazole for 3 d after surgery. Stool 
softeners were used for 10 d. No activity restriction was 
requested after discharge. Follow-up examination was per-
formed in the outpatient department 2 d, 2, 4, 6, 12 wk,  
and 5 mo after surgery, respectively. The primary end-
points of  this trial were fistula closure rate. Success was 
defined as closure of  all external openings, absence of  
drainage without further intervention, and no abscess 
formation. The presence of  one persistent fistula tract 
was considered surgical failure. Outcomes of  ADM and 
ERAF closure were compared in terms of  success rate, 
fecal incontinence rate, anorectal deformity rate, postop-
erative pain time, closure time and life quality score.

Continence was evaluated before and after opera-
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Table 1  Demographic data about the patients included in this 
study

Characteristic ADM 
(n  = 45)

ERAF 
(n  = 45)

P  
value

Gender (male/female) 24/21 25/20 NS
Age (SD, range)   18-59 (44.8)   17-61 (45.1) NS
Smoking history, n (%)         14 (31)         11 (24) NS
Course of disease (SD, range, mo) 3.0-7.1 (4.6) 2.8-6.9 (5.1) NS
Type of fistula (intrasphincteric/
transsphincteric)

19/26 17/28 NS

Median follow-up time      5.7 (5.1-6.4)     6.1 (5.9-6.5) NS

ADM: Acellular dermal matrix; ERAF: Endorectal advancement flap; NS: 
Not significant.

A ba-bai-ke-re MMTJ et al . ADM for anal fistula



tion using the Wexner score and Vaizey scale. The Vaizey 
scale consists of  3 items about the type (gas, fluid, solid) 
and frequency of  incontinence (Table 2)[15]. The second-
ary endpoints were healing time, postoperative pain time, 
postoperative deformity rate, incontinence rate and quality 
of  life. Patients after operation were asked to grade their 
pain on a visual analogue scale (VAS: 0 = no pain; 10 = 
worst imaginable pain) at different time points during the 
follow-up. Fecal incontinence was evaluated according to 
the Williams grade. Quality of  life was evaluated using the 
life quality scale system (Table 3)[16].

Statistical analysis 
Statistical analysis was performed using SPSS software 
13.0 version. Recurrence rate, fecal incontinence rate and 
anal deformity rate associated with each intervention op-
tion were assessed by χ2 test or Fisher’s exact test. Heal-
ing time and postoperative pain time were calculated by 
Wilcoxon’s test or log rank test. P < 0.05 was considered 
statistically significant.

RESULTS
Three patients were excluded from this trial because of  
diabetes and Crohn’s disease. All patients completed the 
follow-up during which their data were collected. No pa-
tient was lost to follow-up. No significant difference was 
found in the characteristics of  patients including age, 
sex, classification of  fistula and median follow-up time 
between the two groups. The median follow-up time of  
ADM and ERAF groups was 5.7 mo (range 5.1-6.4 mo) 
and 6.1 mo (range 5.9-6.5 mo), respectively (P = 0.12). 
No severe adverse effect occurred in the patients.

The fistula recurred in 2 (4.45%) and 13 (28.89%) of  
the 45 patients in the ADM and ERAF groups, respec-
tively (P = 0.0047), and was healed in 37 (82.22%) and 29 
(64.44%) of  the 45 patients in ADM and ERAF groups, 
respectively. Early extrusion of  ADM occured in 4 pa-
tients, and late extrusion in 1 patient. The overall fistula 
healing rate was 82.22% (37/45) in ADM group. Five and 
1 patients received drainage surgery in ERAF and ADM 
groups, respectively. The life quality score was higher, the 
fistula healing time and postoperative pain time were short-
er in the ADM group than in the ERAF group (P < 0.05, 
Tables 4-7). The recurrence rate of  fistula was significantly 

lower in the ADM group than in the ERAF group. How-
ever, no significant difference was observed in incontinence 
and anal deformity rate between the two groups. In order to 
clarify the effect of  classification on the results, the efficacy 
and complication rate of  intrasphincteric and transsphinc-
teric fistulae were compared (Tables 5 and 6). The recur-
rence rate of  transsphincteric fistula was significantly lower 
in the ADM group than in the ERAF group. However, no 
significant difference was observed in the incontinence and 
anal deformity rate between the two groups. 

DISCUSSION
Surgery is considered the predominant and only pro-
cedure for anorectal fistula. Although fistulotomy is 
a simple procedure for fistula, it is not indicated for 
transsphincteric fistulae because of  prohibitive risk of  
incontinence. Seton cutting, which can slowly divide the 
sphincter and prevent recurrent abscess formation, is 
considered a more efficient procedure for trassphincteric 
fistula, but can cause incontinence of  solid stool in up 
to 25% of  patients[17]. ERAF has become a treatment of  
choice for most fistulae. However, recent reports sug-
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Table 2  Vaizey score system

Never Rare Some
times

Each 
week   

Everyday

Frequency of incontinence 0 1 2 3 4
Solid 0 1 2 3 4
Liquid 0 1 2 3 4
Gas 0 1 2 3 4
Alteration in lifestyle No Yes
Need to wear a pad or plug 0 2
Use of constipating 
medication

0 2

Lack of ability to defer 
defecation for 15 min

0 4

Table 3  Life quality scale system[16]

Physical
   P1 It is difficult for me to get out and do things like going to a movie 
   or to church
   P2 I avoid travelling
   P3 Whenever I am away from home, I try and stay near a toilet as 
   much as possible
   P4 I can’t hold on to my bowel motion long enough to get to the 
   bathroom
   P5 I try to prevent bowel accidents by staying very near a bathroom
   P6 I cut down on how much I eat before I go out
   P7 Whenever I go somewhere new, I make sure I know where the 
   toilets are
Social 
   S1 I avoid visiting my friends
   S2 I avoid staying the night away from home
   S3 It is important to plan my daily activities around my bowel habit
   S4 I leak stool without even noticing it
   S5 I can’t do many things I want to do
   S6 I have sex less often than I would like
   S7 I feel different from other people
   S8 I avoid travelling by plane or public transport
   S9 I avoid going out to eat
   S10 I am afraid to have sex
Emotional
   E1 I am afraid to go out
   E2 I worry about not being able to get to the toilet in time
   E3 I feel unhealthy
   E4 I feel ashamed
   E5 I worry about bowel accidents
   E6 I feel depressed
   E7 I worry about the smell
   E8 I enjoy life less
   E9 The possibility of bowel accidents is always on my mind
   E10 During the past month have you felt so sad, discouraged, 
   hopeless, or had so many
   Problems that you wondered whether anything was worthwhile?
Overall sense of well-being
   In general, would you say your health is excellent/very good/
   good/fair/poor?
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gest that the recurrence rate of  fistula is 36%-45% after 
ERAF[5,18,19]. ERAF is also technically difficult, and carries 
a risk of  rectal bleeding and incontinence. In our study, 
hemorrhage occurred in 2 (4.44%) and incontinence oc-
curred in 4 (14.29%) patients in the ERAF group, which 
are lower than the reported findings[20]. Over the last few 
years, fibrin glue has been widely described as a better 
treatment of  choice with no side effects, such as pain and 
incontinence[6,7,9,12,21,22]. However, it was reported that the 
healing rate of  fistula is 78% and 40%-54%, respectively, 
after the use of  fibrin glue[7,23,24], which is not improved 
even after antibiotics are added or mucosal advancement 
flap is supplemented[25]. 

Continence and healing are the two treatment goals to 
be achieved, but they often conflict with each other. An-
other sphincter-preserving surgical method is to use bioab-
sorbable material for anal fistula, which was first reported 
by Johnson et al[14] in 2006 with a success rate of  87%, and 
O'Connor et al[26] reported that the short-term success rate 
of  bioabsorbable material is 80% for anal fistula, indicating 
that bioabsorbable material can be used in treatment of  
fistula due to its inherent resistance to infection. Placement 
of  ADM, a minimally invasive procedure for fistula, is an 
attractive treatment of  choice for fistula. Pocrine ADM 
is a regenerative tissue matrix isolated from decellularized 
intestines. Similar to Surgisis or other prosthetic meshes, 
ADM has also been shown to resist infection[27,28]. In our 
study, the short-term success rate of  ADM was 82.22% 
(37/45) for complex anorectal fistula, which is consistent 
with the reported findings[26]. In order to compare and 
evaluate its efficacy, we searched most of  the original ef-
fects of  bioabsorbable material on anorectal fistula across 
the world (Table 8). Christoforidis et al[36] and Ky et al[40] 
showed that the success rate of  biologically absorbable 
substance for complex anorectal fistulas is lower than that 
reported by Song et al[39]. 

The possible reason why our success rate was much 
lower than the reported findings[39] is that all the proce-
dures were performed by 4 surgeons. Another possible ex-
planation for this difference may be the selection bias of  
patients. Contrary to our results, however, Zubaidi et al[32]  
found that trassphincteric fistula is more likely to heal af-
ter plug placement. Ky et al[40] and Ellis[42] have reported a 
high success rate of  plug placement for trassphincteric fis-
tula. We focused on fistula channel debridement and com-
plete drainage during surgery in order to prevent abscess 
formation as previously described[31]. Because more granu-
lation tissues in the fistula tract can function as a barrier 
to cellular infiltration into ADM, it is difficult to imagine 
that simple irrigation with hydrogen peroxide without 
thorough curettage of  the tract can clean the tract and 
allow incorporation of  ADM material into its surround-
ings. We believe that the low success rate in the study by 
Safar et al[37] is due to inadequate debridement and curet-
tage of  granulation tissue. Complete debridement, curet-
tage of  the tract, and hydrogen peroxide irrigation may 
be important for the surgery to achieve a greater success 
rate. This point differs from that of  Schwandner et al[31]. 
In our study, 5 patients (11.11%) experienced ADM dis-
lodgement, which may be due to the poor ADM fixation 
to the sphincter in the primary opening. Technical failure 
associated with plug-falling out is an important reason for 
surgery failure[31].

In our study, the success rate of  ADM for complex 
fistula was 82.22% (37/45), indicating that placement of  
ADM is a safe, beneficial, minimally invasive procedure 
for fistula, and can protect the anal function.

Lawes et al[41] proposed to combine anal fistula plug 
and advancement flap for fistula. However, we hold that 
selection of  patients, complete debridement, tract prepa-
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Table 4  Recurrence, fecal incontinence, anal deformity, 
postoperative pain time, and healing time of patients with 
ADM or ERAF  n  (%)

ADM ERAF P value

n 45 45
Recurrence 2 (4.45) 13 (28.89) 0.0047
Fecal incontinence 1 (2.22) 4 (8.89) 0.3574
Anal deformity       0 (0) 3 (6.67) 0.2402
Postoperative pain time (d) 1.5 ± 0.5   7.5 ± 1.8 0.0000
Healing time (d) 7.5 ± 3.5 24.5 ± 5.5 0.0000

Table 5  Recurrence, fecal incontinence, anal deformity, 
postoperative pain time, and healing time of patients with 
intrasphincteric fistula, ADM or ERAF  n  (%)

Intra ADM Intra ERAF P value

n 19 17
Recurrence 0 (0.00)   3 (17.65) 0.1907
Fecal incontinence 0 (0.00) 0 (0.00)
Anal deformity 0 (0.00) 0 (0.00)
Postoperative pain time (d) 1.2 ± 0.4    5.5 ± 1.9 0.0000
Healing time (d) 7.1 ± 3.4 24.6 ± 5.4 0.0000

Table 6  Recurrence, fecal incontinence, anal deformity, 
postoperative pain time, and healing time of patients with 
transsphincteric fistula, ADM or ERAF  n  (%)

Trans ADM Trans ERAF P value

n 26 28
Recurrence 2 (7.69) 10 (35.71) 0.0318
Fecal incontinence 1 (3.85)   4 (14.29) 0.9390
Anal deformity 0 (0.00)   3 (10.71) 0.2615
Postoperative pain time (d) 1.5 ± 0.6   8.6 ± 1.4 0.0000
Healing time (d) 7.6 ± 3.6 25.9 ± 5.7 0.0000

Table 7  Life quality score in different groups

Group n Life quality score P  value

ADM 45 85.9 ± 5.3
   Intra ADM 19 87.6 ± 6.5
   Trans ADM 26 83.5 ± 5.7
ERAF 45 65.3 ± 8.9 0.0000
   Intra ERAF 17 64.3 ± 5.1  0.00001

   Trans ERAF 28 65.9 ± 7.8  0.00002

1Represents comparison between intrasphincteric fistulae using ADM and 
ERAF; 2Represents comparison between transsphincteric fistulae using 
ADM and ERAF.
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ration and plug fixation are closely associated with the 
final success rate.

It is essential to use antibiotics before surgery. It was 
reported that anorectal abscess is not formed in patients 
after treatment with AEM[39] or Surgisis[50]. However, early 
infection occurred in our study. Although use of  Surgisis 
is not associated with perianal sepsis[14], it has been shown 
that the incidence of  severe perianal sepsis is 23%[41]. Al-
though the sepsis rate of  ADM (1/45) was significantly 
lower than that of  ERAF (5/45) in our study, more evi-
dence is needed for the evaluation of  ADM. Safar et al[37] 
suggested that the success rate of  plug for fistula is not as-
sociated with the preoperative bowel preparation, but we 
performed mechanical bowel preparation before surgery 
to avoid possible constipation or infection after surgery.

In our study, ADM could obviously shorten the post-
operative pain time and the fistula healing time, but not 
the deformity and incontinence rate of  transsphincteric 
fistula. Transsphincteric fistula recurred in 2 patients, sug-
gesting that it is necessary to perform multicenter random-
ized controlled trial to evaluate the efficiency of  ADM on 
transsphincteric complex fistula.

A significant number of  patients in ERAF group in 
this study had long-term continence disturbances in forms 
of  gas and liquid stool incontinence, which may be as-
sociated with ERAF or fistulotomy, abscess drainage, and 
other anorectal treatment modalities.

An adequate follow-up time is essential in a compara-
tive study of  ADM and ERAF for complex fistula. Only 
one study is available with a long follow-up time[33]. The 
follow-up time in our study is similar to that in previous 
studies[42,43,46]. The success rate of  ADM for fistula (82.22%) 
was associated with the ADM itself  and the adequate 
follow-up time in our study. Zubaidi et al[32] showed that 
a longer follow-up time and over an 80% success rate of  
biologically absorbable substance for fistula provide better 

evidence for the use of  ADM. Song et al [39] reported con-
vincing results based on 6.3 mo follow-up time. However, 
Wang et al[35] showed that the success rate of  biologically 
absorbable substance for fistula is only 34% after a follow-
up time of  18 mo. 

In conclusion, closure of  the fistula tract primary 
opening using ADM is an effective and acceptable proce-
dure for complex anorectal fistula. ADM is a a safe, ben-
eficial, minimally invasive procedure for fistula, and can 
protect anal function. ADM dislodgement is associated 
with the closure techniques. Further longer-term multi-
center randomized controlled clinical trials are needed to 
evaluate its efficacy on complex anorectal fistula. 
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COMMENTS
Background
Anal fistula is an abnormal chronic communication between the anal or rectal 
lumen and perianal skin. Surgery usually results in large and deep wounds 
which can take months to heal. Moreover, risk of fecal incontinence is inevitable 
because part of the anal sphincter is divided during surgery. The success rate 
of different techniques is disappointed. Using a biological substance to close 
complex anorectal fistula is attractive. 
Research frontiers
Acellular dermal matrix (ADM) is a bioabsorbable xenograft for tissue defect. 
Application of different kinds of ADM in treatment of anorectal fistula is a 
hotspot in the World.
Innovations and breakthroughs
Closure of the fistula tract primary opening using ADM is an effective and 
acceptable alternative to complex anorectal fistula. ADM is a safe, beneficial, 
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Table 8  Publications on anal fistula plug in the World

Author Publication form Total patients (n ) Crohn’s patients (n ) Followup median (mo) Success rate (%)

Adamina et al[29], 2010 Article 12 0 12.6 (10-14) 50.0
Schwandner et al[30], 2009 Article 60 0 12 62.0
Schwandner et al[31], 2009 Article 36 0   9 75.0
Zubaidi et al[32], 2009 Article 23 0 12 83.0
Ortiz et al[33], 2009 Article 15 0 12 20.0
Chung W et al[34], 2009 Article 65 0 12 59.3
Wang et al[35], 2009 Article 29 0        18 (9.1-26.8) 34.0
Christoforidis et al[36], 2009 Article 37 4  14 (6-22) 32.0
Safar et al[37], 2009 Article 35 4   4 14.0
Christoforidis et al[38], 2008 Article 49 4      6.5 43.0
Song et al[39], 2008 Article 30 0      6.3             100.0
Ky et al[40], 2008 Article 45                   14 6.5 (3-13) 84.0
Lawes et al[41], 2008 Article 20 0      7.4 24.0
Ellis[42], 2007 Article 17 5   6 88.0
van Koperen et al[43], 2007 Article 17 1   7 41.0
Ky et al[44], 2007 Abstract 37 8   3 84.0
Abbas et al[45], 2007 Abstract 17 0      7.4 24.0
Bohe et al[46], 2007 Abstract 32 7   6 65.0
Lenisa et al[47], 2007 Abstract 27 0 11 63.0
Thekkinkattil et al[48], 2007 Abstract 40 0   6 40.0
Poirier et al[49], 2006 Abstract 27 0   5 59.0
Champagne et al[50], 2006 Article 46 0 12 83.0

 COMMENTS
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minimally invasive procedure for fistula, and can protect anal function. It should 
be considered a first line treatment for patients with complex anorectal fistula.
Applications 
This method can reduce postoperative pain, shorten fistula healing time, and 
improve the postoperative life quality of patients. 
Peer review
This is an interesting and generally well written paper with the effects of 
endorectal mucosal advancement flap and acellular dermis plug on complex 
fistula compared. The results are striking.
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Abstract
AIM: To assess the tolerability and safety of same-day 
tandem procedures, endoscopic ultrasound (EUS) fol-
lowed by endoscopic retrograde cholangiopancreatog-
raphy (ERCP) under conscious sedation.

METHODS: A retrospective review was conducted at 
Loma Linda University Medical Center, a tertiary-care 
center. All 54 patients who underwent EUS followed by 
ERCP (group A) from 2004 to 2006 were included in the 
study. A second group of 56 patients who underwent 
EUS only (group B), and a third group of 53 patients 
who underwent ERCP only (group C) during the same 
time period were selected consecutively as control 
groups for comparison. 

RESULTS: Conscious sedation was used in 96% of 
patients in group A. Mean dosages of meperidine and 
midazolam used in group A were significantly higher 
than in group B or C. Mean recovery time in group A 
was not statistically longer than in group B or C. There 

was no significant difference in the incidence of seda-
tion-related and procedural-related complications.

CONCLUSION: Tandem EUS/ERCP procedure can be 
safely performed under conscious sedation with minimal 
adverse events. Combined procedures, however, are as-
sociated with higher dosages of sedatives, and slightly 
longer recovery time.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Endoscopic ultrasound (EUS) and/or EUS-guided fine 
needle aspiration (EUS-guided FNA) is increasingly uti-
lized for the diagnosis of  pancreatico-biliary diseases 
including malignancies and choledocholithiasis. The diag-
nostic accuracy in reported studies of  EUS or EUS-guided 
FNA in the diagnosis of  obstructive jaundice is from 
80% to 98%[1,2]. In addition, EUS is associated with lower 
morbidity compared to endoscopic retrograde cholangio-
pancreatography (ERCP), with an overall EUS-FNA com-
plication rate of  1%-2%[2-4]. EUS is now being performed 
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first for evaluation in patients with suspected pancreatico-
biliary diseases, especially those with obstructive jaundice[5]. 
Based on EUS findings, therapeutic ERCP interventions, 
such as stent placement for biliary drainage or stone ex-
traction can then be performed in a tandem fashion.

The literature is scarce on the safety of  same-day tan-
dem EUS and ERCP procedures done under conscious 
sedation. The tandem procedure approach is believed to 
reduce procedure time and be cost-effective[6]. Potential 
risks associated with such a strategy are unknown. There 
are only 2 reported cases in the medical literature of  bile 
leakage into the peritoneum as a result of  performing 
ERCP immediately after EUS-guided FNA[7]. In 2007, 
Tarantino et al[8] evaluated the safety of  performing ERCP 
immediately after EUS in 25 patients done under general 
anesthesia using propofol. In 1999, Duchmann et al[9] also 
examined the feasibility of  performing EUS and ERCP 
in 57 patients during the same general anesthesia session. 
Although widely practiced, the safety of  performing tan-
dem procedures under conscious sedation is unclear. At 
our institution, a tandem approach with EUS and/or EUS-
guided FNA is sometimes performed for patients with sus-
pected obstructive jaundice, followed by therapeutic ERCP 
if  indicated.

MATERIALS AND METHODS
From October 2004 to November 2005, 54 patients un-
derwent same-day tandem EUS followed by ERCP pro-
cedures for the indication of  obstructive, or post-hepatic 
jaundice. This cohort was designated as group A. 

From the above time period, 60 consecutive patients 
who underwent EUS-only and 60 consecutive patients 
who underwent ERCP-only for the indication of  jaun-
dice were chosen as the EUS and ERCP control groups. 
Of  the 60 EUS-only procedures reviewed, only 56 pro-
cedures had complete data for analysis (group B). Of  the 
60 ERCP-only procedures reviewed, only 53 procedures 
had complete data for analysis (group C). 

This retrospective review included: demographics, in-
dications, completion rate of  procedures, sedation medi-
cation dosages, procedure and recovery times, and adverse 
events. Vital signs recorded during each procedure and 
during post-procedure recovery were reviewed. Adverse 
events included hypotension (defined as systolic blood 
pressure < 90 mmHg requiring intravenous fluids), brady-
cardia (heart rate < 60 bpm, or in patients with a baseline 
heart rate under 60 bpm, heart rate < 45 bpm), and oxy-
gen desaturation (pulse oximetry reading < 90%). The use 
of  reversal agents such as flumazenil and/or naloxone due 
to oversedation was examined. Post-ERCP pancreatitis 
was defined as amylase and lipase over five times normal 
values with abdominal pain and/or leukocytosis persist-
ing 24 h after ERCP. Some of  the patients in this study 
were inpatients, whereas the majority were outpatients. 
For those who underwent outpatient procedures, it was 
not standard practice to bring them back for scheduled 
follow-up laboratory tests. 

Statistical analysis
Statistical analysis was performed using StatView version 
5.0 for Windows. Numeric variables were expressed as 
mean ± SD. Differences between groups were analyzed us-
ing student’s t-test for continuous variables. Fisher’s exact 
test was performed for categorical variables but was not 
done if  there was zero in a cell. All differences were con-
sidered statistically significant at the P-value of  < 0.05. 

Informed consent was waived for this retrospective 
study and the research committee at Loma Linda Univer-
sity Medical Center approved the study.

RESULTS
A total of  163 patients were included in this study: tan-
dem EUS/ERCP (group A: n = 54), EUS-only (group 
B: n = 56), and ERCP-only (group C: n = 53). Mean age, 
gender, indication, and procedure completion rate are 
shown in Table 1. There were significantly less males in 
group A compared to group B, but not significantly differ-
ent compared to group C. All procedures were performed 
for the indication of  obstructive jaundice. When cholangi-
tis was presumed to be the cause of  jaundice, ERCP only, 
as it should be, was performed. Patients with jaundice and 
abnormal pancreatico-biliary imaging underwent EUS as 
part of  the work-up.

All patients who underwent EUS in group A and in 
group B completed the procedures. There was no signifi-
cant difference in the number of  patients who had EUS-
FNA in groups A vs B (57% vs 68%, P = 0.32). In group 
A, ERCP was not completed in five patients compared 
to seven patients in control group C. Two patients (one 
each from group A and C) had difficult anatomy and the 
ampulla was not reached. Eight patients (four from both 
group A and C) had failed deep cannulation of  the de-
sired duct. Two patients from group C had cardiac dys-
rhythmias (atrial fibrillation and ventricular tachycardia) 
necessitating early abortion of  the procedures. 

The amount and type of  sedation used is displayed in 
Table 2. Conscious sedation was used in 96% of  group A 
patients, 100% of  group B and 98% of  group C patients. 
General anesthesia and/or propofol were used in three pa-
tients, two patients in group A and one patient in group C. 
The mean total dose of  meperidine used in group A was sig-
nificantly higher than in group B (151.1 ± 64.0 mg vs 104.0 
± 43.6 mg, P < 0.0001) or in group C (151.1 ± 64.0 mg  
vs 104.5 ± 32.5 mg, P < 0.0001). The mean total dose of  
midazolam used in group A was significantly higher than in 
group B (8.5 ± 3.2 mg vs 6.3 ± 2.4 mg, P = 0.0001), or in 
group C ( 8.5 ± 3.2 mg vs 6.9 ± 3.4 mg, P = 0.01).

Procedure and recovery time data are shown in Table 3.  
The total procedure time for group A was 93.5 ± 36.1 min 
(range: 30-185 min), 59.0 ± 35.0 min (range: 10-129 min) 
for group B, and 40.1 ± 20.4 min (range: 20-170 min) for 
group C. The mean procedure time for EUS in group A, 
when compared as a separate procedure to the EUS proce-
dure time in group B was not statistically significant (48.0 ± 
28.0 min vs 59.0 ± 35.0 min, P = 0.07). Similarly, the mean 
procedure time for ERCP in group A, when compared as a 
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separate procedure to the ERCP procedure time in group 
C was not significantly different (45.1 ± 20.7 min vs 40.1 
± 20.4 min, P = 0.20). The mean recovery time in group 
A was slightly longer than in group B (105.1 ± 74.8 min vs 
84.0 ± 51.7 min, P = 0.06) or in group C (105.1 ± 74.8 min 
vs 84.5 ± 42.6 min, P = 0.07).

The complications among the three study groups are 
reported in Table 4. There was no significant difference 
in the number of  patients who had hypotension, brady-
cardia, or desaturation among the groups. Reversal agents 
(flumazenil and/or naloxone) were used in 2% of  patients 
in group A vs 0% in group B (P = 1.00) vs 6% in group 
C (P = 0.36). The number of  patients with post-ERCP 
pancreatitis when comparing group A and group C was 
similar. One patient in group A was hospitalized due to 
rectal bleeding that was unrelated to the procedures; a 
colonoscopy during hospital stay revealed colon cancer. 
Two patients were hospitalized in group C, one due to 
oversedation and another due to ventricular tachycardia. 

