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Abstract
Cardiovascular abnormalities accompany both portal hy-
pertension and cirrhosis. These consist of hyperdynamic 
circulation, defined as reduced mean arterial pressure 
and systemic vascular resistance, and increased cardiac 
output. Despite the baseline increased cardiac output, 
ventricular inotropic and chronotropic responses to 
stimuli are blunted, a condition known as cirrhotic car-
diomyopathy. Both conditions may play an initiating or 
aggravating pathogenic role in many of the complications 
of liver failure or portal hypertension including ascites, 
variceal bleeding, hepatorenal syndrome and increased 
postoperative mortality after major surgery or liver 
transplantation. This review briefly examines the major 
mechanisms that may underlie these cardiovascular ab-
normalities, concentrating on nitric oxide, endogenous 
cannabinoids, central neural activation and adrenergic 
receptor changes. Future work should address the com-
plex interrelationships between these systems.

© 2006 The WJG Press. All rights  reserved.

Key words: Hyperdynamic circulation; Portal hyperten-
sion; Cirrhotic cardiomyopathy; Hemodynamics; Nitric 
oxide; Endocannabinoid; cGMP

Liu H, Gaskari SA, Lee SS. Cardiac and vascular changes in 
cirrhosis: Pathogenic mechanisms. World J Gastroenterol 
2006; 12(6):  837-842

 http://www.wjgnet.com/1007-9327/12/837.asp

INTRODUCTION
The cardiovascular system in patients with cirrhosis or 

portal hypertension is abnormal. The circulation becomes 
hyperdynamic, characterized by increased cardiac output 
and decreased peripheral vascular resistance and arterial 
pressure. Moreover, despite the increased cardiac output at 
rest, with stressful stimuli such as hemorrhage, surgery or 
vasoactive drug administration, the ventricular response is 
blunted, a condition known as cirrhotic cardiomyopathy. 
These cardiovascular abnormalities have been suggested 
to induce or aggravate several complications of  cirrhosis 
such as renal salt and water retention, variceal bleeding, 
hepatopulmonary syndrome, and increased cardiovascular 
fragility under stress. Recent reviews have detailed the 
clinical aspects of  hyperdynamic circulation[1,2] and 
cirrhotic cardiomyopathy[3-5]. This review will summarize 
the recent work on pathogenic mechanisms underlying 
these two conditions.

HYPERDYNAMIC CIRCULATION
Peripheral vasodilatation is central to hyperdynamic 
circulation and portal hypertension in cirrhosis. However, 
the factors directly initiating vasodilatation remain 
obscure. A hypothesis that has received much attention 
over the past three decades is the “humoral factor” 
theory. In cirrhosis, increased intrahepatic resistance 
induces portosystemic collateral formation, allowing gut-
derived humoral substances to directly enter the systemic 
circulation without detoxification by the liver. The 
following gut-derived or locally-produced humoral factors 
have been implicated as possible mediators of  peripheral 
vasodilatation in cirrhosis or portal hypertension.

Endocannabinoids
Endocannabinoids are lipid-like substances that act on two 
inhibitory G protein-coupled receptors, CB1 and CB2. 
The vasodilatory effect of  endogenous cannabinoids in 
cirrhosis was first reported in 2001[6]. Anandamide, an 
endogenous cannabinoid or endocannabinoid, is increased 
in monocytes of  cirrhotic rats[6,7], and its receptor CB1 is 
also upregulated in the vascular endothelium of  patients 
with cirrhosis[6]. Infusing monocytes isolated from 
cirrhotic rats into normal rats decreases the mean arterial 
pressure in the recipients. Furthermore, administering 
a CB1 receptor antagonist SR141716A to cirrhotic rats 
increases the total peripheral resistance[6,7], both studies 
demonstrated that SR141716A significantly increases 
the reduced arterial pressure in cirrhosis, and blocks the 
hypotension induced by the infusion of  isolated cirrhotic 
monocytes into normal rats[6,7]. Batkai and colleagues also 
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found that SR141716A decreases mesenteric blood flow 
and portal venous pressure in cirrhotic rats[6]. All of  these 
data indicate that the vascular tone in cirrhosis is regulated 
by CB1 receptors in both the splanchnic and systemic 
circulations.
    Besides vasodilatation, anandamide rapidly and dose-
dependently induces apoptosis in primary culture-activated 
and in vivo-activated hepatic stellate cells, with over 70% 
cell death after 4 h at 25 µmol/L[8]. This effect could 
alter the hepatic sinusoidal microcirculation and enhance 
the development of  portal hypertension that leads to 
hyperdynamic circulation.
    How does cirrhosis leads to increased endocannabinoids? 
Varga and co-workers found that bacterial endotoxin 
stimulates endocannabinoid production in cirrhosis[9]. 
The upregulation of  CB1 receptors in cirrhotic vascular 
endothelium and thus increased end-organ sensitivity may 
also enhance endocannabinoid vasodilator tone[6].

Nitric oxide
NO has been extensively studied. It is now clear that in 
cirrhosis, changes in NO activity affect different vascular 
beds in variable ways. In the liver microcirculation, 
endothelial-constitutive NO synthase (eNOS or NOS3) 
expression is decreased in a cirrhotic rat model[10]. 
Simvastatin enhances hepatic nitric oxide production 
and decreases the hepatic vascular tone in patients with 
cirrhosis[11]. An NO donor[12] or NOS3 gene transfection[10], 
which compensates for the decreased hepatic NOS3 
expression, significantly lowers the increased portal 
pressure in cirrhosis.
    In contrast, systemic NO production is increased in 
cirrhotic patients and animal models[13-15]. Moreover, 
normalization of  NO production in cirrhotic rats, by 
achieving normal concentrations of  aortic cGMP with 
small doses of  the NOS inhibitor L-NAME, normalizes 
the decreased peripheral vascular resistance and the 
increased cardiac output[16]. In vitro, an NO inhibitor 
reverses the hyporeactivity of  blood vessels from cirrhotic 
rats to vasoconstrictors[17].
    All these results strongly support the hypothesis 
that increased NO production is a major factor in the 
peripheral arterial vasodilation of  cirrhosis. Agents 
promoting nitric oxide production include inflammatory 
cytokines and endotoxin. In that regard, selective intestinal 
decontamination with norfloxacin partially reverses the 
hyperdynamic circulatory state in cirrhotic patients, 
suggesting a role for the endotoxin-NO pathway[18]. 
Where does this endotoxin come from in cirrhosis? First, 
alcohol is a major cause of  cirrhosis in Western countries, 
and alcoholic gastrointestinal mucosal damage[19], could 
potentially facilitate transfer of  bacteria into the circulation. 
Second, portosystemic shunting allows gut-derived 
bacterial endotoxins passage to the systemic circulation. 
Third, cirrhotic patients with portal hypertension show 
intestinal structural abnormalities characterized by 
vascular congestion and edema, which leads to increased 
intestinal permeability to bacterial toxins[20]. Fourth, 
intestinal bacterial overgrowth and bacterial translocation 
are increased in cirrhosis[21]. Besides endotoxins, the 
other possible factors stimulating NO production include 

cytokines such as TNF-α, IL-1, IL-6, and IFN-γ [22-24] 
Among these, TNF-α has been studied the most. Lopez-
Talavera et al found that anti-TNF-α antibody increases 
mean arterial pressure and systemic vascular resistance, 
and decreases cardiac index and portal pressure[25]. In 
our 4-week BDL rats, in parallel with increased serum 
TNF-α, aortic NOS3 expression and serum nitrate/nitrite 
concentrations were increased[26].
    Although the evidence is strong that the increased 
NOS activity in cir rhosis plays an important role 
in hyperdynamic circulation in cirrhosis, it remains 
obscure which NOS isoform is involved. The majority 
of  previous studies have used a nonspecific NOS 
inhibitor to diminish NO production. However, a recent 
study used aminoguanidine, a preferential inhibitor of  
NOS2 (inducible NOS), and showed that in vivo, the 
hyperdynamic circulation in portal hypertensive rats is 
reversed[27]. But in another study aminoguanidine had 
no in vitro effect on the hyporeactivity of  aortic rings 
from cirrhotic rats[28]. We have recently evaluated the 
activity of  the L-arginine-NO pathway at different 
levels[26]. Although NOS2 mRNA was detectable in the 
cirrhotic aorta, no NOS2 protein was observed in our 
Western blots. It is unclear why the mRNA was not 
expressed as a protein. It might have been degraded or 
not been transcribed. It is also possible that our method 
of  Western blotting did not allow the detection of  small 
amounts of  NOS2 protein.
    A consistent augmentation in the expression of  NOS3 
mRNA and protein levels is observed in cirrhotic rats. 
Because NOS3 can be upregulated by stimuli such as shear 
stress and mechanical deformation, some have suggested 
that hyperdynamic circulation is the cause rather than the 
consequence of  the activation of  the NO pathway[14,29,30]. 
In addition, there may be other reasons for the increased 
NOS3. Cirrhosis is associated with increased levels of  
estrogens[31,32], and these compounds have been shown 
to upregulate NOS3 activity[33]. Other factors which may 
stimulate NOS3 expression need further investigation.
     What is the role of  another isoform of  NOS, neuronal 
NOS (nNOS or NOS1)? Xu and his colleagues have 
demonstrated that nNOS expression is significantly 
increased in rat cirrhotic aortae[34]. Furthermore, an nNOS-
specific inhibitor, 7-nitroindazole (7-NI), significantly 
decreased the sodium and water retention and normalized 
the hyperdynamic indices such as cardiac index, mean 
arterial pressure, and systemic vascular resistance in these 
rats[34]. Biecker et al also showed that nNOS partially 
compensates for the absence of  eNOS in producing 
hyperdynamic circulation in eNOS-gene knockout mice[35]. 
These data indicate that the nNOS isoform plays a major 
pathogenic role in hyperdynamic circulation, and perhaps 
even in renal salt and water retention in cirrhosis.
    It seems that endocannabinoids and nitric oxide may 
both play an important role in hyperdynamic circulation, 
but what is the relationship between them? The literature 
remains inconclusive. In a kidney study, Deutsch et al found 
that the vasodilatation of  anandamide is NO dependent, 
because the NOS inhibitor L-NAME completely blocked 
the vasodilatory effect of  anandamide, similar to a CB1 
antagonist[36]. However, another study showed no effect 
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of  L-NAME infusion on the hypotensive effects of  
anandamide[7].
    Some studies suggest the possible involvement of  other 
humoral vasodilators, but a definitive pathogenic role for 
any of  these substances remains elusive. This list includes: 
glucagons[37], prostaglandins[38], GABA[39], VIP[40], bile 
acids[41], endotoxin, histamine[42] and adenosine [43].

Central neural mechanisms
Although most research has focused on the humoral 
mediators, in recent years we and others have shown 
an important mechanistic role of  central nervous 
system (CNS) activation. A decade ago, our laboratory 
demonstrated that primary afferent denervation by 
capsaicin reversed the hyperdynamic circulation in rats with 
cirrhosis or portal hypertension due to portal vein stenosis 
(PVS)[44]. What is the relationship between the CNS and 
hyperdynamic circulation in portal hypertension? Using 
c-fos, an immediate-early gene (whose protein product can 
be detected by immunohistochemistry as Fos), as a marker 
of  central neuronal activation, we have showed that the 
brainstem and hypothalamic cardiovascular-regulatory 
nuclei are activated at the first day after PVS, whereas the 
hyperdynamic circulation does not start up until 3-5 days 
after PVS. This time sequence suggests that central neural 
activation is the initiating signal in the pathogenesis of  
hyperdynamic circulation.
    Subsequent ly, in por ta l hyper tensive rats, we 
microinjected c-fos antisense oligonucleotide into one of  
the major cardiovascular-regulatory brainstem nuclei, 
the nucleus tractus solitarius (NTS), to block local 
Fos expression. This treatment completely blocked 
the development of  the hyperdynamic circulation, i.e., 
abnormalities in cardiac output, mean arterial pressure and 
systemic vascular resistance were completely eliminated[45]. 
In normal control rats, c-fos antisense oligonucleotides 
had no effect [45]. These results indicate that central neural 
activation is a sine qua non for the development of  the 
hyperdynamic circulation in portal hypertension.
    The CNS, as the controller of  the circulation, 
presumably would not arbitrarily activate the cardiovascular 
system without reason. This raises the question of  what 
the initiating signal is? Likely, it is somehow related to 
the portal hypertension per se. Moreover, the exact route 
of  signaling from the periphery to the CNS remains 
unclear. The aforementioned capsaicin study suggests 
that primary afferent nerves may be the signaling pathway 
from the periphery to the CNS[44]. Our subsequent study 
showed that capsaicin-treated BDL rats improve the 
renal function and do not develop ascites[46]. Moreover, 
both BDL-cirrhotic and portal hypertensive rats show 
diminished Fos expression in NTS after capsaicin-
induced denervation of  the afferent nerves as neonates[46]. 
These observations indicate that intact primary afferent 
innervation is necessary for the central neuronal activation 
and development or maintenance of  hyperdynamic 
circulation. Additionally, sodium retention and ascites 
formation is also dependent on either the presence of  
hyperdynamic circulation or intact afferent innervation, or 
both. The complex relationship between CNS activation, 
local or neurohormonal humoral factor stimulation, 

and cardiovascular disturbances in cirrhosis/portal 
hypertension continues to be studied in several labs. 

CIRRHOTIC CARDIOMYOPATHY 
This syndrome was first described in the late 1960s, 
although for many years, it was mistakenly attributed to 
latent or subclinical alcoholic cardiomyopathy[47-49]. However, 
studies in human and animal models with nonalcoholic 
cirrhosis, dating from the mid-1980s showed a similar 
pattern of  increased baseline cardiac output with blunted 
response to stress[4]. The clinical features of  cirrhotic 
cardiomyopathy include blunted systolic and diastolic 
contractile responses to stress, in conjunction with evidence 
of  ventricular hypertrophy or chamber dilatation and 
electrophysiological abnormalities including prolonged QT 
interval. Recent studies suggest the presence of  cirrhotic 
cardiomyopathy may contribute to the pathogenesis 
of  hepatorenal syndrome precipitated by spontaneous 
bacterial peritonitis[50], acute heart failure after insertion of  
transjugular intrahepatic portosystemic shunts (TIPS)[51,52], 
and increased cardiovascular morbidity and mortality after 
liver transplantation[53]. Therefore this syndrome is more 
than an academic curiosity, but rather an important clinical 
entity. We herein review possible pathogenic mechanisms 
reported by our laboratory and others.

Endocannabinoids
Endocannabinoids are known to have a negative inotropic 
effect on cardiac contractility in both human[54] and 
rats[55]. The plasma level of  an endogenous cannabinoid, 
anandamide, is known to be increased in cirrhosis[6]. We 
recently demonstrated a major role for increased local 
cardiac production of  endocannabinoids in cirrhotic 
cardiomyopathy[56]. This conclusion is based on the 
restoration of  blunted contractile response of  isolated left 
ventricular papillary muscles from BDL-cirrhotic rats after 
preincubation with a CB1 antagonist, AM251. Additionally, 
endocannabinoid reuptake blockers (VDM11 and AM404) 
enhance the relaxant response of  cirrhotic papillary muscle 
to higher frequencies of  contraction in an AM251-sensitive 
fashion, suggesting an increase in the local production of  
endocannabinoids acting through CB1 receptors. Other 
in vitro evidence suggest a main neuronal source for the 
increase in local production of  endocannabinoids, as these 
effects were mostly abolished by pretreatment with the 
neurotoxin tetrodotoxin[56].

β-adrenergic signaling
Cardiac-adrenergic signaling is one of  the main regulators 
of  cardiac contractility. Adrenergic receptors increase 
adenylyl cyclase activity through stimulatory G proteins. 
Increased production of  cAMP in turn results in an 
increase in calcium influx and contractile force mainly 
through activation of  protein kinase A (PKA). We have 
previously shown that expression and responsiveness 
of  β-adrenergic receptors[57] as well as its post receptor 
signaling pathway is blunted in cardiac tissue of  cirrhotic 
rats. Post receptor impairment was found at different 
levels including content and function of  stimulatory Gs-
proteins[58], uncoupling of  the β-adrenoceptor-ligand 
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complex from G protein[59], and responsiveness of  adenylyl 
cyclase to stimuli[58,60].

Membrane fluidity
Biochemical and biophysical properties of  the cell 
membrane determines the mobility of  membrane-bound 
protein moieties. This mobility is known as membrane 
fluidity[61], which is shown to be an important factor in 
the function of  a number of  membrane-bound receptors 
including β-adrenergic receptors[62]. We have shown that 
membrane fluidity in cardiomyocytes from bile duct-
ligated rats is decreased in association with an increase 
in membrane cholesterol content and cholesterol/
phospholipid ratio[58]. Restoration of  these abnormalities 
in vitro results in normalization of  blunted response 
of  β-adrenergic receptors[58]. Alterations in membrane 
fluidity may also play a role in abnormal function of  other 
membrane-bound components in cirrhotic cardiomyocytes 
including ion channels. The significant decrease in K+ 
currents through Ca2+-independent transient outward K+ 
channel and the delayed rectifier current reported by Ward 
et al is an example that requires further investigation[63].

Nitric oxide
Nitric oxide is known to negatively regulate cardiac 
contractile function. It has been shown to be involved in 
some types of  cardiac dysfunction including ischemic heart 
disease[64]. Balligand et al have reported that non-selective 
blockade of  NOS augments the contractile response of  
rat ventricular myocytes to the β-agonist isoproterenol 
without affecting the baseline contractility[65]. Whether this 
effect is mediated by the inhibition of  adenylyl cyclase 
activity by NO[66] or through the second messenger, 
cyclic guanosine monophosphate (cGMP), remains to be 
elucidated. Possible effects of  NO on cardiac function 
in physiological and some pathophysiological states were 
extensively reviewed previously[67,68].
    As noted previously, cir rhosis is known to be 
associated with NO overproduction[29]. Involvement of  
NO overproduction in the development of  cirrhotic 
cardiomyopathy was first reported in 1996 by Van Obbergh 
et al in the BDL rat. They showed that a nonselective 
NOS inhibitor, L-NMMA, restored the blunted contractile 
function of  isolated heart from cirrhotic rats while it 
had no significant effect in control animals[69]. We have 
reported a similar effect in isolated left ventricular papillary 
muscles of  cirrhotic rats. Furthermore, we observed that 
iNOS and not eNOS mRNA and protein expression were 
significantly increased in the heart of  a cirrhotic rat[22]. 
Increased levels of  cGMP in cirrhotic ventricles and 
elevated serum and cardiac levels of  cytokines like TNF-α 
suggest a cytokine/iNOS/cGMP pathway for this effect[22].

Carbon monoxide
Carbon monoxide (CO) is mainly produced in the body 
through the action of  heme oxygenases. These enzymes 
are responsible for converting heme to biliverdin and 
CO. Like NO, CO activates soluble guanylate cyclase 
resulting in increased levels of  cGMP[70,71]. Expression of  
inducible heme oxygenase (HO-1) mRNA was increased 
in the right ventricle in a canine model of  congestive heart 

failure[72]. We previously reported an increase in mRNA 
and protein expression of  HO-1 in left ventricle of  bile 
duct-ligated rats, which was associated with an increase in 
left ventricular cGMP levels[73]. Furthermore, treatment of  
cirrhotic heart with an HO inhibitor, zinc protoporphyrin 
IX, restored the elevated cGMP levels[73]. These findings 
suggest the involvement of  an HO-CO-cGMP pathway in 
the development of  cirrhotic cardiomyopathy.

CONCLUSION
Cardiovascular abnormalities consisting of  hyperdynamic 
circulation and cardiomyopathy are frequent complications 
in cirrhotic patients and may contribute to significant 
morbidity and mortality, especially under stressful 
conditions. Underlying mechanisms of  cardiac dysfunction 
and vascular abnormalit ies in cir rhosis have been 
separately explored in recent years, but a number of  
vasoactive mediator systems may be common to the 
genesis of  both conditions. We believe that central neural 
activation plays an important initiating role in the genesis 
of  hyperdynamic circulation, eventually leading to an 
imbalance between the tonic vasodilator vs vasoconstrictor 
tone, with a predominance of  the former. Predominant 
among these peripheral vasodilator pathways are NO 
and endocannabinoids. The mechanisms of  cirrhotic 
cardiomyopathy include altered cardiomyocyte plasma 
membrane physicochemical properties, impairment of  
β-adrenergic receptor signaling pathways, and overactivity 
of  NO, carbon monoxide and endocannabinoid systems. 
Considering the undeniable interrelation of  these systems, 
further studies are required to elucidate the complex 
interactions between these mechanisms.
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takes place in two compartments: the lamina propria and 
the epithelium. While lamina propria CD4 T cells have 
a recognized role in the pathogenesis of  CD, the role of  
CD8 T cells in the intestinal epithelium is controversial[5].

CD is characterized by intestinal malabsorption and 
subtotal or total atrophy of  intestinal villi which improves 
after gluten-free diet (GFD)[6]. The classic form of  CD 
presents several symptoms such as diarrhea, abdominal 
pain, weight loss and nutritional deficiencies, particularly 
of  iron, folate, calcium, and vitamin D[7]. However, there 
is a large variety of  clinical presentations characterized by 
the presence of  extra-intestinal manifestations, including 
anemia[8], persistent hypertransaminasemia[9], osteopenia[10], 
neurological[11], psychiatric and affective disorders[12-14], 
features of  hyposplenism (Howell-Jolly bodies and 
thrombocytosis)[15] and autoimmune diseases[6]. In the last 
years, growing evidence has documented the involvement 
of  skin diseases among the extra-intestinal manifestations 
of  CD[17]. The aim of  this review is to report all CD 
associated skin manifestations described in the English 
literature and to analyze the possible mechanisms involved 
in this association.