The patient admitted for oversedation returned home the 
following day with no complications. Hypokalemia was 
the cause of  ventricular tachycardia in one patient with 
metastatic colon cancer who died a month later due to 
septic pneumonia unrelated to the ERCP procedure. 

DISCUSSION
More patients with suspected pancreatico-biliary diseases 
are now first undergoing EUS with possible EUS-guided 
FNA. Some of  these patients will also undergo ERCP and 
interventions based on EUS findings. Performing tandem 
procedures starting with EUS followed by ERCP is logical 
and is being done at many centers. However, there is little 
data on its safety when done under conscious sedation. 
There have been 2 reported cases of  bile leak with ERCP 
following immediately after EUS-guided FNA[7]. Mergener 
et al[10] described a case of  massive pneumoperitoneum in 
a patient who underwent ERCP immediately after EUS-
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Table 1  Patient demographics, indications, and procedure completion rates  n  (%)

Tandem (group A) 
(n  = 54)

EUS only (group B) 
(n  = 56)

P -value1 ERCP only (group C)
(n  = 53)

P -value2

Demographics
   Age (yr) (mean ± SD) (Range)     65.2 ± 15.6 (18-93)     63.4 ± 15.7 (19-85) 0.54     54.7 ± 21.3 (14-96)   0.004
   Sex, male (%)                   43%                   66% 0.02                   59% 0.12
Indications
   Pancreatic mass 10 (19) 16 (29) 0.26 3 (6) 0.07
   Cholangiocarcinoma 3 (6) 1 (2) 0.36 0 (0) 0.24
   CBD stones 3 (6) 2 (4) 0.68   6 (11) 0.32
   CBD stricture 1 (2) 10 (18) 0.01 1 (2) 1.00
   Cholangitis                     0                     0 NA   8 (15) NA
   Abnormal imaging 10 (19) 10 (18) 1.00 2 (4) 0.03
   Pancreatitis 4 (7) 4 (7) 1.00 1 (2) 0.36
Completion
   Completion of procedures          EUS 54 (100)   56 (100) 1.00 46 (87) 0.56

       ERCP 49 (91)

1P-value of group A vs group B; 2P-value of group A vs group C. EUS: Endoscopic ultrasound; ERCP: Endoscopic retrograde cholangiopancreatography; 
CBD: Common bile duct; NA: Not available.

Table 2  Sedation medication used and dosages  n  (%)

Tandem (group A) 
(n  = 54)

EUS only (group B) 
(n  = 56)

P -value1 ERCP only (group C) 
(n  = 53)

P -value2

Sedation type
   Conscious sedation 52 (96) 56 (100) 0.24 52 (98) 0.22
   GA/propofol 2 (4)                  0 0.24 1 (2) 0.22
Medications used for sedation
   Meperidine 49 (91) 56 (100) 0.03 44 (83) 0.27
   Midazolam 54 (96) 56 (100) 0.24 53 (98) 1.00
   Diphenhydramine 16 (30)                  4 (7)   0.003 28 (53) 0.02
   Promethazine 5 (9)                  4 (7) 0.74                   0 0.06
   Fentanyl   7 (13)                  0 0.01   8 (15) 0.12
Total dosage of sedatives used (mean ± SD) (range)
   Meperidine (mg)    151.1 ± 64 (25-325)   104 ± 43.6 (25-250)  < 0.0001 104.5 ± 32.5 (25-175) < 0.0001
   Midazolam (mg)       8.5 ± 3.2 (0-16)      6.3 ± 2.4 (2-13)     0.0001       6.9 ± 3.4 (0-16) 0.01
   Diphenhydramine (mg)      50 ± 15.8 (25-100)          50 ± 0 (50) 1.00   51.8 ± 9.45 (50-100) 0.64
   Promethazine (mg)           25 ± 0 (25)          25 ± 0 (25) 1.00                  0 NA
   Fentanyl (mcg) 100.0 ± 55.9 (25-175)                  0 NA 146.9 ± 54.2 (75-200) 0.12

1P-value of group A vs group B; 2P-value of group A vs group C. GA: General anesthesia.
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FNA. Despite this, two other studies have reported the 
safety of  tandem procedures when done under general 
anesthesia[8,9]. The objective of  our study was to assess 
safety in a retrospective review of  tandem cases done un-
der conscious sedation at our center.

Our study reviewed 54 patients with tandem proce-
dures EUS/ERCP along with 56 control patients with 
EUS only and 53 control patients with ERCP only. Ap-
propriately, patients with presumed cholangitis underwent 
ERCP only and more patients with obstructive jaundice 
and abnormal pancreatico-biliary imaging underwent 
EUS, EUS-FNA as part of  the evaluation. 

Almost all (96%) of  the procedures in the tandem 
group were done under conscious sedation with meperi-
dine and midazolam. The procedure time for the tandem 
group was longer than either the EUS or ERCP alone 
control groups. This is intuitive because two procedures 
were done at the same setting in the tandem group. Given 
longer procedures, the amount of  meperidine and mid-
azolam was higher in the tandem group as compared 
to the controls. However, a similar amount of  time was 
needed for EUS and ERCP when the procedures were 
compared separately to each control group. 

In our setting, EUS is performed in the GI Lab at the 
medical center and ERCP is done at a different location 
in the radiology suite under fluoroscopy. The total time 
reported for the tandem group would be even shorter if  
EUS and ERCP were performed in one place, eliminating 
patient transfer and transport times.

Given the higher amount of  sedation used, the re-
covery time was slightly longer (although not statistically 
significant) in the tandem group compared to the two 
control groups. Despite the longer procedure and re-
covery time, no significant difference in sedation-related 
and procedure-related complications were noted in the 
tandem group compared with the controls. There was no 

difference in hemodynamic adverse events, use of  reversal 
agents, or rate of  hospitalization post procedures. None 
of  the patients with bradycardia required atropine, and 
none of  the patients were intubated due to oxygen de-
saturation. The post-ERCP pancreatitis rate was 4% in the 
tandem group, which was statistically similar to the ERCP 
control group and is within the accepted level. In a large 
prospective study by Freeman et al[11], post-ERCP pancre-
atitis occurred after 6.7% procedures. No bile leaks were 
noted with the tandem group.

Nonetheless, there are limitations to our study. Given 
that the study was a retrospective review, we were unable 
to assess patient tolerability through direct patient ques-
tionnaire. It was not known whether patients were com-
fortable during the procedures, if  they had any recollection 
of  the procedures, or if  they would undergo the tandem 
procedure again. Another limitation was the lack of  uni-
form follow-up of  patients to evaluate long-term adverse 
events due to the tandem procedure. In this study, the few 
patients who were admitted for observation and those 
who were already inpatients were all discharged home 
without complications. It appears that tandem procedures 
may be safely done under conscious sedation. With the 
size of  groups studied here, no significant complications 
were noted in the tandem group compared to either study 
alone. However, it would seem reasonable that a prospec-
tive study should be carried out, where a larger number of  
patients were included and patient tolerance was assessed. 
Overall, our study is the first of  its kind to try to assess 
issues concerning the safety and feasibility of  performing 
tandem EUS/ERCP procedures under conscious sedation.

In conclusion, a tandem EUS/ERCP procedure can 
be safely performed under conscious sedation with mini-
mal adverse events. The combined procedure, however, 
is associated with higher dosages of  sedatives and with 
slightly longer recovery time. 
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Table 3  Procedure and recovery times (mean ± SD) (range)

Tandem (group A) 
(n  = 54)

EUS only (group B) 
(n  = 56)

P -value1 ERCP only (group C) 
(n  = 53)

P -value2

EUS time (min)       48 ± 28 (8-110)          59 ± 35 (10-129) 0.07 NA NA
ERCP time (min)   45.1 ± 20.7 (10-105) NA NA 40.1 ± 20.4 (7-90) 0.20
EUS and ERCP time (min)   93.5 ± 36.1 (30-185) NA NA NA NA
Recovery time (min) 105.1 ± 74.8 (15-350) 84.0 ± 51.7 (9-252) 0.06     84.5 ± 42.6 (20-170) 0.07

1P-value of group A vs group B; 2P-value of group A vs group C.

Table 4  Procedure complications  n  (%)

Tandem (group A) 
(n  = 54)

EUS only (group B) 
(n  = 56)

P -value1 ERCP only (group C) 
(n  = 53)

P -value2

Hypotension 4 (7)   7 (13) 0.53 3 (6) 1.00
Bradycardia 12 (22) 14 (25) 0.82 14 (26) 0.66
Desaturation 1 (2)                      0 NA 3 (6) 0.36
Use of reversal agent 2 (4)                      0 NA 2 (4) 1.00
Post procedure pancreatitis 2 (4)                      0 NA 4 (8) 0.68
Hospitalization 1 (2)                      0 0.49 2 (4) 0.62

1P-value of group A vs group B; 2P-value of group A vs group C.
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Background
Same-day endoscopic ultrasound (EUS) followed by endoscopic retrograde 
cholangiopancreatography (ERCP) is performed at many medical centers for 
pancreatico-biliary diseases. Little data exists regarding the safety of performing 
tandem procedures under conscious sedation.
Research frontiers
Efficiency and cost savings are important issues in our current healthcare 
system, however, this should not be done at the expense of patient safety.
Innovations and breakthroughs
Several studies have examined the safety of combined procedures under 
propofol or general anesthesia but none, to date, have evaluated the safety of 
combined procedures under conscious sedation. 
Applications 
In medical centers where propofol or general anesthesia is not readily avail-
able, same-day combined EUS and ERCP under conscious sedation can be 
performed safely.
Peer review
It is a good manuscript comparing the retrospective data of the procedures (EUS, 
ERCP and EUS + ERCP) including a good number of patients. This manuscript 
will be of use for the medical fraternity.
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Abstract
AIM: To test the hypotheses that diffusion weighed 
(DW)- and transcatheter intraarterial perfusion (TRIP)-
magnetic resonance imaging (MRI) can each be used 
to assess regional differences in tumor function in an 
animal pancreatic cancer model.

METHODS: VX2 tumors were implanted in pancreata 
of 6 rabbits. MRI and digital subtraction angiography 
(DSA) were performed 3 wk following implantation. 
With a 2-French catheter secured in the rabbit’s gas-
troduodenal artery, each rabbit was transferred to an 
adjacent 1.5T MRI scanner. DW- and TRIP-MRI were 
performed to determine if necrotic tumor core could be 
differentiated from viable tumor periphery. For each, 
we compared mean differences between tumor core/
periphery using a 2-tailed paired t -test (α = 0.05). Im-
aging was correlated with histopathology.

RESULTS: Tumors were successfully grown in all rab-
bits, confirmed by necropsy. On DW-MRI, mean ap-
parent diffusion coefficient (ADC) value was higher in 
necrotic tumor core (2.1 ± 0.3 mm2/s) than in viable 
tumor periphery (1.4 ± 0.5 mm2/s) (P  < 0.05). On 
TRIP-MRI, mean perfusion values was higher in tumor 
periphery (110 ± 47 relative units) than in tumor core 
(66 ± 31 relative units) (P < 0.001).

CONCLUSION: Functional MRI can be used to differ-
entiate necrotic from viable tumor cells in an animal 
pancreatic cancer model using ADC (DW-MRI) and per-
fusion (TRIP-MRI) values.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Pancreatic cancer, the fourth leading cause of  cancer-
related mortality in the United States[1], portends a median 
survival of  6 mo and a 5-year survival of  less than 5%[1-4]. 
Operative resection is indicated in less than 20% of  pa-
tients and only increases median 5-year survival to 12%[5,6]. 
Given these grim statistics and paucity of  therapeutic op-
tions, this disease represents an arena in which the devel-
opment of  novel therapies is greatly needed.

Since the 1980s, innovative, minimally invasive trans-
catheter intraarterial techniques to treat malignancies, 
particularly in the liver, have been developed. These tech-
niques, including bland-, chemo-, and radio-embolization, 
have been shown to improve survival and/or induce im-
aging responses while being well tolerated by patients[7,8]. 
Despite some reports demonstrating preliminary success 
in the treatment of  advanced pancreatic cancer with the 
transcatheter intraarterial infusion of  chemotherapy di-
rectly to the pancreas[9-12], few studies have assessed local 
pancreas-directed therapies.

Before catheter-directed clinical therapies can be de-
veloped, it would be useful to develop functional imaging 
targets in a pre-clinical animal model of  pancreatic cancer. 
Functional imaging is important because conventional ana-
tomic magnetic resonance imaging (MRI) has a low sensi-
tivity to detect pancreatic cancer and separate tumor from 
adjacent uninvolved pancreatic tissue[13,14]. In addition, 
even in instances where the tumor can be readily visualized 
with conventional MRI, therapies might have an effect on 
tumor function but no effect on overall tumor size. Func-
tional targets could include the assessment of  changes in 
water mobility (diffusion) and tumor perfusion using MRI. 

The mouse is the most commonly used animal model 
of  pancreatic cancer[15]. However, catheter-based therapies 
require an animal model large enough to permit catheter-
ization of  mesenteric vessels and tumor sizes large enough 
that can be visible using clinical MRI scanners. The VX2 
model of  cancer in rabbits is established in translational 
studies of  uterine[16], liver[17,18], lung[19,20], brain[21,22], and re-
nal neoplasms[23,24]. We have recently established this cancer 
model in the pancreas[25]. The purpose of  this study is to 
test the hypotheses that (1) diffusion weighted (DW); and 
(2) perfusion MRI can be used to assess regional differ-
ences in tumor function in this rabbit model of  pancreatic 
cancer. If  feasible, these functional MRI parameters could 
potentially be used as surrogate functional endpoints when 
testing future novel transcatheter pancreatic therapies.

MATERIALS AND METHODS
VX2 animal model
Our Animal Care and Use Committee approved this study. 

Three VX2 tumors were implanted by an attending surgical 
oncologist and grown in the pancreata of  6 New Zealand 
White rabbits using the chunk implantation method[26]. At  
2 wk following pancreatic VX2 implantation, MRI scans 
were obtained using a 1.5-T scanner (Espree; Siemens Med-
ical Solutions, Erlangen, Germany). Rabbits were imaged 
in the supine position with a single-channel head coil. We 
obtained T2-weighted turbo spin echo images with the fol-
lowing parameters: 4210/86 (repetition time ms/echo time 
ms), 3 mm thick sections, 180 mm × 121 mm field of  view, 
256 × 172 matrix, 150° flip angle, 205 Hz per pixel band-
width, and two signals acquired. Tumor growth was consid-
ered positive when tumor was identified in axial and coronal 
imaging planes by two independent attending interventional  
radiologists.

Digital subtraction angiography and catheter placement
We performed X-ray digital subtraction angiography (DSA) 
using a C-arm unit (Powermobil; Siemens Medical Solu-
tions, Erlangen, Germany) 3 wk after VX2 tumor implan-
tation. The femoral artery was accessed through a surgical 
cut-down and catheterized with a 22-gauge angiocatheter 
(Terumo Medical, Somerset, NJ, USA). A 2-F catheter 
(Cook, Bloomington, IN, USA) was advanced over a 
0.014-inch diameter guide wire (Terumo Medical, Tokyo, 
Japan). We then selectively catheterized the gastroduodenal 
artery. We performed X-ray DSA of  the celiac artery and 
gastroduodenal artery by using hand injections of  iohexol 
(Omnipaque 350; Amersham Health, Princeton, NJ, USA). 
Once catheter placement was complete, a 2-0 silk suture 
in the rabbit’s groin was used to hold the catheter in place 
while the rabbit was transferred to the adjacent MRI suite.

MRI following catheterization
MRI after catheter placement was performed using a 
Siemens 1.5-T Espree clinical MR scanner. To depict 
tumor anatomy, we first acquired two-dimensional turbo 
spin-echo T2-weighted images with the above described 
scan parameters. DW-MRI was performed with single-
shot spin-echo echo planar imaging with the following 
scan parameters: repetition time/echo time, 4000/93 ms; 
slice thickness 3 mm; bandwidth, 1185 Hz/pixel; partial 
Fourier factor, 6/8; nonselective fat saturation; twice 
refocused spin-echo diffusion weighting to reduce eddy 
current-induced distortion with b values of  0, 50 and  
500 s/mm2. DW-MRI measures changes in the mobility 
of  water as a means of  differentiating viable and highly 
cellular regions from acellular or necrotic regions of  
tumors. The mobility of  water is measured using the ap-
parent diffusion coefficient (ADC). ADC maps, which 
showed water mobility measurements corresponding to 
separate spatial locations, were reconstructed from each 
series of  DW images. In these ADC maps, signal intensity 
directly correlates with water mobility. Using T1-weighted 
contrast agent-enhanced images as a reference, we drew 
regions of  interest to calculate mean tumor ADC values. 
Regions of  interest were also drawn to compare the ADC 
values for the necrotic core and the viable outer ring typi-
cally present in VX2 tumors. 
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For tumor perfusion imaging, we used transcatheter 
intraarterial perfusion (TRIP)-MRI[27], an innovative first-
pass perfusion technique employing direct catheter-based 
intraarterial injections of  contrast medium. This technique 
can be used to detect intra-procedural changes in perfusion 
to targeted tumor cells and surrounding parenchyma[28]. 
For TRIP-MRI, we used a three-dimensional spoiled gradi-
ent echo sequence with the following parameters: repeti-
tion time/echo time, 5/1.6 ms; 15° flip angle; contiguous 
axial slices of  3 mm thickness; eight partitions; 200 mm × 
100 mm field of  view; 128 × 64 matrix; and 660 Hz/pixel 
bandwidth. This TRIP-MRI sequence is a real-time three-
dimensional MR fluoroscopy technique[29] that rapidly and 
continuously images the entire tumor during transcatheter 
contrast medium injection. TRIP-MRI scans were ob-
tained during hand injections of  2 mL 20% gadopentetate 
dimeglumine solution (Magnevist; Berlex, Wayne, NJ, 
USA) over 5 s via a catheter previously placed during DSA. 
Each contrast medium injection was immediately fol-
lowed by a 4-mL saline solution flush injected over 5 s. For 
each TRIP-MRI scan, the entire pancreas area including 
tumor(s) was continuously sampled at 1.6-s intervals for 
100 s. 

Before and after TRIP-MRI, we obtained anatomic 
images with two-dimensional T1-weighted gradient-echo 
MRI. The T1-weighted scan parameters were as follows: 
repetition time/echo time, 193/6 ms; average of  2; flip 
angle of  80°; bandwidth of  475 Hz/pixel; slice thickness 
of  3; 256 × 160 matrix; and field of  view of  180 mm × 
113 mm. 

With the baseline R10 map, a longitudinal relaxation 
rate R1 map time series was derived from the signal in-
tensity ratio between the baseline image and each TRIP-
MRI series with nonlinear curve fitting. Increases in R1 
after injection are proportional to increases in contrast 
agent concentration. For each R1 map time series, we cal-
culated the first-pass area under the curve for each voxel, 
thereby producing spatially resolved perfusion maps for 
each TRIP-MRI scan. Regions of  interest were drawn to 
measure mean tumor area under the curve. Each TRIP-
MRI area under the curve (AUC) measurement served as 
a semi-quantitative index of  tumor perfusion. Tumor re-
gions of  interest were placed in peripheral hypervascular 
regions to avoid the necrotic core. 

Necropsy and histopathology
Once the MRI was completed, each rabbit was sacrificed 
with intravenous administration of  150-200 mg/kg so-
dium pentobarbital (Euthasol; Delmarva Laboratories, 
Midlothian, VA, USA). Each rabbit tumor was harvested 
for pathologic confirmation of  VX2 tumor growth and 
location in pancreatic tissue. Pancreatic tumors were in-
spected grossly for anatomic consistency with MR images. 
Tumor samples, including surrounding tissue, were then 
removed, embedded in paraffin, and mounted on glass 
slides. These 4-μm-thick slices were stained with hema-
toxylin and eosin. An attending surgical pathologist per-
formed histopathologic analysis using a Zeiss Axioskop 
Confocal (Germany) microscope and Zeiss Plan (NEO-

FLUAR 2.5 ×) objective lens. Imaging was performed 
with a Cambridge Research and Instrumentation model 
N-MSI-420-FL camera and Cri Nuance Multispectral Im-
aging System version 1.6 software.

Statistical analysis
MR and X-ray DSA images were viewed in conjunction 
with one another. All MR images were analyzed on a com-
puter workstation (Argus; Siemens Medical Solutions). We 
compared mean differences between necrotic tumor core 
and viable tumor periphery for DW-MRI (ADC value) 
and TRIP-MRI (AUC) using a 2-tailed paired t-test, with 
α = 0.05. Mean values were reported ± 1SD. All statistical 
tests were performed using InStat version 3.06 for Win-
dows (GraphPad Software, San Diego, CA, USA).

RESULTS
Eleven tumors were successfully grown in 6 rabbits, as 
confirmed by necropsy (Figure 1). Tumors in all 6 rab-
bits were successfully depicted using anatomic and DW-
MRI. Anatomic T2-weighted images showed increased 
signal intensity within the tumors compared to sur-
rounding tissues (Figure 2).

With DW-MRI, tumors showed regions of  low water 
mobility within the viable periphery, as signified by in-
creased signal intensity (SI) at higher b values (Figure 3). 
This finding suggests increased cellularity compared to the 
tumor core and surrounding tissues. The mean ADC value 
was higher in the necrotic tumor core (2.1 ± 0.3 mm2/s) 
than in the viable tumor periphery (1.4 ± 0.5 mm2/s) (P < 
0.05). 

TRIP-MRI was successful in 5 of  6 rabbits. One rabbit 
could not be catheterized for DSA due to severe vaso-
spasm. TRIP-MRI scans showed tumor perfusion to the 
peripheral viable portions of  the tumor, with lack of  perfu-
sion to the central necrotic portions of  the tumor (Figure 4).  
Mean AUC was significantly higher in the periphery (110 ± 
47 relative units) than in the central core (66 ± 31 relative 
units) (P < 0.00002) (Figure 5). 
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Figure 1  Histopathologic image obtained at necropsy. Border between 
viable VX2 tumor cells (black arrow) and healthy pancreatic tissue (white arrow) 
with irritated pancreatitis-like tissue at the tumor-pancreas interface (arrowhead). 
Note islet of Langerhans within healthy pancreatic tissue. Hematoxylin-eosin 
stain; original magnification × 25.
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When comparing DW- and TRIP-MRI, regions of  
relatively low water mobility correlated with relatively 
greater tissue perfusion.

DISCUSSION
The results of  this study confirm the hypothesis that 
functional MRI can be used to differentiate necrotic from 
viable tumor cells in an animal model of  pancreatic cancer. 
Regions of  necrosis were delineated from viable tumor 
cells by larger ADC values on DW-MRI and reduced per-
fusion values with TRIP-MRI. These results are relevant 
because the differentiation between malignant and unin-
volved or adequately treated pancreatic tissue is difficult 
with conventional anatomic MRI.

In several preliminary clinical studies enrolling 8-26 
patients, DW-MRI has been shown to be able to detect 
pancreatic carcinoma and differentiate neoplasm from 
confluent pancreatitis[30-32]. Viable tumor cells are highly 
cellular and have intact cell membranes. This restricts the 
motion of  water molecules and results in a decrease in the 
ADC value. Conversely, cellular necrosis causes increased 
membrane permeability, allowing free diffusion of  water 
molecules and a marked increase in the ADC value. DW-
MRI has also been shown to be able to accurately predict 
the degree of  tumor necrosis in hepatocellular carcinoma 

following transcatheter liver-directed therapy[33-36]. Our 
current study demonstrates that DW-MRI can be used to 
differentiate necrotic from viable cells in this animal model 
of  pancreatic cancer.

TRIP-MRI uses catheter-directed intraarterial injec-
tions of  gadolinium. This technique is distinct from dy-
namic contrast-enhanced (DCE)-MRI, which uses intra-
venous injections of  gadolinium. TRIP-MRI has several 
advantages over DCE-MRI including the capacity for dra-
matically lower volumes of  contrast agents and the ability 
to perform serial injections without needing to wait > 1 h  
for injected contrast agent to wash-out. A pre-clinical 
study in the VX2 rabbit liver tumor model has validated 
the utility of  TRIP-MRI to monitor iterative changes 
in liver tumor perfusion during embolization[27]. This 
technique has been translated clinically to measure intra-
procedural changes in perfusion to targeted tumors during 
the treatment of  patients with hepatocellular carcinoma 
with chemoembolization[28]. Because of  its ability to en-
hance tissue distal to the catheter tip, TRIP-MRI can also 
verify that tumors will be adequately targeted by localized 
catheter-based techniques prior to their injection. This 
study demonstrates that TRIP-MRI can be used to detect 
differences in perfusion to necrotic and viable pancreatic 
tumor cells. 

The development of  localized therapies for unresect-
able pancreatic cancer represents a new avenue for re-
search. As recently demonstrated by Olive et al[37], a stromal 
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Figure 2  T2-weighted turbo spin echo magnetic resonance imaging showing 
pancreatic tumor (arrow) in axial view.

Figure 3  Single shot spin-echo planar diffusion weighted MRI (b =  
500 s/mm2) showing pancreatic tumor (arrow) in axial view.
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Figure 4  T1-weighted gradient-echo magnetic resonance [taken before (A) 
and after (B) TRIP imaging occurred]. Each image shows a VX2 tumor (solid 
arrows) located in the pancreas. Note the areas of increased perfusion to the 
viable tumor periphery in image B.
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desmoplastic reaction encapsulating pancreatic tumors 
greatly impedes systemic therapies and thus localized 
therapies that are able to greatly increase the local concen-
tration of  therapeutics may offer benefit in overcoming 
this fibrotic capsule. Preliminary studies have reported on 
transcatheter intraarterial infusion of  chemotherapy for ad-
vanced pancreatic cancer[9-11], which may provide improved 
response to therapy[12]. The functional MRI parameters 
described in this animal model of  pancreatic cancer could 
potentially be used as surrogate functional endpoints to 
test such transcatheter pancreatic therapies. The animal 
model and functional MRI techniques described in this 
paper could also be used to assess novel localized therapies 
intended to target some of  the molecular mechanisms un-
derlying pancreatic cancer, including a mutant p53 tumor 
suppressor gene[38] or other inhibitors of  apoptosis, such as 
survivin[39,40]. 