Dermatitis herpetiformis
Dermatitis herpetiformis (DH) is a well-described entity, 
presenting as an itchy, chronic, papulovesicular eruption 
which may leave pigmentation and scarring[18]. Classically, 
skin lesions are characterized by a symmetrical eruption 
on the extensor surfaces of  the body such as the knees, 
elbows, buttocks, and back. DH tends to occur more in 
the adult male (M/F ratio 2:1) who may also present with 
the involvement of  oral and genital membranes. However 
this pattern is reversed in children who may simply have 
purpura over the palmar surfaces. The age of  onset varies 
with geographical location and the incidence is highest 
in Ireland and Sweden and rare in Asia[19]. Histology 
of  lesional skin shows micro abscesses consisting of  
neutrophils and eosinophils within the dermal papillae. 
Sub-epidermal vesicles and bullae are produced within 
the lamina lucida as a result of  collagen degradation. 
Furthermore there is an increased number of  activated 
T cells. Direct immunofluorescence of  the normal 
skin shows the pathogenomic granular IgA deposits in 
the papillary dermis but the exact target antigen is still 
unknown[19-21]. These deposits are often associated with C3 
to support the suggestion that the complement is activated 
via the alternative pathway and C5[22,23]. The activated 
fraction, C5a, is highly chemotactic for neutrophils and 
may contribute to the inflammatory change at the papillary 
tip.

HLA studies in patients, who have DH based on 
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Abstract
Celiac disease (CD) is an autoimmune gluten-dependent 
enteropathy characterized by atrophy of intestinal 
villi that improves after gluten-free diet (GFD). CD is 
often associated with extra-intestinal manifestations; 
among them, several skin diseases are described in CD 
patients. The present review reports all CD-associated 
skin manifestations described in the literature and tries 
to analyze the possible mechanisms involved in this 
association. The opportunity to evaluate the possible 
presence of CD in patients affected by skin disorders is 
discussed.
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INTRODUCTION
Celiac disease (CD) can be defined as a chronic immune-
mediated gluten-dependent enteropathy, resulting from 
an inappropriate T-cell-mediated immune response, 
against ingested gluten in genetically predisposed people[1]. 
Epidemiological studies have shown that CD is very 
common and affects about 1 in 250 people[2]. CD is a 
multigenic disorder associated with HLA-DQ2 (DQA1*/
DQB1*2) expressed in more than 90% of  patients, or 
HLA-DQ8 (DQA1*0301/DQB1*0302)[3]. The expression 
of  these molecules is necessary, but not sufficient, to 
develop the disease[4]. The immune response to gluten 
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clinical and immunological criteria, have shown that 
85-90% are HLA B8-positive and that there is an even 
stronger associat ion with HLA DW3 and DRW3. 
Interestingly, patients with a GSE without DH show a 
similar high incidence of  these antigens[24]. Specific B cell/
macrophage antigens have been noted in patients with DH 
and the gluten-sensitive enteropathy[25]. Family studies have 
shown that these B cell antigens segregated independently 
of  HLA antigens[26]. One hypothesis is that both HLA and 
non-HLA disease genes are necessary for the development 
of  lymphoid cell surface receptors that recognize gluten.

Antigluten, antiendomysium, antigliadin and tissue 
transglutaminase antibodies have been detected in patients 
with DH[27-29]. These gluten-specific cells migrate to 
the gut mucosa where they mediate cytotoxic reactions 
involving the epithelial cells[30]. There is an immunogenetic 
association with HLA DR3 DQW2 (HLA class II alleles 
DQAI 0501 and DQBI 0201), which is very much more 
common in Caucasians than in Orientals and may be 
important for the different incidences of  DH in different 
ethnic populations. Gluten must be present in the diet for 
the development of  DH; however, a genetic susceptibility 
to gluten has been proposed as an etiological mechanism. 
This observation could explain why DH is very common 
in some Asian populations, which have a low daily gluten 
intake (e.g., 7-8 g/d in Korea) compared with Western 
populations which have higher daily gluten intake (e.g., 
15-20 g/d in Scandinavia)[19].

As CD and DH may seem to be vastly different, they 
both share a unique intestinal sensitivity to gluten, with 
the rash of  DH thought to be an external marker of  the 
underlying intestinal sensitivity that is likely to be the result 
of  molecular mimicry between the auto antigen tissue 
transglutaminase resident in the gut and the skin derived 
epidermal transglutaminase.

Although patients with DH are unlikely to have 
gastrointestinal symptoms or features of  malabsorption, 
they have small intestinal histopathologic changes, with 
either a classical atrophic appearance with complete villous 
atrophy, or more commonly a more subtle infiltrative 
pattern with partial or no villous atrophy. When there is a 
suspicion of  DH with a negative skin biopsy but serologic 
evidence of  CD, a skin biopsy should be repeated 
given the patchy nature of  the lesions, and referral to 
a gastroenterologist for small bowel biopsy should be 
pursued. Interestingly, topical skin application of  gluten-
containing products does not produce the rash of  DH in 
susceptible patients; however, oral or rectal introduction of  
gluten has been found to result in the classic DH rash[31,32].

The DH rash is often treated with dapsone in 
conjunction with the gluten withdrawal. In addition 
to improving the histological changes of  the small 
intestine, the gluten-free diet may also allow a reduction 
of  suppressive medication[32]. Just as patients with CD 
are at a higher risk of  malignancies such as lymphomas, 
so are those patients with DH not compliant with GFD, 
which should motivate patients with DH to follow the diet 
regardless of  the absence of  other symptoms[31].

Linear IgA bullous dermatosis
Linear IgA bullous dermatosis (LABD) is a rare disease 

characterized by erythematous papules or groups of  
small vesicles. The onset may be acute or gradual and the 
predominant symptom is usually pruritus. Immunoelectron 
microscopic studies have shown a linear deposition of  
IgA along the lamina lucida or in the sub-basal lamina 
area of  stratified squamous epithelium[32]. At the moment, 
it is considered as a distinct entity from DH and Bullous 
pemphigoid[32,33]. The incidence of  gluten sensitivity 
enteropathy (GSE) in LABD has been described in 
the literature to range from 0% to 24%[33-36]. The HLA 
haplotype (A1, B8, DR3) of  LABD patients is often that 
found in classic DH which is in >85% of  CD patients[37,38]. 
Although the prevalence of  CD is low in LABD, some 
authors have suggested a diagnosis of  GSE in these 
patients[34-36,39].

Urticaria
Urticaria is an eruption of  transient erythematous or 
edematous swellings of  the dermis or sub-cutaneous 
tissue and is due to a local increase of  permeability of  
capillaries and small venules. Hautekeete et al [40] first 
described the association between CD and chronic 
urticaria, although this association is still debated[41]. 
Adults with CD also often have an increase of  atopic 
or immunologic disorders[42,43]. Scala et al reported that 
a GFD eliminated both skin and intestinal symptoms in 
patients with concomitant CD and chronic urticaria[44]. 
The passage of  antigens and immune-complex formation 
may be facilitated by an increased mucosal permeability. 
Theoretically, this mechanism might cause urticarial lesions 
and so, by restoring the integrity of  the mucosa, a gluten-
free diet might resolve skin symptomatology.

Hereditary angioneurotic edema
Hereditary angioneurotic edema (HANE) is characterized 
by recurrent edematous attacks in the sub-cutis and 
sub-mucous due to C1-esterase inhibitor (C1-INH) 
deficiency[45]. Brickman et al [46,47] described HANE in 
association with inflammatory bowel diseases (IBD). 
In 2002, Farkas et al[48] first described the simultaneous 
occurrence of  HANE and CD. The classic activation 
pathway of  the complement system plays a potential role 
in the immune regulation of  both disorders: it is deficient 
in HANE and gluten is a potent activator of  the alternative 
pathway in CD[49]. There might also be a genetically 
determined etiology of  both diseases[50]. Complement 
testing is justified whenever the GI symptoms of  CD 
persist despite restoration of  damaged mucous. Conversely 
HANE unresponsive to adequate prophylaxis should 
prompt for complete GI group tests[48].

Cutaneous vasculitis
CD may give rise to many skin manifestations but vascu-
litic skin lesions have rarely been encountered[51,52]. Leu-
cocytoclastic vasculitis is characterized by the involvement 
of  postcapillary venules. The skin is the most common 
organ involved with the usual clinical appearance of  a pal-
pable purpura. In most cases, leucocytoclastic vasculitis is 
mediated by immunocomplex deposition and the antigen 
being either exogenous or endogenous[53]. The coexistence 
of  cutaneous vasculitis and CD might be related to in-
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creased intestinal permeability[54], and immune complexes, 
originating from exogenous or endogenous antigens, mi-
ght circulate because of  the impaired phagocytic function 
of  reticular endothelium system and be deposited in the 
skin[55]. As in inflammatory bowel disease (IBD), exoge-
nous antigens may permeate the damaged CD mucous in 
larger quantities than normal[54,56]. This is reflected by signi-
ficant serum milk and gluten fraction antibody titers[57,58]. 
Alternatively, an autoimmune sensitization may result be-
cause of  the release of  endogenous antigens from dama-
ged small bowel mucosa[59]. Meyers et al[60] described a case 
of  cutaneous vasculitis complicating CD and the remis-
sion of  skin lesions after the treatment with a strict GFD. 
Treatment of  leucocytoclastic vasculitis has generally been 
difficult, but corticosteroids and a gluten-free diet may im-
prove the dermatosis in cases associated with CD[52].

Erythema nodosum
Erythema nodosum (EN) is a chronic panniculitis 
characterized by inflammation of  the fat septa and its 
etiology seems to involve an allergic or immune complex-
mediated reaction to many antigens. Triggers include 
infections, sarcoidosis, adverse drug reaction, IBD, and 
lymphomas[61]. EN generally resolves in 5-8 weeks but if  
antigenic stimulus persists, the disease may last for a long 
period[62]. In 1991, Durand et al first observed a causal 
linkage between CD and EN[63]. CD can be a triggering 
factor of  EN because an altered intestinal permeability 
to endogenous or exogenous antigens may provoke the 
immunologic response. EN is also a common finding in 
sarcoidosis which frequently coincides with CD[62-65]. When 
EN skin lesions are chronically recurrent or persistent, it 
is advisable to search for an underlying CD even if  it is 
difficult to estimate the true incidence of  the coexistence 
of  both diseases.

Erythema elevatum diutinum
Erythema elevatum diutinum (EED) is a rare variation of  
cutaneous leucocytoclastic vasculitis, originally described 
in 1894[66]. Its lesions appear as soft erythematous papule-
plaques and become hard nodules mainly symmetrically 
affecting the backs of  the hands and other extensor 
surfaces overlying the joints[67]. Ulceration, arthralgia and 
pain can be other features of  this disease[67,68]. Even if  it is 
presumed to be an immune reaction by bacterial antigens, 
the etiology of  EED is unknown[69]. EED has been 
described in association with several other immunological 
diseases, especially paraproteinemias (i.e., monoclonal 
IgA gammopathy)[70]. Tasanen et al[70] detected dermo-
epidermal IgA and complement deposits in lesional skin 
of  a patient affected by CD; the histopathology was 
suggestive of  EED[71]. The EED skin lesions appear to 
result from an immune complex reaction, as suggested 
by the association of  various infections or autoimmune 
diseases. Joint pains are often present in patients affected 
by autoimmune disease such as EED but are also often 
found in association with CD[72]. Some authors have 
therefore suggested that it is important to warrant 
consideration of  underlying CD in at least some patients 
with EED[71-73].

Necrolytic migratory erythema
The features of  necrolytic migratory erythema (NME) 
have been reviewed by several authors. Becker et al[74] 
first described a cutaneous reaction pattern with specific 
histopathologic features in association with a pancreatic 
islet cell carcinoma. NME is a term used by Wilkinson[75] 
to describe the characteristic skin disease related with 
glucagonoma. Typically lesions start with figurate areas 
of  erythema followed by erosions mainly over the trunk, 
perineum, lower extremities and perioral area. Eventual 
shedding is caused by superficial necrosis[76]. Most patients 
have angular cheilitis, stomatitis, glossitis, diffuse alopecia 
and brittle nails. Gastrointestinal symptoms such as weight 
loss and diarrhea are common[77]. Most cases of  NME 
were part of  the glucagonoma syndrome[76-77]. NME oc-
casionally occurs with chronic liver disease or malabsorp-
tion with villous atrophy[78,79]. Kelly et al[80], Goodenberg  
et al[79] and Thorisdottir et al[81] described the association be-
tween CD and NME. The etiology of  NME is uncertain, 
although deficiencies of  zinc, amino acids, or essentially 
fatty acids could play an important role[77,78,82,83]. It must be 
stressed that in CD patients with NME, this latter disorder 
seems to have an excellent response to GFD[79,81].

Psoriasis
Psoriasis is a chronic, relapsing dermatosis characterized 
by scaling, erythema, and less commonly pustulation[84]. It 
has been demonstrated that psoriasis is an immunological 
disease with hyperproliferation of  T-cell mediated 
keratocytes[85]. Recent data indicate that HLA-Cw*0602 
may play an important pathogenetic role in the majority 
of  psoriasis patients[86]. Immune mechanisms have an 
important role in the pathogenesis of  this disease. In 
particular, an overexpression of  T helper cell type 1 (Th1) 
cytokines and a relative under-expression of  Th 2 cytokines 
have been shown in psoriatic patients[87]. The treatment 
is often difficult; all currently available effective remedies 
are retinoids or immunosuppressant drugs such as 
steroids or cyclosporin[84], other than topical treatment[88], 
photochemotherapy (PUVA)[89] and biological treatment 
such as infliximab or etanercept[90]. Recent studies have 
showed an association between CD and psoriasis[91,92,93] 
and an improvement of  skin lesions after 3-6 mo of  
GFD, without other pharmacological approaches, was 
described[91]. However at present the relationship between 
CD and psoriasis remains controversial since there are 
few data on this topic and other authors sustain that this 
association seems to be coincidental[94]. 

In one study, 10 out of  32 (31%) subjects affected 
by different clinical forms of  psoriasis had positive 
antireticulin antibodies with a variability of  titers, related 
to the extent of  the disease[95]. Subsequently, in a first 
screening study conducted by Michaelsson et al[96] 16% of  
302 subjects with psoriasis had IgA and/or IgG AGA. 
Only in 1 of  11 IgA AGA-positive patients from this 
group screened for antibodies to reticulin/EMA was 
this positive. An increase of  EG2-positive eosinophils in 
duodenal mucosa associated with elevated serum levels of  
eosinophil cation protein (ECP) has been documented in 
psoriatic subjects with AGA, but no tendency to higher 
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ECP values has been detected in those with AGA[97]. The 
same authors reported that the increase in the number 
of  eosinophils in the gastrointestinal tract is explained as 
being part of  some unknown process that may be related 
to the development of  skin psoriatic lesions. Cardinali and 
co-workers[92] performed a study to verify whether gluten 
intolerance is more frequent in Mediterranean subjects 
with psoriasis than in healthy controls. The sera of  39 
psoriatic patients and 39 controls were screened for AGA, 
EMA, antibodies anti-transglutaminase (TgA), ECP, serum 
total IgE levels and number of  eosinophils. The results 
showed positivity for IgG AGA in two psoriatic patients, 
one borderline for TgA, and none was positive for EMA 
or IgA AGA. In these subjects the authors found high 
serum levels of  ECP and IgE, but a normal number of  
eosinophils; on the contrary eosinophil count and serum 
IgE levels were within the normal range in the controls. 
Michaelsson et al[91] evaluated the effect of  GFD in 33 
AGA positive patients and six AGA negative patients 
with psoriasis in an open study. Of  the 33 AGA-positive 
patients, 2 had IgA EMA, and at the duodenal biopsy 
15 showed an increased number of  lymphocytes in the 
epithelium, but in some this increase was only slight. GFD 
was for 3 mo. Thirty out of  thirty-three patients strictly 
complied with GFD, after which they showed a significant 
decrease of  psoriatic lesions. This included a significant 
decrease in the 16 AGA positive patients with normal 
routine histology in duodenal biopsy. The AGA negative 
patients did not improve. There was also a significant 
decrease in the serum of  eosinophil cation protein in 
patients with elevated AGA. In conclusion, the positive 
effects of  GFD were observed not only in patients with 
an increased number of  lymphocytes in the duodenal 
epithelium, but also in some patients with seemingly 
normal epithelium[91,98].

Our group recently reported a case of  severe psoriasis 
in a CD patient, not responding to specific therapies for 
psoriasis and in whom the regression of  skin lesions 
after GFD was very rapid[99,100]. The association between 
psoriasis and CD was subsequently confirmed by Ojetti 
et al[101]. The authors evaluated the prevalence of  CD in 
patients affected by psoriasis, showing a high frequency of  
CD (4.34%) in psoriatic patients.

At present the mechanisms implicated in the possible 
association between CD and psoriasis, and the effect of  
GFD on psoriatic skin lesions are not known. There are 
some hypotheses:
Hypothesis 1: Abnormal small intestinal permeability, fre-
quently present both in psoriasis[102] and  in CD patients[103], 
could be a triggering factor between CD and psoriasis.
Hypothesis 2: T cells play an important role in the 
pathogenesis of  both psoriasis and CD. An increased 
number of  T cells in the blood, in the dermis and in the 
epidermis of  psoriatic patients has been documented[87]. In 
CD patients, gliadin induces a sensitization of  T cells[104] 
and this may play a role in the pathogenesis of  psoriatic 
skin lesions[99].
Hypothesis 3: Psoriatic lesions in CD patients could be 
related to vitamin D deficiency, which is present both in 
CD[105] and in psoriasis[106-107].

Vitiligo disease
Vitiligo is a specific, common, often heritable acquired 
disorder characterized by well-circumscribed milky white 
cutaneous macules devoid of  identifiable melanocytes[108]. 
This disease appears to be more commonly observed in 
parts of  the body exposed to the sun and in darker skin 
types and may develop at any age. The etiology is complex: 
there appears to be a certain genetic predisposition and a 
number of  potential precipitating causes (i.e. crisis, illness, 
physical injury, etc.). Numerous attempts to identify HLA 
markers have revealed certain ethnic-specific markers: 
HLA-DR4 (blacks), B13 (Jews) and BW-35 (Yemenites). 
Theiligore[108] has proposed three prevailing theories to 
explain vitiligo: the neural hypothesis, the self-destruct 
hypothesis and the immune hypothesis. It carries a risk for 
ocular abnormalities, particularly iritis, and a significant 
risk for thyroid disease, diabetes mellitus, Addison’s disease 
and pernicious anemia.

The re l a t ionsh ip be tween CD and v i t i l i g o i s 
controversial. Although some authors have described 
some cases of  vitiligo in patients affected by CD[94,109], 
a serological screening study for CD in patients with 
vitiligo did not show any correlation between these two 
immunological disorders[110]. This implies that the sporadic 
associated cases must be considered as coincidental.

Behçet’s disease
A history of  oral ulceration has been described in 25% 
of  patients with CD and about 2-4% of  patients with 
recurrent oral ulceration also have CD[111]. Behçet’s 
disease (BD) is characterized by recurrent ulceration of  
the mouth and genitalia associated with iritis. Males are 
affected 5-10 times more frequently than females and 
the onset is usually between the ages of  10 and 30. The 
oral ulcers usually show only non-specific inflammatory 
changes, although there may be infiltration of  the grossly 
thickened walls of  thrombosed arterioles. Some authors 
have suggested that BD may be caused by a virus[112] and 
antibodies against mucous membrane were demonstrated 
in 17 of  40 patients[113] but their significance has not yet 
been evaluated. Triolo and co-workers[114] described 3 
cases of  coexistence of  BD and symptomless CD in 11 
patients with BD (defined according to International Study 
Group-ISG criteria). IgA and IgG class AGA and EMA 
were found in one patient, another two had IgG AGA 
alone. There is suggestive but as yet inconclusive evidence 
of  a probable association between CD and autoimmune 
diseases such as BD. It could be supposed that both 
diseases are likely the result of  molecular mimicry between 
two undefined auto antigens or virus trigger action. In 
patients affected by BD, it may therefore be important to 
search for underlying undiagnosed CD, but future studies 
are needed to shed light on this point.

Oral lichen planus
The associat ions between CD and recur rent oral 
ulceration, glossitis, angular cheilitis and burning mouth 
are common[111]. Three to six percent of  patients with 
these oral manifestations may have underlying undiagnosed 
CD[111,115]. Fortune et al [116] described the erosive type 
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of  oral lichen planus (OLP) in a patient with gluten 
enteropathy. OLP is not rare and frequently involves the 
buccal mucosa, gingiva and tongue. In both the diseases, 
the lesions had a mucosal T-cell infiltrate and the relief  
from eating a gluten-free diet was surprising. It is not 
clear whether the oral lesions are a direct manifestation of  
CD or due to the effect of  malabsorption on the rapidly 
dividing mucosal cells already predisposed to soreness 
by a pre-existing disease; because palliative medication 
of  chronic ulcerative stomatitis is often ineffective, it is 
important to detect the underlying nutritional deficiencies 
for the patient’s general well-being also.

Dermatomyositis
Dermatomyositis is a disorder mainly of  the skin, muscle 
and blood vessels in which characteristic erythematous 
and edematous changes in the skin are associated with 
muscle weakness and inflammation. An underlying 
carcinoma is commonly described in adults. Juvenile 
dermatomyositis (JDM) has a more favorable prognosis 
for life but functional disability is usually severe. Its 
pathogenesis is probably due to cell-mediated immunity to 
muscle antigens, humoral immunity and immune complex 
deposition[117].