Our study had several important limitations. First, 
the molecular mechanisms that govern pancreatic ductal 
adenocarcinoma and VX2-based tumors differ. VX2 is a 
squamous cell carcinoma that does not have the altera-
tions in the multiple molecular pathways seen with true 
pancreatic cancer[41]. Our model, however, does mimic 
well the position and blood supply of  a human pancre-
atic tumor which makes it well suited to the translational 
development of  localized therapies. Second, the smaller 
diameter of  rabbit pancreatic arteries precluded direct 
catheterization of  the pancreaticoduodenal, dorsal pan-
creatic, great pancreatic, and caudal pancreatic arteries. 
These arteries are also extremely difficult to selectively 
catheterize in patients. Additionally, TRIP-MRI verified 
that perfusion to viable pancreatic tumor cells could be 
achieved via catheterization of  the rabbit gastroduodenal 
artery. Third, although functional imaging in animals is 
not entirely novel, previous studies have focused on ro-

dents instead of  rabbits[42], and have primarily employed 
high field strength magnets[43]. Using a 1.5-T scanner, we 
believe, allows our findings to be more readily translated 
into future clinical studies. Finally, we did not assess the 
effect of  therapy in this animal model. Such assessment 
will be the subject of  future studies.

In conclusion, functional MRI parameters can be used 
to differentiate necrotic from viable tumor cells in an 
animal model of  pancreatic cancer. Regions of  necrosis 
are delineated by larger ADC values on DW-MRI and 
reduced perfusion values with TRIP-MRI. In a disease 
that so desperately needs a more effective treatment, these 
functional MRI parameters could potentially be used as 
surrogate functional endpoints when testing future novel 
local transcatheter pancreatic therapies. 

COMMENTS
Background
Pancreatic ductal adenocarcinoma (commonly referred to as pancreatic cancer) 
carries the worst prognosis of any cancer, thus novel therapies must be de-
veloped to treat this disease. Because evaluation of these new therapies may 
be difficult, imaging modalities to assess therapeutic efficacy based on tumor 
necrosis are desirable.
Research frontiers
Functional magnetic resonance imaging (MRI) modalities are quickly emerging 
as new imaging methods with the potential to provide more information about 
structures in the body than traditional anatomic MRI. In this study, the authors 
demonstrate that the use of two specific types of functional MRI: diffusion-
weighted MRI (DW-MRI) to measure tissue diffusion; and transcatheter in-
traarterial perfusion MRI (TRIP-MRI) to measure perfusion, could be used to 
differentiate tumor cells that are dead from those that are still alive.
Innovations and breakthroughs
This study is the first to combine cutting edge imaging modalities (DW-MRI and 
TRIP-MRI) performed using a clinical 1.5T MRI scanner with a recently created 
rabbit model of pancreatic cancer which allows for intraarterial catheterization.
Applications
By characterizing this model of pancreatic cancer using functional MRI, this 
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study may allow for more effective development of much-needed novel thera-
peutics for the treatment of this disease.
Terminology
DW-MRI and TRIP-MRI are types of MRI called “functional” MRI because they 
provide information about tissue function in addition to anatomical information 
provided by traditional MRI. DW-MRI is used to acquire a value called the ap-
parent diffusion coefficient which is a relative measure of water diffusion within 
a tissue. TRIP-MRI is used to acquire a measure of relative perfusion which 
represents the amount of blood flow to a tissue.
Peer review
The manuscript is well written and methodology is accurately described. The 
manuscript applied function MRI in pancreas tumor model and results showed 
that MR-DWI and TRIP-MRI can distinguish the necrotic tissue form living tis-
sue of pancreas tumor model. This gives us more confidence on the potential 
of function MRI in the therapy response evaluation. Limitations of the study are 
considered by the authors themselves and substantiated in the discussion. 
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Abstract
AIM: To investigate the prevalence of proximal small 
bowel (SB) lesions detected by wireless capsule endos-
copy (WCE) in Crohn’s disease (CD). 

METHODS: WCE was performed in 64 patients: 32 with 
CD of the distal ileum, and 32 controls with iron-deficien-
cy anemia (IDA) or diarrhea. WCE was performed using 
the Given SB-WCE, followed by small intestine contrast 
ultrasonography (SICUS). Findings compatible with CD 
by using WCE included erosions, aphthoid or deep ul-
cers, and strictures/stenosis. 

RESULTS: WCE detected proximal SB lesions in 16/32 
(50%) patients (14 aphthoid ulcers, 2 deep ulcers, one 
stricture), which appeared not to be related to clinical 
parameters [epigastric pain, age, smoking, non-steroidal 

anti-inflammatory drugs (NSAIDs), IDA]. Among pa-
tients with proximal SB lesions, 6 (37%) were smokers, 
3 (19%) NSAID users, 3 (19%) had epigastric pain and 
4 (25%) had IDA. SICUS detected proximal SB lesions 
in 3/32 patients (19%) also showing lesions with WCE. 
No correlations were observed between proximal SB le-
sions assessed by WCE or by SICUS (c2 = 1.5, P  = 0.2). 

CONCLUSION: The use of WCE allows the detec-
tion of previously unknown upper SB lesions in a high 
proportion of patients with a previous diagnosis of CD 
involving the distal ileum. 

© 2010 Baishideng. All rights reserved.

Key words: Wireless capsule endoscopy; Crohn’s dis-
ease; Small bowel 
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INTRODUCTION
Wireless capsule endoscopy (WCE) is a non-invasive 
technique for visualizing the mucosal surface of  the small 
bowel (SB)[1-7]. However, a variable impact risk (from 
0%-6.7%) has been reported[8]. WCE showed a high 
sensitivity and specificity for detecting lesions related to 
SB Crohn’s disease (CD)[1-7]. A meta-analysis showed an 
incremental diagnostic yield of  WCE vs small bowel fol-
low through (SBFT) (P < 0.001), ileocolonoscopy (P = 

3299

World J Gastroenterol  2010 July 14; 16(26): 3299-3304
 ISSN 1007-9327 (print)

© 2010 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v16.i26.3299

July 14, 2010|Volume 16|Issue 26|WJG|www.wjgnet.com



0.02), computed tomography enteroclysis (P = 0.001) and 
push enteroscopy (P < 0.001)[9]. WCE has in particular 
been shown to be able to detect minor lesions (erosions, 
aphthoid ulcer), not visualized by conventional radiologic 
techniques, which result in high radiation exposure. WCE 
has therefore been proposed as an alternative non-invasive 
technique for assessing CD lesions. 

Ultrasonography also is a non-invasive technique pro-
posed for detecting SB lesions in CD[10]. The use of  an 
oral contrast [small intestine contrast ultrasonography 
(SICUS)] significantly increases, in experienced hands, the 
sensitivity of  ultrasonography for assessing SB lesions in 
CD (> 95%)[11,12].

Although several studies concordantly showed that 
WCE is able to visualize superficial lesions in the SB, its 
role in defining the extent of  the lesions in CD is unde-
fined. In particular, the frequency and clinical relevance of  
superficial lesions in the upper SB as detected by WCE, 
but not by conventional techniques, in patients with an 
established diagnosis of  CD involving the distal ileum, is 
currently unknown. Disease-specificity of  the small le-
sions as detected by WCE is also under investigation. 

On the basis of  these observations we therefore aimed 
to assess, in a prospective longitudinal study in patients 
with a known diagnosis of  CD of  the distal ileum, the 
prevalence of  lesions in the proximal SB (jejunum, proxi-
mal ileum) compatible with CD, as assessed by WCE. The 
secondary end point was to evaluate the possible concor-
dance between WCE and SICUS, in detecting SB lesions 
compatible with CD. Additional end points included inves-
tigation of  possible correlations between proximal SB le-
sions in WCE and specific signs and symptoms, including 
anemia and/or epigastric pain in patients with CD. A com-
parison between characteristics of  SB lesions detected by 
WCE in patients with CD vs patients undergoing WCE for 
other indications was also performed. The safety of  WCE 
in CD patients with no radiological or clinical evidence of  
sub/obstructive symptoms was further addressed.

MATERIALS AND METHODS
Study population
In a prospective longitudinal study, WCE was performed 
in all consecutive CD patients referred to our Unit from 
May 2004 to May 2008, fulfilling the following inclusion 
criteria: (1) age 18-75 years; (2) regular follow-up; and (3) 
established diagnosis of  CD involving the distal ileum, 
according to standard procedures.

As a control group (C), WCE was performed in all 
consecutive patients referred to our Unit from May 2004 
to May 2008, with the following inclusion criteria: (1) 
age 18-75 years; and (2) clinical indication for WCE such 
as iron-deficiency anemia (IDA) or chronic diarrhea of  
unknown origin with no diagnosis by conventional proce-
dures. No patients showed evidence of  stenoses/strictures. 
Written informed content was provided by all patients.

Study design
CD group: Before WCE, recorded parameters included: 

findings at physical examination, activity (CD activity in-
dex, CDAI)[13], epigastric pain (yes/no), IDA, laboratory 
tests (complete blood count, hemoglobin, serum iron, fer-
ritin, creatine phosphate, erythrocyte sedimentation rate), 
non-steroidal antiinflammatory drug (NSAID) use, and 
smoking habit. Before WCE, all 32 patients were studied 
by both SICUS and ileocolonoscopy (median time interval 
1 mo, range 0-7 mo, and 1 mo, range 0-14 mo, respec-
tively). After WCE, patients were clinically followed up at 
least 12 mo (median 24 mo, range 12-36 mo).

C group: Before WCE, recorded parameters included: 
findings at physical examination, gastrointestinal symp-
toms, laboratory tests (as above), NSAID use, and smok-
ing habit.

SICUS
SICUS was performed after 375 mL polyethylene glycol 
(PEG) ingestion[11] using 3.5 and 5 MHz convex and 
linear-array transducers, by the same expert gastroenter-
ologist (> 2000 examinations). Findings compatible with 
CD included: increased bowel wall thickness (BWT) (≥ 
3 mm), SB dilation (diameter > 2.5 cm), bowel stricture 
(diameter < 1 cm, at the level of  the maximally distend-
ed loop)[11,12]. Fistulas or abscesses were considered.

Ileocolonoscopy
All endoscopies were performed by the same gastroen-
terologist, according to standard procedures.

WCE 
WCE was performed with the Given Pillcam SB capsule 
system (Given Imaging Limited, Yoqneam, Israel)[1] after 
3 d of  a fiber-free diet and bowel preparation [2 L PEG, 
(Promefarm, Milano, Italy)]. Images were reviewed by a 
single gastroenterologist unaware of  the SICUS findings.

CD group: The following WCE findings were consid-
ered compatible with CD: aphthoid ulcers (> 3), deep 
ulcers, strictures or stenoses. Erosions, villous dropouts and 
mucosal breaks were reported, although considered not 
related to CD. As no standard criteria for defining upper 
SB lesions using WCE were available, distal SB lesions 
were considered lesions proximal to the ileo-cecal valve 
or to the ileo-colonic anastomosis. Upper SB lesions were 
considered the SB lesions proximal to these areas (jejunum, 
proximal ileum). 

In a subgroup of  10 CD patients with ileo-colonic 
resection, WCE findings were blindly scored by 2 inde-
pendent gastroenterologists. For this purpose, lesions 
in the peri-anastomotic area and in the upper SB were 
graded as follows[5]: absent (G0), erythema/loss of  villi 
(G1), erosions/aphthoid ulcers (G2), deep ulcers (G3).

C group: Any lesion detected by WCE was reported. A 
comparison with the CD group considered only those 
lesions in the upper or distal SB compatible with CD, in-
cluding: aphthoid or deep ulcers, strictures, stenoses. Pla-
nar X-ray of  the abdomen was performed in all patients 
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with no WCE excretion after 48-72 h. Retention was de-
fined as WCE persistence after 14 d. Incomplete studies 
were defined when WCE did not reach the cecum.

Comparison between WCE and SICUS findings
Comparison between WCE and SICUS in terms of  find-
ings compatible with SB lesions related to CD was made 
using the following parameters: presence (yes/no), site 
(upper vs distal SB) and severity of  the lesions (deep vs 
aphthoid ulcers) by using WCE and presence (yes/no) 
and site (upper vs distal SB) of  increased BWT (≥ 3 mm) 
using SICUS. Correlations between WCE findings com-
patible with upper SB lesions and clinical parameters (age, 
smoking habits, epigastric pain, IDA) were determined.

Statistical analysis
Results were expressed as median and range both in the 
text and in the tables. Differences between groups were 
assessed by the Student’s t-test. The interobserver varia-
tion in terms of  presence and severity of  upper SB le-
sions detected by WCE was assessed.

RESULTS
Study population 
CD group: Thirty two consecutive patients (16 male, 
median age 32 years, range 19-65 years) with an estab-
lished diagnosis of  CD of  the distal ileum fulfilled the 
inclusion criteria. Clinical characteristics of  the enrolled 
patients are summarized in Table 1.

Treatment included budesonide (9 mg/d) in 6 (19%) 
and mesalazine 2.4 g/d in 26 (81%) patients. Among the 
32 patients, 4 (12%) had IDA and 7 (22%) epigastric pain.

C group: Thirty two consecutive C patients (16 male, 

median age 42 years, range 18-72 years) undergoing WCE 
fulfilled the inclusion criteria. Clinical indications for WCE 
included IDA in 17 (53%) and chronic diarrhea in 15 (47%) 
patients.

Adverse events
CD group: Retention was observed in one patient (3%) 
with 2 anastomoses (ileo-ileal and ileo-colonic), show-
ing no symptoms despite capsule retention for > 12 wk 
(Figure 1). Surgical removal of  WCE was required after 
2 unsuccessful therapeutic endoscopies. During surgery, 
WCE was detected within the “cul de sac” of  the side-to-
side ileo-ileal anastomosis not reachable by the endoscope.

C group: No adverse events were reported.

Proximal SB lesions detected by WCE 
CD group: WCE detected previously unknown proximal 
SB lesions compatible with CD in 16/32 (50%) patients. 
Among these 16 patients, lesions included > 3 aphthoid 
ulcers in 14 (87.5%), deep ulcers in 2 (12.5%) and one 
ulcerated stricture identified by WCE in one patient 
(Figure 2A-C). All lesions compatible with CD appeared 
discontinuous and surrounded by macroscopically unin-
volved mucosa. In all 16 patients showing lesions in the 
upper SB, WCE also detected lesions in the distal ileum 
compatible with CD. 

The median age was comparable in patients showing 
or not (n = 16 for both) proximal SB lesions at WCE  
(44 years, range 20-65 years vs 32 years, range 19-48 years, 
P = NS).

Table 2 summarizes the clinical characteristics of  the 
32 patients grouped according to the presence or not 
of  upper SB lesions in WCE. No statistically significant 
concordance was observed between upper SB lesions in 
WCE for both clinical parameters and risk factors con-
sidered (CD site c2 = 3.3, P = 0.18, epigastric pain c2 = 
0.0, P = 1.0, smoking habits c2 = 1.3, P = 0.5, NSAIDs 
use c2 = 1.5, P = 0.2, IDA c2 = 0.0, P = 1.0).

The interobserver agreement for SB lesions visualized 
by WCE (score 0-4)[5] was very high when considering prox-
imal SB lesions (κ = 0.86) and high when considering distal 
SB lesions (κ = 0.61). At 12 mo, none of  the 32 patients 
showing lesions in the upper SB developed related symp-
toms (anemia, epigastric pain) or symptomatic SB stenosis.
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Table 1  Clinical characteristics of the 32 CD patients studied 
with WCE

Parameter n  (%)

Gender
   Male 16 (50)
   Female 16 (50)
Clinical activity
   Active (CDAI > 150)   5 (16)
   Inactive (CDAI < 150) 27 (84)
Lesions extent before WCE
   Distal ileum only 27 (84)
   Distal ileum and colon 2 (6)
   Distal ileum and esophagus/stomach   3 (10)
Previous intestinal resections
   Yes 25 (78)
Smoking habits

Smokers 14 (44)
Ex-smokers   4 (12)
Non-smokers 14 (44)

NSAID use
   Yes  3 (9)

CD: Crohn’s disease; WCE: Wireless capsule endoscopy; CDAI: CD 
activity index; NSAID: Non-steroidal anti-inflammatory drug.

Figure 1  Plain film of the abdomen 
from one Crohn’s disease patient 
showing capsule retention for 12 wk,  
with no associated symptoms. The 
patient had 2 anastomoses (ileo-ileal 
and ileo-colonic). Surgical removal was 
required, showing wireless capsule 
endoscopy within the “cul de sac” of the 
side-to-side ileo-ileal anastomosis not 
reachable by the endoscope.
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C group: WCE detected proximal SB lesions not com-
patible with CD in 5/32 (16%) patients, represented by 
erosions in 3 (9%) and angiodysplasia in 2 (6%). In con-
trast to CD patients, none of  the 32 C patients showed 
aphthoid or deep ulcers in the SB with WCE.

Proximal SB lesions detected by SICUS 
SICUS detected proximal SB lesions in 3/32 (9%) CD 
patients, represented by increased jejunal BWT with 
bowel dilation, associated with stenosis in one patient.

Comparison between WCE and SICUS in detecting 
upper SB lesions
When considering the 16 CD patients showing upper 
SB lesions with WCE, only 3 (19%) also showed SICUS 
findings compatible with CD lesions in the same area 
(BWT > 3 mm). Therefore, all 3 (9%) patients showing 
SICUS results compatible with CD lesions in the proxi-

mal SB had the findings confirmed by WCE. Upper SB 
lesions in WCE in these patients included deep ulcers in 
2 and aphthoid ulcers in one patient. The only stricture 
identified by WCE was also visualized by SICUS. How-
ever, these 2 techniques showed no significant concor-
dance in detecting proximal SB lesions (c2 = 1.5, P = 0.2).

Distal SB lesions detected by WCE 
CD group: Findings compatible with CD lesions in the 
distal SB were detected by WCE in 30/32 (93%) patients. 
In the remaining 2 patients, WCE did not visualize the co-
lon, thus not allowing the evaluation of  the distal SB. Of  
the 30 patients with available distal SB images with WCE, 
lesions included erosions in 2 (7%), aphthoid ulcers in 13 
(43%), deep ulcers in 11 (37%), both aphthoid and deep 
ulcers in 3 (10%) and one single ulcerated substenosis in 
one (3%) patient. In all patients showing lesions in the up-
per SB, WCE also showed lesions in the distal SB.

One patient (PL) showed WCE impaction at the level 
of  the anastomosis as detected by a plain film of  the 
abdomen showing capsule retention for 12 wk, with no 
associated symptoms (Figure 1). The patient had 2 anasto-
moses (ileo-ileal and ileo-colonic) for CD-related surgery. 
Surgical removal of  the WCE was required, showing the 
capsule retained within the “cul de sac” of  the side-to-side 
ileo-ileal anastomosis not reachable by the endoscope. In 
a second patient (CE) with IDA, WCE images stopped at 
the level of  a bleeding ulcerated substenosis in the proxi-
mal SB, with no retention (Figure 2C). In this patient indi-
cation for surgery was also determined after WCE exami-
nation, followed by resection of  the ulcerated substenosis 
not detected by conventional techniques, with histological 
findings compatible with CD. 

C group: WCE detected distal SB lesions not compat-
ible with CD in 2/32 (6%) patients, including erosions 
in one patient and one single angiodysplasia in the other 
patient. No patients showed aphthoid or deep ulcers 
compatible with CD.

Distal SB lesions detected by SICUS
CD group: SICUS detected distal SB lesions in 30/32 
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Figure 2  Upper small bowel lesions detected at wireless capsule endoscopy in 3 patients with an established diagnosis of Crohn’s disease involving the 
distal ileum. Aphthoid ulcer (A), deep ulcer (B) and one ulcerated stricture easily identified by wireless capsule endoscopy (C). All lesions compatible with Crohn’s dis-
ease detected by wireless capsule endoscopy appeared discontinuous and surrounded by macroscopically uninvolved mucosa.

A B C

Table 2  Clinical characteristics of the 32 CD patients grouped 
according to the presence of upper small bowel lesions at WCE

Small bowel lesions at WCE (%)

Yes (n  = 16) No (n  = 16)

Known CD extent before WCE
   Distal ileum 12 (75) 15 (94)
   Distal ileum and colon 1 (6) 1 (6)
   Distal ileum and esophagus stomach   3 (19) 0
Epigastric pain
   Yes   3 (19)   4 (25)
   No 13 (81) 12 (75)
Smoking habits
   Smokers   6 (37)   8 (50)
   Ex-smokers   3 (19) 1 (6)
   Non-smokers   7 (44)   7 (44)
NSAID use
  Yes   3 (19) 0
  No 13 (81)   16 (100)
IDA
  Yes   4 (25)   5 (31)
  No 12 (75) 11 (69)

IDA: Iron-deficiency anemia.
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(93%) patients, including all 3 patients showing upper SB 
lesions by SICUS. In both patients with normal SICUS, 
conventional techniques detected lesions in the distal 
ileum. 

Comparison between WCE and SICUS in detecting distal 
SB lesions
Findings compatible with CD in the distal SB were de-
tected by both WCE and SICUS in 30/32 (93%) patients, 
as SICUS detected no lesions in 2 patients. These 2 tech-
niques showed no significant concordance in detecting 
proximal SB lesions (c2 = 0.5, P = 0.4).

Additional findings at WCE
CD group: WCE detected gastric and/or duodenal le-
sions in 7/32 (22%) patients. Gastric lesions were detected 
in 5/32 (15%) patients, including aphthoid ulcers in one 
and erosions in 4 patients. Duodenal lesions (erosions) 
were detected by WCE in 5/32 (15%) patients, and were 
also visualized in the stomach in 4 patients. Of  the 7 pa-
tients showing gastric/duodenal lesions at WCE, 5 (71%) 
also showed upper SB lesions with WCE. 

C group: Additional findings were detected in 6/32 (19%) 
C patients, including gastric/duodenal erosions in 5 and 
colonic angiodysplasia in 2 (with gastric erosions in one).

DISCUSSION
Proximal SB lesions are detected in a low proportion of  
CD patients (about 5%)[14-16]. However, these rates have 
been reported using radiologic techniques which show a 
low sensitivity for visualizing superficial lesions. Recently, 
WCE has been shown to visualize the inner SB surface, 
providing a high sensitivity in detecting minor lesions (i.e. 
erosions, aphthoid ulcers)[2-4]. Two independent studies 
reported that WCE visualizes lesions related to early CD 
recurrence in the SB[17,18]. As the frequency, natural his-
tory and clinical relevance of  proximal SB lesions in CD 
is undefined, we investigated this issue in a prospective 
longitudinal study. A high frequency of  WCE findings 
compatible with proximal SB lesions related to CD was 
observed. As WCE does not allow an histological char-
acterization of  the lesions, WCE findings in CD patients 
were compared with those observed in control patients 
requiring WCE for IDA or chronic diarrhea. No control 
patients showed aphthoid or deep ulcers, thus supporting 
the specificity of  the upper SB lesions detected by WCE 
in our CD population. No correlations were observed be-
tween risk factors and proximal SB lesions, supporting the 
disease-specificity of  our findings.

The frequency of  WCE impaction was within the 
expected range (3%)[8]. The finding of  WCE impaction 
within the “cul the sac” of  a side-to-side ileo-ileal anasto-
mosis may indicate a higher impaction risk in these pa-
tients, even in the absence of  overt stenosis. In addition, 
a WCE examination allowed the detection of  a previ-
ously unknown ulcerated substenosis in one additional 
patient with IDA associated with CD of  the distal ileum. 

This observation further supports the role of  WCE in 
identifying upper SB lesions not detected by conven-
tional radiology. 

No concordance was observed between proximal SB le-
sions at WCE and related signs/symptoms, even when pa-
tients were followed up for at least 12 mo. This observation 
provides additional evidence for a diffuse involvement 
of  the SB in patients with CD of  the distal ileum, even 
if  not associated with overt symptoms. Present findings 
also suggest that no treatment changes may be required 
in CD patients showing upper SB lesions at WCE. The 
observed frequency of  upper SB lesions is in agreement 
with previous findings in the early postoperative period 
(56%)[17].

When WCE and SICUS findings were compared, a 
small proportion of  patients (3 of  16) showing upper SB 
lesions with WCE, also showed the same finding with 
SICUS. This discrepancy is in agreement with our previ-
ous studies[18,19] and may be related to the observation 
that WCE and SICUS provide a different view of  the SB 
(i.e. intraluminal vs extraluminal). In addition, WCE al-
lows the visualization of  superficial lesions not detected 
by SICUS[18]. In the 3 patients showing upper SB lesions 
by both WCE and SICUS, lesions were represented by 
deep ulcers at WCE in 2, suggesting that discrepancies 
are mainly observed for superficial lesions. In contrast to 
the upper SB lesions, WCE and SICUS findings appeared 
comparable in the distal SB. This observation indicates 
that the characteristics of  the SB lesions, including not 
only the severity (deep vs aphthoid ulcers) and number, 
but also the site (upper vs distal SB) may influence the 
sensitivity of  ultrasonography. A good interobserver 
agreement was observed, supporting previous findings[17]. 

Although some patients were studied by SBFT, this tech-
nique was not included for ethical and economic reasons, 
in relation to both the high radiation exposure and to the 
known low sensitivity of  SBFT in detecting superficial SB 
lesions. In addition, there was no clinical indication for 
SBFT in our population, including only 5 active patients 
with an established diagnosis of  CD. 

To our knowledge, no studies have investigated the 
role of  WCE in comparison with SICUS in detecting the 
presence and clinical relevance of  upper SB lesions in 
patients with CD involving the distal ileum, diagnosed by 
conventional radiological techniques. The present findings 
supports that WCE is a non-invasive technique which al-
lows the visualization of  superficial proximal SB lesions 
in a high proportion of  patients with an established di-
agnosis of  CD of  the distal ileum. Despite no significant 
clinical relevance appearing to be associated with these 
findings even in the long term, the use of  WCE in CD in-
volving the distal SB may add clues in defining the extent 
of  the lesions and its relation with clinical manifestations 
of  the disease.