Some authors have described an association with 
CD[118-121]. Both diseases have a strong association with 
DQA1 0501 heterodimer because a linkage disequilibrium 
with HLA-DR3 haplotype or alternatively DR5/DR7 
heterozygosity in CD[122,123] DQA1 0501 may lead to the 
activation of  CD4-positive T cells by presentation of  a still 
unidentified peptide that may induce CD or JDM. Evron  
et al [124] and Marie et al [120] have also described the 
assoc ia t ion between der matomyos i t i s (DM) and 
polymyositis (PM) and CD in adults. For these authors CD 
may be included within the spectrum of  gastrointestinal 
manifestations of  DM/PM and they showed that GFD 
may resolve clinical and laboratory abnormalities.

Porphyria
Mustajoki et al [125] and subsequently Twaddle et al [126] 
reported the coincidental diagnosis of  CD in porphyrics. 
Patients with CD and porphyria present particular 
problems in terms of  management[127]. The porphyrias 
are a group of  rare diseases affecting the enzymes of  the 
heme biosynthetic pathway with subsequent accumulation 
of  porphyrins in the tissues. These substances are 
photosensitizers and their accumulation in the skin 
can cause bullae, erosions, increased fragility, scarring, 
hirsutism and pigmentation on photo-exposed areas. CD 
is often associated with DH which has some features in 
common with skin lesions of  porphyrias. In one type 
of  porphyria, variegate porphyria (VP), accumulation 
of  porphobil inogen and 5-aminolevul inic acid is 
associated with gastrointestinal symptoms and an acute 
neuropsychiatric syndrome. Some drugs such as dapsone 
are precipitants of  these acute attacks[127]. It is essential 
that patients with bullous skin lesions are adequately 
investigated to distinguish VP from DH because the 
administration of  dapsone could have a potentially fatal 
outcome. Furthermore, symptomatic control of  CD (e.g., 

malabsorption, anorexia, calorie restriction) can prevent 
precipitation of  acute attacks of  VP and because gluten 
sensitivity itself  may be associated with neurological and 
psychiatric disorders[12,15], neuropsychiatric porphyria could 
be one of  the differential diagnoses[128].

Alopecia areata
Alopecia areata (AA) is a chronic autoimmune disease 
characterized by non-scarring alopecia. Histologically it 
is possible to find perifollicular lymphocyte infiltration, 
pointing to an immunologic etiology such as CD. In both 
the diseases there is the presence of  organ-specific autoa-
ntibodies[109,129-131], T-lymphocyte infiltration at the site of  
lesion[132,133], association with HLA genes[134,135] and possible 
etiologic importance of  viral co-factors[136,137] 

In the general population the prevalence of  CD is 
1 in 305[138] and of  AA is 1 in 819[139]. Corazza and co-
workers[140] found that the prevalence of  CD in patients 
with AA was 1 in 85. Although remission and recurrence 
may be observed during the clinical course of  AA[141], many 
patients on gluten-free diet showed complete regrowth 
of  scalp and other body hair and no further recurrence 
of  AA at follow-up[140,142]. The positive effects of  gluten-
free diet on the pattern of  autoimmune conditions, 
such as AA, associated with CD have been attributed 
to a normalization of  the immune response. This study 
suggests that AA patients constitute a novel risk group of  
CD. Because AA may be the only clinical manifestation of  
CD, some authors suggest GSE serological screening tests 
in alopecia universalis[140].

Acquired hypertrichosis lanuginosa
Acquired hypertrichosis lanuginosa (AHL) is a rare disease 
and there are less than 40 cases in the literature[143,144]. This 
type of  hypertrichosis is characterized in its extreme by 
the rapid growth of  fine, down-like hair all over the body, 
occasionally associated with glossites and loss of  taste. A 
lesser degree of  hypertrichosis in which lanugo hair occurs 
only on the face is more common. It is three times more 
common in females than in males and most commonly 
associated with malignancy[145]. Lymphomas, carcinoid 
tumors, and the Zollinger-Ellison syndrome have also been 
associated with this pathology[145,146]. 

In 1988, Corazza et al [147] described the only case 
reported in the literature of  acquired hypertrichosis 
lanuginosa associated with CD. This case report confirms 
the paraneoplastic features of  AHL. CD is often reported 
as being associated with tumors and can precede clinical 
presentation of  the tumors[148].

Pyoderma gangrenosum 
The pyoderma gangrenosum (PG) is a neutrophilic 
dermatosis, with destructive, necrotizing and non 
infectious ulcera, involving face and inferior limbs. The 
association between PG and CD has been described in 
some case reports and the importance of  GFD in the 
resolution of  PG has been suggested[149].

Ichthyosiform dermatoses
The ichthyosiform dermatoses consist of  a heterogeneous 
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g roup of  hered i ta r y d i sorders, a l l o f  which are 
characterized by the accumulation of  large amounts of  
scale on the cutaneous surface. The earliest reports of  
ichthyosis have been traced to the Indian and Chinese 
literatures several hundred years B.C. and a dermatology 
text by Willian first discussed the problem. Kinetic studies 
of  the epidermis in the major forms of  ichthyosis have 
shown increased germinative cell hyperplasia and increased 
transit rate through the epidermis in lamellar ichthyosis[150]. 
Menni et al[151] first reported a case of  ichthyosis revealing 
CD but the reason for this association is still unknown.

Pellagra
Pellagra is a disease characterized by lesions of  the skin 
usually proceeded by prodromal symptoms, especially of  
digestive and nervous systems. The dermatosis begins 
as erythema and edema on the back of  the hands, with 
pruritus and burnings, determined especially by exposure 
to the sun and by localized pressure. In some patients, 
several days after the onset of  erythema, blisters appear; 
these run together to form bullae and then break. In the 
second stage, the dermatosis becomes hard and brittle. 
The skin may look like a goose. The usual sites are the 
face, neck, dorsal surfaces of  the hands, arms, and feet. 
The cause of  pellagra is still not entirely clear. It may arise 
from a diet deficient in niacin or tryptophan, or more 
commonly both, and aminoacid imbalance may also play 
a part[152]. In 1999, Schattner[152] described a case of  a man 
with a pellagra-like syndrome due to CD.

Generalized acquired cutis laxa
Cutis laxa (CL) is a heterogeneous group of  inherited and 
acquired (generalized or localized) diseases characterized 
by looseness of  the skin with the development of  inelastic 
folds that gives the affected person a prematurely senile 
appearance[153-155]. CL presents a destructive phenomenon 
of  previously apparently normal elastic fibers, with 
cephalocaudal progression[156]. It occurs mainly in adults 
and the etiology is unknown. Immunological abnormality 
has been postulated to explain the destruction of  elastic 
tissue[157]. Generalized acquired cutis laxa (GACL) has 
been reported in association with infectious disorders, 
drugs and autoimmune diseases[153,157,159-163]. Many authors 
have described a dermal deposit of  immunoglobulins 
(IgA) in various diseases, suggesting that destruction 
of  elastic tissue may be immunologically mediated[159]. 
Cases of  association between GACL and CD have been 
reported[159,164]. Bodvarsson et al[164] proposed that dietary 
intake of  glutenin may induce the production of  antibodies 
to elastin and mediate adherence of  neutrophils[165,166]. 
A cross-reaction is possible between gluten and some 
components of  elastic fibers, since glutenin presents 
a 22.3% amino acid sequence similar to elastin[164,167]. 
Garcia-Patos and co-workers[163] described a case of  
GACL associated with CD, evidence of  IgA deposits on 
the dermal elastic fibers and moderate improvement of  
eruption after treatment with GFD.

Atypical mole syndrome and congenital giant naevus
Montalto et al[168] first described the association between 
CD, atypical mole syndrome and congenital giant naevus. 

They reported a case of  a patient affected by a rare 
multiple disorder of  the cutaneous pigmentary system, 
which increased the risk of  melanoma, and by CD which 
is frequently associated with some neoplasms[169-172]. Some 
authors have therefore suggested a more careful objective 
examination in all the patients with CD[168].

CONCLUSION
CD is an enteropathy associated with various extra-
intestinal manifestations, including several skin diseases. 
Several hypotheses have been proposed regarding the 
possible mechanisms involved in this association. In 
particular, an abnormal small intestinal permeability 
appears to be implicated, which may allow the crossing of  
endogenous or exogenous antigens and may provoke the 
immunological response, common immune mechanisms, 
vascular alterations and, lastly, vitamin and aminoacid 
deficiency secondary to malabsorption in patients with 
CD. However at present the data are not homogeneous 
and most of  the evidence for the association between CD 

Dermatitis herpetiformis

Linear IgA bullous dermatosis

Urticaria

Hereditary angioneurotic edema
Cutaneous vasculitis

Erythema nodosum

Erythema elevatum diutinum

Necrolytic migratory erythema

Psoriasis

Vitiligo disease

Behçet’s disease
Oral lichen planus
Dermatomyositis

Porphyria

Alopecia areata

Acquired hypertrichosis lanuginosa
Ichthyosiform dermatoses
Pellagra
Generalized acquired cutis laxa

Atypical mole syndrome and congenital
giant nevus
Pyoderma gangrenosum

Seah et al[20]

Mann et al[25]

Katz et al[22]

Porter et al[28]

Leonard et al[36]           
Egan et al[39]

Hautekeete et al[40]

Scala et al[44] 
Farkas et al[48]

Holdstock and Oleesky[52]

Jones[51]

Meyers et al[60]

Durand et al[63]

Crieber et al[61]

Bartyik et al[64]

Collin et al[72]

Rodriguez-Serna et al[73]

Tasanen et al[71]

Goodenberger et al[79]

Kelly et al[80]

Thorisdottir et al[81]

Michaelsson et al[96]

Cardinali et al[92]

Addolorato et al[99]

Ojetti et al[101]

Woo et al[93]

Reunala and Collin[110]

Collin and Reunala[109]

Triolo et al[115]

Fortune and Buchanan[117]

Evron et al[125]

Buderus et al[119]

Falcini et al[120]

Marie et al[121]

Iannone and Lapadula[122]

Mustajoki et al[126]

Twaddle et al[127]

Corazza et al[141]

Naveh et al[143]

Corazza et al[148]

Menni et al[152]

Schattner[153]

Lewis et al[160]

Garcia-Patos et al[165]

Montalto et al[170] 

Gasbarrini and Corazza[150]

Table 1 Skin disorders in celiac disease
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and skin disorders is based on “case-reports”, making it 
difficult to draw definitive conclusions on this topic; future 
controlled studies are consequently needed to verify the 
real involvement of  the cutaneous district in CD (Table 
1). Nevertheless, despite these limitations, the opportunity 
to investigate the possible presence of  CD in some 
dermatological patients seems at present justified. 
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Abstract
Probiotic agents are live microbes or components of 
microbes that have a positive effect on the host. They 
exert their action through interplay with the immune 
system of the host. Some of this effect is local and 
some is systemic. The full story is yet to be discovered. 
Probiotics have a definite positive effect on rotavirus 
diarrhea, post antibiotic diarrhea and pouchitis. Their 
exact role in inflammatory bowel disease, irritable 
bowel syndrome, other forms of infectious diarrhea, 
and prevention of cancer is yet to be determined. This 
review summarizes the data about probiotics in these 
conditions.
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INTRODUCTION
The modern term ‘probiotic’ was first used by Fuller [1], 
describing a live microbial feed supplement which benefi-
cially affects the host animal by improving its microbial 
balance. Later it was demonstrated that heat-inactivated 
bacteria or fragments of  bacterial DNA have positive ef-
fects as well. Marteau et al [2] in 2002 defined probiotics as 
‘microbial cell preparations or components of  microbial 
cells that have a beneficial effect on the health and well-

being’. The mechanisms by which probiotics beneficially 
affect the host are multiple. Probiotics can prevent or 
ameliorate diarrhea and inflammation through their local 
effects and/or their effect on the immune system. In the 
gut, probiotic bacteria are thought to occupy binding sites 
on the gut mucosa, preventing pathogenic bacteria from 
adhering to the mucosa [3, 4]. Lactobacilli produce protein-
aceous compounds, namely bacteriocins, that act as local 
antibiotics against more pathogenic organisms [5, 6] and de-
crease production of  pro-inflammatory cytokines such as 
IFN-γ, TNF-α and IL-12 [7-9]. Probiotics stimulate IgA pro-
duction [10]. Lactobacilli produce acetic and lactic acid and 
inhibit the growth of  bacterial pathogens [3]. It has been 
postulated that probiotics compete with pathogens for nu-
trients and modify toxins produced by pathogens or toxin 
receptors found in the gut wall. Rachmilewitz et al [11] have 
shown that specific DNA repeats isolated from probiotics 
(VSL #3) can attenuate experimental colitis in various ani-
mal models. This is true even with inactivated bacteria. By 
using toll-like receptor 9 (TLR-9) deficient mice, they have 
proved that TLR9 signaling is essential in mediating the 
anti-inflammatory effect of  probiotics [12]. 

Prerequisites for probiotics are to be effective and safe. 
The characteristics of  an effective probiotic as defined by 
Saavedra [11] are resistance to digestion by enteric or pan-
creatic enzymes, gastric acid and bile, ability to prevent the 
adherence, establishment and/or replication of  pathogens 
in the gastrointestinal tract.

Examples of  probiotic bacteria are members of  the 
Lactobacilli family such as Lactobacillus rhamnosus GG, 
bifidobacteria and the yeast saccharomyces boulardii. 
There are many candidate bacteria which can be qualified 
as probiotics, but different bacteria have different actions 
in different disease states, taking into account that some 
disease states are better treated with a combination of  
bacteria and that there is an issue of  dosing and viable vs. 
non viable components of  the bacteria. Treatment with 
probiotics is relatively safe, but not risk free. Probiotics 
are potentially pathogenic [13]. A recent report describes 3 
patients with fungemia in whom the probiotic origin was 
proven by DNA fingerprinting [14]. Reports of  infections 
of  probiotic origin emphasize the fact that these patients 
are usually immunosupressed with multiple ports of  entry, 
such as venous and urinary catheter.

This article reviews the use of  various probiotics in 
the treatment of  infectious diarrhea, inflammatory bowel 
disease and lactose intolerance.
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A BPROBIOTICS AND DIARRHEAL DISEASE
Probiotics have been proved to be beneficial to four 
types of  diarrhea: rotavirus diarrhea, antibiotic-associated 
diarrhea, clostridium difficile diarrhea, and traveler's diar-
rhea. 

Trials of  probiotics for other infectious diarrhea 
diseases have not been consistent in terms of  efficacy 
so far. Paton et al [15] have produced toxin binding pro-
biotics in a breakthrough study using a toxin-binding 
recombinant probiotic for the treatment and prevention 
of  enterotoxigenic Escherichia coli diarrhea. If  these 
probiotics can be proved effective, it might open a whole 
new era in the treatment of  different kinds of  diarrhea.

ACUTE VIRAL DIARRHEA
One of  the established benefits of  probiotics is that they 
are effective in the treatment of  children with acute viral 
enteritis [16,17] . Lactobacillus reuteri can shorten the course 
of  acute diarrhea in infants from 2.5 days to 1.5 days [18]. 
Lactobacillus casei GG is effective in treating acute diarrhea 
as well [19]. Different strains of  probiotics exhibit different 
efficacy. Kaila et al [20] studied different lactic acid bacteria 
for their effect on the immune response to rotavirus in 
children with acute rotavirus gastroenteritis and found that 
Lactobacillus casei subsp. casei strain GG (LGG) is most 
effective on disease duration and produces the highest titers 
of  IgA antibodies. It has been postulated that IgA specific 
Ab confers immunity against future infectious diarrhea, a 
higher level of  such Ab is desired. Allan et el [21] systemati-
cally reviewed  23 papers concerning probiotic treatment of  
infectious diarrhea and concluded that probiotics appear to 
be a useful adjunct to rehydration therapy in treating acute 
infectious diarrhea in adults and children. 

ANTIBIOTIC-ASSOCIATED DIARRHEA AND 
PSEUDOMEMBRANOUS COLITIS
Antibiotic-associated diarrhea (AAD) is seen in up to 39% 
of  hospitalized patients treated with antibiotics [22] and 
varies from uncomplicated diarrhea to colitis and pseu-
domembranous colitis. The pathogenic factors include 
any one or all the followings: use of  antibiotics causing 
changes in the normal gut flora, pathogenic bacteria tak-
ing advantage of  the situation and causing inflammation 
and diarrhea, change in bacterial flora causing changes in 
carbohydrate metabolism and changes in short chain fatty 
acid metabolism and absorption. The latter is interfered 
and osmotic diarrhea ensues. The well-known syndrome 
of  pseudomembranous colitis characterized by high levels 
of  toxin forming Clostridium difficile may take a fulminate 
course with a high recurrence and mortality rate. AAD can 
be prevented or treated with probiotics. A meta-analysis 
summing the results of  nine controlled trials indicates that 
both Lactobacilli and S boulardii are effective in preventing 
AAD [23]. Various probiotics have been used to prevent and 
treat Clostidium difficile-associated pseudomembranous 
colitis, including S. boulardii, Lactobacillus GG, B. longum 
and B. longum with L. acidophilus. S. boulardii and fecal 

transplantation can be used through a naso-enteric tube or 
as an enema [24]. S. boulardii seems to be a choice in pre-
vention and treatment of  recurrent Clostridium difficile 
pseudomembranous colitis [24].

INFLAMMATORY BOWEL DISEASE
Inflammatory bowel disease (IBD) has a complex etiol-
ogy. Environmental as well as genetic factors play a role. 
It has been established that microbes play a crucial role in 
IBD though search for an infectious agent has been futile 
so far. It was reported that Lactobacillus and bifidobac-
teria counts are significantly reduced in feces of  patients 
with Crohn's disease compared to those with ulcerative 
colitis and controls and continuous interplay exists be-
tween the immune system and intestinal flora, suggesting 
that normalization of  gut flora is a logical means of  
treatment [25, 26]. Venturi et al [25] treated 20 ulcerative coli-
tis patients with VSL#3 and it is able to  change the gut 
microflora because the faecal concentrations of  Strep-
tococcus salivarius ssp. thermophilus, Lactobacilli and 
bifidobacteria were significantly increased in all patients, 
compared to their basal level which remained stable 
throughout study. As mentioned before, probiotics have 
local and systemic effects. Lactobacillus casei strain GG 
given to pediatric Crohn's patients results in increased 
serum titers of  IgA [27]. It was also reported that murine 
colitis was successfully treated with Lactococcus lactis 
secreting interleukin-10 [28]. 

Probiotics can achieve and maintain remission, prevent 
post surgical recurrence of  Crohn's disease and pouchitis, 
and treat pouchitis, but an established role of  probiotics 
exists only in the latter two indications. Gosselink et al [29] 
treated 39 patients with L. rhamnosus GG and proved 
that it had a better effect on these patients than on those 
not treated with it. Gionchetti et al [30, 32] demonstrated that 
pouchitis episode was reduced by 30% using VSL#3 in a 
double blind placebo-controlled study. Mirura et al [31] and 
kuisma et al [33] showed that remission of  chronic pouchitis 
can be achieved with antibiotics. S. boulardii has no efficacy 
on ulcerative colitis [34].

Treatment of  active ulcerative colit is has been 
extensively investigated in clinical trials [34-37]. All the studies 
proved that probiotics are effective at least on one of  
the followings: clinical and endoscopic improvement or 
decrease in proinflammatory cytokine expression. One 
additional report described six active refractory patients 
treated with human probiotic infusions and symptoms 
were abolished in all within four months [38]. These data 
support using probiotics in mild to moderate active 
disease. Three trials showed probiotics can be used as a 
maintenance treatment of  UC [39-41]. 

Clinical trials have also been conducted in Crohn's 
disease patients [42-45]. Campieri e t a l [45] compared 
mesalazine with VSL#3 in 40 patients and found that 
endoscopic recurrence was significantly reduced noted in 
probiotic-treated patients, but Lactobacillus GG and L. 
Jonhsonii effect cannot prevent post surgical recurrence of  
Crohn's disease. Treatment of  active Crohn’s disease has 
been assessed in some studies [46, 47], no definite conclusion 
could be reached due to methodological drawbacks.  
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LACTOSE MALABSORPTION
Lactase deficiency is a frequent condition causing intoler-
ance to lactose due to maldigestion. Kolars et al [48] and 
Savaiano et al [49] in 1984 showed that absorption of  lactose 
from yogurt is improved compared with milk, presumably 
due to digestion of  lactose by lactase released from the yo-
gurt microorganisms [50]. Shermak et al [51] examined the ef-
fect of  yogurt or milk on symptoms and hydrogen breath 
concentration in children with lactose intolerance and 
found that symptoms as well as exhaled hydrogen concen-
tration were lower in children challenged with yogurt. 

IRRITABLE BOWEL SYNDROME
Evidence for benefit of  probiotic treatment in irritable 
bowel syndrome (IBS) has not been consistent. Nobaek et 
al [52] conducted a double-blind, randomized placebo-con-
trolled study in 60 unselected patients with IBS, and found 
that probiotic treatment resulted in improvement of  flatu-
lence only. Recently, O’Mahony et al [53] reported patients 
taking B infantis had improvement in their symptoms, but 
no difference was observed between patients treated with 
L. salivarius and those treated with placebo. An interesting 
finding was that the basal ratio of  IL-10/IL-12 was lower 
in IBS patients than in matched healthy controls. Treat-
ment with B. infantis but not L. salivarius or placebo led to 
normalization of  the ratio, suggesting that inflammation 
plays a role in the pathogenesis of  IBS. 

PROBIOTICS AND CANCER
It is assumed that cancer is the outcome of  genetic and 
environmental conditions. In each individual the interplay 
between the two is different. Cancer is the endpoint of  a 
series of  events. Various studies have shown the effect of  
probiotics on some of  the enzymatic pathways and inter-
mediates assumed to precede cancer [54-56]. Brady et al [54] 
have summarized the data concerning the use of  probiot-
ics in the prevention of  cancer in their review. Other stud-
ies reported that the use of  probiotics is inversely related 
with aberrant crypts or tumor development [55, 56]

POTENTIAL BENEFIT OF PROBIOTICS 
Treatment of  constipation with probiotics has yielded 
confusing results [57, 58]. Probiotic E. coli strain has been 
found to be effective on collagenous colitis [59].

CONCLUSION
Probiotics are a large group of  microbes. Different 
microbes have different actions in different situations. 
Probiotics play a definite role in a number of  clinical 
situations, namely rotavirus diarrhea, post antibiotic 
diarrhea and pouchitis. Their role in other clinical 
situations is yet to be defined. 
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INTRODUCTION
Major liver resection initiates rapid regeneration and 
growth of  the remaining liver to restore the functional 
hepatic capacity[1]. The cellular changes which provoke 
l iver regenerat ion are orchestrated by a complex 
network of  different growth factors, cytokines [1-3] 
and chemokines[4-6]. The latter include macrophage 
inflammatory protein (MIP)-2, ENA-78, and IL-8, which 
all may act through the CXCR-2 receptor. The role of  this 
receptor has been shown in that blockade with antibodies 
or deletion in gene-targeted animals significantly reduced 
the regeneration after hepatectomy[4,6]. The role of  the 
individual chemokines in regeneration after hepatectomy, 
however, may be redundant. The murine CXC chemokine 
MIP-2 is a functional analog of  human IL-8[7]. Similar 
to IL-8, it acts as a potent neutrophil chemoattractant, 
contributing to wound healing[8] and inflammation[9]. While 
blockade of  the chemokine receptor CXCR-2 decreases 
regeneration of  the residual liver, neutralization of  MIP-2 
through the use of  anti-MIP-2 antibodies did not affect 
the process of  regeneration as indicated by the unchanged 
liver weight to body weight (BW) ratios[4]. These findings 
indicate that other chemokines may replace or act via 
the CXCR-2 receptor in case of  MIP-2 deletion for liver 
regeneration[4,6].

Besides parenchymal regeneration, hepatectomy also 
accelerates tumor growth in the remaining liver[10-14] as well 
as in remote organ sites[15]. Slooter and co-workers showed 
that a 70% liver resection provokes excessive growth of  
liver metastases when compared to non-resected controls. 
Of  interest, the intravenous application of  TNF-α was 
effective to significantly reduce these outgrowths of  
tumor masses[11]. In fact, the acceleration of  tumor growth 
seems to be proportional to the volume of  the resected 
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Abstract
AIM: To study the role of macrophage inflammatory 
protein (MIP)-2 in liver resection-induced acceleration of 
tumor growth in a mouse model of hepatic metastasis.

METHODS: After a 50% hepatectomy, 1×105 CT26.WT 
cells were implanted into the left liver lobe of syngeneic 
balb/c mice (PHx). Additional animals were treated with 
a monoclonal antibody (MAB452) neutralizing MIP-2 
(PHx+mAB). Non-resected and non-mAB-treated mice 
(Con) served as controls. After 7 d, tumor angiogenesis 
and microcirculation as well as cell proliferation, tumor 
growth, and CXCR-2 expression were analyzed using in-
travital fluorescence microscopy, histology, immunohisto-
chemistry, and flow cytometry.

RESULTS: Partial hepatectomy increased (P < 0.05) the 
expression of the MIP-2 receptor CXCR-2 on tumor cells 
when compared with non-resected controls, and mark-
edly accelerated (P < 0.05) angiogenesis and metastatic 
tumor growth. Neutralization of MIP-2 by MAB452 treat-
ment significantly (P < 0.05) depressed CXCR-2 expres-
sion. Further, the blockade of MIP-2 reduced the angio-
genic response (P < 0.05) and inhibited tumor growth 
(P < 0.05). Of interest, liver resection-induced hepatocyte 
proliferation was not effected by anti-MIP-2 treatment.

CONCLUSION: MIP-2 significantly contributes to liver 
resection-induced acceleration of colorectal CT26.WT he-
patic metastasis growth.

© 2006 The WJG Press. All rights  reserved.
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liver tissue[10,11,13]. The cause of  enhanced tumor growth 
in the liver after hepatectomy is likely to be multifactorial. 
It has been suggested that, besides mechanisms of  liver 
regeneration, residual “dormant” micrometastases or 
tumor cells in the remnant liver are stimulated through 
distinct pro-tumorigenic factors[13,14]. In addition, a 
depression of  local defense mechanisms due to a decrease 
of  Kupffer cell tumoricidal activity and systemic immune 
paralysis may also contribute to the enhancement of  
tumor growth[16]. The role of  chemokines, such as MIP-2, 
in the hepatectomy-induced acceleration of  tumor growth, 
however, has not been elucidated yet.

By use of  a murine colorectal hepatic metastasis 
model, we studied whether the accelerated metastatic 
growth after hepatectomy is mediated by the CXC 
chemokine MIP-2, and whether the inhibition of  tumor 
growth by blockade of  MIP-2 is associated with a 
downregulation of  angiogenesis and tumor blood vessel 
formation.

MATERIALS AND METHODS
Experiments were performed after approval by the local 
governmental ethic committee, and were in accordance 
with the UKCCCR Guidelines for the Welfare of  Animals 
in Experimental Neoplasia (Br J Cancer 1998; 77: 1-10) and 
the Interdisciplinary Principles and Guidelines for the Use 
of  Animals in Research (New York Academy of  Sciences 
Ad Hoc Committee on Animal Research, NY, USA).

Tumor cell line and culture conditions
The CT26 cell line is an N-nitroso-N-methylurethane-
induced undifferentiated adenocarcinoma of  the colon, 
syngeneic with the BALB/c mouse. For our studies, the 
CT26.WT cell line (ATCC CRL-2638®, LGC Promochem 
GmbH, Wesel, Germany) was grown in cell culture as 
monolayers in RPMI-1640 medium with 2 mmol/L 
L-glutamine (Sigma Aldrich Chemie GmbH, Taufkirchen, 
Germany) supplemented with 10% fetal calf  serum 
(FCS Gold, PAA Laboratories GmbH, Cölbe, Germany),  
100 U/mL penicillin and 100 µg/mL streptomycin (PAA 
Laboratories GmbH). The cells were incubated at 37 °C in 
a humidified atmosphere containing 50 mL/L CO2 in air. 
Only cells of  the first two serial passages after cryo-storage 
were used. At the day of  implantation, CT26.WT cells 
were harvested from sub-confluent cultures (70%-85%) by 
trypsinization (0.5 g/L trypsin and 0.2 g/L EDTA, PAA 
Laboratories GmbH), and washed twice in phosphate-
buffered saline solution (PBS, PAA Laboratories GmbH) 
before being resuspended in PBS at 1×107 cells/L.

Flow cytometric analysis of CT26.WT cells
FACScan (Becton Dickinson, Mountain View, CA, USA) 
analysis was performed to assess the expression of  the 
chemokine receptor CXCR-2 of  the CT26.WT cells. 
After trypsinization, the cells were fixed in 1 mL Cytofix/
Cytoperm (BD Biosciences, Heidelberg, Germany) 
for 20 min at 4 °C, washed twice with Perm Wash (BD 
Biosciences) and incubated at room temperature for 
40 min with a polyclonal rabbit anti-mouse CXCR-2 
antibody (Santa Cruz, Heidelberg, Germany) or an 
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isotype-matched control antibody (Dianova, Hamburg, 
Germany). A goat anti-rabbit Cy3-conjugated antibody 
(1:25; Dianova) was used for fluorescence labeling. To 
remove excess of  antibody, cells were washed again and 
were then maintained in 10 g/L paraformaldehyde in PBS. 
Flow cytometry was performed within the next 3 h. The 
FACScan flow cytometer was calibrated with fluorescent 
standard microbeads (CaliBRITE Beads, BD Biosciences) 
for accurate instrument setting. Tumor cells were 
selectively analyzed for their fluorescence properties using 
the CellQuest data handling program (BD Biosciences) 
with the assessment of  5 000 events per sample.

Hepatectomy and tumor cell implantation
Eight to twelve weeks old female BALB/c mice with a BW 
of  18-20 g, kept in a temperature and humidity controlled 
12-h light/dark cycle environment, were used. The animals 
were anesthetized by intraperitoneal injection of  25 mg/kg 
BW xylazin hydrochloride (Rompun®, Bayer, Leverkusen, 
Germany) and 125 mg/kg BW ketamine hydrochloride 
(Ketavet®, Pharmacia GmbH, Erlangen, Germany). The 
anesthetized animals were placed in supine position. After 
laparotomy through a midline incision, a 50% hepatectomy 
was performed. After ligature of  the supplying and 
draining blood vessels with PDS 5-0 (Ethicon, Johnson 
& Johnson Company, Norderstedt, Germany), the right 
lateral lobes (ventral and dorsal), the right medial lobe and 
a part of  the left medial lobe were resected. The weight 
of  the resected tissue was 0.35 ± 0.01 g. The procedure 
of  intrahepatic implantation of  CT26.WT tumor cells 
was performed as described previously[17]. The left liver 
lobe was gently mobilized and 1×105 tumor cells in  
10 µL PBS were implanted under the capsule of  the lower 
surface using a 25-µL syringe with a 32-G needle (Gastight® 
#1702, Hamilton Bonaduz AG, Bonaduz, Switzerland). The 
puncture site was sealed with acrylic glue (Histoacryl®, B. 
Braun, Aesculap AG, Tuttlingen, Germany), and the left 
liver lobe was repositioned anatomically into the peritoneal 
cavity. The abdominal wall was closed by a one layer 
technique with a polypropylene suture (Prolene® 5-0).

Intravital fluorescence microscopy
At d 7 after tumor cell implantation, the animals were 
again anesthetized and laparotomized. The left liver 
lobe with the tumor was exteriorized and placed on an 
adjustable stage, so that the lower surface of  the lobe was 
positioned horizontally to the microscope. This guaranteed 
adequate focus levels for the in v i vo f luorescence 
microscopy procedure. The surface of  the lobe was 
covered with a cover slip to avoid drying of  the tissue and 
influences of  the ambient oxygen[17]. In vivo fluorescence 
microscopy was performed by epi-illumination technique 
using a modified Zeiss Axiotech microscope (Zeiss, 
Oberkochen, Germany)[18]. Microscopic images were 
monitored by a charge-coupled device video camera (FK 
6990, Prospective Measurements Inc., San Diego, CA, 
USA) and were transferred to a video system (VO-5800 
PS, Sony, München, Germany) for subsequent off-line 
analysis. Angioarchitecture and microvascular perfusion 
were analyzed after intravenous contrast enhancement 
with sodium fluorescein (2 µmol/kg; Merck, Darmstadt, 
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Germany) using blue light epi-illumination (450 to  
490 nm > 520nm, excitation and emission wavelengths).

Microcirculation analysis
Assessment of  hepatic microcirculatory parameters 
was performed off-line by frame-to-frame analysis of  
the videotaped images using a computer-assisted image 
analysis system (CapImage; Zeintl, Heidelberg, Germany). 
Sinusoidal, capillary and venular diameters (µm) were 
measured perpendicularly to the vessel path. Sinusoidal 
density within the liver and capillary density within 
the tumors (cm/cm²) were determined by measuring 
the length of  red cell perfused capillary per area of  
observation. The number of  venules draining the blood 
flow from the tumor was counted and was given per tumor 
margin. The angiogenic front neighboring the tumor 
margin, characterized by newly developed, chaotically 
arranged capillaries, was measured in mm2 surface area. 

Morphological examinations
At the end of  the experiment, the left l iver lobe 
was harvested and cut into slices with a diameter of   
1 mm using a Tissue Slicer (McIlwain Tissue Shopper, 
Saur Laborbedarf, Reutlingen, Germany). Slices were 
documented with the use of  a stereo-microscope (Leica 
M651, Leica Microsystems AG, Heerbrugg, Switzerland) 
and a video system, and the size of  the tumor was 
measured with CapImage according to: tumor volume  
(mm³) = 4/3π×a/2×b/2×c/2 (a, b, and c represent the 
three perpendicularly orientated diameters of  the tumor).

Histochemistry and immunohistochemistry
For light microscopy, formalin-fixed biopsies were 
embedded in paraffin. Five micrometer thick sections were 
cut and stained with hematoxylin and eosin for routine 
histology according to standard procedures.

Proliferating cell nuclear antigen (PCNA) staining was 
performed using indirect immunoperoxidase techniques. 
Therefore, deparaffinized sections were incubated with  
30 mL/L H2O2 to block endogenous peroxidases and 
with 20 mL/L goat normal serum for blocking unspecific 
binding sites. A monoclonal mouse anti-pan PCNA 
antibody (PC10, 1:50; DakoCytomation, Hamburg, 
Germany) was used as primary antibody. A biotinylated 
goat anti-mouse rabbit IgG antibody was used as secondary 
antibody for streptavidin-biotin-complex peroxidase 
staining (1:200, LSAB 2 System HRP, DakoCytomation). 
3,3’-Diaminobenzidine (DakoCytomation) was used as a 
chromogen. Sections were counterstained with hemalaun 
according to Mayer and examined by light microscopy.

For CXCR-2 immunohistochemistry tumor slices 
were embedded in Tissue Freezing Medium (Jung; Leica 
Microsystems, Nussloch, Germany), snap-frozen in liquid 
nitrogen and stored at -80 °C. Five micrometer thick 
cryostat sections were cut, fixed in 4 °C cold acetone 
for 5 s followed by fixation in 16 g/L formaldehyde for  
10 min and blocked with 2% normal donkey serum. 
Tissue sections were then incubated with the polyclonal 
rabbit anti-mouse CXCR-2 antibody (1:100; Santa Cruz, 
CA, USA). A donkey anti-rabbit IgG HRP conjugated 
antibody (1:500; Amersham, Freiburg, Germany) was used 

as secondary antibody. 3,3’-Diaminobenzidine was used as 
chromogen. Sections were counterstained with hemalaun 
according to Mayer and examined by light microscopy. As 
a negative control, additional slices from each specimen 
were exposed to appropriate IgG isotype-matched 
antibody (Sigma Aldrich Chemie GmbH) in place of  
primary antibody under the same conditions to determine 
the specificity of  antibody binding. All of  the control 
stainings were found negative.

Experimental protocol
A total of  21 animals received tumor cell implantation and 
were assigned to three different groups. Animals without 
liver resection and without further treatment received 
tumor cell implantation in the left liver lobe and served 
as controls (Con; n = 7). In the additional two groups 
(n = 7 each), a 50% hepatectomy was performed before 
the tumor cells were implanted into the left liver lobe. 
One group of  animals (PHx+mAB) received 1 mg/kg 
BW of  the monoclonal rat anti-mouse MIP-2 antibody 
(MAB452, R&D Systems, Wiesbaden, Germany) at the day 
of  operation and every second day thereafter. Untreated 
animals with 50% liver resection served as hepatectomy 
controls (PHx). Seven days after tumor cell implantation 
and treatment, all animals underwent intravital microscopic 
examination and the liver and tumor tissue were harvested 
for histology and immunohistochemistry.

Statistical analysis
All values were expressed as mean ± SE. After proving the 
assumption of  normality and homogeneity of  variance 
across groups, differences between groups were calculated 
by a one-way analysis of  variance (ANOVA) followed 
by a post hoc Student-Newman-Keuls test, including 
correction of  the alpha error to compensate for multiple 
comparisons. Overall statistical significance was set at 
P < 0.05. Statistical analysis was performed with the use of  
the software package SigmaStat (SPSS Inc., Chicago, IL, 
USA).

RESULTS
Tumor growth
Tumor cell implantation, hepatectomy and treatment 
with the anti-mouse MIP-2 antibody did not affect the 
general conditions of  the animals. All animals had an 
uneventful postoperative recovery, and, regardless of  the 
group, animals did not show significant changes of  BW 
during the 7-d experimental period. Intravital fluorescence 
microscopy at d 7 after tumor cell implantation showed 
that hepatectomy (PHx) provoked a significant (P < 0.05) 
acceleration of  tumor growth, as indicated by an increased 
tumor area at the surface of  the liver when compared with 
that of  controls (Figure 1). Analysis of  the tumor volume 
confirmed the significantly (P < 0.05) increased tumor 
growth, demonstrating a tumor mass which was 18-fold 
greater than that of  controls (Figure 1). Treatment with the 
MIP-2 antibody (PHx+mAB) was capable of  significantly 
(P < 0.05) reducing the hepatectomy-induced acceleration 
of  tumor growth, resulting in a tumor volume which was 
only 6-fold of  that of  non-resected controls (Figure 1).
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Angiogenesis and microangioarchitecture
Intravital fluorescence microscopy revealed that normal 
liver presents with a regularly arranged architecture of  
sinusoids and homogeneous staining of  parenchymal cell 
nuclei (Figure 1A). In contrast, the center of  the tumor 
showed a density of  capillaries which was markedly lower 
than that of  the sinusoids in the normal liver (Figure 1 
and 2). The margin of  the tumor showed an angiogenic 
front with newly developed, chaotically arranged capillaries 
(Figure 2) and large draining venules (Figure 3). In control 
animals, the implantation of  CT26.WT cells induced 
an area of  the tumor surrounding angiogenic front of   
0.33 mm² at day 7 (Figure 2). Hepatectomy (PHx) 
significantly increased the area of  the angiogenic front by 
3-fold (P < 0.05) when compared with that of  controls. 
Blockade of  MIP-2 (PHx+mAB) was capable of  inhibiting 
angiogenesis, as indicated by a significantly (P < 0.05) 
reduced area at the tumor margin which showed new 
blood vessel development (Figure 2D). 

Because angiogenesis is regularly associated with 
vasodilation, we analyzed the capillary diameters within the 
angiogenic front. Within the tumor margin, hepatectomy 
(PHx) induced a significant dilation of  the newly formed 
capillaries (P < 0.05) when compared with that of  controls. 

Additional anti-MIP-2 treatment (PHx+mAB) further 
pronounced (P < 0.05) this dilatory effect (Figure 2E). Of  
interest, the enlargement of  the newly formed capillaries 
within the angiogenic front after hepatectomy and MIP-2 
treatment was a homogeneous response, as indicated 
by the fact that the coefficient of  variance of  capillary 
diameters did not differ when compared with untreated 
controls (Figure 2F). Further, hepatectomy (PHx) also 
significantly (P < 0.05) increased the density of  venules 
draining the tumor, as indicated by a 6.5-fold increase of  
the number of  venules within the tumor margin when 
compared to controls (Figure 3). These venules were 
also found enlarged in diameter (Figure 3E), however, 
without increased heterogeneity when compared with 
controls (Figure 3F). Interestingly, blockade of  MIP-2 
significantly (P < 0.05) reduced the number of  draining 
tumor venules when compared with animals undergoing 
only hepatectomy (Figure 3D).

Tumor morphology
Hematoxylin-eosin-stained sections revealed solid growth 
of  the colorectal CT26.WT hepatic metastasis in all the 
animals (Figure 4). Satellite metastases were not observed 
in the left liver lobe. In the control group, tumors were 

A B

C D

Figure 1 Intravital fluorescence microscopy at d 7 
after tumor cell implantation. A: Displays the normal 
liver microvasculature; B: shows the microvasculature 
of the tumor of a non-resected control animal (Con); 
C: displays a 7-day tumor and its microvasculature of 
an animal which underwent hepatectomy (PHx); D: 
shows the tumor microvasculature after additional anti-
MIP-2 treatment (PHx+mAB). Quantitative analysis 
of tumor area (E) and tumor volume (F) showed that 
hepatectomy (PHx) markedly accelerated tumor growth 
when compared with controls (Con), and that additional 
anti-MIP-2 treatment (PHx+mAB) was capable of 
significantly reducing this liver resection-induced tumor 
growth. Mean ± SE; aP < 0.05 vs Con; cP < 0.05 vs PHx. 
Magnifications (A-D) ×16.

2.0

1.0

0.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0

Tu
m

or
 v

ol
um

e 
(m

m
³)

Con               PHx            PHx+mAB

Tu
m

or
 a

re
a 

(m
m

²)

Con              PHx            PHx+mAB

E F

a

a,c

a

a,c

Kollmar O et al. MIP-2 in liver resection-induced tumor growth                                                                           861

www.wjgnet.com



round in nature with a homogeneous appearance, however, 
with aggressive growth characteristics (Figures 4A and B). 
Hepatectomy (PHx) accelerated tumor growth, resulting 
in enlarged tumors with a dense arrangement of  tumor 
cells in the center (Figures 4C and D). In two of  the seven 
animals, lung metastases could be detected macroscopically, 
although no additional metastases could be found in the 
abdominal cavity. In contrast, tumors of  animals, which 
additionally were treated with anti-MIP-2 showed central 
cell death via either necrotic or apoptotic pathways (Figures 
4E and F). In this group tumor growth at distant sites was 
not observed.
In vitro FACScan analysis and CXCR-2 expression in vivo

FACScan analysis showed that 98.8% of  the CT26.WT 
cells were CXCR-2 receptor positive in vitro (Figure 5). In 
vivo, CXCR-2 immunohistochemistry revealed that - 40% 
of  the tumor cells were receptor-positive. The majority 
of  these CXCR-2 expressing cells were located within 
the tumor margin (Figure 6). Quantitative analysis of  
CXCR-2 expression indicated that hepatectomy (PHx) 

significantly increased (P < 0.05) CXCR-2 expression to 
-60% of  tumor cells (Figure 6). Blockade of  MIP-2 (PHx 
+mAB) not only abolished the hepatectomy-induced 
increase of  CXCR-2 expression, but further reduced 
(P < 0.05) CXCR-2 expression on tumor cells to only 
-10% (Figure 6).