COMMENTS
Background 
Wireless capsule endoscopy (WCE) is a non-invasive technique visualizing the 
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mucosal surface of the small bowel (SB). WCE showed a high sensitivity and 
specificity for detecting lesions related to SB Crohn’s disease (CD). WCE has 
in particular been shown to be able to detect minor lesions, not visualized by 
conventional radiologic techniques, providing high radiation exposure. WCE 
has therefore been proposed as an alternative non-invasive technique for as-
sessing CD lesions. Ultrasonography also is a non-invasive technique proposed 
for detecting SB lesions in CD. The use of an oral contrast (SICUS) significantly 
increases, in experienced hands, the sensitivity of ultrasonography for assess-
ing SB lesions in CD (> 95%). Although several studies concordantly showed 
that WCE is able to visualize superficial lesions in the SB, its role in defining the 
extent of the lesions in CD is undefined. 
Research frontiers
Proximal small bowel lesions are detected in a low proportion of CD patients 
(about 5%). However, these frequencies have been reported using radiologic 
techniques which have a low sensitivity for visualizing superficial lesions. WCE 
has been shown to visualize the inner SB surface, providing a high sensitivity in 
detecting minor lesions (i.e. erosions, aphthoid ulcers). Two independent stud-
ies reported that WCE visualizes lesions related to early CD recurrence in the 
SB. However, the frequency, natural history and clinical relevance of proximal 
SB lesions in CD is currently undefined.
Innovations and breakthroughs
The present study showed that WCE is a non-invasive technique allowing the 
visualization of superficial proximal small bowel lesions in a high proportion of 
patients with an established diagnosis of CD of the distal ileum.
Applications 
Despite no significant clinical manifestations appearing to be associated with 
these findings even in the long term, the use of WCE in CD involving the distal 
SB may add clues in defining the extent of the lesions and the relationship with 
clinical symptoms of the disease.
Terminology
WCE is a non-invasive technique able to visualize the inner surface of the small 
intestine. SICUS is also a non invasive technique showing, in experienced 
hands, a high sensitivity and specificity in terms of assessment of small bowel 
lesions, including increased bowel wall thickness in ileal CD. 
Peer review
This is a small (32 patients) prospective study, with a control population, that 
evaluates the diagnostic accuracy of WCE in CD, and compares it with different 
diagnostic tools. It is well presented and performed in an ethical manner.
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Abstract
AIM: To describe patient characteristics and the results 
of surgical treatment for hepatic hydatidosis (HH) in 
the Hospital Hernán Henríquez Aravena from December 
2001 to March 2005.

METHODS: Subjects older than 16 years with sus-
pected HH were included based on the clinical picture 
and radiological studies. Variables examined included 
clinical and laboratory aspects, outcome, features of 
the parasite and surgical aspects. Descriptive statistics 
were used, calculating central tendency, dispersion and 
extreme tendency.

RESULTS: The series was comprised of 122 patients, 
with an average age of 44 ± 16.9 years. The most 
frequently used surgical technique was subtotal cys-

tectomy in 90% of the patients, followed by hepatic 
resection (hepatectomy, segmentectomy and subseg-
mentectomy) in 5%. In 2%, a combination of subtotal 
cystectomy and segmentectomy was performed. In 
addition, 28% of the series presented complications in 
the postoperative period and mortality was 2%.

CONCLUSION: The most frequently used surgical tech-
nique for HH was subtotal cystectomy and the morbidity 
and mortality rates in this Chilean series are comparable 
to other national and international series.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Hepatic hydatidosis (HH) is a zoonosis produced by 
Equinococcus granulosus that presents a high prevalence and 
incidence in southern Chile, at a rate of  38 per 100 000[1-2]. 
There are many options for HH treatment. Based on 
World Health Organization guidelines and our experience, 
surgery is one of  the most effective treatments for HH[3-5].

There is a wide range of  surgical techniques for treat-
ing HH, from radical surgery with complete removal of  
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the cyst leaving no residual cavity (pericystectomy or regu-
lated hepatic resection), to more conservative techniques 
with partial removal of  the cyst and treatment of  that part 
of  the cyst remaining in the hepatic parenchyma: subtotal 
cystectomy plus epiploplasty, subtotal cystectomy plus 
capitonnage, cystostomy plus epiploplasty, among oth-
ers[3-12]. Some reports show that epiploplasty decreases the 
incidence of  deep abdominal abscess after surgical treat-
ment[10-12].

The surgical technique preferred by our team is sub-
total cystectomy, leaving the smallest amount of  cyst in 
the hepatic parenchyma, accompanied by epiploplasty[11,12]. 
Performing complete dissection of  the liver’s ligamentous 
attachments we can thus provide even better exposure for 
resection of  the cyst, only leaving the part close to vascu-
lar structures.

Our hypothesis is that morbidity and mortality rates 
associated with the surgical treatment of  HH in the 
Hospital Hernán Henríquez Aravena, Temuco, Chile, are 
comparable to national and international figures. Our 
aim is to describe patient characteristics, the results of  
the surgical treatment and the morbidity and mortal-
ity associated with the surgical treatment of  HH in the 
Hospital Hernán Henríquez Aravena from December 
2001 to March 2005.

MATERIALS AND METHODS
Study design and population
Patients were subjects older than 16 years with suspected 
HH based on the clinical findings and radiological stud-
ies which were performed in Hospital Hernán Hen-
ríquez Aravena (Temuco, Chile) from December 2001 to 
March 2005. Our protocol did not include preoperative 
albendazole.

Definitions
Subtotal cystectomy: Surgical technique in which part 
of  the adventitious membrane of  the hydatid cyst is re-
sected. In this technique, we only leave the part of  the 
adventitia adjacent to the vascular structures. When pos-
sible, this part is covered by a vascularized omental flap 
(epiploplasty). 

Pericystectomy: Total resection of  the cyst’s adventi-
tious membrane, in which the plane between the adventi-
tious membrane and hepatic parenchyma is dissected. 
This technique is used for peripheral cysts and is per-
formed with afferent vascular control (Figure 1A).

Maneuver
The biliopancreatic surgery team prefers to treat HH 
via the abdomen no matter where the cysts are located. 
A subcostal laparotomy is used, either right or bilateral, 
depending on the location of  the cysts; or a J laparotomy 
towards the right. The round ligament is sectioned and 
tied off  and the liver is then moved to locate the cyst  
(Figure 1B). On some occasions, intraoperative echogra-
phy is used when cysts are difficult to locate. Once a cyst 

has been located, we protect the surgical area with com-
presses containing either diluted povidone or 20% hyper-
tonic saline solution as per the surgeon’s choice (Figure 1C). 
The cyst is subsequently punctured and all the hydatid 
fluid and daughter vesicles are aspirated (Figure 1D and E). 
The germinative membrane is removed and the protection 
field withdrawn. Depending on the location, the subtotal 
cystectomy is planned, beginning the resection of  the cyst 
wall with electrocoagulation, controlling the hemostasia, 
leaving only that part of  the cyst which is adjacent to the 
vascular structures. This area is then reviewed in search 
of  biliary communications, which are sutured with 3-0 
resorbable material. Some team members perform a cho-
lecystectomy and they inject physiological serum into the 
cystic duct through a nelaton probe to make small biliary 
communications visible (Figure 1F). Depending on the 
number of  communications, satisfaction with the clos-
ing of  the communications and the diameter of  the bile 
duct, a choledochostomy is performed. The only abso-
lute indication for a choledochostomy is a clinical picture 
compatible with cholangiohydatidosis, in which the bile 
duct is always drained. Nevertheless, in recent months, we 
have tried to drain the bile duct using endoscopic retro-
grade cholangiography. An epiploplasty is subsequently 
performed with a greater omentum pedicle flap. Drains 
are not positioned as a matter of  course and are at the 
surgeon’s discretion. 

Study variables
Variables examined included clinical and laboratory fea-
tures, clinical images and evolutionary complications, 
surgical and clinical evolution variables.

Variables examined included ultrasound (US) and com-
puted tomography (CT) characteristics of  the cyst, the 
number of  cysts (continuous variable), location of  the 
cysts (categorized into right hemi-liver, left hemiliver, 
bilateral or central liver), diameter of  the lesion, evolution-
ary complications of  the cyst (hepatic abscess of  hydatid 
origin (HAH), hepatothoracic transit (HHT), rupture to 
the abdominal cavity and cholangiohydatidosis.

Surgical variables: The substance used to protect the 
surgical area is considered (povidone and/or hypertonic 
solution), as is the surgical technique (categorized into 
subtotal cystectomy, pericystectomy, segmentectomy and 
hepatectomy). The use of  choledochostomy and/or drain 
(dichotomized: yes or no) is evaluated.

Clinical evolution variables: The duration of  hospital-
ization is assessed, and the presence of  postoperative 
complications (categorized into: residual cavity, infection 
of  the operating site, atelectasis, pneumonia, hemoperito-
neum, bilioperitoneum, evisceration and pneumothorax).

Abscess in the residual cavity is defined as any pu-
rulent collection in relation to the liver surgical bed that 
needs treatment (surgery or CT-guided drainage). 

Postoperative follow-up was carried out by clinical 
assessment. For any abnormal finding US or CT was un-
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dertaken. Liver recurrence was defined as any cyst image 
(such as hydatid cyst) with postoperative normal images. 

Statistical analysis
Descriptive statistics were used, calculating measures of  
central tendency (mean, median) dispersion (SD) and ex-
treme values. Database was analyzed using the program 
Stata® 8.0.

RESULTS
The series included 122 patients with a mean age of  44 
± 16.90 years; with a median of  44 years and range 17- 
85 years. The distribution by gender showed 73 (60%) 
male and 49 (40%) female. Forty-nine patients (40%) were 
admitted by the emergency service and 73 (60%) by the 
clinic. The mean number of  cysts found by US was 1.57 
± 0.91 and the mean number found in surgery was 1.37 ± 

0.63. The mean diameter of  the main lesion was 10.77 ± 
5.62 cm with a median of  10 cm and range 5-30 cm.

When describing the location of  the largest cyst, we 
found that 73 (60%) were located in the right hemi-liver 
and 49 (40%) in the left hemi-liver. At the time of  this 
study only 49 patients (40%) had undergone CT. Ninety-
eight lesions (80%) were hypodense. 

The most frequently used surgical technique was sub-
total cystectomy in 110 (90%) cases (Table 1). In those 
patients who underwent a subtotal cystectomy, 90 (82%) 
also received epiploplasty. 

There were evolutionary complications of  HH in 20 
patients (16%). Intraoperatively, evolutionary complications 
were found in 49 patients (40%), with the most frequent 
being cholangiohydatidosis in 38 (31%), followed by HHT 
in 24 (20%), HAH in 18 (15%) and rupture in 12 (10%). 

The surgical area was protected with povidone in 
107 patients (88%) and hypertonic solution in 15 (12%). 
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Figure 1  Surgical technique. A: Pericystectomy used for peripheral cyst; B: Subcostal laparotomy is used. Round ligament is sectioned and tied off and the liver is 
then moved to locate the cyst; C: Protection of the surgical area with compresses containing diluted povidone; D: Puncturing hydatid cyst with trocar; E: Aspirating 
daughter vesicles; F: Once the cystectomy has been performed, saline solution is injected via cyst duct or choledochostomy to locate the biliary communications.
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The bile duct was explored via choledochostomy in 39 
patients (32%), with the most common indication being 
suspected cholangiohydatidosis. Cholangiohydatidosis 
was treated by bile duct exploration and antibiotic treat-
ment. A drain was left in the cystectomy site at the end 
of  the surgery in 81 patients (66%). Twenty-eight per 
cent of  the series (34 patients) presented postoperative 
complications. The most frequent was atelectasis and 
pneumonia in 28 patients (23%), surgical site infection in 
6 (5%), hemorrhage in 6 (5%). Three patients presented 
abscess in the residual cavity. Two were solved surgically 
and 1 patient was treated by CT-guided drainage. 

The clinical, evolutionary and laboratory variables ac-
cording to the presence of  complications are described 
in Table 2. 

The mortality of  the series was 3 patients (2%). Six 
patients (5%) received albendazole as a pharmacological 
therapy subsequent to the surgery, despite our protocol. 
Twenty-three patients (19%) were operated on for pulmo-
nary hydatidosis at some point in the postoperative evolu-
tion, with the most frequent surgery being cystectomy in 
111 patients (91%), followed by pulmonary lobectomy (9%).

With an average follow-up of  22.4 ± 8 mo, 13 pa-
tients (11%) presented recurrence. In 10 patients recur-
rence was in relation to a surgical site. 

When the biopsies of  the patients operated for sus-
pected HH were reviewed, we found that HH was con-
firmed in 120 patients (98%). In only 3 patients did the 
biopsy show different results: in 2 patients the biopsy re-
vealed a simple hepatic cyst with signs of  inflammation 
and in 1 patient a primitive neuroectodermic tumor was 
discovered. 

The mean hospital stay was 16.33 ± 8 d with a median 
of  13 d and range 3-62 d.

DISCUSSION
All the patients in our series had abdominal pain as the 
main symptom upon admittance. Our center does not 
run routine immunological exams for Equinococcus be-
cause several previous reports from our center question 
their diagnostic value[13]. Our diagnostic suspicion is 
based on epidemiological history, the study of  images 
and the clinical presentation of  the patient. 

The mean age of  the series (44 years) and the predom-
inance of  males are remarkable aspects in that these vary 
from what was recently reported by a Greek series where 
female gender was higher and patients were younger[14].

The average diameter of  the main lesion (10.77 ±  
5.62 cm) is less than that reported in a previous cohort con-
ducted in our center (14.5 ± 6 cm). Predominant location 
in the right hemi-liver tallies with national and international 
series[11-15]. 

Among the evolutionary complications of  HH, the 
most frequent was cholangiohydatidosis (31%), followed 
by hepatothoracic transit (20%). This contrasts with a 
previous cohort studied in our center, where the most 
frequent evolutionary complication was HAH (51.5%) 
followed by cholangiohydatidosis (10.6%)[11]. 

We have changed the preference of  surgical area pro-
tection to diluted povidone, due to some cases of  hyper-
natremia which occurred with use of  hypertonic saline 
solution. 

With respect to the surgical technique, our team pre-
fers subtotal cystectomy with epiploplasty. We are emphat-
ic about resecting most of  the content of  the cyst, leaving 
only the surface in contact with the vascular structures, 
which we would call an “almost total cystectomy”. To this 
end, it is necessary to have a complete mobilization of  the 
liver and to be familiar with the vascular structures of  the 
hepatic segments. 

Our service does not perform routine choledochos-
tomies in HH surgery. This is demonstrated in the 32% 
of  patients in the series who underwent this procedure, 
where the majority had suspected cholangiohydatidosis. 

Unlike other centers[14], postoperative treatment with 
albendazole is not routine in our service; this is based on 
previous studies made in our center that showed a low 
concentration in the interior of  the cyst and the non-ex-
istence of  an association between the intracystic concen-
tration of  albendazole and the viability of  the scolices[16]. 

The recurrence of  abdominal hydatidosis (11%) is 
comparable to a recently published series carried out in 
Turkey with similar surgical approach[15]. 

The morbidity (28%) is comparable to that reported 
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Table 1  Surgical techniques for HH in this patient series

Technique n  (%)

Subtotal cystectomy 110 (90)
Liver resection   6 (5)
Subtotal cystectomy + liver segmentectomy   2 (2)
Others   4 (3)
Total   122 (100)

HH: Hepatic hydatidosis.

Table 2  Clinical, evolutionary and laboratory variables 
according to postoperative complications (mean ± SD)

Variables Patients with 
postoperative 
complications 

(n  = 25)

Patients without 
postoperative 
complications 

(n  = 97)

Age (yr) 48.2 ± 15       43.63 ± 17
Sex (% male) 60 33
Evolutionary complications of the 
cyst (before surgery) (%) (HAH, 
HHT, rupture to the abdominal 
cavity and cholangiohydatidosis)

20   9

Protection of the surgical area (% 
povidone)

24 21

Number of cysts  1.56 ± 0.9  1.32 ± 0.5
Leukocyte count (cells/mm3) 10 245 ± 3955    9095 ± 4605
Total bilirubin (mg/dL)  2.03 ± 2.4  1.43 ± 3.7
Alkaline phosphatase (U/L)    616 ± 576    397 ± 440
AST (U/L) 85.8 ± 39 55.8 ± 91
ALT (U/L)        83.47 ± 94    73 ± 96

HAH: Hepatic abscess of hydatid origin; HHT: Hepatothoracic transit; 
AST: Aspartate transaminase; ALT: Alanine transaminase.
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by 2 recent international series and 1 cohort conducted 
in our center[11,12,14] and the mortality (2%) is comparable 
to that reported recently in a Greek series[14]. 

A greater prevalence of  evolutionary complications 
and a greater alteration in hepatic test results can be seen 
in those patients who presented postoperative complica-
tions. This tendency must be corroborated in a cohort 
study designed for this purpose. 

The median duration of  the hospital stay (16.33 d) is 
comparable to that published by a previous Chilean series 
(17 d)[17].

In conclusion, in our Chilean series, subtotal cystecto-
my was the most common procedure undertaken for HH. 
The rates of  morbidity and mortality are comparable to 
those reported by other national and international series.
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Abstract
AIM: To evaluate the prevalence of preoperative and 
postoperative malnutrition and the relationships be-
tween objective and subjective nutritional assessment 
of gastric cancer patients.

METHODS: From October 2005 to July 2006, we stud-
ied 80 patients with no evidence of recurrent disease 
and no loss to follow-up after curative surgery for gas-
tric cancer. In this group, 9 patients underwent total 
gastrectomy and 71 patients subtotal gastrectomy. At 
admission, 6 and 12 mo after surgery, the patients were 
assessed on the subjective global assessment (SGA), 
nutritional risk screening (NRS-2002), nutritional risk 
index (NRI) and by anthropometric measurements and 
laboratory data. Differences between the independent 
groups were assessed with the Student’s t  test and one-
way analysis of variance. Spearman’s rank correlation 
coefficients were calculated to evaluate the association 
between the scores and variables.

RESULTS: The prevalence of malnutrition at admission 

was 31% by SGA and 43% by NRS-2002. At admission, 
the anthropometric data were lower in the malnourished 
groups defined by the SGA and NRS-2002 assessments, 
but did not differ between the groups using the NRI as-
sessment. Body weight (BW), body mass index (BMI), 
triceps skin fold and midarm circumference were signifi-
cantly reduced, but the total lymphocyte count, albu-
min, protein, cholesterol and serum iron levels did not 
decrease during the postoperative period. Six months 
after surgery, there was a good correlation between the 
nutritional assessment tools (SGA and NRS-2002) and 
the other nutritional measurement tools (BW, BMI, and 
anthropometric measurements). However, 12 mo after 
surgery, most patients who were assessed as malnour-
ished by SGA and NRS-2002 had returned to their pre-
operative status, although their BW, BMI, and anthro-
pometric measurements still indicated a malnourished 
status.

CONCLUSION: A combination of objective and subjec-
tive assessments is needed for the early detection of the 
nutritional status in case of gastric cancer patients after 
gastrectomy. 

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
We should pay special attention to the alarming report 
that 30%-50% of  patients in general hospitals have 
some degree of  malnutrition[1-5]. Malnutrition is defined 
as a state of  deficiency in energy, protein or other spe-
cific nutrients, producing an appreciable change in body 
function[6]. Patients who have had gastrointestinal prob-
lems and who have undergone gastrointestinal surgery 
constitute an important risk group for malnutrition[7,8]. 
Malnutrition is an important factor, influencing both 
their morbidity and recovery after gastrectomy surgery 
including radical lymphadenectomy[9,10]. The early detec-
tion of  nutritional risk would allow early intervention, 
which may prevent later complications.

The assessment of  a patient’s initial nutritional status 
and its evaluation during the disease and/or treatment 
plays an important role in tailoring nutritional support[11]. 
The goals of  a formal nutrition assessment are: to iden-
tify patients who are malnourished or are at risk of  mal-
nutrition; to collect the information necessary to create 
a nutrition care plan; and to monitor the adequacy of  
nutritional therapy[12]. Studies have consistently revealed 
the inadequacy of  any single method or tool in assess-
ing a patient’s nutritional status. The absence of  a single 
gold-standard objective measure has led investigators to 
develop various nutritional indices that can be used to 
stratify patients at increased risk of  poor outcomes[13]. 
As a result, combinations of  diverse measurements have 
been developed into subjective scoring systems designed 
to increase the sensitivity and specificity of  nutritional 
status determinations[14]. Traditionally, scoring systems 
have been based on objective measurements of  nutri-
tional status, such as oral energy intake, body weight, 
weight loss over time, loss of  subcutaneous fat, muscle 
wasting, serum protein levels, and immune competence. 
These prognostic indices include the nutritional risk in-
dex (NRI)[15], which is based on mathematical equations, 
and the subjective global assessment (SGA)[16] and nu-
tritional risk screening (NRS-2002), which are based on 
clinical and subjective assessments[17].

This study was performed to evaluate the prevalence 
of  preoperative and postoperative malnutrition in patients 
with gastric cancer who underwent radical gastrectomy, 
and the relationships between the objective variables 
(anthropometric and laboratory measurements) and the 
subjective scoring systems in the assessment of  nutritional 
status during the postoperative follow-up period.

MATERIALS AND METHODS
Patients
Between October 2005 and July 2006, 80 patients were 
studied following curative surgery for gastric cancer. 
Among this group, 9 patients underwent total gastrecto-
my and 71 patients underwent subtotal gastrectomy. We 
assessed the nutritional status and laboratory parameters 
of  the patients on admission and at 6 and 12 mo after 
surgery. Patients with evidence of  recurrent disease or 
who were lost to follow-up were excluded.

This study was approved by the research ethics com-
mittee of  the institution, and informed consent was ob-
tained from all patients.

Nutritional measurements 
The patients were assessed on the following items: SGA, 
NRS-2002, NRI, anthropometric measurements and labo-
ratory data. The nutritional assessments were performed 
by a trained nurse specializing in nutrition and a dietitian.

SGA questionnaire
The SGA is a screening tool to determine the nutritional 
status of  patients and was developed by Detsky et al[16]. 
The SGA is a clinical technique with subjective elements 
and assesses nutritional status based on features of  the 
patient’s history and physical examination. During the 
SGA, two trained investigators used a standardized ques-
tionnaire concerning the patients’ height and weight (cur-
rent, before illness, and weight range during the previous 
6 mo) and took a nutritional history (appetite, intake, gas-
trointestinal symptoms). In addition, the dietitian evalu-
ated their physical appearances (subjective assessment of  
fat loss, muscle wasting, edema and ascites) and noted 
any existing medical conditions (e.g. encephalopathy, in-
fection, renal insufficiency). Based on this evaluation, the 
patients were classified as being well nourished (SGA A), 
moderately malnourished (SGA B), or severely malnour-
ished (SGA C). The SGA examiner was not aware of  the 
laboratory test results at the time of  the assessment. 

Nutritional risk screening
The NRS-2002 was introduced by the European Soci-
ety of  Parenteral and Enteral Nutrition as the preferred 
method for screening and assessing hospital patients[17]. 
Its stated purpose was “Identification of  those hospital-
ized patients, who are malnourished or at risk for mal-
nourishment and who would gain benefit from the im-
provement of  their nutritional situation.” The NRS-2002 
consists of  a nutritional score and a severity of  disease 
score and an age adjustment for patients aged > 70 years 
(+1). Nutritional score: weight loss > 5% in 3 mo or 
food intake below 50%-75% in the preceding week = 1; 
weight loss > 5% in 2 mo or BMI 18.5-20.5 kg/m2 and 
impaired general condition or food intake 25%-60% in 
the preceding week = 2; weight loss > 5% in 1 mo or > 
15% in 3 mo or BMI < 18.5 kg/m2 and impaired gen-
eral condition or food intake 0%-25% in the preceding 
week = 3. Severity of  disease score: hip fracture, chronic 
patients with acute complications = 1; major abdominal 
surgery, stroke, severe pneumonia, hematological malig-
nancies = 2; head injury, bone marrow transplantation, 
intensive care patients with APACHE > 10 = 3. The 
NRS-2002 score is the total of  the nutritional score, se-
verity of  disease score and age adjustment. Patients are 
classified as no risk = 0, low risk = 0-1, medium risk = 
3-4 and high risk = > 5.

Nutritional risk indicator
The NRI was developed by the Veteran’s Affairs Total 
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Parenteral Nutrition group[15] in 1991 for use in the eval-
uation of  the efficacy of  perioperative total parenteral 
nutrition in patients undergoing thoracic or abdominal 
surgery. The NRI is a simple equation that uses serum 
albumin and recent weight loss: NRI = [1.519 × serum 
albumin (g/L)] + 0.417 × (present weight/usual weight 
× 100). An NRI score higher than 100 indicates that 
the patient is not malnourished, a score of  97.5 to 100 
indicates mild malnourishment, a score of  83.5 to 97.5 
indicates moderate malnourishment, and a score lower 
than 83.5 indicates severe malnourishment.

Anthropometric measurements
Body weight (BW; nearest 0.1 kg) and height (nearest 
cm) were measured while the patient was standing with-
out shoes and in light clothes. Body mass index (BMI) 
was derived as weight (kg) divided by height (m) squared 
(kg/m2). The triceps skinfold thickness (TSF), to the 
nearest mm, was measured at the midpoint between the 
acromion and olecranon processes on the nondominant 
side with a Holtain caliper (Holtain Ltd., Crymych, UK). 
The midarm circumference (MAC) was measured to the 
nearest 0.1 cm with a tape at the same point as the TSF. 
All anthropometric measurements were made at least 
three times by the same investigator, and the reported 
values are the means of  the repeated measurements.

Serological measurements
Blood samples were taken from the cubital vein and tests 
included the measurement of  serum protein, albumin, and 
cholesterol, and total lymphocyte counts (TLC). Laborato-
ry data were collected using standard laboratory methods.

Statistical analysis
The data were analyzed with the statistical software “Sta-
tistical Package for Social Science (SPSS)” version 12.0 
for Windows (SPSS, Inc., Chicago, IL, USA). Differences 
between the independent groups were assessed with Stu-
dent’s t test and one-way analysis of  variance. Spearman’s  
rank correlation coefficients were calculated to evaluate 
the association between the scores and variables. Data 
are presented as mean ± SD. Differences were consid-
ered to be statistically significant at P < 0.05. Agreement 
between two assessment methods was analyzed with the 
κ statistic. The value of  κ varies from 0 to 1; a value of  0.4 
or less indicates that chance alone can account for the 
observed agreement, and a value of  1 indicates perfect 
concordance.