Proliferation of tumor cells and normal liver
PCNA as an indicator of  cell proliferation showed that 
>90% of  tumor cells displayed strong PCNA staining 
(Figure 7). By this, the tumor sharply demarcated from the 
surrounding liver tissue. Notably, neutralization of  MIP-2 
(PHx+mAB) decreased the rate of  PCNA-positive cells 
to -60% (Figures 7C and D), indicating a reduction of  
proliferation by deletion of  MIP-2 function. Normal liver 
tissue only occasionally showed single PCNA-positive cells 
(Figure 8). Hepatectomy (PHx) resulted in a significant 
(P < 0.05) increase of  the number of  PCNA-stained cells 
when compared with that of  non-resected controls (Figure 
8). Of  interest, additional blockade of  MIP-2 induced 
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Figure 2 Analysis of the size 
of the angiogenic front (area 
between the triple arrows) at 
the margin of tumors (asterisks) 
in control mice (A, Con), after 
hepatectomy (B, PHx) and after 
hepatectomy and additional anti-
MIP-2 treatment (C, PHx+mAB). 
Quant i ta t ive analys is  of  the 
area of the angiogenic front (D) 
indicated a significant increase 
a f t e r  h e p a t e c t o m y  ( P H x ) 
when compared wi th that  of 
controls (Con). Additional anti-
MIP-2 treatment (PHx+mAB) 
was capable of reducing the 
angiogenic process. Further, 
hepatectomy (PHx) significantly 
increased capillary dilation within 
the angiogenic front (E) compared 
to controls (Con), which was 
even more pronounced after 
additional anti-MIP-2 treatment 
(PHx+mAB). The heterogeneity 
of capillary diameters, as given 
by the coefficient of variance, 
was not affected in either of the 
treatment groups (F). Mean ± SE; 
aP < 0.05 vs Con; cP < 0.05 vs 
PHx. Magnifications (A-C) ×40.
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a further increase (P < 0.05) of  the fraction of  PCNA-
positive cells in the normal liver (Figure 8).

DISCUSSION
The major findings of  the present study are that (1) MIP-2 
significantly promotes liver resection-induced expression 
of  the chemokine receptor CXCR-2, and (2) blockade 
of  MIP-2 blunts the augmentation of  angiogenesis and 
metastatic tumor growth after hepatectomy. This indicates 
for the first time a significant role of  this chemokine in 
the acceleration of  tumor growth after hepatectomy. The 
rodent liver fully regenerates within 8 d after resection[19,20]. 
The setpoint for growth regulation is the ratio between 
liver mass and body mass rather than liver mass per se[1]. 
Using a 70% liver resection model in mice, Drixler et al. 
demonstrated that liver regeneration is accompanied by 
intrahepatic angiogenesis[20]. Liver resection has also been 
shown to affect the immune system in the early phase of  
liver regeneration[3]. The MIP-2-CXCR-2 system is thought 

to be involved in the hepatic regenerative processes after 
extended resection[4,6]. While blockade of  the chemokine 
receptor CXCR-2 decreases regeneration of  the residual 
liver, selective neutralization of  MIP-2 through the use 
of  anti-MIP-2 antibodies is not affecting the liver-to-BW 
ratio[4]. Of  interest, CXCR-2 seems to be pivotal, because 
other chemokines may replace or act via the CXCR-2 
receptor in case of  MIP-2 deletion for liver regeneration[4,6].

After resect ion of  colorectal l iver metastases, 
diseases recur in over two-thirds of  the patients[21]. 
This observation indicates that undetected residual 
microscopic tumors remain in the majority of  patients 
undergoing curative hepatectomy[22]. The locally released 
factors which trigger the process of  regeneration after 
hepatectomy may even augment the outgrowth of  these 
residual microtumors, thus, additionally contributing to 
the high rate of  recurrences. This view is supported by 
experimental studies, demonstrating that liver resection 
enhances tumor growth during regeneration[11,13,14,16]. Using 
different rat hepatectomy models, these authors suggested 
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Figure 3 Analysis of the number 
of venules within the margin of 
tumors (A-C, asterisk) of control 
mice (A, Con), after hepatectomy 
(B, PHx) and after hepatectomy 
and additional anti-MIP-2 treatment 
(C ,  PHx+mAB).  Quant i ta t ive 
analysis showed that hepatectomy 
significantly increases the number 
of venules (D),  and causes a 
marked dilation of the draining 
venules wi th in the margin of 
the tumors (E). Additional anti-
MIP-2 treatment was capable of 
significantly reducing the liver 
resection-induced increase of the 
number of tumor venules (D). The 
heterogeneity of venular diameters, 
as given by the coeff icient of 
variance, was not affected in 
either of the treatment groups 
(F). Mean ± SE; aP < 0.05 vs Con; 
cP < 0.05 vs PHx. Magnifications 
(A-C) ×40.
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that immunoparalysis with lack of  Kupffer cell function 
and TNF-α response as well as overproduction of  growth 
factors, such as TGF-α, TGF-β and bFGF, contribute to 
the acceleration of  tumor growth.

For the first time, we have herein demonstrated that 
MIP-2 is involved in hepatectomy-induced metastatic 
tumor growth. So far, little is known about the role of  
MIP-2 in tumorigenesis. A recent study indicated that 
the reduction of  fibrosarcoma growth by inhibiting 
lymphotoxin-β receptor can be reconstituted through 
co-transfection with MIP-2[23]. The mechanism how 
MIP-2 is involved in the herein observed liver resection-
induced acceleration of  tumor growth seems to be the 

pro-proliferative action of  this chemokine, because 
neutralization of  MIP-2 significantly reduced PCNA 
expression on the tumor cells. Of  interest, regeneration 
of  the normal liver was not affected by the anti-MIP-2 
treatment, inasmuch as hepatocyte PCNA expression after 
resection was found even increased when compared with 
that of  untreated hepatectomized controls. This is in line 
with other experimental studies, which demonstrate that 
blockade of  MIP-2 alone did not affect the process of  
regeneration[4].

In the present study, we have shown that in vitro almost 
all CT26.WT cells expressed the CXC receptor CXCR-2.  
In vivo, approximately 40% of  the cells of  non-treated 
CT26 tumors showed positive CXCR-2 staining 7 days 
after tumor cell implantation. The reduction of  the number 
of  CXCR-2 positive cells is probably due to the fact that 
solid tumors in vivo consist besides the CT26.WT clone of  
a variety of  other cells, including endothelia, fibroblasts 
and stromal cells, which do not necessarily express 
CXCR-2. Furthermore, we have demonstrated for the first 
time that over a 7-d period partial hepatectomy increased 
the expression of  CXCR-2 to -60%. Because receptor 
expression seems to be required for the proliferative 
action of  chemokines on tumors[24], the increased in vivo 
expression of  CXCR-2 may represent the mechanism of  
action of  the MIP-2-associated acceleration of  tumor 
growth after hepatectomy. The neutralization of  MIP-2 by 
MAB452 significantly reduced CXCR-2 expression within 
the tumor. Although we cannot exclude that neutralization 
of  MIP-2 directly alters the CXCR-2 expression of  tumor 
cells, the histological findings may additionally suggest a 
relative increase of  CXCR-2-negative stromal cells.

The progressive growth of  a malignant solid tumor 
depends on the development of  new blood vessels. The 

E FD

B CA

Figure 4 Hematoxylin–eosin-staining of tumors of a control mouse (A and B), a mouse which underwent hepatectomy (PHx) (C and D), and a mouse which additionally 
received anti-MIP-2 treatment (E and F). Sections revealed solid growth of the colorectal CT26.WT hepatic metastasis in all the animals. Tumors were round in nature, 
however, showed aggressive growth characteristics. Anti-MIP-2 treatment provoked an area of necrosis within the tumor center (E and F). Magnifications (A, C and E) ×18, (B, 
D and F) ×88.
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thus expression of the chemokine receptor CXCR-2 by almost all of the tumors 
cells studied.
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tumor vasculature is chaotically organized and does not 
follow a hierarchical branching pattern of  normal vascular 
networks[25]. As a result of  this abnormal organization, the 
diameters of  those tumor vessels are irregular, the blood 
flow is heterogeneous, and the endothelial lining is leaky[25]. 
In the present study, the tumor microvasculature presented 
with a marked heterogeneity, as indicated by a relatively 

high coefficient of  variance of  capillary and venular 
diameter within the angiogenic front. This is in line with 
the results of  previous reports, which also demonstrated 
markedly irregular vessel diameters of  tumors grown from 
other colon cancer cell lines at ectopic sites different from 
that of  the liver[26].

CXC chemokines with the three amino acids Glu-
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Figure 6 CXCR-2 immunohistochemistry and 
quantitative analysis of the number of receptor-
positive cells (given in percent of all cells) 
revealed that within tumors of control animals 
(Con) ∼40% of the cells express CXCR-2 (A and 
D). Hepatectomy (PHx) significantly increased 
CXCR-2 expression to ∼60% (B and D). Of 
interest, additional blockade of MIP-2 (PHx+mAB) 
s igni f icant ly  reduced tumor cel l  CXCR-2 
expression and inhibits significantly the liver 
resection-induced increase of CXCR-2 expression 
(C and D). Mean ± SE; aP < 0.05 vs Con; cP < 0.05 
vs PHx. Magnifications (A-C) ×175.

P
C

N
A 

po
si

tiv
e 

ce
lls

 (%
)100

50

0
Con              PHx          PHx+mAB

Figure 7 PCNA immunohistochemistry and 
quantitative analysis of the number of PCNA-
positive cells (given in percent of all cells) in 
liver tumors of control mice (A, Con), after 
hepatectomy (B, PHx), and after hepatectomy 
and add i t iona l  an t i -MIP-2  t rea tment  (C , 
PHx+mAB). Tumor cells display massive PCNA 
staining, in particular to those located within the 
tumor margin. By this, these positive cells sharply 
demarcate the tumor from the surrounding 
liver tissue (A, B, and C). Quantitative analysis 
revealed that neutralization of MIP-2 significantly 
reduces the number of PCNA-positive tumor cells 
(D). Mean ± SE; aP < 0.05 vs Con. Magnifications 
(A-C) ×175.
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Leu-Arg immediately amino-terminal to the CXC motif  
(ELR+) are thought to be angiogenic, while CXC (ELR
–) chemokines are angiostatic[27]. There is no information, 
however, on whether the CXC (ELR+) chemokine MIP-2 
is involved in angiogenesis of  tumors. In inflammation, 
Scapini e t a l [28] demonstrated that MIP-2 induces 
angiogenesis in vivo and that this is mediated by the 
neutrophil-derived vascular endothelial growth factor-A. 
In addition, Keane et al[29] showed that neutralization of  
MIP-2 by monoclonal antibodies inhibits the bleomycin-
induced angiogenic activity in lung specimens. The present 
study provides evidence that MIP-2 is also involved 
in tumor angiogenesis, because the inhibition of  the 
chemokine blunted the liver resection-induced acceleration 
of  new blood vessel formation.

The mechanisms of  inhibition of  angiogenesis by 
blockade of  MIP-2 are not clarified yet. Our intravital 
microscopic studies demonstrate that the hepatectomy-
mediated increase in angiogenesis is associated with 
pronounced dilation of  the newly formed microvessels. 
Although we have not studied the mechanism of  this 
dilatory response, it may be speculated that it is caused 
by the action of  VEGF, which is capable of  inducing 
distinct vasodilation, in particular in ischemic tissue[30]. 
VEGF is known as the predominant inductor of  tumor 
angiogenesis and its promoter is preferentially activated 
within the angiogenic front of  the tumor margin[31]. This 
effect, however, cannot be attributed to the action of  
MIP-2, because anti-MIP-2 treatment could not abolish 
the liver-resection-induced dilation of  the newly formed 
microvessels.

In the present study we found that inhibition of  
MIP-2 induced central cell death within the tumors. 
Previous studies on inflammation have demonstrated 

that apoptotic cells are capable of  enhancing secretion 
of  MIP-2 by macrophages, triggering an inflammatory 
response to remove cell debris[32,33]. Accordingly, the 
functional inhibition of  MIP-2 in our experiments may 
have prevented the recruitment of  inflammatory cells, and, 
thus avoided the removal of  the cell debris from the center 
of  the tumors.

In conclusion, we have demonstrated that MIP-2 
significantly promotes liver resection-induced acceleration 
of  angiogenesis and metastatic tumor growth. Our results 
therefore indicate that the neutralization of  MIP-2 may 
be a potential strategy for additional anti-tumor therapy in 
patients undergoing liver resection.
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and there was no significant relationship between the 
chemotherapeutic drug efficacy and the PGP or p53 
protein expression. When only the data from the 11 
patients treated with anthraquinone drug, mitoxantrone, 
were analyzed, however, the number of patients who 
showed poor response to treatment was significantly 
higher among the p53-positive patients (P = 0.012), 
irrespective of the survival outcome.

CONCLUSION: The chemotherapeutic efficacy with an 
anthracycline drug for advanced HCC can be predicted 
by immunohistochemical analysis of PGP expression. 
Similarly, immunostaining to evaluate p53 protein may 
be useful to predict the response in patients treated with 
an anthraquinone drug.

© 2006 The WJG Press. All rights  reserved.
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INTRODUCTION
Transcatheter hepatic arterial embolization (TAE) is 
widely employed for the treatment of  inoperable advanced 
hepatocellular carcinoma (HCC). However, TAE is 
unsuitable for the cases with a tumor embolus in the main 
trunk or the first branch of  the portal vein, or for those 
with severe hepatic injury. For these cases, repeated arterial 
infusion chemotherapy (RAIC) with a reservoir may be 
useful, although it is still difficult, at present, to assert that 
RAIC would provide satisfactory therapeutic results. 

Drug resistance is a serious problem in the treatment 
of  HCC, and is mediated by various mechanisms, 
including those mediated by P-glycoprotein (PGP) and 
p53 protein expressions. PGP is known to act as an ATP-
dependent pump that facilitates transport of  substances, 
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Abstract
AIM: To investigate the relationship between the 
chemotherapeutic drug efficacy and the expression 
of P-glycoprotein (PGP) and p53 protein in advanced 
hepatocellular carcinoma (HCC).

METHODS: The study was conducted on 41 patients 
with advanced HCC who were treated by repeated 
arterial infusion chemotherapy. Biopsy specimens from 
the tumor were collected before the start of treatment 
in all the patients, and the specimens were stored 
frozen until immunohistochemical staining, which was 
performed after the start of treatment, to detect PGP 
and p53 protein expressions. Twenty of the forty-
one patients were treated with an anthracycline drug 
(epirubicin hydrochloride; anthracycline group), and 
the remaining 21 were treated with a non-anthracycline 
drug (mitoxantrone hydrochloride in 11 patients and 
carboplatin in 10 patients; non-anthracycline group). The 
relationship between the chemotherapeutic efficacy and 
the results of immunostaining were compared between 
the two groups. 

RESULTS: Before the start of the treatment, PGP-
positive rate was 90.2% (strongly-positive, 36.6%) and 
p53 protein-positive rate was 34.1% (strongly-positive, 
19.5%). In the anthracycline group, the response rate 
was 40.0%. The number of patients showing poor 
response to the treatment was significantly larger in the 
patients with strongly positive PGP expression (P = 0.005), 
and their prognoses were poor (P = 0.001). In the non-
anthracycline group, the response rate was 42.9%, 
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including anticancer drugs, from within to outside the 
cells, facilitating the development of  multidrug resistance, 
including that to anthracyclines[1]. Moreover, resistance 
to apoptosis conferred by p53 protein expression is also 
thought to be a potential factor in the development of  
multidrug resistance in cancer cells[2]. It has been reported 
that a mutant-type p53 protein may emerge in various 
types of  cancers due to gene deletion, recombination, 
or point mutations. This mutant type of  p53 protein has 
been reported to have a considerably longer half  life 
as compared with its wild-type counterpart[3], and it is 
thought to act as a dominant-negative inhibitor against the 
wild-type protein, influencing the anti-tumor effects of  
anticancer drugs[4]. 

While PGP and p53 protein expressions have been 
reported in HCC, mainly from the examination of  
surgically resected specimens, only a few reports have 
discussed the relationship between the efficacy of  
chemotherapeutic agents and the expression of  PGP in 
cases of  HCC[5,6]; the relationship between the outcome 
of  arterial infusion chemotherapy and the expression of  
PGP and p53 protein remains particularly obscure. In 
this study, immunohistochemical analysis was conducted 
on frozen biopsy specimens obtained from patients with 
advanced HCC before the treatment to evaluate PGP and 
p53 protein expressions, and the therapeutic outcomes of  
RAIC in relation to the expression of  these proteins were 
compared by the type of  drugs that were administered.

MATERIALS AND METHODS
Patients
One hundred and thirty patients were diagnosed to have 
an unresectable advanced HCC and treated by RAIC at the 
Department of  Medicine and Clinical Oncology, School 
of  Medicine, Chiba University, and its affiliated institutes 
between April 1995 and June 1997. We could obtain tumor 
biopsy specimens before the initiation of  RAIC from 41 
of  these patients, and stored these specimens at -80 °C 
until the assay. Immunohistochemical staining for PGP 
and p53 expressions was performed on these specimens 
and the results were analyzed in relation to the therapeutic 
outcome in the patients.

Immunohistochemical staining for PGP and p53 protein
Immediately before the start of  RAIC, two or three biopsy 
specimens were obtained percutaneously using a 21G 
biopsy needle under ultrasound guidance from 41 patients. 
The tissue specimens were embedded in OCT compound 
and immediately stored at -80 °C.

For the immunohistochemical staining, frozen sections 
(5 µm thick) were prepared and fixed with acetone for 5 
min. After pretreatment to prevent non-specific staining, 
the sections were allowed to react overnight at 4 °C with 
mdr (Ab-1, diluted 1:250) (Oncogene Research Products, 
Cambridge, MA, USA) as the primary antibody for PGP. 
For p53 protein staining, the sections were allowed to react 
at room temperature for 1 h with DO-7 (diluted 1:40, 
DAKO, Denmark). The sections were then successively 
treated with the secondary antibody, and then stained by 
the avidin-biotinylated peroxidase complex method for 
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PGP, and the streptavidin-biotin method for p53 protein. 
Color development was conducted by DAB staining, and 
nuclear staining was conducted with Mayer’s hematoxylin 
for PGP and methyl green for the p53 protein.

Light-microscopic examinations of  the stained sections 
were conducted to detect positive staining for PGP on 
the cytoplasmic membranes or for p53 protein within the 
nuclei of  the cells in the cancerous areas. At least 300 cells 
were examined, and the staining intensity was classified 
based on the percentage of  positively stained cells as 
follows: negative (0-5%); weakly positive (6%-30%); and 
strongly positive (31% or more). 

Arterial infusion chemotherapy
A 6F indwelling catheter (Anthron PU; Toray, Tokyo) 
was introduced percutaneously through the left subaxillary 
artery (16 patients) or right femoral artery (25 patients) 
up to the level of  the proper hepatic artery or common 
hepatic artery. The catheter was connected at the other 
end to a subcutaneously implanted reservoir (Port-A-Cath, 
Pharmacia Deltec, St. Paul, MN, USA; or Cersite, Toray, 
Tokyo)[7,8].

An anticancer drug was administered over a period 
of  15 min once in every 4 wk at the outpatient clinic, 
after first confirming the patency of  the catheter by 
fluoroscopy. Twenty, eleven, and ten of  the forty-one 
patients received epirubicin hydrochloride, mitoxantrone 
hydrochloride, and carboplatin, respectively. The doses 
for each administration were set as follows: 70 mg/
body surface area for epirubicin hydrochloride, 12 mg/
body surface area for mitoxantrone hydrochloride, and  
300 mg/body surface area for carboplatin. No other 
therapy was administered concomitantly in any of  the 
patients. All the patients had underlying liver cirrhosis, and 
the diagnosis of  HCC was confirmed histopathologically in 
all of  them. Fifteen of  the forty-one patients had received 
TAE prior to the RAIC with epirubicin hydrochloride at 
40-70 mg/body surface area, while in the remaining 26 
patients, RAIC was administered as the initial therapy. 
Informed consent was obtained from all the patients prior 
to tissue biopsy and RAIC. In this study, these patients 
were divided into anthracycline group (20 patients) treated 
with the anthracycline drugs, epirubicin hydrochloride 
and non-anthracycline group (remaining 21 patients) 
treated with the other drugs. No significant differences 
in the background characteristics were observed between 
the anthracycline group and the non-anthracycline group 
(Table 1). The therapeutic efficacies of  the drugs were 
evaluated according to WHO guidelines. The anticancer 
drug administration was discontinued in the event of  
detection of  any serious side effects, such as leucopenia, 
thrombocytopenia, or hepatic dysfunction. Observation 
of  the patients was continued until September 30, 2003, by 
which date, all of  the patients died. 

Statistical analysis
The data were statistically analyzed using χ2 test or Mann–
Whitney’s U-test. Differences at a P value of  5% or lower 
were considered to be statistically significant. The survival 
rate from the start of  the RAIC was calculated by the 
Kaplan-Meier method and analyzed using the log rank test.
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RESULTS
Immunohistochemical analysis for PGP and p53 protein 
expressions
Strongly-positive, weakly-positive, and negative PGP 
expressions were observed in 15 (36.6%), 22 (53.7%), and 
4 patients (9.8%), respectively. Strongly-positive, weakly-
positive, and negative p53 protein expressions were 
observed in 8 (19.5%), 6 (14.6%), and 27 patients (65.9%), 
respectively. Sections showing strong positivity for PGP 
and p53 protein expressions on immunohistochemical 
staining are shown in Figures 1A and B, respectively. 

Of  the 15 patients who had received TAE with 
anthracycline, 9 (60%) and 6 (40%) were found to be 
strongly and weakly positive for PGP, respectively, and none 
of  the cases showed negative staining for PGP. Of  the 26 
patients who had not undergone TAE prior to the RAIC, 6 
(23.1%), 16 (61.5%), and 4 (15.4%) patients were found to 
have strongly positive, weakly positive, and negative PGP 
expressions, respectively. Thus, the number of  cases showing 
strong positivity for PGP expression was significantly higher 
among those who had a previous history of  treatment 
with an anthracycline drug than those without such history 
(P = 0.036). The percentage of  cases showing p53 protein 
expression did not differ significantly among the patients with 
or without a history of  treatment with an anthracycline drug.

No significant relationship was observed between the 
expression of  PGP and that of  the p53 protein (Table 2).

Relat ionship between therapeutic outcomes and 
immunohistochemical findings
Of  the 41 patients, the 20 belonging to the anthracycline 

group received average arterial infusions of  11.4 ± 8.1 
(range, 3-34) times during a mean follow-up period of  
14.5 (range, 3-43) mo; 95%CI = 0.00-30.3. Of  these 20 
patients, 2, 6, 7, and 5 patients showed CR, PR, NC, 
and PD, respectively, yielding a response rate of  40.0% 
(95%CI = 18.5-61.5). In the 21 patients belonging to the 
non-anthracycline group, the mean number of  arterial 
infusions and the mean duration of  follow-up were 
13.3 ± 9.5 (range, 3-38) times and 18.7 (range, 3-78) mo; 
95%CI = 8.1-29.4, respectively. In this group, 3, 6, 8, and 4 
patients showed CR, PR, NC, and PD, respectively, yielding 
a response rate of  42.9% (95%CI = 21.7-64.0).

The expression rate of  PGP and p53 protein did not 
differ significantly between the anthracycline group and 
the non-anthracycline group (Table 3). Since the positive 
rate of  PGP expression was very high in cases of  HCC, 
the patients were further divided into those showing 
strongly positive expression (positive group) and those 
showing weakly positive or negative expression (non-
positive group); a similar classification of  the patients was 
conducted for p53 protein expression, into those showing 
strongly or weakly positive expression (positive group) and 

A

B

Figure 1 Immunohistochemical staining of PGP and p53 protein (×100). A: 
Strongly positive staining for PGP; B: Strongly positive staining for p53.

Table 1 Patient characteristics 

Anthracycline 
group

Non-anthracycline 
group

Age (yr) Mean 60.5 ± 7.2 62.1 ± 8.8
Gender1 Male 18 19

Female 2 2
Tumor stage1,2 III 1 1

IV 19 20
Child’s class1 A 12 11

B 6 9
C 2 1

Hepatitis virus1 B( - ) C( + ) 15 14
B( + ) C( + ) 3 5
B( + ) C( - ) 0 1
B( - ) C( - ) 2 1

Chemotherapy1,3 ( - ) 13 13
( + ) 7 8

HCC 
differentiation1 Well 1 2

Moderately 14 15
Poorly 5 4

Not significant (Mann-Whitney U-test). 1Number of patients. 2According 
to the criteria for tumor stage according to TNM classification (UICC). 
3Chemoembolization with epirubicin hydrochloride.

Table 2 Correlation between positivity of PGP and that 
of p53 protein 

PGP positivity

Positivity Strongly-
positive

Weakly-
positive Negative

p53 strongly-positive 5 2 1
p53 weakly-positive 2 4 0
p53 negative 8 16 3

Not significant (χ2)
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those showing negative expression (non-positive group). 
As for the relationship of  the therapeutic outcome to 
PGP expression in the anthracycline group, the number 
of  non-responders was significantly higher in the positive 
group (P = 0.005); on the other hand, no such difference 
regarding PGP expression was found in the non-
anthracycline group. In regard to the correlation of  the 
therapeutic outcome with the expression of  p53 protein, 
no significant differences between the positive and non-
positive patients were found in either the anthracycline 
group or in the non-anthracycline group. But when only 
the data of  the 11 mitoxantrone-treated patients of  the 
non-anthracycline group were analyzed, 2 and 4 patients 
in the non-p53-positive group showed CR and PR, 
respectively, while 4 and 1 patients in the p53-positive 
group showed NC and PD, respectively, demonstrating 
the significant correlation between therapeutic outcome 
and the expression status of  the p53 protein (P = 0.012). 
On the other hand, in the remaining 10 carboplatin-
treated patients in this group, 1, 2, 4, and 2 patients in the 
non-p53-positive group showed CR, PR, NC, and PD, 
respectively, and the remaining one p53-positive patient 
showed PD, revealing the absence of  any significant 
correlation between the therapeutic outcome and the p53 

protein expression status.
The relationships between the positive rates for 

PGP or p53 protein and the survival rate are shown 
in Table 4. With regard to the PGP expression status 
in the anthracycl ine g roup, the sur vival rate was 
significantly lower in the positive group compared to 
non-positive group (P = 0.001); on the other hand, in 
the non-anthracycline group, no significant difference 
was observed between patients in the positive and non-
positive group. As for the p53 protein expression status, 
no significant correlation was observed between the 
expression and the survival rate in either the anthracycline 
or the non-anthracycl ine g roup, including the 11 
mitoxantrone-treated patients.

DISCUSSION
In conventional studies, the PGP-positive rate has been 
determined, mainly based on the examination of  surgically 
resected specimens, to range from 52% to 92%[5,9]. It 
has also been suggested that the expression of  PGP 
decreases with decreasing degree of  differentiation[10]. In 
the present study, our patients had a relatively high PGP-
positive rate of  90.2%, when weakly positive cases were 

Table 3 Correlation between PGP or p53 protein positivity and therapeutic efficacy by anticancer drugs

Positivity Anthracycline group (n = 20) Response rate (%) (95%CI) Non-anthracycline group (n = 21) Response rate (%) (95%CI)

CR         PR        NC       PD CR          PR           NC          PD

  PGP1,2

   Non-positive group 2             6             3          0 72.7 (46.4-99.1)b 3               5               5             2 53.3 (28.1-78.6)
   Positive group 0             0             4          5 0.0 (0.0-0.0) 0               1               3             2 16.7 (-13.2-46.5)
p531,3

 Non-positive group 2             4             2          4 50.0 (21.7-78.3) 3               6               6             2 52.9 (29.2-76.7)
  Positive group 0             2             5          1 25.0 (-5.0-55.0) 0               0               2             2 0.0 (0.0-0.0)

bP < 0.01 vs positive group (χ2). 1Number of patients. 2Non-positive group: negative and weakly positive. Positive group: strongly positive. 3Non-positive group: 
negative. Positive group: weakly positive and strongly positive.

Table 4 Correlation between PGP or p53 protein positivity and cumulative survival rates

Positivity Number of patients Survival rates (%) Median survival     95%CI

12 mo 24 mo 36 mo time (mo)

Anthracycline group
PGP
Non-positive 11 90.9 54.6 9.1 26.5            15.8-37.2b

Positive  9 11.1 0.0 0.0   6.6              6.4-6.8
P53
Non-positive 12 58.3 41.7 8.3 18.3            0.0-41.4
Positive  8 50.0 12.5 0.0   9.7            0.0-20.7
Non-anthracycline group
PGP
Non-positive 15 80.0 53.3 33.3 24.5           13.3-35.8
Positive  6 50.0 16.7 16.7   9.3             0.0-21.2
P53
Non-positive 15 80.0 46.7 33.3 18.7            5.7-31.8
Positive  6 50.0 33.3 16.7   9.3           0.0-25.2

bP < 0.01 vs positive group (log rank test).
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also included. It has been suggested that PGP expression 
might be induced by previously administered anthracycline 
chemotherapy in some cases[11], and that following therapy, 
only the PGP-positive cells survived, resulting in the high 
overall positivity rate. However, further studies are required 
because the study population was small and we could 
not perform biopsies of  the tumors for the duration of  
chemotherapy or after chemotherapy.   On the other hand, 
the p53-positivity rate in patients with HCC has been 
reported to range from 12.5% to 51.2%[6,10]. Consistent 
with these reports, the p53-positivity rate in our present 
study was 34.1%. 

As to the relationship between the p53 tumor suppressor 
gene expression and the MDR1 gene expression, while 
some reported that the wild-type p53 protein represses 
the MDR1 promoter and the mutant-type p53 protein 
stimulates it, other investigators have suggested that 
the wild-type p53 stimulates the expression of  this 
promoter[12,13]. In our patients, no significant correlation 
was observed between the expression of  PGP and that of  
the mutant-type p53 protein, suggesting that mutation of  
p53 may not regulate the expression of  PGP, consistent 
with recently reported studies[6,9,10]. In the present study, 
p53 protein was examined only by immunostaining using 
DO-7 which indicates the expressions of  p53 protein 
variants. Therefore, a relationship between wild-type p53 
protein and expressions of  PGP could not be identified.

A relationship between PGP expression and the 
therapeutic efficacy of  chemotherapeutic agents has been 
reported in cases of  osteosarcoma and neuroblastoma[14,15]. 
On the other hand, while no significant correlation was 
observed between the therapeutic outcome and the 
expression of  PGP in 13 patients with HCC treated with 
hepatic arterial infusion of  doxorubicin[5], a significant 
correlation between the two was observed in 25 patients 
with advanced HCC treated by oral or intravenous 
administration of  VP-16 or doxorubicin[6]. In the present 
study on RAIC, the expression of  PGP was significantly 
correlated with the therapeutic outcome and prognosis of  
the patients with advanced HCC, but only in the group 
treated with an anthracycline drug. These results, obtained 
from actually treated clinical cases of  HCC, provide 
important evidence supporting the involvement of  PGP 
in anthracycline resistance which was demonstrated in 
basic scientific studies[1]. In addition, resistance mediated 
by alteration of  nuclear topoisomerase, rather than PGP, 
has also been reported in patients receiving anthracycline 
drugs[16], necessitating further studies on this issue. No 
significant correlation was found in this study between 
the expression of  PGP and the therapeutic outcome 
or prognosis in patients treated with non-anthracycline 
drugs, such as an anthraquinone or a platinum-based 
drug. It is speculated that canalicular multispecific organic 
anion transporter (cMOAT) is involved in the excretion 
of  cisplatin, and over-expression of  cMOAT has been 
observed in an HCC cell line[17].

As for the p53 protein, expression of  a mutant-
type of  p53 protein has been reported to be associated 
with a poor prognosis[10,18], and it has been suggested 
that apoptosis induced by anti-cancer drugs, such as 
doxorubicin, mitoxantrone, cisplatin and bleomycin, is 

mediated, at least in part, by p53-dependent stimulation 
of  the CD95 receptor/ligand system[19,20]. However, no 
relationship between the chemotherapeutic drug efficacy 
and expression of  the p53 protein has been reported 
until now in patients with HCC. In our present study, 
expression of  p53 protein was not correlated with the 
chemotherapeutic drug efficacy or prognosis in patients 
treated with the anthracycline drug, suggesting a lesser 
importance of  the expression of  a mutant-type p53 
protein, as compared with that of  PGP, in the evaluation 
of  the sensitivity of  advanced HCC to anthracyclines. 
As for the anthraquinones among the non-anthracycline 
drugs, a fundamental study in a mitoxantrone-resistant cell 
line revealed that the expression of  wild-type p53 protein 
induced cellular apoptosis[21]; on the other hand, in relation 
to platinum-based drugs, expression of  an abnormal 
type of  p53 protein was reported to be associated with 
resistance to chemotherapy in cases of  lung cancer[22]. In 
our patients, treated with an anthraquinone, a significant 
correlation was observed between the expression of  the 
p53 protein and the chemotherapeutic drug efficacy, but 
not the prognosis of  patients with advanced HCC. On 
the other hand, no such correlation of  the p53 expression 
was observed with either the chemotherapeutic drug 
efficacy or the prognosis in HCC patients treated with the 
platinum-based drug, carboplatin. Although further studies 
are required, these results indicate the possibility that 
evaluation of  the expression of  a mutant-type p53 protein 
may be useful for predicting the sensitivity of  HCC to 
anthraquinone drugs. 

In conclusion, our study demonstrates the existence 
of  a correlation between the outcome of  arterial infusion 
chemotherapy and the expression of  PGP and p53 protein 
in patients with advanced HCC. Therefore, it is suggested 
that immunostaining for PGP may be useful for predicting 
the effectiveness of  RAIC in cases treated with an 
anthracycline drug, and that p53 protein expression may 
be useful for predicting the outcome in cases treated with 
an anthraquinone drug.
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INTRODUCTION
Hepatocellular carcinoma is one of  the most common 
malignant neoplasms worldwide and one of  the leading 
causes of  malignancy-related death in China[1,2]. Its therapy 
in clinic is still a big challenge.

Ursolic acid (UA) is a versatile compound, which 
possesses anti-cancer[3,4], anti-inflammatory[5,6], anti-HIV[7] 
and immunomodulatory effects[8]. There is a growing 
interest in the anti-tumor activities of  UA. UA could act 
on almost all steps in the whole cancer process: initiation, 
promotion, progression, and metastasis. Multiple lines of  
evidence indicate that UA is a promising chemo-preventive 
agent both in vivo and in vitro. UA could inhibit Epstein-Barr 
virus activation induced by 12-O-tetradecanoylphorbol-
13-acetate in Raji cells and two-stage mouse skin tumor 
promotion[9,10]. The mechanism involved might associate 
with the inhibition of  AP-1-mediated induction of  COX-2 
by disrupting PKC signal transduction pathway[11]. UA could 
inhibit the proliferation of  various cancerous cell lines by 
inhibiting DNA polymerase and topoisomerase[12], inducing 
apoptosis through proteolytic activation of  caspase-3 and/
or other similar caspases[3]. It was also reported that UA 
has anti-invasion and anti-metastasis activity by inhibiting 
nuclear factor-kappa B (NF-κB) activation, down-regulating 
COX-2 and matrix metalloproteinase 9[13].

Besides its cytotoxicity to hepatoma, it was reported 
that UA can exert its hepatoprotective action in mice 
and rats[14–16]. The reason for the phenomenon is worth 
studying. Moreover, the growth inhibitory activity of  UA 
on hepatocellular carcinoma in vivo is still unknown.

In the present study, UA and its six derivatives isolated 
from the bark of  Aralia decaisneana were used to treat 
rheumatism, lumbago, hepatitis, nephritis, and diabetes 
mellitus in Chinese folk medicine. The cytotoxicity of  
these UA compounds to HepG2, its drug-resistance strain 
R-HepG2 and primarily cultured normal mouse and rat 
hepatocytes were examined in order to find their anti-
hepatoma efficiency on both parental and drug-resistant 
hepatocellular carcinoma as well as their low toxicity. 
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Abstract
AIM: To investigate the anti-tumor activity of ursolic acid 
(UA) and its derivatives isolated from Aralia decaisneana 
on hepatocellular carcinoma both in vitro  and in vivo .

METHODS: In vivo  cytotoxicity was first screened by 
3-[4,5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium 
bromide (MTT) assay. Morphological observation, DNA 
ladder, flow cytometry analysis, Western blot and real 
time PCR were employed to elucidate the cytotoxic 
mechanism of UA. Implanted mouse hepatoma H22 was 
used to evaluate the growth inhibitory effect of UA in 
vivo .

RESULTS: UA could significantly inhibit the proliferation 
of HepG2 and its drug-resistance strain, R-HepG2 cells, 
but had no inhibitory effect on primarily cultured normal 
mouse hepatocytes whereas all the six derivatives 
of UA could not inhibit the growth of all tested cell 
l ines. Further study on mechanism demonstrated 
that apoptosis and G0/G1 arrest were involved in 
the cytotoxicity and cleavage of poly-(ADP-ribose)-
polymerase (PARP). Downregulation of cyclooxygenase-2 
(COX-2) protein and upregulation of heat shock protein 
(HSP) 105 mRNA correlated to the apoptosis of HepG2 
cells treated with UA. In addition, UA also could inhibit 
the growth of H22 hepatoma in vivo .

CONCLUSION: UA is a promising anti-tumor agent, but 
further work needs to be done to improve its solubility.

© 2006 The WJG Press. All rights reserved.
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Morphological observation, DNA ladder, cell cycle 
analysis, Western blot and real time PCR were performed 
to elucidate the cytotoxic mechanism of  UA on HepG2 
cells. Mice bearing murine hepatoma H22 were used to 
investigate the growth inhibitory effect of  UA in vivo.

MATERIALS AND METHODS
Tissue culture and drug treatment
HepG2 (ATCC) cells were maintained in RPMI 1640 
(Gibco) containing 10% FBS (Gibco), 2 mg/mL sodium 
bicarbonate, 100 µg/mL penicillin sodium salt and 100 
µg/mL streptomycin sulfate. R-HepG2 (City University of  
Hong Kong) was maintained in the presence of  1.2 µmol/
L doxorubicin (Sigma). Hepatocytes were isolated from 
normal Kunming mice (Experimental Animal Centre of  
Zhongshan Medical University) and SD rats (Experimental 
Animal Centre of  Zoology, Chinese Academy of  Sciences) 
with enzymatic perfusion technique as previously 
described[17]. Logarithmically growing cells were used for 
all the experiments.

UA and its derivatives (Figure 1) were isolated 
from the bark of  Aralia decaisneana by silica gel column 
chromatography and their structures were identified by 
spectral analysis[18]. UA was dissolved in DMSO at the 
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concentration of  100 and 10 mmol/L in cellular and in 
vivo experiments, respectively and diluted in tissue culture 
medium and saline before use. Six UA derivatives were 
directly dissolved in tissue culture medium.

Cytotoxicity assay
HepG2 and R-HepG2 cells (1.5×104) as well as mouse 
and rat hepatocytes (8×103) were seeded in 96-well 
plates and treated with the compounds at various 
concentrations (3.125-100 µmol/L). Then the cells were 
incubated at 37 °C in an atmosphere containing 50 mL/L 
CO2 for 48 h followed by MTT assay. IC50 of  the tested 
compounds on different cell lines were obtained from the 
concentration–effect curves.

Morphology observation
HepG2 cells were cultured in 3.5-cm dishes. UA was 
added to the medium at 20 μmol/L for 6, 12, and 24 h. A 
harringtonin-(20 μmol/L, 24 h) and vehicle-(0.1% DMSO) 
treated sample was regarded as a positive and negative 
control, respectively. After the treatment, all the cultures 
were incubated at 37 °C in an atmosphere containing 
50 mL/L CO2 for the indicated time. Photographs 
were taken under an inverted Leica fluorescence 40×10 
microscope after acridine orange (AO)/ethidium bromide 
(EB) staining.

DNA ladder analysis
HepG2 cells were grown to 70–80% confluence and 
exposed to 20 µmol/L UA or harringtonin. Then the 
cultures were incubated at 37 °C in an atmosphere 
containing 50 mL/L CO2 and collected at 0, 6, 12, and 24 
h. Their genomic DNA was extracted and analyzed by gel 
electrophoresis[19].

Flow cytometry analysis
Flow cytometry analysis was used to evaluate cell cycle 
distribution of  HepG2 cells. HepG2 cells were treated 
with 20 µmol/L UA for 0, 6, 12, and 24 h, respectively, 
col lected and fixed in 70% cold ethanol (–20 °C) 
overnight. After being washed twice with PBS, the cells 
were resuspended in PBS. RNA in the fixed cells was 
digested using RNase A (0.5 mg/mL) at 37 °C for 1 h. 
Finally, the cells were stained with 2.5 μg/mL propidium 
iodide (PI). The DNA content of  the cells was then 
analyzed with an FACSCalibur instrument (Becton-
Dickinson) at excitation 488/emission 600 nm. Data were 
analyzed by cell cycle distribution software (ModFit LT 
version 2.0, Verity Software House, USA).

Western blotting
After the treatment, cells were washed thrice with ice-cold 
PBS and collected with lysis buffer. Protein determination, 
SDS-PAGE and transfer were performed as previously 
described[17]. Nitrocellulose membranes were then 
incubated with a monoclonal anti-PARP or polyclonal anti-
COX-2 antiserum. Secondary antibody to IgG conjugated 
to horseradish peroxidase was used. The blots were probed 
with the ECL Western blot detection system according to 
the manufacturer’s instructions.
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Figure 1 Structures of UA and its derivatives.
1. UA
2. UA-3-O-β-D-glucopyranosyl-(1→3)-a-L-arabinopyranoside, 
3. UA-3-O-[β-D-xylopyranosyl-(1→2)][β-D-glucopyranosyl-(1→3)]-a-L-
arabinopyranoside,
4. UA-3-O-β-D-glucopyranosyl-(1→3)-a-L-arabinopyranosyl-28-O-β-D-
glucopyranoside,
5. UA-3-O-[β-D-glucopyranosyl-(1→2)][β-D-xylopyranosyl-(1→3)]-a-L-
arabinopyranosyl-28-O-β-D-glucopyranoside,
6. UA-3-O-β-D-glucopyranosyl-(1→3)-a-L-arabinopyranosyl-28-O-β-D-
glucopyranosyl-(1→6)-O-β-D-glucopyranoside,
7. UA-3-O-[β-D-glucopyranosyl-(1→2)][β-D-xylopyranosyl-(1→3)]-β-D-
xylopyranosyl-28-O-β-D-glucopyranoside.
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RT-PCR and real time PCR analysis 
Total RNA was isolated from HepG2 cel ls us ing 
Trizol reagent according to the standard protocol 
and used to generate cDNA in each sample using 
the SuperScript II reverse transcriptase with oligo 
(dT) primers. Aliquots of  total cDNA were diluted 
and added into each PCR reaction mixture together 
with 0.5 µmol/L of  forward and reverse primers of  
HSP 105 (F: CAGGATCCAGTTGTACGTGCTC; 
R : T G AT G T G G AG G T T C AG C AC C , 1 9 7 b p ) 
and g lycera ldehyde-3-phosphate dehydrogenase 
(GAPDH, F : ATCAGCAATGCCTCCTGCA; R : 
CCTGCTTCACCACCTTCTTGA, 355 bp) (Shanghai 
Biotech Engineering Service Limited Company). PCR 
amplification was performed on a GeneAmp 9700 PCR 
System (ABI). After denaturation of  cDNA at 94 °C for 
3 min, the cycling conditions were as follows: 32 cycles 
consisting of  denaturation at 94 °C for 30 s, annealing at 
59 °C for 30 s, and extension at 72 °C for 1 min. The PCR 
products were analyzed by agarose gel electrophoresis and 
Bio-Rad Chemi Doc. The mRNA expression levels were 
normalized to the expression of  a housekeeping gene 
GAPDH. SYBR-Green-I fluorescence labeling method 
was used in real-time quantitative RT-PCR amplification 
on an ABI Prism 7000 SDS and analyzed with its software 
according to the standard protocol and manufacturer’s 
instructions[20]. The 2–ΔΔCT method was used in data analysis 
based on similar (<10%) amplification efficiency of  the 
target and reference genes, which was achieved by the 
determination of  ΔCT variations with template dilution[21]. 
GAPDH was used as a reference gene for internal control.