RESULTS
Eighty patients who were treated with gastrectomy for 
gastric carcinoma were enrolled. The patients’ character-
istics are summarized in Table 1.

Preoperative nutritional status
We assessed the nutritional status and laboratory param-
eters of  patients within 24 h of  their hospital admis-

sion. The prevalence of  malnutrition at admission was 
31% when determined with the SGA (moderately and 
severely malnourished) or 43% when determined with 
the NRS-2002 (medium and high risk). The frequency 
of  any degree of  malnutrition at admission was 31% 
according to the NRI (mild, moderate, and severe mal-
nutrition). There was no difference in age or TLC be-
tween malnourished and well-nourished groups defined 
according to the three assessments, but the percentage 
weight loss differed between the groups (Table 2). The 
anthropometric data were lower in the malnourished 
groups based on SGA and NRS-2002 assessments, but 
did not differ between the groups defined with the NRI 
assessment. Albumin, protein, and total cholesterol levels 
differed between the malnourished and well-nourished 
groups based on the NRI assessment, but there was no 
significant difference between the groups defined with 
the SGA and NRS-2002 techniques (Table 2).

Malnutrition scores correlated significantly with the per-
centage weight loss according to the SGA and NRS-2002 
groupings. BMI and anthropometric data correlated in-
versely in the SGA and NRS-2002 groupings, but did not 
correlate in the NRI grouping, which correlated inversely 
with the nutrition factors albumin, protein, and total cho-
lesterol (Table 3). Concordance between the SGA and 
NRS-2002 assessments was observed in 68 of  the 80 (85%) 
patients, but was not observed between the SGA and NRI 
assessments in 50 of  the 80 (63%) patients (Table 4). Sensi-
tivity was 80% with the NRS-2002 and 73% with the NRI. 
Specificity was 96% and 40% with the NRS-2002 and NRI, 
respectively. Agreement was higher between the SGA and 
NRS-2002 (κ = 0.685, P = 0.000) than between the SGA 
and NRI (κ = 0.127, P = 0.255) (Table 4).

Postoperative nutritional status
At 6 and 12 mo after surgery, BW, BMI, TSF and MAC 
were significantly reduced, whereas the TLC, and albumin, 
protein, cholesterol and serum iron levels did not decrease 
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Subtotal gastrectomy
(n  = 71)

Total gastrectomy
(n  = 9)

P value

Age (yr) 58.5 ± 11.9 56.5 ± 13.2 0.641
Sex
   Male 37 (52.1)      6 (66.7) 0.409
   Female 34 (47.9)      3 (33.3)
Cancer Stage 0.003
   Ⅰ  57 (81.4)      5 (55.6)
   Ⅱ   8 (11.4) 0 (0)
   Ⅲ 2 (2.9)      3 (33.3)
   Ⅳ 3 (4.3)      1 (11.1)
Complications 0.219
   Major 2 (2.8)      1 (11.1)
   Minor 24 (33.8)      1 (11.1)
Hospital stay (d) 12.8 ± 8.4 16.4 ± 6.8 0.223

P values were determined with the use of the Pearson χ2 test and inde-
pendent t test.

Table 1  Demographic characteristics of gastric cancer patients 
(mean ± SD)  n  (%)



during the postoperative period (Table 5). The nutritional 
status of  the patients who had undergone subtotal gastrec-
tomy stabilized 6 mo after surgery, but the total gastrec-
tomy patients showed a significantly reduced nutritional 
status in terms of  BW, BMI and anthropometric measure-
ments 12 mo after surgery (Figure 1).

Relationship between the nutritional assessment tools 
and nutritional status after gastrectomy
At 6 mo after surgery, a good correlation was observed 
between the results of  the nutritional assessment tools 
(SGA, and NRS-2002) and those of  the other nutritional 
measurement tools (BW, BMI, and anthropometric mea-
surements).

According to the SGA and NRS-2002, the proportion 
of  malnourished patients was 80% and 83%, respec-
tively, 6 mo after surgery. At 12 mo after surgery, most 
patients who had been assessed as malnourished by SGA 
and NRS-2002 had returned to their preoperative status 

(Figure 2), although the other nutritional measurement 
tools (BW, BMI, and anthropometric measurements) still 
showed a malnourished status.
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Table 2  Patient characteristics and anthropometric and laboratory data according to nutritional status (mean ± SD)

SGA NRS-2002 NRI

Well-nourished
(n  = 55)

Malnourished
(n  = 25)

P  value Well-nourished
(n  = 45)

Malnourished
(n  = 35)

P  value Well-nourished
(n  = 55)

Malnourished
(n  = 25)

P  value

Age (yr)    57.58 ± 11.5    60.00 ± 13.2 0.410  56.53 ± 9.9    60.65 ± 14.1 0.130    58.07 ± 12.3    58.92 ± 11.6 0.769
Weight (kg)  62.04 ± 9.1  59.30 ± 8.3 0.207  63.64 ± 8.4  58.03 ± 8.6 0.005  61.80 ± 9.0  59.83 ± 8.7 0.360
Weight loss (%)    1.03 ± 1.5    7.31 ± 4.5 0.000    0.89 ± 1.4    6.42 ± 4.6 0.000    2.71 ± 3.1    5.32 ± 5.9 0.047
TSF (mm)  17.88 ± 7.5  13.72 ± 6.5 0.020  18.25 ± 7.8  14.44 ± 6.4 0.020  16.99 ± 8.0  15.69 ± 6.2 0.435
MAC (cm)  27.95 ± 2.5  26.70 ± 2.3 0.040  28.37 ± 2.4  26.51 ± 2.2 0.001  27.81 ± 2.6  26.99 ± 2.1 0.155
BMI (kg/m2)  24.26 ± 2.7  22.47 ± 2.6 0.008  24.69 ± 2.4  22.42 ± 2.7 0.000  23.88 ± 2.9  23.29 ± 2.6 0.366
Albumin (g/dL)    3.86 ± 0.3    3.85 ± 0.3 0.924    3.87 ± 0.3    3.84 ± 0.3 0.618    4.02 ± 0.2    3.50 ± 0.1 0.000
Total protein (g/dL)    6.89 ± 0.6    6.75 ± 0.6 0.391    6.88 ± 0.6    6.80 ± 0.6 0.568    7.13 ± 0.5    6.23 ± 0.4 0.000
Total cholesterol (mg/dL)  169.65 ± 42.3    167.8 ± 42.5 0.863  166.04 ± 42.2  173.02 ± 42.2 0.466    176.4 ± 39.6    152.8 ± 43.6 0.026
TLC (× 103/mm3) 1856.6 ± 503 1905.9 ± 569 0.698 1874.7 ± 536 1868.6 ± 511 0.959 1903.9 ± 511 1801.8 ± 549 0.698

All P values were determined with the use of independent t test. SGA: Subjective global assessment; NRS-2002: Nutritional risk screening; NRI: Nutrition risk 
index; TSF: Triceps skinfold; MAC: Midarm circumference; BMI: Body mass index; TLC: Total lymphocyte count. 

Table 3  Correlation coefficients and P  values for patient data 
and nutritional assessment techniques

SGA1 NRS-20022 NRI3

r P  value r P  value r P  value

Age (yr) 0.118 0.297 0.246 0.028 0.035 0.758
Weight (kg) -0.132 0.243 -0.314 0.005 -0.091 0.425
Weight loss (%) 0.754 0.000 0.690 0.000 0.199 0.166
TSF (mm) -0.272 0.015 -0.234 0.037 -0.048 0.669
MAC (cm) -0.228 0.042 -0.378 0.001 -0.170 0.132
BMI (kg/m2) -0.279 0.012 -0.393 0.000 -0.109 0.335
Albumin (g/dL) 0.004 0.971 -0.043 0.703 -0.783 0.000
Total protein (g/dL) -0.086 0.448 -0.062 0.583 -0.636 0.000
Total cholesterol 
(mg/dL)

-0.006 0.955 0.088 0.436 -0.285 0.010

TLC (× 103/mm3) 0.038 0.738 -0.008 0.943 -0.116 0.305

1SGA rating: 0, not malnourished; 1, moderate malnutrition; 2, severe 
malnutrition; 2NRS-2002 rating: 0, no risk; 1, medium risk; 2, high risk; 
3NRI rating: 0, not malnourished; 1, mild malnutrition; 2, moderate 
malnutrition; 3, severe malnutrition; All P values were determined with 
the use of Pearson’s correlation coefficient.

Table 4  Statistical comparison of nutritional assessments and 
screening tool values at hospital admission: NRS-2002 and 
NRI vs  SGA

NRS-2002 NRI

Low Medium/
high

Total Low Medium/
high

Total

SGA well-nourished 44 11 55 40 15 55
SGA malnourished   1 24 25 15 10 25
Total 45 35 80 55 25 80
Sensitivity 80.0% (44/55) 72.7% (40/55)
Specificity 96.0% (24/25) 40.0% (10/25)
 κ = 0.685, P = 0.000 κ = 0.127, P = 0.255

κ statistic: percent of agreement.

Table 5  Patient anthropometric and laboratory data after 
curative surgery for gastric cancer

Preoperative Postoperative Postoperative P  value
day 1 6 mo 12 mo

Weight (kg)  61.4 ± 8.8  55.4 ± 8.2 55.2 ± 8.6 0.000
TSF (mm)  17.0 ± 7.5  12.7 ± 6.5 12.1 ± 6.2 0.000
MAC (cm)  27.7 ± 2.5  25.1 ± 4.9 25.5 ± 2.4 0.000
BMI (kg/m2)  23.9 ± 2.7  21.4 ± 2.4 21.5 ± 2.4 0.000
Albumin (g/dL)  3.88 ± 0.3  4.28 ± 0.2 4.30 ± 0.2 0.000
Total protein 
(g/dL)

 6.87 ± 0.6  7.18 ± 0.5 7.25 ± 0.5 0.000

Total cholesterol 
(mg/dL)

 170.9 ± 37.4  168.2 ± 38.1 173.3 ± 31.4 0.679

TLC (× 103/mm3)  1863 ± 493  1799 ± 633 1752 ± 578 0.328
Serum iron (µg/dL)    72.9 ± 37.6  110.4 ± 52.8 118.2 ± 57.8 0.000
Serum ferritin 
(µg/L)

   77.7 ± 75.3    74.9 ± 81.3    60.2 ± 64.4 0.358

Vitamin B12 
(pg/mL)

686.5 ± 249 666.8 ± 281 709.1 ± 330 0.731

P values were determined with the use of ANOVA or the Kruskal-Wallis 
nonparametric test.
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DISCUSSION
Nutritional depletion is a common problem in critically 
ill patients with cancer and is associated with a poor out-
come. It is specifically reversible with nutritional support. 
Several studies have shown that patients with malignant 
gastrointestinal disease have a higher prevalence of  weight 
loss before surgery, and during the first postoperative 
months, an additional weight loss of  approximately 10% 
has been reported[7,18-21]. Plausible reasons for the develop-
ment of  malnutrition are a reduced food intake because 
of  poor appetite, postprandial symptoms, and malabsorp-
tion[22,23]. Hospitalization, surgery, and chemo/radiother-
apy can also cause malnutrition. In this study, the overall 
prevalence of  malnutrition in patients with gastric cancer 
at admission was 31% according to the SGA and 43% ac-
cording to the NRS-2002. Based on the objective assess-
ment techniques, BW loss, BMI and anthropometric data 
were lower in the malnourished groups.

The purpose of  nutritional screening is to identify 
those patients who are at nutritional risk and therefore at 
higher risk of  complications. Malnutrition in hospitalized 
patients is a critical issue and has been associated with 
a significant increase in morbidity and mortality[9,10,24]. 
The detection of  malnourished patients is possible if  the 
importance of  the issue is understood and the patient’s  
nutritional status is evaluated on admission to hospital. 
Multiple clinical parameters are available to assess the 
nutritional status of  critically ill patients, but no standard 

recommendation can be made at this time. Each method 
has its own advantages and disadvantages[25].

A traditional nutritional assessment often includes di-
etary and medical evaluations to identify significant weight 
loss over time, significantly low or high BW or BMI, re-
duction in MAC, SFT, serum protein levels, or immune 
competence, and functional measurements of  muscle 
strength may be incorporated into the overall final assess-
ment[26]. Individually, these measurements often have lim-
ited value in accurately determining a patient’s nutritional 
risk. Studies have consistently revealed the inadequacy of  
any single assessment method or tool in evaluating a pa-
tient’s nutritional status. An effective nutritional screening 
tool will generally combine both objective and subjective 
factors.

In this analysis of  the preoperative and postopera-
tive anthropometric p arameters of  patients with gastric 
cancer, an interesting observation was that, although the 
mean BMI was within the normal range, malnutrition 
scores correlated significantly with the percentage weight 
loss according to the SGA and NRS-2002. This means 
that BMI alone is not sufficient to determine the real 
malnutrition rate. Aydin et al[27] reported that a patient can 
be malnourished even when the BMI is normal and that 
the SGA can detect malnutrition before the BMI drops 
below 20 kg/m2. For this reason, it is very important to 
use several methods in combination to evaluate a patient’s 
nutritional status.

Albumin is commonly considered a good marker of  

3314 July 14, 2010|Volume 16|Issue 26|WJG|www.wjgnet.com

Ryu SW et al . Nutritional assessment and gastric cancer patients

Figure 1  Postoperative nutritional status. Comparison of postoperative changes in objective nutritional parameters of patients undergoing distal subtotal 
gastrectomy and total gastrectomy from preoperative day 1 until 12 mo after surgery.
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nutritional status and visceral protein stores. The NRI is 
derived with an equation from the serum albumin con-
centration and the ratio of  the actual to the usual weight. 
In this study, serum protein and albumin levels correlated 
statistically with the malnourished and well-nourished 
groups based on NRI assessment, but there was no sta-
tistical correlation with the groups defined by the SGA or 
NRS-2002. From this result, it can be inferred that albu-
min and serum protein parameters are not as sensitive as 
anthropometric measurements in the evaluation of  nutri-
tional status. Some studies have demonstrated that low se-
rum albumin concentrations correlate with longer hospital 

stays, medical complications, and increased mortality[28,29], 
whereas other studies have reported that low serum pro-
tein levels do not always indicate malnutrition and mal-
nutrition does not always accompany low serum protein 
levels[27,30,31]. Usually, many serum proteins and albumin 
are affected by the inflammatory response, liver disease, 
cancer, or idiopathically[32]. For these reasons, hypoalbu-
minemia has been reported to be a predictor of  risk in a 
broad sense, rather than a parameter that indicates malnu-
trition[33]. Therefore, there are arguments for discounting 
hypoalbuminemia as a marker of  malnutrition because 
patient populations differ. In this study, we evaluated 
only preoperative patients with gastric cancer who had 
no other serious medical problems. There was no good 
correlation between the NRI and objective assessments. 
The concordance and agreement were higher between the 
SGA and NRS-2002 than between the SGA and NRI. In 
this respect, the NRI may not be specific for the diagnosis 
of  malnutrition in preoperative cancer patients.

Weight loss is a common problem after gastrectomy. 
The main mechanisms implicated include impaired food 
intake and malabsorption[34]. Patients who undergo gas-
trectomy consume fewer calories during the first 3-6 mo 
after surgery, after which their intake improves[20]. In this 
study, mean BW, BMI, TSF, and MAC were significantly 
reduced from the time of  hospital discharge until 6 mo 
after surgery. Conversely, serum albumin levels, total 
protein, cholesterol, and TLC were similar between the 
groups before and 6 mo after surgery.

According to the subjective assessment of  nutritional 
status 6 mo after surgery, 80% and 83% of  the patients 
were malnourished according to the SGA and NRS-2002, 
respectively, compared with 31% and 43% of  patients 
who were malnourished on preoperative day 1, respec-
tively. In the group of  patients who underwent subtotal 
gastrectomy, the patients’ anthropometric parameters did 
not change between 6 and 12 mo after surgery. At 12 mo 
after surgery, their nutritional status was assessed as similar 
to its preoperative value according to the SGA, NRS-2002 
and NRI, but their objective nutritional parameters were 
still low, especially mean BW, BMI, TSF, and MAC. Sub-
jective assessment is a validated method of  nutritional 
assessment when based on a medical history (weight 
change, dietary intake change, gastrointestinal symptoms, 
changes in functional capacity) and physical examination 
(loss of  subcutaneous fat, muscle wasting). Therefore, 
according to the SGA and NRS-2002, the proportion 
of  malnourished patients was high at 6 mo after surgery, 
but weight loss was not significant between 6 and 12 mo 
after surgery. Most of  the patients who were assessed as 
malnourished had returned to their preoperative status, 
although the other nutritional measurement tools (BW, 
BMI, and anthropometric measurements) still indicated a 
malnourished status.

Patients with malignant gastrointestinal disease have a 
high prevalence of  malnutrition. In cancer, reduced food 
intake and an increased energy gap result in the deteriora-
tion of  nutritional status. It is very important to detect 
malnourished patients during the preoperative period and 
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Figure 2  Malnutrition rate. Frequency of malnutrition during the postoperative 
period assessed with various subjective scoring techniques. SGA: Subjective 
global assessment; NRS-2002: Nutritional risk screening; NRI: Nutritional risk 
index.
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postoperative follow-up. Not only objective nutritional 
parameters but also subjective assessments have some 
limitations in the accurate measurement of  nutritional sta-
tus. Therefore, measuring the nutritional status of  patients 
who have undergone gastrectomy requires a combination 
of  objective variables (anthropometric and laboratory 
measurements) and a subjective scoring system during the 
postoperative follow-up period. 

COMMENTS
Background
Nutritional depletion is a common problem in critically ill patients with cancer 
and is associated with a poor outcome. The assessment of nutritional status 
and its evaluation plays an important role in tailoring nutritional support. Multiple 
clinical parameters are available to assess the nutritional status of gastric can-
cer patients, but no standard recommendation can be made at this time. This 
study would suggest that a specific tailored nutritional assessment is needed 
for the accurate measurement of nutritional status in patients.
Research frontiers
A traditional nutritional assessment often includes dietary and medical evalu-
ations to identify significant weight loss over time, significantly low or high 
body weight, skinfold thickness, serum nutritional factor levels and functional 
measurements of muscle strength. Individually, these measurements often 
have limited value in accurately determining a patient’s nutritional risk. As a 
result, combinations of diverse measurements have been developed into sub-
jective scoring systems [subjective global assessment (SGA) and nutritional 
risk screening (NRS-2002)] designed to increase the sensitivity and specific-
ity of nutritional status determinations. Scoring systems have been based on 
objective measurements of nutritional status, such as oral energy intake, body 
weight, weight loss over time, loss of subcutaneous fat, muscle wasting, serum 
protein levels, and immune competence.
Innovations and breakthroughs
When the authors analyzed the nutritional status in gastric cancer patients 
after gastrectomy surgery, body weight (BW), body mass index (BMI) and fat 
thickness were significantly reduced, but the total lymphocyte count, albumin, 
protein, cholesterol and serum iron levels did not decrease during the post-
operative period. From this result, it can be inferred that albumin and serum 
protein parameters are not as sensitive as anthropometric measurements in the 
evaluation of nutritional status. Six months after surgery, there was a good cor-
relation between the scoring nutritional assessment tools and the other general 
nutritional measurement tools (BW, BMI, and anthropometric measurements). 
However, 12 mo after surgery, most patients who were assessed as malnour-
ished by the scoring nutritional assessment tool had returned to their preop-
erative normal nutritional status, although their BW, BMI, and anthropometric 
measurements still indicated a malnourished status.
Applications 
The authors studied the prevalence of preoperative and postoperative malnutri-
tion in patients with gastric cancer who underwent radical gastrectomy. This is 
the first study to report on the relationship between nutritional assessment tools 
and the nutritional status of gastric cancer patients after gastrectomy. From 
this study, not only objective nutritional parameters but also subjective scoring 
assessments have some limitations in the accurate measurement of nutritional 
status. Therefore, measuring the nutritional status of patients who have under-
gone gastrectomy requires a combination of objective variables (anthropometric 
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Abstract
AIM: To explore the oncological outcomes of unresect-
able lung metastases without extrapulmonary metasta-
ses in colorectal cancer.

METHODS: Patients with unresectable isolated lung 
metastases from colorectal cancer were prospectively 
collected in a single institution during a 5-year period. 
All patients received either the fluorouracil/leucovorin 
plus oxaliplatin, fluorouracil/leucovorin plus irinotecan or 
capecitabine plus oxaliplatin regimen as first-line treat-
ment. The resectability after preoperative chemotherapy 
was evaluated. Patients’ outcome and predictive factors 
for overall survival were also investigated by univariate 
and multivariate analysis. 

RESULTS: A total of 70 patients were included in the 
study. After standardized first-line chemotherapy, only 
4 patients (5.7%) were converted to resectable dis-
ease. The median overall survival time in all patients 
was 19 mo (95% CI: 12.6-25.4), with a 2-year over-
all survival rate of 38.8%. No survival difference was 
found among different first-line chemotherapeutic regi-
mens. Prognostic analysis demonstrated that only the 
first response assessment for first-line treatment was 
the independent factor for predicting overall survival. 
The median survival time in partial response, stable 
disease and progressive disease patients were 27 mo, 
16 mo and 8 mo (P  = 0.00001).

CONCLUSION: Pulmonary metastasectomy can only 
be performed in a small part of unresectable lung me-
tastases patients after chemotherapy. Patients’ first 
response assessment is an important prognostic factor.

© 2010 Baishideng. All rights reserved.

Key words: Colorectal cancer; Lung; Metastases; Che-
motherapy

Peer reviewer: Francis Seow-Choen, MBBS, FRCSEd, FAMS, 
Professor, Seow-Choen Colorectal Centre, Mt Elizabeth Medical 
Centre, Singapore, 3 Mt Elizabeth Medical Centre #09-10, Singa-
pore 228510, Singapore

Li WH, Peng JJ, Xiang JQ, Chen W, Cai SJ, Zhang W. Oncologi-
cal outcome of unresectable lung metastases without extrapul-
monary metastases in colorectal cancer. World J Gastroenterol 
2010; 16(26): 3318-3324  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v16/i26/3318.htm  DOI: http://
dx.doi.org/10.3748/wjg.v16.i26.3318

INTRODUCTION
Colorectal cancer is the second leading cause of  can-
cer death in the USA, and its frequency is increasing in 
China in recent years. In Shanghai, colorectal cancer has 
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become the third most prevalent malignancy[1]. Approxi-
mately 50%-60% of  patients diagnosed with colorectal 
cancer will develop metastases[2,3]. The liver and lungs 
are the most common sites of  metastases for colorectal 
cancers. Nearly 50% of  patients with colorectal cancer 
will develop liver metastases, while only approximately 
10%-15% of  patients will develop lung metastases ulti-
mately[4,5]. Commonly, metastases from colorectal cancer 
occur first in the liver and then later appear systemically, 
because of  venous drainage via the portal system. How-
ever, lung metastases without extrapulmonary metastasis, 
also called isolated lung metastases, have been reported 
in several studies[4,6,7]. Through the bypass route of  ve-
nous or lymphatic drainage, isolated lung metastases 
were only found in 2%-8% of  all colorectal cancers[4,6].

Since the majority of  metastases from colorectal can-
cer are considered initially unresectable disease, neoad-
juvant chemotherapy has been applied in potentially re-
sectable liver metastases for years. Studies demonstrated 
that 10%-15% of  initially unresectable liver metastases 
could be converted to resectable disease after preopera-
tive chemotherapy. However, the experience in unresect-
able isolated lung metastasis was rare. Current opinions 
consider that the recommendation in liver metastases 
may be reasonable to apply to the treatment of  lung me-
tastasis[8], but the evidence is weak and the result of  this 
application is unknown, especially for initially unresect-
able isolated lung metastases. 

In this current study, we prospectively collected data 
from all patients with unresectable isolated lung metas-
tases from colorectal cancer at the first recurrence in a 
single institution during a 5-year period. The resectability 
after chemotherapy, outcomes of  the patients, results 
with different chemotherapeutic regimens, and predictive 
factors for overall survival were all studied in the current 
cohort. 

MATERIALS AND METHODS
Between May 2003 and January 2008, a prospective 
study was performed to collect data from all the colorec-
tal cancer patients who developed unresectable lung 
metastasis without extrapulmonary lesions as the first 
recurrence from the outpatient and inpatient services of  
Fudan University Shanghai Cancer Center. All the un-
resectable patients had multiple lung metastastic lesions 
in two or more than two lobes and had no possibility of  
radical resection. According to the institutional protocol, 
all patients who were diagnosed with recurrence received 
intensive oncological assessment, including chest com-
puted tomography (CT) scans, abdominopelvic CT or 
magnetic resonance imaging scans and serum carcinoem-
bryonic antigen (CEA). Positron emission tomography-
CT scans were performed in some patients, and digital 
rectal examinations were performed in all patients whose 
primary tumor was located in rectum. 

For viable patients, core biopsy or fine needle biopsy 
was performed to confirm the diagnosis. For patients 
whose cytological or histological diagnosis was unavail-

able, the diagnoses of  lung metastases were discussed by 
the colorectal cancer multidisciplinary treatment (MDT) 
team, which included a specialized radiologist. When there 
was doubt about the case, close follow-up without chemo-
therapy and dynamic change in CT scans were observed 
to confirm the diagnosis. The resectability of  lung me-
tastases was discussed by the colorectal MDT team and a 
specialized thoracic surgeon according to image study. 

Patients with extrapulmonary metastasis or local re-
currence were excluded from the current study. Patients, 
who refused to receive chemotherapy (3 cases) or sign the 
informed consent form (2 cases), were also excluded from 
the study. Besides concurrent chemotherapy, 4 patients 
received weekly administration of  cetuximab 8, 8, 11 and 
16 times, respectively, in the first line setting; they were 
excluded from the following outcome analysis because of  
the small number of  cases. After screening, a total of  70 
colorectal cancer patients who developed synchronous or 
metachronous unresectable isolated lung metastasis were 
included in the study.

Chemotherapeutic regimens and response assessment
According to the medical oncologists’ preference, either 
the fluorouracil/leucovorin plus oxaliplatin (FOLFOX), 
fluorouracil/leucovorin plus irinotecan (FOLFIRI) or 
capecitabine plus oxaliplatin (XELOX) regimen was used 
as first-line treatment for patients who never received che-
motherapy or who had received adjuvant chemotherapy 
over 12 mo ago. For patients who received adjuvant che-
motherapy within 12 mo, a different regimen from their 
original first-line treatment was used. Second-line or third-
line treatment regimens were determined by considering 
the first-line regimen, adjuvant regimen and patients’ 
consent. The “stop-and-go” strategy using a modified 
FOLFOX6 regimen with maintenance capecitabine dur-
ing the interval period was applied to 5 patients in our co-
hort, and they were considered to have received first-line 
treatment of  FOLFOX in the following analysis. 

Physical examination, chest CT scans, abdominopelvic 
ultrasound or CT scans, and serum CEA were used ac-
cording to the institutional routine assessment for meta-
static colorectal cancers. During chemotherapy, response 
assessment was performed after the first 3 (XELOX regi-
men) or 4 cycles (FOLFOX or FOLFIRI regimen) and 
then repeated every 2 to 3 mo. In patients who stopped 
treatment, similar oncological assessments were asked to 
be performed every 3 to 6 mo. The response to treatment 
was defined based on Response Assessment Criteria in 
Solid Tumors (RECIST)[9]. 

Statistical analysis
All surviving patients were followed up between January 
and March 2009 for the purpose of  this project. Progres-
sion free survival (PFS) was calculated from the start of  
first-line treatment to the time when disease progression 
was determined by response assessment. In patients with 
metachronous metastasis, the time from resection of  the 
primary lesion to occurrence of  metastases in the lung 
was defined as time to metastasis in the current study. The 
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prognostic value of  the first response assessment, which 
was performed after the first 3 (XELOX regimen) or 4 cy-
cles (FOLFOX or FOLFIRI regimen) of  chemotherapy, 
was analyzed as an independent factor.

The distribution of  PFS and overall survival (OS) was 
calculated by the Kaplan-Meier method, and a log-rank 
test was used to compare the differences among curves in 
univariate analyses. Cox regression was used in multivari-
ate analyses, and hazard ratios were calculated including 
95% confidence interval (CI). P < 0.05 was considered 
statistically significant. 

RESULTS
Basic clinical characteristics
Of the 70 patients who had unresectable lung metastases, 
19 patients (27.1%) had synchronous lung metastases with 
primary colorectal cancers, while the other 51 patients 
(72.9%) had metachronous metastatic disease. All the pa-
tients with synchronous metastases in our series underwent 
resection of  primary colorectal cancer first, and chemo-
therapy started within 2 mo of  the surgery. All 70 patients 
received first-line treatment with a regimen of  FOLFOX, 
FOLFIRI or XELOX. The detailed clinicopathological 
features are summarized in Table 1. In 51 patients who had 
metachronous lung metastasis, the median time to metas-
tasis was 17 mo (range: 3-67 mo). The cumulative propor-
tions of  time to metastasis within 1, 2 and 3 years were 
29.4%, 70.6% and 84.3%, respectively. 

Treatment outcomes
With a median follow-up time of  17 mo (range: 5-44 mo), 
81.4% of  patients (57 cases) had disease progression, and 
26 patients were still alive (37.1%). The median PFS for 
first-line treatment was 8 mo (95% CI: 6.4-9.6 mo, range: 
1-32 mo, Figure 1A). The median PFS for FOLFOX, 
XELOX and FOLFIRI regimens in the first-line set-
ting were 10, 8 and 8 mo, respectively (P = 0.693). The 
median overall survival time was 19 mo (95% CI: 12.6- 
25.4 mo, range: 5-44 mo), with a 2 years OS rate of  38.8%  
(Figure 1B). At the patients’ first response assessment, 
none of  the patients had complete response; partial re-
sponse (PR), stable disease (SD) and progressive disease 
(PD) were observed in 35.7%, 51.4% and 12.9% of  
patients, respectively. Four patients (5.7%) in our cohort 
underwent pulmonary resection of  metastases for curative 
intent after first-line chemotherapy. We analyzed the 4 pa-
tients whose pulmonary metastastic lesions converted to 
resection in more detail: all 4 patients had multiple lesions 
in bilateral lungs. Two patients received preoperative che-
motherapy with a regimen of  modified FOLFOX6, while 
the other two received FOLFIRI. All 4 patients had a PR 
after first-line chemotherapy. The decision to perform 
metastatectomy in the 4 patients was made on the basis of  
the disappearance of  lesions in one side of  lung and still-
ness of  residual disease in the other side of  lung during 
ongoing chemotherapy. One patient underwent thoraco-
scopic surgery and the other three underwent open sur-
gery. Wedge resections were performed and postoperative 

chemotherapy was applied using the same regimen before 
resection in all 4 patients. However, 1 patient developed 
disseminated liver and pelvic metastases later and died of  
cancer 7 mo after surgery; 1 patient had lung metastasis 
recurrence in the place where lesions disappeared after 
first-line chemotherapy. The other two patients were still 
free of  recurrence until the last follow-up.

Clinical characteristics, including patients’ gender, age, 
location of  primary lesion, stage of  primary lesion, meta-
chronous or synchronous lung metastasis, unilateral or bi-
lateral lung metastases, first-line chemotherapeutic regimens 
and first response assessment, were analyzed in univariate 
analyses to find potential predictive factors for patients’ OS. 
The time to metastasis (continuous variable) in 51 patients 
with metachronous lung metastases was also studied using 
univariate Cox regression. Univariate analysis revealed that 
only the first response assessment was related to overall 
survival. Using Cox regression, multivariate analyses also 
demonstrated that first response assessment was the only 
independent factor for predicting OS. The risks of  death 
within 2 years in SD and PD patients at their first response 
assessment were 3.5 times (95% CI: 1.4-8.7, P = 0.007) and 
18.2 times (95% CI: 6.1-54.5, P = 2 × 10-8) higher than that 
of  PR patients at the first response assessment. The median 
survival time in PR, SD and PD patients was 27 mo, 16 mo 
and 8 mo (P = 0.00001, Figure 1C). 
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Table 1  The clinicopathological characteristics and survival 
time of all the unresectable pulmonary metastases patients

Characteristics Number (%) Median OS 
(mo)

95% CI P  value

Gender
   Male 21 (30) 22   9.0-35.0 0.487
   Female 49 (70) 19 10.8-27.1
Age (yr)
   ≤ 60 42 (60) 24 19.5-28.5 0.093
   > 60 28 (40) 13   7.8-13.2
Location of primary lesion
   Colon    23 (32.9) 22   6.8-37.2 0.957
   Rectum    47 (67.1) 19 10.7-27.2
Stage of primary lesion
   Ⅰ    4 (5.7) 11   5.1-16.9 0.766
   Ⅱ    11 (15.7) 27 14.1-39.9
   Ⅲ    36 (51.4) 18   8.6-27.4
   Ⅳ    19 (27.1) 22 11.7-32.3
Unilateral or bilateral
   Unilateral    3 (4.3) Not reached Not reached 0.769
   Bilateral    67 (95.7) 19 12.6-25.4
Synchronous or metachronous
   Synchronous    19 (27.1) 22 11.5-32.5 0.693
   Metachronous    51 (72.9) 18 11.0-24.9
Regimen of first-line treatment
   FOLFOX    32 (45.7) 17   9.4-24.6 0.556
   XELOX    12 (17.1) 24 18.5-29.5
   FOLFIRI    26 (37.1) 17   8.0-26.0
First response assessment
   PR    25 (35.7) 27 23.4-30.6 0.00001
   SD    36 (51.4) 16   8.3-23.7
   PD      9 (12.9)   8   5.2-10.8

FOLFOX: Fluorouracil/leucovorin plus oxaliplatin; XELOX: Capecitabine 
plus oxaliplatin; FOLFIRI: Fluorouracil/leucovorin plus irinotecan; PR: 
Partial response; SD: Stable disease; PD: Progressive disease.
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Second-line treatment
None of  the patients without disease progression received 
second-line treatment. A total of  52 patients (74.3%) 
had disease progression during first-line chemotherapy. 
Thirty-one patients (59.2% of  all first-line PD patients) 
underwent second-line chemotherapy. Unlike the first-line 
regimens, the chemotherapeutic regimens in the second-
line were varied. Three patients only had a single agent 
regimen with 5-FU/leucovorin or capecitabine; 8 patients 
received FOLFOX or XELOX regimen; 16 patients re-
ceived FOLFIRI or XELIRI regimen; 4 patients received 
a combination of  chemotherapy and cetuximab. In 52 
first-line PD patients, the median survival time was 18 mo 
for those receiving any of  the above second-line regimens, 
compared with 10 mo for patients without any further 
chemotherapy (P = 0.0004, Figure 1D) .

DISCUSSION
In the current study, we focused on a typical group of  
patients with isolated lung metastasis. Lung metastases in 
all of  our patients were the first and the only site of  me-

tastasis after diagnosing the primary tumor in the colon 
or rectum. Isolated lung metastasis is considered uncom-
mon in colorectal cancers, as the major venous drainage 
is through the portal vein system and metastases in lungs 
usually occur along with concomitant systemic metastases. 
Pihl et al[4] reported 8.6% of  1578 patients with colorectal 
cancer who had undergone curative resection developed 
lung metastases, and that 11.5% of  lung metastases were 
found in patients with rectal cancer, compared with 3.5% 
in colon cancer. Tan et al[6] reported 56 cases (7.4%) of  iso-
lated lung metastasis in 754 patients with colorectal cancer, 
and 13.3% of  lung metastases were found in patients with 
primary rectal cancer vs 6.3% with primary colon cancer 
(P = 0.011). In our series, we also observed more isolated 
lung metastases in patients with primary rectal cancer. 
This result may partly be attributed to the bypass route of  
spreading into systemic circulation via the hemorrhoidal 
veins. However, the precise mechanism for this phenom-
enon of  skip metastasis bypassing the first venous or lym-
phatic draining route is unclear. Differences in tumor biol-
ogy among various patients, tumor types, or even within a 
given tumor, may also be related to this result[10,11].
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Figure 1  The median progression free survival and overall survival time. A: Progression free survival time of first-line chemotherapy; B: Overall survival rate for 
colorectal cancer patients with unresectable pulmonary metastases; C: Kaplan and Meier plots for median survival time according to chemotherapy efficacy; D: Kaplan and 
Meier plots for median survival time according to whether the second-line treatment was received. PR: Partial response; SD: Stable disease; PD: Progressive disease.
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Most of  the lung metastases from colorectal cancer 
were unresectable disease because of  synchronous me-
tastases in other organs or multiple unilateral or bilateral 
lesions. Although resection of  synchronous liver and lung 
metastases was performed in selected patients in several 
studies, a favorable outcome was only observed in a study 
with a small number of  patients with limited metastases 
in liver and lung[12-14]. Different from the situation in the 
liver, lung metastases are more prone to disseminating 
to the lungs bilaterally, making the resection rate lower 
than that of  liver metastasis[15,16]. The use of  CT scans in 
diagnosing multiple lesions and thoracoscopic resection 
in the management of  metastatic disease were also ques-
tioned[17-19]. Most of  the patients selected for pulmonary 
metastasectomy presented with a single lesion in lung, 
and patients with a single metastasis were proven to have 
a better outcome compared with patients with multiple 
metastases[20-22]. The effectiveness of  pulmonary resection 
in patients with multiple lesions is still unclear, and no 
consensus has been obtained for the indication of  resec-
tion concerning the number of  metastases[8,22-25]. Multiple 
lesions in bilateral lungs were usually considered unre-
sectable disease. In our study, after discussing the resect-
ability of  isolated lung metastases, all cases with unresect-
able metastases were treated with first line chemotherapy. 
We reported the possibility of  converting to resection 
in patients with multiple bilateral lesions by preoperative 
chemotherapy for the first time. Four cases (5.7%) were 
converted to resectable disease after first line treatment. 
To our knowledge, this is the first study reporting the 
resectability of  initially unresectable lung metastases after 
preoperative chemotherapy. The proportion of  resection 
seems lower than that of  inoperable liver metastases[26], 
suggesting a different strategy might be used when con-
sidering preoperative chemotherapy for initially unre-
sectable lung metastases. However, there are still other 
reasons which may be responsible for the low rate of  
conversion to resection, including the undetermined sur-
gical indication, doubtful nodules in other areas, multiple 
lobular lesions after chemotherapy, and patients’ consent. 

In our study, the median PFS for first-line treat-
ment and OS was similar to other studies in stage Ⅳ 
colorectal cancer, which combined all metastatic disease 
together[27,28]. Different chemotherapeutic regimens in 
the first-line setting, including FOLFOX, FOLFIRI and 
XELOX, resulted in a similar PFS and response rate. 
The National Comprehensive Cancer Network (NCCN) 
guidelines recommended that the practice in liver metas-
tases can be applied to lung metastases[29]. However, few 
data were focused on this group of  patients with unre-
sectable isolated lung metastases. Our data confirmed 
the similar oncological results in the management of  
isolated lung metastases. Although the second-line che-
motherapy regimens varied in progressed patients, we 
confirmed the benefit of  continuing chemotherapy for 
patients with isolated lung metastases who progressed 
after first-line treatment. However, which regimen would 
be better and whether a monoclonal antibody should be 
used were unknown according to our study. 

During first-line chemotherapy, the first response as-
sessment is usually performed after the second month of  
treatment in most clinical trials of  metastatic colorectal 
cancer. In our cohort, multivariate analysis demonstrated 
that the first response assessment was the independent 
factor predicting patients’ overall survival. The risk of  
death within 2 years was found to be 3.5 times higher in 
SD patients than that in PR patients. This result raised 
doubts about whether we should continue first-line treat-
ment in SD patients. In our study, the response assess-
ment was performed according to RECIST guidelines. 
Patients assessed to have SD included patients whose tar-
geted lesions showed less than 20% increase to less than 
30% decrease in the sum of  the longest diameter. Chang-
ing of  chemotherapeutic regimens might be reasonable 
in selected SD patients, such as patients with increased 
lesions. For patients with metachronous lung metastases, 
the time to relapse was considered a risk factor predicting 
survival in several studies[30], but most other studies did 
not find the time to relapse a significant risk factor[31-33]. 
In 906 patients who relapsed after curative treatment of  
colorectal cancer, Kobayashi et al[16] found that the time to 
relapse was only related to the survival of  liver metastases 
and local recurrence, but no survival difference was found 
in patients with lung metastases.

Novel treatment approaches have been introduced 
into the local treatment of  unresectable lung metastases. 
Radiofrequency ablation was studied for patients with 
unresectable lung metastases in several studies. Marginal 
survival benefit and improvement in quality of  life were 
observed in selected cases[34-36], and it is only used as an 
adjunct to resection or as an alternative for unresectable 
lesions. Transpulmonary chemoembolization is another 
new technique used for the local treatment of  inoperable 
lung metastases. Preliminary results found this technique 
was a well-tolerated procedure for palliative treatment, 
but the benefit of  survival was still unknown[37-39]. 

In conclusion, isolated lung metastases were relatively 
rare in metastatic colorectal cancer. The outcomes of  che-
motherapy in unresectable lung metastases patients were 
similar to the results of  liver metastases, and first response 
assessment was an important risk factor to predict sur-
vival. Pulmonary metastasectomy can only be performed 
in a small group of  patients with initially unresectable lung 
metastases after preoperative chemotherapy. Further stud-
ies are needed to validate our results and evaluate the rate 
of  resectability after chemotherapy. 
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the evidence is weak and the result of this application is unknown, especially 
for initially unresectable isolated lung metastases.
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were converted to resectable disease after preoperative chemotherapy, which 
was obviously lower than the conversion rate in liver metastasis. It is the first 
study reporting the resectability of initially unresectable lung metastases after 
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Abstract
AIM: To investigate let-7a expression and analyze the 
correlation between let-7a and progression of gastric 
mucosa cancerization. 

METHODS: The tissue microarray was constructed 
previously in 52 cases of human gastric carcinoma, 17 
cases of chronic atrophic gastritis (atypical hyperplasia) 
and 11 cases of normal gastric tissue, and tissue micro-
arrays combined with in situ  hybridization were used to 
detect the expression of let-7a.

RESULTS: The positive rates of let-7a in normal gastric 
tissue, chronic atrophic gastritis and gastric carcinoma 
were 90.9%, 88.2% and 86.5%, respectively, without 
significant differences among the groups (P  > 0.05). 
However, an intense signal of let-7a was observed in 
gastric epithelial cells, whereas a less intense signal was 
found in gastric atypical hyperplasia epithelial cells and 

a weak signal in gastric carcinoma epithelial cells. The 
expression of let-7a decreased along with the progres-
sion of gastric mucosa cancerization (P < 0.05). In the 
group of gastric carcinoma, the expression of let-7a 
was even significantly lower in gastric carcinomas with 
lymph node metastasis than in those without metastasis 
(P  < 0.05).

CONCLUSION: Gastric carcinoma has relatively lower 
expression of let-7a. Reduced let-7a may be a funda-
mental factor in the formation and lymph node metas-
tasis of gastric carcinoma.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
MicroRNAs (miRNAs) are a recently discovered class of  
short noncoding RNA genes that act post-transcription-
ally as negative regulators of  gene expression[1,2]. A large 
body of  research shows that animal miRNAs play a fun-
damental role in many biological processes, including cell 
growth and apoptosis, hematopoietic lineage differentia-
tion, insulin secretion, brain morphogenesis, and muscle 
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cell proliferation and differentiation[3]. About 1000 miRNA 
genes are thought to be encoded in the human genome[4,5]. 
Although it is still difficult to identify accurately individual 
miRNA/target interactions[6], computational predictions 
of  miRNA target genes indicate that as many as one-third 
of  all human protein-encoding genes may be regulated by 
miRNAs[7]. This suggests that miRNAs could be involved 
in a wide variety of  human diseases, including cancer. As 
a result of  in-depth researches over the last 5 years, miR-
NA-mediated regulation of  tumorigenesis is emerging as 
a new paradigm in the field of  cancer biology[8,9]. It has 
also been reported that these miRNA signatures may be 
a more robust tool than expression patterns of  protein-
encoding genes for distinguishing normal from tumor tis-
sues[10,11]. One particular miRNA, let-7, was discovered in 
the early 1990s in humans and mice. It has been reported 
that let-7 as a novel candidate of  tumor suppressor gene 
is involved in several cancers such as lung carcinoma and 
colon carcinoma. 

Gastric carcinoma is one of  the most frequent cancers 
and one of  the most common causes of  cancer-related 
mortality in China, with an incidence of  0.4 million new 
cases and 0.3 million deaths annually. Gastric carcinoma 
is also an inadequately understood, and often fatal disease 
when not detected at early stages. Atypical hyperplasia is 
generally accepted as a precancerous lesion. Cancerization 
from normal gastric mucosa, chronic atrophic gastritis 
to gastric carcinoma has been well acknowledged. In this 
study, the expression of  let-7a in normal gastric tissue, 
chronic atrophic gastritis (atypical hyperplasia) and gas-
tric carcinoma was detected by in situ hybridization (ISH) 
using a locked nucleic acid (LNA) probe and gastric mu-
cosa cancerizing tissue microarrays; the relation between 
expression level of  let-7a and the progression of  gastric 
mucosa cancerization was discussed.

MATERIALS AND METHODS
Tissue microarray and probe
The tissue bank at Shanxi Chaoying Biotechnology Com-
pany maintains a series of  formalin-fixed, paraffin-embed-
ded (FFPE) tissue blocks of  patients with gastric carci-
noma, chronic atrophic gastritis (atypical hyperplasia) and 
normal gastric tissue. Information on tumor histologic 
grade, patient’s age and sex was collected and anonymized 
in a secure database. We generated a tissue microarray 
(TMA) from archived FFPE blocks of  80 cases, includ-
ing 11 cases of  normal gastric tissue, 17 cases of  chronic 
atrophic gastritis with atypical hyperplasia (incomplete 
intestinal metaplasia) and 52 cases of  gastric carcinoma 
(intestinal type). In the gastric carcinoma group, there 
were 10 cases with lymph node metastasis and 42 cases 
without lymph node metastasis. This study complied with 
the rules and regulations of  the Ethics Committee of  the 
hospital. Informed consent was obtained from all subjects. 
All FFPE blocks were reviewed and tissue cores were 
selected by a board-certified pathologist. The 5’Digoxin-
labeled, LNA-modified oligonucleotide probe (sequence 

5’-3’: aactatacaacctactacctca) complementary to the entire 
mature sequence of  let-7a, was synthesized by Exiqon 
DNA technologies.

Detection of miRNAs by ISH in FFPE sections
The experiment was conducted at a laboratory of  Shanxi 
Chaoying Biotechnology Company in November 2009. 
Sections (5 μm) of  archived paraffin-embedded specimens 
were deparaffinized in xylenes and then rehydrated through 
an ethanol dilution series (from 100% to 25%). Slides 
were submerged in diethyl pyrocarbonate-treated water 
and subjected to proteinase K digestion (5-10 μg/mL)  
and 0.2% glycine treatment, refixed in 4% paraformalde-
hyde, and treated with acetylation solution [66 mmol/L 
HCl, 0.66% (v/v) acetic anhydride, and 1.5% (v/v) trietha-
nolamine]; slides were rinsed thrice with 1 × PBS between 
the treatment. Slides were prehybridized in hybridization 
solution (50% formamide, 5 × SSC, 500 Ag/mL yeast 
tRNA, and 1 × Denhardt’s solution) at 50℃ for 30 min. 
Then 5-10 pmol of  Digoxin-labeled, LNA-modified probe, 
was added to 150 μL hybridization solution and hybridized 
for 18 h at a temperature of  42℃ below the calculated Tm 
of  the LNA probe. Subsequently, the samples were incu-
bated at 37℃ for 90 min with 50 μL biotin-labeled anti-
digoxin antibody, rinsed with 0.5 × SSC four times for 
5 min, incubated at 37℃ for 30 min with 50 μL SABC so-
lution, and rinsed with 0.5 × SSC solution three times for 
5 min. After added 50 μL biotin-labeled peroxidase and 
incubated at 37℃ for 30 min, the samples were rinsed five 
times with 0.5 × SSC for 5 min, then stained with Nitro-
Blue-Tetrazolium/5-bromo-4-chloro-3-indolyl-phosphate. 
Finally, the sections were restained with eosin before cov-
ering. For a negative control, the hybridization solution 
was replaced with pre-hybridization solution. Likewise, 
β-actin was used as the probe of  positive control. 

Determination of results
Signals were visually quantified by a pathologist according 
to the reference of  Frantz et al[12]. A total of  100 × 10 cells 
were counted randomly. Then, tissue sections were blindly 
examined by a second individual for an agreement with 
the initial quantifications. If  there was no positive cell, the 
sample was scored as 0 point. If  the percentage of  positive 
cells was less than or equal to 30%, the sample was scored 
as 1 point; less than or equal to 70% as 2 points; and more 
than 70% as 3 points. The staining intensity was recorded 
as negative, light, moderate, or strong, and scored as 0, 1, 
2 or 3 points, respectively. The two values were multiplied, 
and a sum of  0 point represented negative expression, and 
1-9 points represented positive expression. Points 1-2 were 
marked ±, 3-4 marked +, 6 marked ++, and 9 marked 
+++. 

Statistical analysis
Statistical analysis was performed using SPSS 11.5 Pack-
age. The χ2 and correlation tests were used in this study. 
A difference was considered significant when P value 
was less than 0.05.
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RESULTS
Expression of  let-7a was determined on 5-μm sections 
obtained from each of  the TMA blocks. Generally, let-7a 
appeared as blue-purple particles in the cytoplasm or nu-
cleus after staining, and predominantly expressed in nor-
mal gastric mucosa epithelia and its expression was down-
regulated in atypical hyperplasia epithelia, especially in ma-
lignant cells. The let-7a probe revealed an intense cytoplas-
mic signal in gastric epithelial cells, whereas a less intense 
signal was observed in gastric atypical hyperplasia epithelial 
cells and a weak signal in gastric carcinoma epithelial cells 
(Figure 1). Let-7a was also detected in endothelial cells 
lining blood vessels and in fibroblasts (data not shown). 
The classification of  let-7a expression grade in each group 
is shown in Table 1. There was no significant difference 

in the positive rates of  let-7a among gastric carcinoma, 
chronic atrophic gastritis and normal gastric tissues (P > 
0.05). However, by analysis of  the signal levels of  let-7a in 
each group, the levels of  let-7a expression were reversely 
related to the progression of  gastric mucosa cancerization 
(P = 0.008). The expression of  let-7a decreased along with 
the progression of  gastric mucosa cancerization. In the 
gastric carcinoma group, the expression of  let-7a in the 10 
cases with lymph node metastasis was even lower than in 
the 42 cases without lymph node metastasis (P = 0.043) as 
shown in Table 2. In this study, β-actin showed an intense 
cytoplasmic signal in each of  the TMA blocks in positive 
control while no blue-purple staining was found in blocks 
of  negative control. 

DISCUSSION
The let-7 family consists of  12 genes encoding for nine 
distinct miRNAs (let-7a to let-7i). Historically, let-7 was 
found to bind to the 3’ UTR of  lin-41 and hbl-1 (lin-57) 
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Figure 1  Expression let-7a in stomach cancer progression tissue array (in situ hybridization, Nitro-Blue-Tetrazolium/5-bromo-4-chloro-3-indolyl-phosphate 
staining, original magnification × 200). A: Positive expression (++) of let-7a in gastric tissue; B: Positive expression (+) of let-7a in chronic atrophic gastritis; C: 
Positive expression (±) of let-7a in gastric carcinoma; D: Negative expression of let-7a in gastric carcinoma.