Anti-tumor evaluation on implanted mouse H22

Male CD-1 (ICR) mice (Beijing Vital Laboratory Animal 
Technology Company) weighing 20–22 g were used for the 
implantation of  hepatoma H22 (s.c.) which was maintained 
by weekly i.p. passages in CD-1 (ICR) mice, 0.2 mL ascites 
of  1:6 dilution from tumor-bearing mice 7 days after the 
tumor inoculation was implanted (s.c.) into the armpit 
region of  the mice. Eight mice were treated i.p. with either 
UA or vehicle (1% DMSO in saline) once a day for 10 days 
24 h after the tumor inoculation. Cyclophosphamide (10 
mg/kg b.w.) was used as positive control. Tumor inhibition 
rate (TIR) was derived from (1–T/C)×100, where T is the 
mean tumor weight of  the UA-treated group and C is the 
mean tumor weight of  the negative control group.

Statistical analysis 
Student’s t-test was used in all the experiments. P<0.05 was 
considered statistically significant.

RESULTS
Selective cytotoxicity
Cytotoxicity of  UA and its derivatives was determined by 
MTT assay. UA was demonstrated to have similar anti-
proliferation activity on HepG2 and R-HepG2 cells in 
a concentration-dependent manner (Figure 2) with its 
IC50 value being 18 and 15 μmol/L, respectively, whereas 
it exhibited less growth inhibitory activity on primarily 
cultured normal mouse and rat hepatocytes and the IC50 

value could not be detected at the tested concentration. 
On the contrary, six UA derivatives did not show any 
cytotoxicity to all the tested cells, while they possessed 
better solubility in water than UA.

Morphological changes of HepG2 cells
HepG2 cells treated with harringtonin and 20 μmol/L 
UA showed similar and significant changes (Figure 3). 
Chromatin aggregation, nuclear, and cytoplasmic 
condensation only could be seen in a few cells after being 
treated with UA for 6 and 12 h. Partition of  cytoplasm 
and nuclei into the membrane bound-vesicles (apoptotic 
bodies) was observed in the cells treated with harringtonin 
and UA for 24 h. At the same time, apoptotic cells were 
found at this time point.

DNA ladder analysis of HepG2 cells
DNA ladder was used to prove the apoptosis of  HepG2 
cells induced by UA. After treatment with 20 μmol/L 
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Figure 2 Cytotoxicity of UA to a panel of hepatocytes.
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Figure 3 Morphological changes of HepG2 cells in response to harringtonin 
and UA. Cells were stained with AO/EB and observed under an inverted Leica 
fluorescence 40×10 microscope. A: Normal HepG2 cells; B: harringtonin (20 
μmol/L) for 24 h; C-E: UA (20 μmol/L) for 6, 12, and 24 h, respectively.
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UA for different time points, evident DNA ladder was 
detected at 24 h on HepG2 cells treated with UA and 

harringtonin (Figure 4), indicating the apoptosis observed 
in morphological inspection.

Cell cycle distributions in HepG2 cells
After being exposed to 20 μmol/L UA for 0, 6, 12, and 
24 h, respectively, the cell cycle progression of  HepG2 
cells showed evident changes (Figure 5). UA caused 
significant G0/G1 arrest with a concomitant decrease of  
cell population in S and G2/M phases. The distribution 
of  cell cycle in G0/G1, S and G2/M phases was 57.80%, 
27.24%, and 14.96% at 0 h; 67.78%, 22.92%, and 9.3% at 
6 h; 73.73%, 19.59%, and 6.69% at 12 h; 74.31%, 15.69%, 
and 10.0% at 24 h, respectively. When treated with UA for 
12 and 24 h, higher percentage of  cell cycle distribution in 
G0/G1 phase was detected than that at 6 h.

Cleavage of PARP protein and downregulation of COX-2
Exposure to 20 μmol/L UA for 0, 12, 24, and 48 h, 
respectively, PARP was cleaved into 89- and 24-ku 
fragments, indicating that the apoptosis of  HepG2 cells 
induced by UA was involved in caspase activation. After 
HepG2 cells were treated with UA for 0, 3, 6, and 9 h, 
respectively, COX-2 expression was significantly inhibited 
(Figure 6).

Upregulation of HSP 105 mRNA expression
HSP 105 belongs to HSP 70 super family and is closely 
related with apoptosis. The amplification efficiency of  
target and reference genes HSP 105 and GAPDH was 
quite similar (data not shown). The 2–ΔΔCt method was used 
in data analysis. After being treated with 20 μmol/L UA 
for 3, 6, and 9 h, respectively, HSP 105 mRNA expression 
was upregulated in a time-dependent manner both in RT-
PCR and real time PCR (Figure 7).

1         2          3          4             5            6

Figure 4 Induction of time-dependent fragmentation of nuclear DNA by 
harringtonin and UA. Genomic DNA of the treated cells was collected at different 
time points during the incubation. Lane 1: DNA marker (DL-2000); lane 3: 
harringtonin (20 μmol/L) for 24 h; lanes 2, 4–6: UA (20 μmol/L) for 0, 6, 12, and 24 h, 
respectively.
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Figure 5 Cell cycle analysis of HepG2 cells treated with UA (20 μmol/L) for 0 (A), 
6 (B), 12 (C), and 24 h (D), respectively. Cells were stained with PI and analyzed 
by flow cytometry.
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Figure 6 Cleavage of PARP and downregulation of COX-2 protein expression 
in HepG2 cells treated with UA. Cellular lysate protein (23 μg/lane) was loaded 
for 10% SDS-polyacrylamide gel electrophoresis, and subsequently transferred 
onto nitrocellulose. Immunoblots were probed with antibody specific for PARP 
and COX-2 protein. Lysates were from HepG2 cells treated with 20 μmol/L UA for 
indicated times.
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Figure 7 RT-PCR and real time PCR analysis of up-regulated HSP 105 gene in 
HepG2 cells in response to treatment with UA. HepG2 cells were treated with 20 
μmol/L UA for 0, 3, 6, and 9 h. Total RNA was isolated and subjected to semi-
quantitative and quantitative RT-PCR analysis. GAPDH was used as a control. For 
quantitative analysis, data shown are mean±SD. bP<0.001 vs control, n = 3.
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Tumor growth inhibitory effect
Twenty-four hours after tumor implantation, administration 
of  UA (30 and 15 mg/kg b.w.) and cyclophosphamide (10 
mg/kg b.w.) once a day for 10 days, could significantly 
suppress the growth of  H22 (Table 1). Significant body 
weight loss was observed in cyclophosphamide-treated 
group compared to the control group, whereas only slight 
body weight loss was observed in UA-treated group, 
suggesting that UA might possess anti-hepatoma effect in 
vivo with low toxicity.

DISCUSSION
In ter ms of  cancer treatment, chemotherapy has 
serious limitations, namely the lack of  selectivity of  
active ingredients and resistance of  cancer cells to these 
chemicals[22]. Thus, it is urgent to find new compounds 
that can kill both parental cancer cells and drug resistant 
cells and differentiate between normal and cancer cells 
in order to selectively kill cancerous cells with reduced 
toxicity. UA possesses good cytotoxicity on HepG2 and 
R-HepG2 cells, but no cytotoxicity to primarily cultured 
normal mouse and rat hepatocytes has been detected at 
corresponding concentrations. These results indicate that 
UA is a promising anti-tumor agent to parental and drug 
resistant HepG2 cells with low toxicity and could partially 
explain why UA inhibits the proliferation of  hepatoma 
while possesses hepatoprotective activity. In addition, UA 
can lead to apoptosis, DNA ladder and PARP protein 
cleavage as well as G0/G1 cell-cycle arrest.

However, the cytotoxic mechanisms of  HepG2 cells 
induced by UA are not completely understood. PARP is 
a substrate of  apoptosis specific protease from the ICE-
family (caspases). The 113 ku PARP is cleaved during 
apoptosis into 89- and 24-ku fragments which could serve 
as an early hallmark of  apoptosis. In our study, cleaved 
PARP protein not only further proved apoptosis, but also 
it was implied that activation of  caspases was involved in 
apoptosis of  HepG2 cells treated with UA. COX-2 is an 
early-response gene that is highly inducible by mitogenic 
and inflammatory stimuli[23–25]. Multiple lines of  evidence 
suggest that COX-2 is important in carcinogenesis and 
overexpressed in cancer cells[26,27]. NS-398, a representative 
of  non-selective COX inhibitors can induce G0/G1 cell 
cycle arrest through inhibition of  CDK2 and induction 
of  p21 and p27[28,29]. Upregulation of  p21 could further 
stimulate mRNA transcription of  cytochrome C and 
caspase 3 which induces apoptosis in the end[30]. In 
the light of  our study, UA could significantly inhibit 
COX-2 protein expression, suggesting that inhibition of  

COX-2 may correlate with increased p21 expression and 
subsequent activation of  cytochrome C and caspase-3 in 
HepG2 cells treated with UA[31].

HSP 105 belonging to heat shock protein (HSP) 70 
super family acts as a chaperone and plays a role in control 
of  cell proliferation and cellular aging. It was reported 
that overexpression of  HSP105α could enhance stress-
induced apoptosis, but not necrosis in mouse embryonal 
F9 cells[32,33]. Some HSPs purified from murine tumors and 
used as vaccine are prophylactically and therapeutically 
effective in cancer immunotherapy models[34]. Further 
more, MKT-077, a cationic rhodacyanine dye analog exerts 
its selective toxicity to cancer cells by binding to the HSP 
70 family protein mot-2 and reactivating p53 function, 
thus resulting in increased p53 downstream gene p21 
expression[35]. Upregulation of  HSP 105 and increase of  
p21 expression[31] may contribute to apoptosis and G0/G1 

cell-cycle arrest induced by UA, which are at least partially 
responsible for the selectivity of  UA for cancer cells.

Tumor growth inhibitory effect in mice bearing 
hepatoma could predict the activity of  corresponding 
tumors in human beings. Accordingly, the anti-neoplasm 
action of  UA on mouse hepatoma H22 indicates that it 
can be used to treat human hepatoma. However, few 
researches have been done on the pharmacokinetics of  
UA. We also did not monitor the concentration of  UA in 
the blood of  mice. Therefore, more attention should be 
paid to the active plasma concentration of  UA in future.

In conclusion, UA is a potential anti-hepatoma agent 
with reduced toxicity both in vitro and in vivo. Summary 
of  current understanding of  anti-tumor activity of  
UA on hepatoma is shown in Figure 8. However, poor 
water solubility of  UA has confined its use. Although its 
derivatives have good water solubility, these derivatives 
possess no anti-neoplasm activity. More work should be 
done to solve this problem.
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course of  anti-tumor immunity requires two distinct 
signals for T helper precursor cell expansion[1,2]. Optimal 
activation of  antigen-specific T cells requires not only 
the engagement of  T-cell receptor (TCR) with Ag/
major histocompatibility complex (MHC), but also co-
stimulatory signals provided by antigen-presenting cells[3,4]. 
Among the interactions of  these co-stimulatory molecules, 
ligation of  CD28/CTLA-4 and CD86 or CD80 is regarded 
as a major signal transduction pathway[5]. As the first 
identified B7 family member, CD80 is widely expressed 
in a broad spectrum of  tissues, even on some malignant 
tumor cells, thereby suggesting the potential mechanism 
of  immune evasion of  tumor cells[6]. Cancer of  the liver 
is regarded as a tumor of  low immunogenicity. Although 
there is a high level of  HLA I expression on the surface 
of  hepatocarcinoma cells, it still has a low immunogenicity 
due to the absence or low expression of  CD80[7]. In this 
study, we established a CD80-transfected hepatocarcinoma 
cell line to observe the characteristic of  HepG2/hCD80 
and make further investigation on the role it plays in T cell 
activation.

MATERIALS AND METHODS
Materials
Retro virus vector pLNShB7 carrying hCD80 was 
presented by Professor Lu Daru of  Fudan University. 
Package cel l (s inglephi l ic GP+E86, doublephi l ic 
GP+envAm12) and f ibroblast cel l NIH3T3 were 
kept by Jiangsu Hematological Research Institute and 
cultured in DMEM supplemented with 150 mL/L new 
born calf  serum (NCS), and incubated at 37 °C in a 
humidified atmosphere containing 50 mL/L CO2 in 
air. Hepatocarcinoma cell line HepG2 was purchased 
from Shanghai Zhongshang Hospital, cultured in RPMI 
1640 medium supplemented with 150 mL/L NCS, and 
incubated at 37 °C in a humidified atmosphere containing 
50 mL/L CO2 in air. ELISA kit was purchased from 
Shanghai Senxiong Biological Co., Ltd. Mouse IgG-PE or 
IgG-FITC was purchased from Immunotech Company. 
MTT kit was purchased from Sigma Company. The 
mouse anti-human CD80 mAb was kindly gifted by Dr. 
Qiu Yuhua, Immunology Research Institute of  Suzhou 
University.

Vector transduction and production of envAm12/CD80
Plasmid pLNShCD80 was transfected into E. coli JM109 
and was confirmed by EcoRI. Purified vector DNA was 
transfected into GP+E86 cells using Lipofectamine. 
Singlephilic GP+E86/CD80 cells were selected by G418 
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Abstract
AIM: To observe biological characteristics of hepatocar-
cinoma cells before and after CD80 transfection and to 
compare the effect of CD80-transfected hepatocarcinoma 
cells on T lymphocyte activation.

METHODS: Retro virus vector carrying CD80 gene 
was transfected into HepG2 cells to establish CD80-
transfected hepatocarcinoma cells (HepG2/hCD80). Flow 
cytometry (FCM) was performed to detect CD80 expres-
sion in the transfected cells. RT-PCR was used to evalu-
ate CD80 expression at mRNA level. In the presence of 
anti-CD3 mAb, the proliferation of T lymphocyte was 
observed by MTT. Meanwhile, the expression of activated 
molecule marker CD25 was analyzed through FCM.

RESULTS: A stable cell line HepG2/hCD80 expressing 
the human CD80 was established. Growth curve showed 
that the molecule CD80 could obviously decrease the 
growth of tumor cells. HepG2/hCD80 was evidenced to 
have a potency to enhance T cell proliferation and up-
regulate CD25 expression.

CONCLUSION: CD80 transfection can lower ma-
lignant phenotype of hepatocarcinoma cells. CD80 
transfection has a down-regulatory effect to activated 
T cells in vitro .

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
It has been widely accepted that T cell activation in the 
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(0.6 g/L) and then Ping-pong transfection strategy was 
adopted to produce doublephilic GP+envAm12/CD80. 
Supernatant of  GP+envAm12/CD80 was collected and 
stored at –80 °C.

CD80 virus transduction into HepG2 cells
HepG2 cells were incubated in Petri dish until they 
grew to 60% confluence. Then, the culture medium was 
replaced with 1:1 mixed virus supernatant and culture 
medium containing Polybrene at the final concentration 
of  4 mg/L. Such transduction process was repeated after a 
3-h incubation at 37 °C. After 24 h, the cells were digested 
and adjusted to proper concentration for selective culture 
in medium with G418 (0.6 g/L). The empty vector-
transfected HepG2 (HepG2/mock) cells were prepared as 
a negative control in the following experiment.

Integration of CD80 gene
PCR was adopted to integrate NeoR gene in target cells 
and hCD80 gene. Primers for NeoR gene: 5’-CGTTG 
TCACT GAAGC GGGAA GG-3’. Primers for hCD80: 
5’-ATTTT CTTCT CCTTT TGCCA GTAG-3’. Samples 
were init ial ly denatured for 5 min at 95 °C. Gene 
amplification was conducted for 32 cycles, each cycle 
consisted of  denaturation at 94 °C for 45 s, annealing 
at 58 °C for 45 s, and polymerization at 72 °C for 2 
min, followed by an extra incubation at 72 °C for 7 min 
to ensure full extension of  the products. Products of  
amplification were analyzed on 12 g/L agarose gels in Tris
–borate–EDTA, and stained with ethidium bromide.

Detection of CD80 expression by FCM
CD80-transfected HepG2 cells were cultured with anti-
CD80 mAb (2 mg/L) at 4 °C for 30 min. After being 
washed twice, the FITC-goat anti-mouse IgG as secondary 
antibody was added, followed by incubation at 4 °C for 30 
min. Then flow cytometry (FCM) was performed to detect 
the expression of  CD80 after washes.

CD80 expression analysis by RT-PCR
Total RNA was isolated from 106 transfected cells with 
TRIzol reagents (Takara, Dalian, China) following the 
manufacturer’s instructions. Using the total RNA as 
template, the first-strand cDNA of  CD80 was obtained 
with ol igo (dT) as a reverse primer fol lowing the 
manufacturer’s protocol. Then the PCR amplification was 
carried out under the similar PCR conditions with the 
primers mentioned above.

Proliferation analysis of HepG2 and HepG2/hCD80 cells
The HepG2/hCD80 or HepG2/mock cells were seeded 
onto a 24-well plate with 1×105/well. During the 8-day 
culture, cells’ status was detected every day for an average 
value. According to the results, curves of  cell growth were 
drawn and multiple proliferation time was calculated by 
the following formula: times of  growth=maximum living 
cell number/living cell number of  inoculation; multiple 
proliferation time=time from inoculation to the maximum 
cell number/time of  growth.
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Isolation of T lymphocytes
Two milliliters fresh peripheral blood was diluted with 
Hanks’ balanced salt solution at a ratio of  1:3 and 
subjected to separation by 10 mL Ficoll density-gradient 
centrifugation at 2 000 r/min for 20 min. Then turbid fluid 
containing T cells was collected and subjected to another 
10 mL Ficoll. After being washed twice with Hanks’ 
balanced salt solution and separated by density-gradient 
centrifugation at 1 500 r/min for 15 min, the isolated T 
cells were cultured in RPMI 1640 at 37 °C in a humidified 
atmosphere containing 50 mL/L CO2 in air. Through the 
detection by FCM with PE-labeled anti-CD3 mAb, the T 
cell purification was about 70%.

Preparation of tumor vaccine
About 1×106 HepG2/CD80 or HepG2/mock cells were 
collected separately for Co-60 radiation (100 Gy) and 
then cultured in RPMI 1640 at 37 °C in a humidified 
atmosphere containing 50 mL/L CO2 in air for further 
usage.

Detection of proliferation index (PI)
HepG2/CD80 or HepG2/mock cells were seeded onto 
96-well plates with 200 µL/well. Each was divided into 
two groups, and three double wells were set for each 
group. Lymphocytes were added into each well according 
to E:T ratio of  1:10. The mixture of  lymphocytes and 
tumor cells was cultured in RPMI 1640 at 37 °C in a 
humidified atmosphere containing 50 mL/L CO2 in 
air. After a 3-day culture, MTT solution was added to 
each well to the final concentration of  10 g/L and the 
cells were further incubated for 5 h. Then 100 µL of  
isopropylalcohol was added to dissolve the crystal after 
the supernatant was removed by centrifugation at 3 000 
r/min for 5 min and the wells were washed thrice with 
PBS. Then the absorbance of  solution of  each well was 
measured at 570 nm by a microplate reader (Bio-Rad). All 
the measurements were separately performed in triplicate. 
PI was calculated using the formula: PI=(A570 nm of  
HepG2/hCD80–A570 nm of  HepG2/mock well)/A570 nm 
of  lymphocytes in each well.

Analysis of surface antigen expression
HepG2/CD80 or HepG2/mock cells were seeded 
onto 24-well plates. Lymphocytes were added into 
each well according to E:T ratio of  1:10. The mixture 
of  lymphocytes and tumor cells was cultured in RPMI 
1640 at 37 °C in a humidified atmosphere containing 
50 mL/L CO2 in air. After 2-, 5- and 7-day co-cultures, 
the lymphocytes, respectively, were stained with FITC-
CD4 mAb, FITC-CD8 mAb, and FITC-CD25 mAb and 
incubated for 30 min, washed again with PBS. FCM was 
performed to detect the expressions of  CD4, CD8, and 
CD25 on the surface of  T cells.

Statistical analysis
The data was statistically analyzed by two-sided t-test, and 
P≤0.01 was considered statistically significant. Values 
were expressed as mean±SD.
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RESULTS
Stable expression of CD80 in HepG2 cells
Retro virus vector pLNShB7 was transfected into HepG2 
cells with the help of  GP+envAm12 package cell . 
Drug resistant strains were selected by G418 to obtain 
doublephilic GP+envAm12/CD80 clones. FCM analysis 
showed that the expression of  CD80 reached a rather 
high level (Figure 1). RT-PCR result further confirmed the 
expression of  CD80 in the transfected cells at mRNA level 
(Figure 2).