A B

C D

Table 1  Expression of let-7a in gastric mucosa cancerization 
tissue array

Cases
(n)

Results Positive 
rate (%)

- ± + ++ +++

Normal 
gastric mucosa

11 1   0   2 8 0 90.9

Chronic 
atrophic gastritis

17 2   2   7 5 1 88.2

Gastric 
carcinoma

52 7 18 18 7 2 86.5

Table 2  Expression of let-7a in gastric carcinomas

Lymph node 
metastasis

Cases
(n)

Results P  value

- ± + ++ +++ 0.043

Negative 42 4 11 18 7 2
Positive 10 3   6   1 0 0
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to inhibit their translation in nematodes[13], and control 
the developmental transition from the L4 stage into the 
adult stage[14-16]. An evolutionarily conserved regulation of  
the RAS family of  growth control proteins by let-7 from 
nematodes to human cancer cells has also been demon-
strated. Recently, let-7 implication in cancerogenesis has 
been extended to the repression of  high mobility group 
A2, thus preventing oncogenic transformation in many tu-
mors[17]. Johnson et al[18] showed that let-7 miRNA expres-
sion was lower in lung tumors than in normal lung tissues. 
The detection of  mature miRNAs by ISH is technically 
challenging because of  their small size. LNAs are a class 
of  bicyclic high-affinity RNA analogues, in which the fu-
ranose ring in the sugar-phosphate backbone is chemically 
locked in a conformation mimicking the North-type (C3’- 
endo) conformation of  RNA[19,20]. This results in an un-
precedented hybridization affinity of  LNA toward com-
plementary single-stranded RNA molecules. A limitation 
to identifying and validating potential biomarkers makes 
it difficult to conduct retrospective studies with archived 
tumor specimens due in part to protein and RNA degra-
dation[21]. Hence, the very small size of  miRNAs offers a 
unique advantage because short RNA molecules are sub-
stantially less susceptible than mRNAs to enzymatic and 
mechanical degradation. In this study, we used a method 
for detection of  miRNAs in gastric carcinoma specimens, 
LNA-ISH, which offers a spatial resolution of  miRNA 
expression unsurpassed by other available techniques. 
Zhang at al[22] established an accurate and rapid stem-loop 
reverse transcriptional real-time PCR (RT-PCR) method 
to quantify human let-7a miRNA in gastric cancer. It was 
found that the expression level of  let-7a miRNA in gastric 
tumor tissues was significantly lower than in normal tis-
sues of  14 samples from 32 patients. There might be a dis-
cordance between ISH and RT-PCR results, which could 
be explained by the overrepresentation of  epithelial cells 
in tumor lesions, resulting in a high let-7 signal in gross 
tissue biopsies. However, let-7a expression is diminished 
within individual cancer cells, which can be determined 
only by the ISH approach. We noticed that long fixation 
periods in 10% formalin (more than 12-18 h) can affect 
negatively the intensity of  the miRNA in situ signal. There 
is no significant difference of  the positive rates of  let-
7a expression among gastric carcinoma, chronic atrophic 
gastritis and normal gastric tissue, which may be partly 
due to the limitation of  normal gastric tissue cases in the 
TMA. Decrease of  let-7a expression is already apparent in 
hyperplasia (possibly preneoplastic). Its further decrease 
in gastric carcinoma is reminiscent of  reduction of  let-7a 
related to the gastric mucosa cancerization progression. 
Hence, this suggests that reduction of  let-7a is an early 
event during intestinal-type gastric carcinoma formation. 
The most essential behavior of  the malignant tumor is 
metastasis. Lymph nodes metastasis is an important index 
for clinical stages of  gastric carcinoma before surgery and 
it is also an important prognosis factor for gastric carcino-
ma patients. Our study showed that the expression of  let-
7a was even lower in gastric carcinoma with lymph nodes 
metastasis than in those without lymph nodes metastasis. 

Decreased expression or absence of  let-7a may determine 
initially the occurrence, development, metastasis and prog-
nosis of  gastric carcinoma. Using combined LNA-ISH 
and RT-PCR, quantitative detection of  let-7a may have a 
potential clinical application as a novel biomarker for early 
diagnosis and prognosis of  gastric carcinoma. Infecting 
breast tumor-initiating cells with let-7-lentivirus reduced 
proliferation, mammosphere formation, and the propor-
tion of  undifferentiated cells in vitro and tumor formation 
and metastasis in NOD/SCID mice[23]. Thus, the reason 
why let-7a in human gastric carcinoma has generated 
great interest is that it not only has a potency in diagnosis, 
but also can shed light on the molecular mechanisms of  
the tumorigenic process and has a high potential as novel 
targets for therapeutic intervention using synthetic oligo-
nucleotide technologies. Further studies are being carried 
out on the relationship between gastric carcinoma and let-
7a in our laboratory.
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Abstract
AIM: To investigated if paclitaxel can attenuate he-
patic fibrosis in rat hepatic stellate cells (RHSCs).

METHODS: RHSCs were cultured in vitro  and randomly 
assigned to four groups: normal control group (treated 
only with Dulbecco’s Modified Eagle’s Medium), Taxol 
group (200 nmol/L paclitaxel was added to the cell cul-
ture), transforming growth factor (TGF)-β group (5 ng/mL  
recombinant human TGF-β1 was added to the cell cul-
ture), and TGF-β + Taxol group. TGF-β signaling cascade 
and status of various extracellular matrix proteins were 
evaluated by real time reverse transcriptase polymerase 
chain reaction and Western blotting. 

RESULTS: The paclitaxel treatment markedly sup-
pressed Smad2/3 phosphorylation. This was associated 
with attenuated expression of collagen Ⅰ and Ⅲ and 
fibronectin in RHSCs.

CONCLUSION: These data indicate that 200 nmol/L 
paclitaxel ameliorates hepatic fibrosis via  modulating 
TGF-β signaling, and that paclitaxel may have some 
therapeutic value in humans with hepatic fibrosis.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Hepatic fibrosis is the key stage in the pathological process 
from hepatic injury to cirrhosis or even to tumor. Trans-
forming growth factor (TGF)-β1 is widely acknowledged 
as a key factor in acceleration of  the hepatic fibrosis pro-
cess. TGF-β1 mainly activates hepatic stellate cells (HSCs) 
through the TGF-β1/Smad signaling pathway, thus causing 
hepatic fibrosis[1-5]. TGF-β evokes diverse cellular responses 
by binding to and activating specific cell-surface receptors 
that have intrinsic serine/threonine kinase activity. The ac-
tivated TGF-β receptors stimulate the phosphorylation of  
receptor-regulated Smad2 and Smad3 proteins (R-Smads), 
which in turn form complexes with Smad4. This complex 
translocates from the cytoplasm into the nucleus, where the 
Smads regulate the transcription of  target genes. Inhibitory 
Smad7 acts in an opposing manner to the R-Smads, and 
downregulates TGF-β signaling[6]. 
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Some studies have previously demonstrated that en-
dogenous Smad-2, 3 and 4 bind to microtubules in sev-
eral cell lines, and the binding provides a negative regula-
tory mechanism to modulate TGF-β activity. Disruption 
of  the microtubule network by chemical agents, such as 
nocodazole and colchicine, leads to ligand-independent 
Smad nuclear accumulation and transcription of  TGF-
β-responsive genes, which in turn increases TGF-β-
induced Smad activity[7].

The aim of  this study was to assess if  microtubule 
stabilization with low-dose paclitaxel (Taxol) could in-
hibit TGF-β/Smad signaling and ameliorate hepatic 
fibrosis in HSCs. 

MATERIALS AND METHODS
Cell culture and grouping
HSCs (supplied by the Institute of  Liver Diseases, the 
Second Xiangya Hospital, Hunan, China ) were seeded in 
24-hole plastic culture plates with a density of  1 × 106/mL.  
The cell viability was > 95% and purity was > 90%. After 
cell culture for 2 wk, nearly all HSCs were activated. These 
cells were first cultured for 3 d, followed by a cell cycle 
of  synchronous culture for 48 h, then the HSCs were 
randomly divided into four groups: normal control group 
(treated only with Dulbecco’s Modified Eagle’s Medium), 
normal + Taxol group [200 nmol/L paclitaxel (Taxol; 
Sigma, St. Louis, MO, USA) was added to the cell culture], 
TGF-β group [5 ng/mL recombinant human TGF-β1 
(R&D Systems, Minneapolis, MN, USA) was added to the 
cell culture], and TGF-β + Taxol group. The examinations 
were carried out after 48 h of  culture. All the examinations 
were repeated three times for accuracy and consistency.

Real-time reverse transcriptase polymerase chain 
reaction
Total RNA was isolated using the High Pure RNA Iso-
lation Kit according to the manufacturer’s instructions 
(Roche, Switzerland). Contaminated DNA was removed by 
treating the samples with RNase-free DNase Ⅰ (Promega, 
Madison, WI, USA). Real-time polymerase chain reaction 
(PCR) was performed using Bio-Rad (Hercules, CA, USA) 
iQ SYBR Green supermix with Opticon (MJ Research 
Inc., Waltham, MA, USA) by following the vendor’s in-
structions. One hundred micrograms of  total RNA was 
reverse-transcribed and subjected to PCR as follows: 94℃ 
for 2 min followed by 40 cycles of: 94℃ for 15 s, 58℃ 
for 30 s and 72℃ for 30 s, and a final extension at 72℃ 
for 10 min. The primers used were as follows. Rat Smad2, 
forward: 5′-TCACAGCCATCATGAGCTCAAGG-3′, re-
verse: 5′-TGTGACGCATGGAAGGTCTCTC-3′; Smad3, 
forward: 5′-AGCACACAATAACTTGGACC-3′, reverse: 
5′-TAAGACACACTGGAACAGCGGATG-3′; colla-
gen Ⅰ, forward: 5′-GAGCGGAGAGTACTGGATCG-3′, 
reverse: 5′-TACTCGAACGGGAATCCATC-3′; collagen 
Ⅲ, forward: 5′-GTGCGGTTTGTGAAGCACCG-3′, 
reverse: 5′-GTTCTTCTCATGCACACTT-3′; fibronec-
tin, forward: 5′-TGACTCGCTTTGACTTCACCAC-3′, 
reverse: 5′-TCTCCTTCCTCGCTCAGTTCGT-3′. All 

samples were subjected to reverse transcriptase (RT)-PCR 
along with the housekeeping gene GAPDH with the fol-
lowing primer sequences: forward: 5′-TGCTGAGTAT-
GTCGTGGAGTCTA-3′, reverse: 5′-AGTGGGAGTT-
GCTGTTGAAATC-3′ as an internal standard. Reaction 
specificity was confirmed by gel electrophoresis of  prod-
ucts after real-time PCR and melting curve analysis. Ratios 
for Smad2/GAPDH, Smad3/GAPDH, collagen Ⅲ/
GAPDH, fibronectin/GAPDH and collagen Ⅰ/GAPDH 
mRNA were calculated for each sample and expressed as 
the mean ± SD.

Western blotting
Total protein was extracted from cells and analyzed with 
bicinchoninic acid protein concentration assay kit (Beijing 
Biosea Biotechnology Co. Ltd., China). Samples (20 μg) 
were fractionated by SDS-PAGE. After transfer onto ni-
trocellulose membrane (Amersham International, Bucks, 
UK), the blots were probed with a mouse monoclonal 
antibody to p-Smad3 (Cell Signaling Technology, Beverly, 
MA, USA 1:1000 dilution), a goat polyclonal antibody 
to p-Smad2 (Upstate Biotechnology, Billerica, MA, USA 
1:1000 dilution) and rabbit polyclonal antibodies to 
collagen Ⅰ (Santa Cruz Biotechnology, Santa Cruz, CA, 
USA, 1:2000 dilution), collagen Ⅲ (Abcam, Cambridge, 
MA, USA 1:2000 dilution), and fibronectin (Santa Cruz 
Biotechnology, 1:1000 dilution). The second antibodies 
were peroxidase-conjugated goat anti-mouse IgG (1:20 000 
dilution)and the swine anti-rabbit IgG or rabbit anti-goat 
IgG , which be diluited in PBS that contained 1% normal 
goat serum or 1% fetal calf  serum. β-actin was used as an 
internal control.

Statistical analysis
Data were calculated as the mean ± SD and the groups 
were compared using one-way ANOVA. Statistical sig-
nificance was set at P < 0.05.

RESULTS
Paclitaxel inhibits extracellular matrix expression in rat 
HSCs
The suppressive effects of  paclitaxel on mRNA and pro-
tein expression of  fibronectin and collagen Ⅰ and Ⅲ 
were assessed by real-time RT-PCR and Western blotting.  
Figure 1A shows RT-PCR analysis that indicated that 
paclitaxel had no effect on basal mRNA expression for 
fibronectin and collagen Ⅰ and Ⅲ in rat HSCs. The ex-
pression of  integrin-linked kinase, α-smooth muscle actin 
and collagen Ⅰ was reduced in cells treated with paclitaxel 
and TGF-β at 48 h (P < 0.01). Western blotting analyses 

revealed similar trends in mRNA expression (P < 0.05, 
n = 6) (Figure 2A). 

Blockade of Smad2/3 activation is a key mechanism by 
which paclitaxel prevents hepatic fibrosis in rat HSCs
The effects of  paclitaxel on expression of  Smad2 and 
Smad3 mRNA were assessed by real-time RT-PCR. The 
analysis showed that paclitaxel had no effect on Smad2 
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and Smad3 mRNA expression in the normal, Taxol and 
TGF-β + Taxol groups at 48 h (Figure 1B). Western 
blotting analysis showed that phosphorylated Smad2/3 
but not total Smad2/3 expression was markedly reduced 
in HSCs treated with paclitaxel and TGF-β at 48 h (P < 
0.01). In contrast, paclitaxel had no effect on expression 
and phosphorylation of  Smad2/3 in the Taxol group 
(Figure 2B). 

DISCUSSION
In the present study, we observed that fibrosis in HSCs 
was substantially decreased by paclitaxel, a microtubule-
stabilizing agent, thus suggesting that low-dose paclitaxel 
has therapeutic benefits in the amelioration of  hepatic 
fibrosis. 

The TGF-β/Smad signaling pathway plays an impor-
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Figure 1  The mRNA levels changes in vitro after treatment. A: Real-time PCR depicting fibronectin and collagen Ⅰ and Ⅲ mRNA expression in vitro following 
paclitaxel treatment of hepatic stellate cells (HSCs). Fibronectin and collagen Ⅰ and Ⅲ expression was significantly higher in the TGF-β group at 48 h compared with the 
normal or Taxol groups (P < 0.05, n = 6). Treatment with paclitaxel resulted in a decrease in fibronection and collagen Ⅰ and Ⅲ expression (P < 0.05, n = 6). aP < 0.05 vs 
TGF-β group; dP < 0.01 vs normal or Taxol group (n = 6); B: Real-time PCR showing Smad2 (left) and Smad3 (right) mRNA expression in vitro following treatment with 
paclitaxel in HSCs. Smad2 and Smad3 mRNA expression was more or less similar in the normal and Taxol groups at 48 h (P < 0.05, n = 6). Densitometric analyses were 
performed from six independent experiments. Each bar represents the mean ± SD for six animals. PCR: Polymerase chain reaction; TGF-β: Transforming growth factor β.
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Figure 2  The protein levels changes in vitro after treatment. A: Western blotting analyses depicting fibronectin and collagen Ⅰ and Ⅲ mRNA expression in vitro 
following paclitaxel treatment in HSCs. Whole hepatic cell extracts were immunoblotted with the indicated antibodies. Fibronectin and collagen Ⅰ and Ⅲ expression was 
significantly higher in the TGF-β group at 48 h compared with the normal or Taxol group (P < 0.05, n = 6). Treatment with paclitaxel resulted in a decrease in fibronectin 
and collagen Ⅰ and Ⅲ expression (P < 0.05, n = 6); B: Western blotting analysis showing Smad2/3 protein expression in vitro following treatment with paclitaxel in HSCs. 
Phosphorylated Smad2 and Smad3 but not total Smad2 or Smad3 expression was significantly higher in the TGF-β group at 48 h compared with the normal or Taxol group (P 
< 0.05, n = 6). Treatment with paclitaxel resulted in a decrease in phosphorylation of Smad2 and Smad3 (P < 0.05, n = 6). Densitometric analyses were performed from six 
independent experiments. Each bar represents the mean ± SD for six animals. aP < 0.05 vs TGF-β group; dP < 0.01 vs normal or Taxol group (n = 6).
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tant role in hepatic fibrosis. In chronic hepatic injury, after 
HSCs are transformed into myofibroblasts, Smad2 and 
Smad3 are continuously phosphorylated and the inhibitory 
expression of  Smad7 is at a low level. As a result, TGF-β1 
signal transduction cannot be effectively inhibited. This 
might be one of  the mechanisms for progression from 
chronic hepatic injury to hepatic fibrosis[8,9]. The worse the 
hepatic fibrosis and the higher the expression of  TGF-β1, 
the higher is the Smad3 protein expression. Therefore, 
whatever is transferred by Smad3 might be the signal that 
can induce hepatic fibrosis[10-12]. Currently, TGF-β1 is 
the most effective fibrosis-promoting known, and it can 
promote activation of  HSCs, and increase synthesis of  
extracellular matrix (ECM)[4,5]. Furthermore, it has been 
previously shown in several different cell lines that mi-
crotubules serve as a negative regulator for TGF-β/Smad 
signaling by forming a complex with endogenous Smad2, 
3 and 4, thus sequestering the R-Smads away from the 
TGF-β receptor[7]. Therefore, it is conceivable that stabili-
zation of  microtubules by low-dose paclitaxel can dampen 
the exacerbated TGF-β signaling, as reported in TGF-β-
induced inhibition of  myogenesis in C2C12 myoblasts[13]. 
Similarly, in an earlier study, Liu et al[14] also have found 
that paclitaxel can significantly suppress TGF-β/Smad 
activity in SCID mice. In the present study, we provided 
evidence that low-dose paclitaxel suppressed phosphory-
lation of  Smad2 and Smad3, two homologous Smad pro-
teins that transduce signals from TGF-β and activin, in rat 
HSCs. These data support the notion that TGF-β/Smad 
signaling is regulated by the dynamic stability/instability 
of  microtubules that are sensitive to low-dose microtu-
bule-stabilizing agents, like paclitaxel.

Paclitaxel is an anticancer agent[15], which by stabiliz-
ing polymerized microtubules and enhancing microtubule 
assembly, arrests the cell cycle in the G0/G1 and G2/M 
phases, thus leading to cell death[16,17]. Prolonged treatment 
with paclitaxel has been associated with scleroderma-like 
changes or pulmonary fibrosis, albeit in only a small frac-
tion of  patients. It is noteworthy that inhibition of  tumor 
cell proliferation can be achieved by much higher doses 
of  paclitaxel. The inhibition of  TGF-β/Smad signaling, 
however, can be attained with very low doses of  pacli-
taxel. However, some of  the recent studies have indicated 
that low-dose paclitaxel has minimal, if  any, detectable 
effects on cell proliferation and other cellular activities, in-
cluding fibrosis. Intriguingly, low-dose paclitaxel has been 
shown to inhibit collagen-induced arthritis and fibrosis 
associated with systemic sclerosis in SCID mice[14,18,19]. 
Type Ⅰ collagen, the major ECM component of  fibrotic 
tissue, is a heterotrimer composed of  two α1 chains and 
one α2 chain. Increased production of  type Ⅰ collagen 
is a common hallmark of  fibrotic diseases in various or-
gans including the liver. Once stimulated by fibrogenic 
stimuli, HSCs are the only cells that respond by express-
ing increased amounts of  all three different isoforms of  
TGF-β. As activated HSCs are the principal cells to pro-
duce type Ⅰ collagen in fibrotic liver, they contribute to 
the development of  liver fibrosis through autocrine and 

paracrine loops of  TGF-β-stimulated collagen produc-
tion[4]. In the present study, low-dose paclitaxel treatment 
effectively reduced expression of  type Ⅰ and Ⅲ collagen 
and fibronectin in rat HSCs.

In conclusion, we demonstrated that low-dose paclitax-
el significantly suppressed the exacerbated TGF-β/Smad 
signaling and decreased interstitial fibrosis in rat HSCs. It 
is hoped that the current results will give an impetus to 
future investigations to explore the therapeutic potential of  
paclitaxel in the amelioration of  hepatic fibrosis. 
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Abstract
Vanishing bile duct syndrome (VBDS) refers to a group 
of disorders characterized by prolonged cholestasis as 
a result of destruction and disappearance of intrahe-
patic bile ducts. Multiple etiologies have been indenti-
fied including infections, neoplastic disorders, autoim-
mune conditions and drugs. The natural history of this 
condition is variable and may involve resolution of cho-
lestasis or progression with irreversible damage. VBDS 
is extremely rare in human immunodeficiency virus 
(HIV)-infected patients and anti-retroviral therapy has 
never been implicated as a cause. We encountered a 
young pregnant female with HIV and VBDS secondary 
to anti-retroviral therapy. Here, we report her clinical 
course and outcome.
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INTRODUCTION
The destruction and disappearance of  intrahepatic bile 
ducts leading to “ductopenia” and cholestasis is termed 
“vanishing bile duct syndrome (VBDS)”. The exact mech-
anism underlying this syndrome is unknown; however, 
common causes include autoimmune disorders such as 
primary biliary cirrhosis (PBC), neoplasms, infections and 
drug toxicities[1-7]. Several patients with VBDS respond to 
treatment of  the underlying condition and/or removal of  
the offending agent. However, other patients progress to 
biliary cirrhosis and end stage liver disease. VBDS is rare 
in the human immunodeficiency virus (HIV)-infected 
population and to date, only one case has been reported 
in the literature[8]. In addition, none of  the anti-retroviral 
medications have been implicated as a cause of  ductope-
nia. We report the case of  a young female with HIV and 
VBDS secondary to anti-retroviral therapy.

CASE REPORT
In August, 2009, a 28-year-old African American fe-
male in the 3rd trimester of  pregnancy (G1P0, 31 wk) 
presented to the emergency room with jaundice for 3 d. 
She also complained of  pruritus, light-colored stools 
and dark urine. She denied any abdominal pain, fever, 
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chills, vomiting or diarrhea. The patient had a history of  
heavy alcohol use (approximately 5 drinks/d) for 3 years 
discontinued at the beginning of  her pregnancy. She re-
ported no history of  intravenous drug use or unprotect-
ed sexual exposure. She had no history of  taking herbal 
supplements or over-the-counter medications. Her past 
medical history was significant for HIV infection diag-
nosed in 2000. She had not been on highly active anti-
retroviral therapy (HAART) since 2003 but recently 
started triple drug therapy to minimize risk of  vertical 
transmission, with zidovudine, lamivudine and nevirap-
ine 4 wk prior to presentation. She had no history of  any 
opportunistic infections and was not taking any prophy-
lactic medications. Her only other medications included 
folic acid and multivitamins. Her CD4 count and viral 
load prior to initiating therapy were 234 cells/μL (normal 
range: 410 to 1590 cells/μL) and 35 853 copies/mL [re-
verse transcriptase polymerase chain reaction (RT-PCR) 
lower limit of  detection: 48 copies/mL], respectively.

Physical examination revealed icterus and gravid 
uterus consistent with duration of  pregnancy. There were 
no stigmata of  chronic liver disease. Abdomen was non-
tender and without hepatosplenomegaly or ascites. Fetal 
exam was normal. Her liver tests revealed total bilirubin of   
10.5 mg/dL (normal range: 0.2-1.3 mg/dL), direct biliru-
bin 6.7 mg/dL, aspartate aminotransferase 103 U/L (nor-
mal range: 0-37 U/L), alanine aminotransferase 179 U/L  
(normal range: 0-40 U/L), and alkaline phosphatase  
496 U/L (normal range: 39-117 U/L). Hematologic 
and electrolyte values were within normal range, and 
serum ethanol and urine drug screen were negative. 
Serologic testing was negative for viral and autoim-
mune hepatitis including hepatitis E IgM, Epstein 
Barr virus PCR and cytomegalovirus PCR (CMV-
PCR), antinuclear antibody, antismooth muscle anti-
body, and antimitochondrial antibody. Her CD4 cell 
count and HIV-1 RNA viral load were measured as  
224 cells/μL and 304 copies/mL, respectively. Fungal, 
mycobacterial, CMV, aerobic and anaerobic blood cultures 
as well as tests for Cryptosporidium parvum, Microsporidium 
and Toxoplasma were negative.

Right upper quadrant ultrasound revealed normal 
size liver with normal echogenicity and no focal le-
sions, cholelithiasis or biliary tract obstruction. Magnetic 
resonance cholangiopancreatography (MRCP) was per-
formed. There was no cholangiographic evidence of  
extra- or intra-hepatic biliary duct dilatation (Figure 1), 
sclerosing cholangitis or discrete liver mass. A liver bi-
opsy was performed which revealed marked ductopenia 
with cholestasis (Figure 2). Cytokeratin immunostain 
confirmed ductopenia and showed one irregular bile 
duct and scattered ductular proliferation among 11 
visualized portal tracts (Figure 3). There was mild lym-
phocytic portal inflammation and CMV, AFB and GMS 
stains were negative. A diagnosis of  VBDS was made.

HAART medications were withdrawn and the patient 
was started on ursodeoxycholic acid at 15 mg/kg per day 
to treat cholestasis and provide symptomatic relief. Over 
the next few weeks, the patient continued to have severe 
pruritus and worsening jaundice. Her liver tests deterio-
rated further with peak levels as shown in Figure 4. A sec-
ond liver biopsy was performed 8 wk later which showed 
worsening cholestasis and persistent ductopenia. Owing 
to the progressive nature of  her disease course, liver trans-
plant evaluation was initiated for the patient. 

DISCUSSION
VBDS refers to a group of  disorders resulting in cho-
lestasis as a consequence of  progressive destruction and 
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Figure 1  Magnetic resonance cholangiopancreatography. Patent biliary 
system without evidence of strictures or obstruction with normal caliber 
common bile duct (C), right hepatic duct (R), and left hepatic duct (L).

B

A

Figure 2  Liver biopsy showing portal tract with normal appearing hepatic 
vein and hepatic artery, and absence of bile ducts. A: PAS-D stain, × 200 
magnification; B: Hematoxylin and eosin stain, × 200 magnification.
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disappearance of  intrahepatic bile ducts. This condition 
was first described in 1988 in a case series of  3 patients 
by Ludwig et al[1] as “idiopathic adulthood ductopenia”. 
Ductopenia is defined as the absence of  interlobular bile 
ducts in greater than 50% of  small portal tracts in a liver 
biopsy specimen.

Several causes of  VBDS have been identified with 
varying mechanisms of  duct injury and loss. PBC is one 
of  the most common causes of  ductopenia and is likely 
secondary to T-cell mediated bile duct injury[1,2]. Small 
duct primary sclerosing cholangitis, acute and chronic 
hepatic cellular rejection and sarcoidosis are other causes 
of  VBDS with an underlying immune mechanism[3,4]. In-

fections and neoplastic disorders commonly implicated 
include CMV, reovirus 3, syphilis, cryptosporidium, Hodg-
kin’s disease and histiocytosis X[5-7]. In addition, several 
drugs have been reported to cause VBDS, the most fre-
quent ones include antibiotics and psychiatric medications 
(Table 1)[7].

Intrahepatic cholestasis of  pregnancy was consid-
ered upon presentation as a possibility in our patient. 
However, this is a physiologic response to hormonal 
fluctuation during pregnancy and usually resolves spon-
taneously after delivery without persistent hyperbiliru-
binemia and ductopenia as seen in our patient[9]. There 
is no known association between pregnancy and VBDS, 
and the few existing case reports have been ascribed to 
medications such as chlorpromazine[10,11]. VBDS is even 
rarer in patients with HIV infection and has not been 
well described. Only a single case has been reported in 
the literature, in a patient with advanced AIDS (CD4 
cell count: 7 cells/μL) and cholestasis with ductopenia 
presumably due to CMV infection[8]. A second case with 
HIV infection, low CD4 count (108 cells/μL) and idio-
pathic ductopenia has been reported, but does not fit the 
definition of  VBDS since bile ducts were absent only in 
6 of  15 portal tracts[12]. Cholestasis in patients with HIV 
infection is commonly due to sclerosing cholangitis and 
AIDS cholangiopathy which involves obstruction of  
the biliary tract due to infection-related strictures. Other 
causes include drug toxicity from HAART medications 
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Table 1  Drugs reported to cause chronic cholestasis and ductopenia

Antibiotics Psychiatric drugs Antiepileptic drugs Oral hypoglycemics Hormonal agents Others

Ampicillin Amitriptyline Phenytoin Carbutamide Estradiol Ibuprofen
Amoxicillin/
clavulanic acid

Chlorpromazine Carbamazepine Tolbutamide Methyltestosterone Phenylbutazone
Haloperidol Barbiturates Glibenclamide Norandrostenolone Cyproheptadine

Clindamycin Imipramine Diazepam Cimetidine
Trimethoprim/
sulfamethoxazole

Prochlorperazine Cromolyn sodium
Trifluperazine Chlorothiazide

Flucloxacillin
Tetracyclines
Thiabendazole
Erythromycin
Troleandomycin

B

A

Figure 3  Liver biopsy specimen with cytokeratin staining for biliary 
elements. A: No bile ducts are seen, minimal ductular proliferation is apparent 
at the edges of the portal tract (long arrows); B: Solitary portal tract with 
presence of irregular bile ducts (long arrows) and ductular proliferation (short 
arrows). 
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and antimicrobials, neoplasms (Kaposi sarcoma and lym-
phoma) and opportunistic infections[13]. Our patient did 
not have biliary obstruction on ultrasound or MRCP, and 
had significantly higher levels of  serum bilirubin than is 
commonly seen in AIDS cholangiopathy. Liver biopsy 
was negative for malignancy and did not show any fea-
tures of  sclerosing cholangitis or PBC. No strictures 
were seen on MRCP and tests for specific opportunistic 
pathogens were negative, ruling out AIDS cholangiopa-
thy and infection.

The most likely cause of  cholestasis in our patient 
was drug-induced liver injury. Medications used by our 
patient prior to onset of  jaundice included zidovudine, 
lamivudine, nevirapine, multivitamins and folic acid. Zi-
dovudine or lamivudine toxicity is associated with lactic 
acidosis, elevated lactate dehydrogenase, amylase and 
lipase along with abnormal liver tests[14]. None of  these 
findings were seen in our patient. In addition, these two 
drugs were less likely to be the culprits since their toxic 
effects on the liver usually manifest after 6 mo of  use. 
Nevirapine, a non-nucleoside reverse transcriptase inhib-
itor, is being increasingly used in pregnant patients owing 
to its favorable side effect profile and lower teratogenic-
ity compared to protease inhibitors[14]. However, hepa-
totoxicity is the major adverse effect of  nevirapine (5%) 
and most often manifests as a hypersensitivity reaction 
with fever, rash and elevated liver tests within the first 
few weeks of  therapy. Late onset hepatotoxicity after 
several weeks of  nevirapine use has also been described 
in several cases and may be an idiosyncratic reaction to 
the drug[14]. Although several case reports have demon-
strated a cholestatic pattern of  nevirapine toxicity, VBDS 
has never been reported[15,16]. Our patient did not have 
fever and rash, but had evidence of  cholestatic hepatitis 
and a temporal association between nevirapine use and 
development of  biochemical abnormalities. Therefore, 
nevirapine toxicity was felt to be the most likely cause of  
cholestasis and VBDS in our patient. 

In summary, VBDS can result from multiple etiolo-
gies including autoimmune disorders, infections, neoplas-
tic disorders, genetic abnormalities and medications. The 
diagnosis is suggested by abnormal liver tests and paucity 
of  interlobular bile ducts on liver biopsy. To the best of  
our knowledge, this is the first reported case of  nevirap-
ine-induced cholestatic hepatitis in a patient with HIV 
leading to severe ductopenia and VBDS. VBDS should 

be considered in all HIV patients with chronic cholesta-
sis, especially those with a history of  nevirapine use.
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Abstract
We report a case of 71-year-old man who developed a 
hypersensitivity syndrome associated with terbinafine. 
He was placed on terbinafine (250 mg/d) for the treat-
ment of tinea pedis due to diabetes mellitus. Follow-
ing the treatment with terbinafine, he developed drug-
induced hypersensitivity syndrome (DIHS). Systemic 
corticosteroid led to transient improvement of his clinical 
manifestations. Three months after disease onset, he 
presented with panperitonitis due to ileal perforation, 
and underwent an emergency operation. The affected 
ileum was resected and ileostomy was performed in 
the terminal ileum. Cytomegalovirus (CMV)-specific IgG 
antibodies were significantly increased, high-titer CMV 
antigenemia was detected, and pathological examination 
of the resected ileum confirmed CMV infection. Based on 

these observations, we strongly recommend that physi-
cians monitor reactivation of the family of herpesvirus 
other than herpesvirus 6, to manage DIHS properly.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Terbinafine has become established as a drug of  choice 
to treat onychomycosis and other dermatomycoses. Al-
though previously reported cases of  drug-induced hyper-
sensitivity syndrome (DIHS) are notably uncommon (anti-
convulsants, salazosulfapyridine, allopurinol, minocycline, 
and mexiletine), the number of  reported cases of  DIHS 
induced by terbinafine has been increasing.

It is true human herpesvirus 6 (HHV-6) reactivation 
has been the most frequently described infection associ-
ated with this syndrome, but recent articles have suggested 
that certain herpesviruses other than HHV-6 might be 
reactivated in a sequential manner in the development of  
DIHS (multiple and sequential herpesvirus reactivation)[1-7].

Although rare, cytomegalovirus (CMV) is known to 
cause ileal perforation, not only in immunocompromised 
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patients such as those with the acquired immunodeficiency 
syndrome (AIDS) but also immunocompetent patients[8-11]. 
To the best of  our knowledge, especially in the English-
language literature, isolated cases of  ileal perforation due to 
CMV infection have never been reported in patients with 
DHIS. 

Here, we report a case of  isolated ileal perforation due 
to CMV in a case of  DIHS due to terbinafine, in whom re-
activation of  HHV-6, Epstein-Barr virus (EBV) and CMV 
was detected.

CASE REPORT
A 71-year-old Japanese man with diabetes mellitus with 
onychomycosis was treated with oral terbinafine. Other 
medical history was not remarkable: any anticonvulsants, 
mexiletine, and antibiotics such as minocycline and salazo-
sulfapyridine, were not prescribed. One week after taking 
terbinafine, he developed a high fever, erythema covering 
the whole body, and superficial lymph node swelling. Labo-
ratory data at that time showed leukocytosis (16 670/mm3)  
with 30.2% eosinophils. Atypical lymphocytes were not 
present. Liver enzymes were slightly elevated: 47 IU/L ala-
nine aminotransferase and 78 IU/L aspartate aminotrans-
ferase. DIHS was suspected and terbinafine administration 
was discontinued soon after the onset of  illness. As a result 
of  sustained fever and erythroderma for 1 mo, 30 mg/d 
systemic corticosteroid was started. After 7 d, his symp-
toms improved temporarily. However, tapering the cortico-
steroid dose to 25 mg/d led to recrudescence of  his fever 
and generalized rash (on day 50). Other results of  systemic 
corticosteroids were not remarkable. Retrospectively, sero-
conversion of  anti-HHV-6 antibody was detected; the titer 
increased from < 10 (on day 14) to 40 (on day 90). Judging 
from his drug history, characteristic generalized erythema-
tous rash and laboratory data, the diagnosis of  DIHS 
was confirmed. He was again administrated 30 mg/d  
prednisolone from day 50. Then, the patient was referred 
to our hospital (Osaka City General Hospital).

Examination on admission revealed erythematous rash 
over his entire body, with partially exfoliated lesions and 
superficial lymphadenopathy. Laboratory data included a 
normal count of  white blood cells without eosinophilia 
and normal liver enzymes. Antinuclear and antineutro-
phil cytoplasmic antibodies were negative. The patient 
was negative for human immunodeficiency virus (HIV). 
Histological examination of  the skin was not performed. 
Seventy days after the onset of  DIHS, the patient com-
plained of  abdominal discomfort, and occult blood tests 
were positive on two occasions. On day 80, colonoscopic 
examination was performed and no abnormality around 
the whole colon and terminal ileum was revealed. At that 
time, CMV antigenemia was strongly suggested by the 
direct detection of  viral antigen in the peripheral blood: 
CMV antigenemia-1, 56 and antigenemia-2, 89. CMV IgG 
titer increased to 128 and IgM titer was negative (< 0.8). 
Intravenous administration of  500 mg/d ganciclovir was 
started. However, fever with abdominal pain was present 
on day 82, and physical examination showed muscular 

defense in the entire abdomen. Abdominal computed 
tomography (CT) revealed free air, ascites, and swelling 
of  the ileal loop (Figure 1). He was diagnosed as having 
panperitonitis due to ileal perforation, and underwent an 
emergency operation. The affected ileum was resected and 
ileostomy was performed. Pathological examination of  the 
resected ileum revealed acute inflammation with vasculitis 
and CMV inclusions in the macrophages and endothelial 
cells, and evidence of  CMV on immunostaining (Figure 2).  
There was no evidence of  cancer cells or any other patho-
gens. Administration of  500 mg/d ganciclovir was contin-
ued, and CMV antigenemia was not detected on day 89. 
Unfortunately, the patient died from pneumonia. 

DISCUSSION
Terbinafine has become established as a drug of  choice 
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Figure 1  Histological examination of perforated ileum. A: Perforated ileal 
lesion (hematoxylin and eosin stain) × 40; B: × 400; C: Cytomegalovirus infection 
was evident in the same lesion, by immunohistochemical staining with anti-
cytomegalovirus antibody (× 200).
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to treat onychomycosis and other dermatomycoses. Al-
though previously reported cases of  DIHS are notably 
uncommon (anticonvulsants, salazosulfapyridine, al-
lopurinol, minocycline, and mexiletine), the number of  
reported cases of  DIHS induced by terbinafine has been 
increasing. It was thought that the present case met the 
criteria for DIHS because the patient had clear exposure 
to a given drug (in this case, terbinafine), high fever (> 
39℃); erythroderma followed by exfoliative dermatitis; 
diffuse lymphadenopathy; and hypereosinophilia (ab-
solute eosinophil count, 5032/mm3). The results of  a 
lymphocyte-stimulating test for terbinafine performed in 
our hospital were negative, and it was thought that treat-
ment with prednisolone may have affected the results.

Since Aihara et al[2] in 2001, it has been recognized that 
CMV is associated with hypersensitivity syndrome. Recent 
studies have suggested that reactivation of  members of  
the herpesvirus family other than HHV-6 could be associ-
ated with DIHS. Moreover, multiple herpesvirus reactiva-
tions and sequential reactivation have been reported in the 
case of  DIHS. The list of  viruses that have been docu-
mented to be reactivated include HHV-6, HHV-7, EBV 
and CMV[2-7]. In the present case, reactivation of  HHV-6, 
EBV and CMV was confirmed on the basis of  serological 
tests on paired serum samples for HHV-6 and EBV, and 
polymerase chain reaction for CMV. EBV reactivation was 
asymptomatic, which might have been due to administra-
tion of  corticosteroids.

The clinical course of  this patient can be divided in 
three phases: (1) hypersensitivity reaction with eosino-
philia; (2) relapse of  fever and rash due to HHV-6 reacti-

vation; and (3) ileal perforation due to CMV reactivation. 
Retrospectively, the worsening of  exanthema and poor 
control of  second fever in spite of  treatment with pred-
nisolone reflect virus reactivation. We speculate that the 
virus responsible for this phase was HHV-6, although 
we could not confirm the absence of  CMV infection in 
this period. The following abdominal pain and ileal per-
foration was due to CMV reactivation, as confirmed by 
pathological examination of  the resected ileum.

Our patient was unique in that CMV reactivation 
resulted in ileal perforation during the course of  DIHS. 
Although rare, CMV is known to cause ileal perforation, 
especially in immunocompromised patients, such as those 
with AIDS. To the best of  our knowledge, isolated cases 
of  ileal perforation due to CMV infection have never 
been reported in a patient with DIHS (Table 1)[8-11]. Al-
though it remains possible that systemic corticosteroid 
administration precipitated CMV reactivation, there is also 
a case report that demonstrated that a patient without any 
corticosteroids showed reactivation of  HHV-6, HHV-7 
and CMV[3]. Based on these observations, it is important 
for physicians to be aware of  the possible reactivation of  
CMV and other herpesviruses in every patient with DIHS, 
to avoid awkward small intestinal ulcer and perforation.

In summary, we have reported a case of  isolated ileal 
perforation due to CMV reactivation during the man-
agement of  terbinafine hypersensitivity. Although the 
prognosis in bowel perforation related to CMV infection 
is extremely poor, emergency surgery saved our patient’s 
life. However, earlier diagnosis and prompt administration 
of  antiviral drugs could have avoided surgical treatment. 
Although CMV could affect multiple organ functions and 
might be the direct cause of  death, effective medication 
such as ganciclovir is available. Therefore, it is strongly 
recommended that physicians monitor reactivation of  her-
pesviruses other than HHV-6, to manage DIHS properly.
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Figure 2  Abdominal computed tomography. A: Free-air, ascites; B: Swelling 
of the ileal loop.

Table 1  Previously reported causes of isolated ileal perforation 
due to CMV

AIDS
Non-Hodgkin’s lymphoma with chemotherapy
Systemic lupus erythematosus 
Liver transplantation
Ulcerative colitis
Recurrent gastric cancer
Blood transfusion associated with trauma
Immunocompetent elderly/neonatal
DIHS (present case) 

CMV: Cytomegalovirus; AIDS: Acquired immunodeficiency syndrome; 
DIHS: Drug-induced hypersensitivity syndrome.
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Abstract
We report a male patient with prolonged post-prandial 
abdominal distension and a sudden onset of epigastric 
pain initially diagnosed as acute abdomen. The patient 
had no history of surgery. Physical examination revealed 
peritonitis and abdominal computed tomography scan 
showed upper abdominal mesentery intorsion. The pa-
tient then underwent surgical intervention. It was found 
that the descending mesocolon dorsal root was con-
nected to the ascending colon and formed a membrane 
encapsulating the small intestine. The membrane also 
formed an orifice in the ileal pars caeca, from which a 
30 cm herniated ileum formed a “C”-shaped loop which 
was strangulated by the orifice. An abdominal sepa-
ration was diagnosed after surgery. We liberated the 
membranous peritoneum which incarcerated the intes-
tinal canal from the root of ileocecal junction to Treitz 
ligament, and reduced the small intestinal malrotation. 
The patient had an uneventful recovery after opera-

tion with his abdominal distention disappeared during 
the follow-up. Abdominal separation is a rare situation, 
which may be related with embryo development. Sur-
gery is a choice of treatment for it.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Acute abdominal pain, a common chief  complaint en-
countered in emergency department, accounts for about 
5% of  all emergency department visits[1] and can be 
caused by a variety of  conditions[2]. Many factors can re-
sult in acute abdominal pain, such as appendicitis, bowel 
obstruction, and cholecystitis[3]. This report describes 
a rare case of  abdominal separation in an adult male 
patient with strangulated internal hernia of  the terminal 
ileum complicating malrotation of  intestine, which has 
not been reported in the literature.

CASE REPORT
A 43-year-old man visited the emergency department of  
our hospital on December 31, 2007 for a sudden onset 
of  persistent epigastric pain for 10 h. He had a history 
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of  prolonged episodes of  postprandial abdominal disten-
sion. The pain was associated with nausea and vomiting 
without any clear inducing factors, and did not radiate to 
the back and shoulders. The symptoms included anorex-
ia, constipation, obstipation and poor sleep. Furthermore, 
he had no history of  abdominal surgery or trauma. On 
admission, his temperature was 36.5℃, blood pressure 
was 127/72 mmHg, respiratory rate and pulse rate were 
17 breaths/min and 70 beats/min, respectively. Physi-
cal examination showed tenderness, rebound tenderness 
and slight muscular rigidity in the right lower quadrant of  
abdomen. Laboratory findings included 86.8% of  neu-
trophils and 116.0 U/L of  hemoglobin. Plain abdominal 
X-ray revealed mildly dilated pneumatic intestinal canal 
loops but no typical air-fluid level shadow in the left up-
per quadrant of  abdomen (Figure 1). The patient was ini-
tially diagnosed as localized peritonitis which was differ-
entially diagnosed from acute appendicitis and intestinal 
mesentery intorsion.

The patient had no significant improvement after 
initial treatment with fluid replacement, antibiotics and 
gastrointestinal decompression. He developed peritonitis 
with the pain exacerbated. Computed tomography (CT) 
scan revealed suspicious upper abdominal mesentery in-
torsion (Figure 2). Exploratory laparoscopy demonstrated 
appendix in the retroileal position, descending mesocolon 
dorsal root that was connected to the ascending colon 
encapsulating the small intestine, an orifice in the ileal pars 
caeca from which a 30 cm herniated ileum formed a “C”-
shaped loop at the root of  ileocecal junction strangulating 
at the orifice, and a purple incarcerated intestinal canal. 

We liberated the incarcerated intestinal canal by open-
ing the membrane at the mesentery root from the ileoce-
cal junction to Treitz ligament and reduced the mesoileal 
malrotation. The strangulated intestine was about 50 cm 
from the ileocecal junction. After liberation, the intestinal 
canal was recovered with its color changed from purple 
to pink, and vascular pulsation was obvious and peristalsis 
was resumed.

The patient had an uneventful recovery and was dis-
charged on January 8, 2008. The patient was diagnosed as 
localized peritonitis, small intestinal malrotation, internal 

herniation, strangulation of  small bowel and abdominal 
separation after operation, and followed up for 18 mo 
during which no complications and post prandial abdomi-
nal distention occurred. 

DISCUSSION
Since a large number of  patients visiting emergency de-
partment complain of  acute abdominal pain and most 
of  them have typical symptoms and signs, appropriate 
evaluation can be accomplished with the aid of  relevant 
auxiliary investigations[3]. The complaints are usually re-
lieved after symptomatic treatment. In some rare cases, 
its initial diagnosis may be difficult as in our case. The 
incidence of  internal hernia is low, accounting for less 
than 1% of  all acute abdomen cases[4-6]. However, the 
overall mortality may be higher than 50% if  it is not ap-
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Figure 1  Plain abdominal X-ray. Mildly dilated pneumatic intestinal canal loops 
but no typical air-fluid level shadow in the left upper quadrant of abdomen.
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Figure 2  Computed tomography scan. Suspicious upper abdominal mesentery 
intorsion (A, arrow), right lower quadrant intestinal loop (B, arrow), middle 
abdominal line separation (C, arrow).



propriately treated, especially when strangulation occurs. 
A fast and correct diagnosis is therefore necessary. 

Our patient suffered from abdominal pain which ex-
acerbated although it was treated with fluid resuscitation 
and antibiotics. Nasogastric tube decompression did not 
produce desirable effect and vomiting continued. Since 
the condition was nonspecific, its differential diagnosis 
was difficult from acute abdomen caused by factors such 
as mechanical intestinal obstruction. Plain abdominal X-ray 
has been recommended for patients with highly suspected 
obstruction[7-9] according to The Royal College of  Radi-
ologists Guidelines[10]. A single plain abdominal X-ray is 
not adequate to make a definitive judgment of  suspected 
obstruction[9], and CT scan is the reasonable next step 
for further investigation of  abdomen[2,11]. Abdominal CT 
scan has a good inter-observer agreement in unselected 
patients with acute abdominal pain at emergency depart-
ment and plays an important role in diagnosis of  acute in-
testinal obstruction and in planning of  surgical treatment. 
Although internal hernias are uncommon, they should be 
included in the differential diagnosis from intestinal ob-
struction, especially in the absence of  abdominal surgery 
or trauma. Recognition of  the characteristic findings on 
CT scan may assist in identification of  internal hernias in 
most cases of  small bowel obstruction. Since the general 
condition of  this patient deteriorated very quickly and CT 
revealed a mesentery intorsion, surgery was performed. 
The function of  strangulated bowel was recovered after 
its loop was released and the mesenteric malrotation was 
reduced. 

Although abdominal separation in our case could not 
be definitely diagnosed before operation by the radiolo-
gist and clinician[8] due to the presence of  peritonitis, 
surgery was performed during which the otherwise rare 
phenomenon of  abdominal separation was discovered, 
namely a membrane divides the abdominal cavity into 
two compartments. The anterior compartment contains 
the colon, while the posterior compartment encapsu-
lates the small intestine, forming an orifice at the end of  
ileocecal junction. It is at this orifice that a 30 cm ileum 
is protruded and strangulates the anterior compartment, 
causing abdominal pain. A CT scan showed an intra-
abdominal membrane-like line dividing the two compart-
ments (Figures 2 and 3). Ultrasonography did not show 
specific intraabdominal evidence (Figure 4). This patient 
experienced episodes of  post prandial abdominal disten-
sion, which supported the findings on abdominal CT 
scan and at operation. His symptoms were relieved after 
operation. We therefore recommend that abdominal sep-
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Figure 4  Abdominal and kidney ultrasonography showing no mass and 
fluid collection (A), left (B) and right (C) normal kidney structure.
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Hernia
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B

Figure 3  Schema showing a membrane separating the peritoneal cavity into 
two compartments (A) and descending mesocolon dorsal root connecting 
with the ascending colon (B).
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aration should be differentially diagnosed from acute ab-
domen. Early diagnosis and operation will greatly reduce 
the morbidity and mortality of  intestinal strangulation. 

The intestine has returned to the abdominal cavity and 
the midgut consisting mainly of  the duodenum, jejunum, 
ileum, ascending colon, and transverse colon has com-
pleted its 270-degree loop by weeks 10 and 20 of  embryo 
development, respectively. With the growth of  small in-
testine, the ascending and descending colon are pushing 
against the body wall in a secondary retroperitoneal loca-
tion like the pancreas and duodenum[12,13]. Whether the 
mesentery separates abdomen into two parts of  peritonum 
during the development is not well known. Whether there 
is any genetic change needs to be further investigated. 

In conclusion, abdominal separation with internal her-
nias is a rare condition that can present as acute abdomen. 
Such patients can recover if  they are properly treated. We 
strongly recommend that abdominal separation should be 
differentially diagnosed from acute abdomen. 
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Neither the editors nor the publisher are responsible for the opinions 
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BioMed Scientific Co., Ltd, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
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TO AUTHORS (ht tp ://www.wjgnet .com/1007-9327/
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wjg@wjgnet.com, or by telephone: +86-10-5908-0039. If  you submit 
your manuscript online, do not make a postal contribution. Repeated 
online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
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submitted using word-processing software. All submissions must 
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required 
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Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should 
be provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by International Committee of  Medical Journal 
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drafting the article or revising it critically for important intellectual 
content; and (3) final approval of  the version to be published. 
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reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g., Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should 
be provided. Author names should be given first, then author 
title, affiliation, the complete name of  institution, city, postcode, 
province, country, and email. All the letters in the email should be 
in lower case. A space interval should be inserted between country 
name and email address. For example, Montgomery Bissell, MD, 
Professor of  Medicine, Chief, Liver Center, Gastroenterology 
Division, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g., 
Telephone: +86-10-59080039 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJG, reviewers 
of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 
accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
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Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. AIM 
(no more than 20 words): Only the purpose should be included. 
Please write the aim as the form of  “To investigate/study/…; 
MATERIALS AND METHODS (no more than 140 words); 
RESULTS (no more than 294 words): You should present P values 
where appropriate and must provide relevant data to illustrate 
how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; 
CONCLUSION (no more than 26 words). 

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles, rapid communication 
and case reports, the main text should be structured into the 
following sections: INTRODUCTION, MATERIALS AND 
METHODS, RESULTS and DISCUSSION, and should include 
appropriate Figures and Tables. Data should be presented in the 
main text or in Figures and Tables, but not in both. The main 
text format of  these sections, editorial, topic highlight, case 
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report, letters to the editors, can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315215714.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a separate 
page. Detailed legends should not be provided under the figures. 
This part should be added into the text where the figures are 
applicable. Figures should be either Photoshop or Illustrator 
files (in tiff, eps, jpeg formats) at high-resolution. Examples can 
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet .com/1007-9327/13/4554.pdf; 
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements 
compiled is necessary in line-art image. Scale bars should 
be used rather than magnification factors, with the length 
of  the bar defined in the legend rather than on the bar 
itself. File names should identify the figure and panel. Avoid 
layering type directly over shaded or textured areas. Please use 
uniform legends for the same subjects. For example: Figure 1 
Pathological changes in atrophic gastritis after treatment. A:...; B:...; 
C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish high 
resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain 
sequence.
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