Curve of cell growth and time of multiple proliferations
During 8 d of  culture, the cells were counted each day 
for an average value. Curve of  cell growth was drawn 
according to the results (Figure 3), which showed that the 
curve of  HepG2/hCD80 cells was rising up very slowly, 
indicating that the growth ratio of  HepG2/hCD80 cells 
was obviously lower compared to HepG2/mock cells. 
Multiple proliferation time of  HepG2 cells was 13.86 h, 

while that of  HepG2/hCD80 was 25.09 h.

Surface molecular expression of T cells stimulated by 
HepG2/hCD80
After Co-60 radiation, HepG2/mock or HepG2/hCD80 
cells were mixed with lymphocytes and cultured together. 
FCM was used to detect surface molecular expression in 
T cells on days 2, 5, and 7. The results showed that CD4, 
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Figure 1 Flow cytometric analysis of CD80 expression in cells of different groups. A: 
HepG2/mock; B: negative control; C: HepG2/hCD80; D: positive control.

Figure 2 RT-PCR analysis of CD80 mRNA expression in different group cells. M: 
DL1000 molecule marker; lane 1: β-action; lane 2: positive control; lane 3: HepG2/
mock; lane 4: HepG2/hCD80 cells.
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Figure 3 Curve of cell growth and time of multiple proliferation.
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Each figure is representative of at least three experiments.
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CD8, and CD25 expressions were obviously higher in 
HepG2/hCD80 group than in HepG2/mock group on 
day 5 (Figure 4).

T cell proliferation stimulated by HepG2/hCD80
HepG2/CD80 or HepG2/mock cells were mixed with 
lymphocytes and cultured together as described above. 
After a 3-day co-culture, lymphocyte proliferation was 
examined by MTT. The results showed that PI of  HepG2/
hCD80 group (1.25±0.12) was obviously higher than that 
of  HepG2 group (0.43±0.07, P<0.01).

DISCUSSION
Immune response of  solid tumor is mainly cell immunity 
whose major effector cells are T lymphocytes. An optimal 
initiation of  antigen-specific lymphocytes requires a 
combination of  signals 1 and 2 (co-stimulatory signals). 
Hepatocarcinoma was regarded as a tumor of  absent 
or low immunogenicity. Through testing different 
hepatocarcinoma cell lines, Tatsumi et al.[8] discovered that 
only high level MHC-II molecules were expressed on the 
surface of  hepatocarcinoma cells, while the expression 
levels of  CD80 and CD86 turned to be very low. Although 
mRNA of  both CD80 and CD86 was detected, the 
concentration was very low. Using FCM, we also examined 
CD80 expression level on the surface of  HepG2 cells, 
which showed that only a few HepG2 cells expressed 
CD80 molecule with a percentage of  only 3.66%. Obvious 
differentiation was found compared with positive control 
group. RT-PCR showed that human CD80 mRNA was 
about 605-bp in length (Figure 2), which was consistent 
with that of  FCM results. Taken together the present and 
previous studies, we speculated that absence of  CD80 
expression contributed to the low immunogenicity of  
HepG2 cells.

CD80, a glycoprotein of  44/45 ku, is mainly expressed 
on activated B lymphocytes, macrophages and dendritic 
cells as well as tissues of  chronic infection and tumor 
cells[9]. Our experiment demonstrated that only a low 
level of  CD80 expression was detected on the surface 
of  HepG2 cells. Researches showed that some cytokines 
could upregulate CD80 expression on many kinds of  
cells. For example, IL-2 and IL-4 are able to enhance 
CD80 expression on B lymphocytes[2]. But, generally 
speaking CD80 expression, even under above stimulation, 
is yet relatively low and unable to stimulate effective anti-
tumor immune response. Therefore, by means of  highly 
effective CD80 gene transfection to enhance B7 molecule 
expression at gene level, signal 2 was regained so as to 
effectively trigger anti-tumor immune response.

To effectively transfect CD80 gene, a vector of  high 
efficiency and fewer side effects is necessary. Retro virus 
vector, at present, is a vector most widely used in the study 
of  gene therapy. With this kind of  vector, IL-2, p53 and 
other therapeutic genes could be transferred with high 
efficiency into hepatocarcinoma cells[10]. So, we adopted 
retro virus as a carrier of  CD80 gene. After selection by 
G418, FCM analysis showed that the positive ratio of  
HepG2/hCD80 group was about 92.2%, 28 times higher 
than the control group. Thus, a clone stably expressing 

CD80 molecule was established, host cell HepG2 regained 
the ability of  transducting the second signal, which is 
necessary to trigger T cell immune response.

By CD80 transfection, we not only established positive 
clones highly expressing CD80 molecules but also found 
that the growth curve of  HepG2/hCD80 cells was rising 
up very slowly with the growth ratio obviously lower 
than that of  HepG2 cells. Multiple proliferation time of  
HepG2/hCD80 was markedly longer than that of  HepG2 
(P<0.01). So, CD80 transfection might change the status 
of  tumor cells, while there is still a long way to go before 
clarifying its underlying molecular mechanisms.

T cell activation is crucial to immune response. 
After activation, a series of  biochemical reactions 
occur, including signal transduction, gene activation and 
transcription, new molecule expression on cell surface, 
cytokine secretion and cells entering proliferation cycles[11]. 
Following activation, interaction between IL-2 and IL-2R 
plays an important role in T cell proliferation[12]. Absence 
of  co-stimulatory signals might lead to T cell anergy, 
which could be explained by IL-2 decrease or no-response 
on IL-2 stimulation. On the surface of  T cells, there are 
two IL-2 receptors, one is p55 (CD25) the other is p75 
which has a relatively higher affinity, both have low affinity 
to IL-2[13]. Resting T cells just express p75 and not p55, so 
it could only be activated by highly concentrated IL-2[14]. 
A study showed that by the positive-feedback regulation 
of  IL-2, CD25 could rapidly express and form complex 
with p75 to enhance the affinity of  IL-2 and T cells[15]. 
In this way, biological effects could be fully exerted with 
low level of  IL-2 stimulation. After CD80 transfection, 
our experiment showed that CD25 expression on T cell 
surface was greatly improved and was obviously higher 
compared to control group, which may be explained by 
cascade effects of  immune system[16].

Enhancement of  CD4 and CD8 expressions on T 
cell surface means the improvement of  combined ability 
between TCR and MHC-I or MHC-II molecules[17]. 
Compared with HepG2 group, HepG2/hCD80 group 
showed markedly increased CD4 and CD8 molecules and 
actively proliferated T cells, suggesting that the malignant 
status of  hepatocarcinoma cells might be changed and 
enhancement of  co-stimulatory signal could effectively 
stimulate T cell activation so as to exert strong anti-tumor 
effects.
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The basolateral AE had a much higher activity than 
that in the apical membrane, whereas there was no 
such difference with the NHE under resting conditions. 
Also, 10 µmol/L forskolin did not significantly influence 
Cl-/HCO3

- exchange on the apical and basolateral 
membranes. The administration of 250 µmol/L H2-DIDS 
significantly inhibited the basolateral AE. Amiloride (300 
µmol/L) completely inhibited NHEs on both membranes 
of the cells. RT-PCR revealed the expression of pNBC1, 
AE2, and NHE1 mRNA.

CONCLUSION: These data suggest that apart from the 
lack of CFTR and apical Cl-/HCO3

- exchanger activity, 
CFPAC-1 cells express similar H+ and HCO3

- transporters 
to those observed in native animal tissue.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
There are two HCO3

- transport processes in the pancreatic 
ductal epithelium. The first is the secretion, mainly by the 
smaller ducts, of  HCO3

- rich isotonic fluid that serves 
to flush digestive enzymes down the ductal tree and to 
neutralize gastric acid entering the duodenum[1,2]. The 
second HCO3

- transport process is the flow-dependent 
exchange of  luminal HCO3

- for blood Cl- that is generally 
considered to occur in the larger ducts, including the 
main duct [1,2]. The physiological function of  ductal 
HCO3

- absorption (or salvage) may be protective as it will 
lower luminal HCO3

- (and therefore luminal pH) during 
interdigestive periods when the flow is low or absent. A 
fall in luminal pH would reduce the activity of  digestive 
enzymes within the static column of  fluid in the ductal 
tree, thereby preventing damage to the ductal epithelium. 

The initial step of  HCO3
- secretion is the accumulation 

of  HCO3
- within the duct cell[1,2]. This can occur by two 
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Abstract
AIM: To characterize H+ and HCO3

- transporters in 
polarized CFPAC-1 human pancreatic duct cells, which 
were derived from a cystic fibrosis patient with the 
ΔF508 CFTR mutation. 

METHODS: CFPAC-1 cells were seeded at high density 
onto permeable supports and grown to confluence. The 
cells were loaded with the pH-sensitive fluorescent dye 
BCECF, and mounted into a perfusion chamber, which 
allowed the simultaneous perfusion of the basolateral 
and apical membranes. Transmembrane base flux was 
calculated from the changes in intracellular pH and the 
buffering capacity of the cells.

RESULTS: Our results showed differential permeability 
to HCO3

-/CO2 at the apical and basolateral membranes 
of CFPAC-1 cells. Na+/HCO3

- co-transporters (NBCs) 
and Cl-/HCO3

- exchangers (AEs) were present on 
the basolateral membrane, and Na+/H+ exchangers 
(NHEs) on both the apical and basolateral membranes 
of the cells. Basolateral HCO3

- uptake was sensitive 
to variations of extracellular K+ concentration, the 
membrane permeable carbonic anhydrase (CA) inhibitors 
acetazolamide (100 µmol/L) and ethoxyzolamide (100 
µmol/L), and was partially inhibited by H2-DIDS (600 
µmol/L). The membrane-impermeable CA inhibitor 
1-N -(4-sulfamoylphenylethyl)-2,4,6-trimethylpyridine 
perchlorate did not have any effect on HCO3

- uptake. 
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mechanisms: (1) the forward transport of  HCO3
- by the 

Na+/HCO3
- co-transporter (NBC); and (2) diffusion of  

CO2 into the duct cell which is then hydrated to carbonic 
acid by carbonic anhydrase (CA), followed by the backward 
transport of  protons via the Na+/H+ exchangers and H+-
pumps. The HCO3

- ions are then secreted across the apical 
membrane via Cl-/HCO3

- exchangers (SLC26A3, DRA and 
SLC26A6, PAT1)[3] and/or cystic fibrosis transmembrane 
conductance regulator (CFTR) Cl- channels, which exhibit 
a finite permeability to HCO3

-[4,5]. The exact mechanism 
how the SLC26 exchangers and apical Cl- channels produce 
a high HCO3

- secretion is controversial[1,2]. Nevertheless, 
the key role of  CFTR in HCO3

- secretion is emphasized 
by the fact that the severity of  the pancreatic phenotype 
in cystic fibrosis correlates best with the ability of  mutant 
CFTRs to activate SLC26 exchangers, rather than their 
ability to conduct Cl- ions[6]. 

Rather less is known about the secondary, flow- and 
Cl--dependent absorption of  HCO3

- that occurs in the 
larger ducts. A luminal Na+/H+ exchanger (NHE3) and 
an electroneutral NBC (SLC4A7, NBCn1, NBC3) have 
been identified in the main duct of  the mouse pancreas 
and probably explain HCO3

- absorption across the apical 
membrane[7-9]. There is a clear evidence that activity of  
these luminal HCO3

- salvage transporters is downregulated 
following stimulation of  HCO3

- secretion by a rise in 
intracellular cyclic AMP[7-9]. How the absorbed HCO3

- exits 
the duct cell at the basolateral membrane is uncertain, but a 
candidate pathway is the basolateral Cl-/HCO3

- exchanger 
(possibly AE2)[10]. The AE2 must be switched off  during 
stimulation as the prevailing ion gradients would favor Cl- 
uptake and HCO3

- efflux across the basolateral membrane.
Our current understanding of  pancreatic ductal HCO3

- 
secretion/salvage is mainly based on the experiments 
performed in animal tissues[1]. Studies in human tissue have 
been largely confined to adenocarcinoma duct cell lines; 
however, with the exception of  CAPAN-1, human duct 
cell lines do not express CFTR to any significant degree[11]. 
An alternative approach is to use CFPAC-1 cells, which 
were derived from a 26-year-old cystic fibrosis (CF) patient 
with the ∆F508 mutation[12]. The utility of  CFPAC-1 cells 
is that they allow us to examine HCO3

- transport not only 
in the diseased state, but also in the corrected state by 
transfecting the cells with wild-type CFTR. A number of  
previous studies have shown that wild-type CFPAC-1 cells 
express some of  the key transporters involved in HCO3

- 
secretion; e.g. the basolateral NBC[13], anion exchanger-2 
and the apical Cl-/HCO3

- exchangers DRA and PAT-1[14]. 
Moreover, the expression of  apical Cl-/HCO3

- exchangers 
was significantly increased in CFPAC-1 cells expressing 
functional CFTR, as was the stimulatory effect of  ATP 
on luminal Cl-/HCO3

- exchange[15]. CFPAC-1 cells 
can also be reconstituted as polarized monolayers on 
permeable supports and the effects of  various agents, 
such as angiotensin II[16,17] and PKC[18], have been studied 
using the short circuit current technique. Finally, in one 
study a stimulatory effect of  ATP on HCO3

- secretion 
from CFPAC cells was demonstrated by measuring the 
extracellular pH at the apical cell surface[19]. 

A number of  issues regarding the mechanism of  
pancreatic ductal HCO3

- secretion remain controversial. 

For instance, how much of  the secreted HCO3
- enters 

the lumen via CFTR and how much via SLC26 anion 
exchangers? How is coordinate regulation of  apical and 
basolateral acid base transporters achieved during secretion 
and salvage? How do luminal signals regulate apical HCO3

- 
and H+ transporters? What is the molecular explanation 
for the strong outward rectification of  HCO3

- permeability 
exhibited by the apical membrane of  the duct cell? A 
human pancreatic duct cell line, which reconstituted as a 
polarized monolayer allowing easy access to the luminal 
membrane, would be a very useful resource for answering 
these questions. An added bonus would be a model system 
that facilitates investigation of  how CFTR expression 
affects duct cell transporters. Therefore, in this study, we 
aimed to establish whether polarized CFPAC-1 cells grown 
on permeable supports could fulfill these requirements. 
To do this, we investigated the HCO3

- permeability 
characteristics of  the basolateral and apical membranes of  
CFPAC-1 cells, and the spatial distribution of  acid/base 
transporters. 

MATERIALS AND METHODS
Materials and solutions
All laboratory chemicals were purchased from Sigma 
(Poole, Dorset, UK). 2’,7’-Bis-(2-carboxyethyl)-5(6)-
carboxyfluorescein-acetoxymethyl ester (BCECF-AM) 
and dihydro-4,4’-diisothiocyanostilbene-2,2’-disulfonic 
acid (H2-DIDS) were from Molecular Probes Inc. 
(Eugene, OR, USA); 1-N-(4-sulfamoylphenylethyl)-2,4,6-
trimethylpyridine perchlorate (STP) was kindly provided 
by Prof. C Supuran. Stock solutions of  BCECF (2 mmol/
L), acetazolamide (0.4 mol/L), ethoxyzolamide (0.4 mol/
L), amiloride (0.8 mol/L) and STP (10 mmol/L) were 
prepared in dimethyl sulfoxide (DMSO). Nigericin (10 
mmol/L) and forskolin (50 mmol/L) were dissolved in 
ethanol and stored at -20 ℃. Polyester Transwells were 
supplied by Corning-Costar (Buckinghamshire, UK). 
The standard HEPES-buffered solution contained 130 
mmol/L NaCl, 5 mmol/L KCl, 1 mmol/L MgCl2, 1 
mmol/L CaCl2, 10 mmol/L Na-HEPES, and 10 mmol/L 
D-glucose (pH 7.4 with HCl). In the Na+-free HEPES 
solution, NaCl was replaced by 140 mmol/L N-methyl-D-
glucamine (NMDG)-Cl and the Na-HEPES was replaced 
by equimolar HEPES-acid. The Cl--free HEPES solution 
contained 140 mmol/L Na-gluconate, 2.5 mmol/L K2SO4, 
6 mmol/L Ca-gluconate, 1 mmol/L Mg-gluconate, 10 
mmol/L HEPES-acid, 10 mmol/L D-glucose (pH 7.4 with 
NaOH). The Na+/Cl--free HEPES solution contained 130 
mmol/L NMDG-gluconate, 2.5 mmol/L K2SO4, 1 mmol/
L MgSO4, 1 mmol/L CaSO4, 10 mmol/L HEPES-acid, 10 
mmol/L D-glucose (pH 7.4 with gluconate). The standard 
HCO3

- solution contained 115 mmol/L NaCl, 5 mmol/L 
KCl, 1 mmol/L MgCl2, 1 mmol/L CaCl2, 25 mmol/L 
Na-HCO3, 10 mmol/L D-glucose. In the K+-free HCO3

- 
solution, KCl was replaced with equimolar NaCl. The 
high K+ HCO3

- solution contained the same ingredients 
as the standard HCO3

- solution but the KCl and NaCl 
concentrations were 115 and 5 mmol/L, respectively. The 
Na+-free HCO3

- solution contained NMDG-Cl instead of  
NaCl and choline HCO3

- in place of  NaHCO3. Cl--free 
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HCO3
- solution contained 115 mmol/L sodium gluconate, 

2.5 mmol/L K2SO4, 6 mmol/L Ca-gluconate, 1 mmol/
L Mg-gluconate, 25 mmol/L Na-HCO3, 10 mmol/L 
D-glucose. The Na+/Cl--free HCO3

- solution contained 
115 mmol/L NMDG-gluconate, 2.5 mmol/L K2SO4, 1 
mmol/L MgSO4, 1 mmol/L CaSO4, 25 mmol/L choline-
HCO3

-, 10 mmol/L D-glucose (pH 7.4 with gluconate). 
10 µmol/L atropine was added to the solutions containing 
choline to prevent the possible activation of  muscarinic 
receptors. In solutions containing NH4

+, the concentration 
of  Na+ or NMDG was replaced to maintain osmolarity. 
All the solutions containing HCO3

- were continuously 
equilibrated with 5% CO2-95% O2 to maintain pH at 7.4. 

Culture of CFPAC-1 cells
CFPAC-1 cells (passage number 27-60) were obtained 
from Prof. RA Frizzell (University of  Pittsburgh, 
Pittsburgh, PA, USA) and were grown in Iscove’s modified 
Dulbecco’s medium supplemented with 100 mL/L fetal 
calf  serum, 2 mmol/L glutamine, 100 units/mL penicillin 
and 0.1 mg/mL streptomycin and were cultured as 
described previously[12]. The media was changed every 1-2 d. 
Cells were maintained at 37 ℃ in a humidified atmosphere 
containing 5% CO2. Cell monolayers were prepared by 
seeding at high density (300-350 cells/cm2) onto polyester 
permeable supports (12 mm diameter, 0.4 µm pore size 
Transwells). Cell confluence was checked by microscopy 
and determination of  transepithelial electrical resistance 
using an EVOM-G voltohmmeter (World Precision 
Instruments, Sarasota, FL, USA). Experiments were 
performed 4-6 d after seeding.

Measurement of intracellular pH
Intracellular pHi was estimated with the pH-sensitive dye 
BCECF[20,21]. CFPAC-1 cells were loaded with 2 µmol/L 
BCECF-AM in both the apical and basal chambers in 
standard HEPES for 30-45 min at 37 ℃. After loading, 
the Transwells were transferred to a perfusion chamber 
mounted on an inverted Nikon Diaphot microscope (Nikon 
UK, Kingston upon Thames, UK). Apical and basal bath 
volumes were 0.5 and 1 mL and the perfusion rates were 
3 and 6 mL/min, respectively. All the experiments started 
and ended with standard HEPES solution perfusing both 
sides of  the cells. Experiments were performed at 37 ℃. 
pHi was measured using a Life Sciences Microfluorimeter 
System (Life Sciences Resources, Cambridge, UK). About 
10-15 cells were alternately excited with wavelengths of  
440 and 490 nm, and the 490/440 fluorescence emission 
ratio was recorded at 535 nm over a sampling period of  
256 ms. The resting pHi of  CFPAC-1 cells in standard 
HEPES solution was determined using the method 
described by Hegyi et al.[21]. Calibration of  490/440 ratio 
to pHi was obtained using the high-K+/nigericin method. 
Extracellular pH was stepped between 5.94 and 8.46.

Determination of buffering capacity 
The intrinsic buffering capacity (βi) of  CFPAC-1 cells was 
estimated according to the NH4

+ prepulse technique[22]. 
Briefly, the cells were exposed to varying concentrations of  
NH4Cl (0-30 mmol/L) while Na+ and HCO3

- were omitted 

from the bath solution to block the Na+- and HCO3
--

dependent pH regulatory mechanisms. βi was estimated 
by the Henderson-Hasselbalch equation. The total 
buffering capacity (βtotal) was calculated as βtotal=βi+βHCO3

-, 
where βHCO3

- is the buffering capacity of  the HCO3
-/CO2 

system. βHCO3
-=2.3×[HCO3

-]i. [HCO3
-]i is the intracellular 

concentration of  HCO3
-.

Overall ∆pHi, base flux 
The overall ∆pH i was measured by determining the 
pHi immediately before and at the peak level during the 
administration of  solutions containing HCO3

-/CO2 by 
averaging the values of  80 data points. The initial rates of  
∆pHi (over 30 s) were used to calculate transmembrane 
base flux J(B) using the equation J(B)=∆pHi/∆t*βi. The βi 
value used in the calculation of  J(B)s was obtained from 
Figure 1 by using the average pHi value over a 30-s period 
immediately before the administration of  HCO3

-/CO2 
(virtually no HCO3

- in the cells). Therefore, we were most 
likely underestimating J(B) because of  the increase in 
buffering capacity as HCO3

- fluxes into the cell during the 
administration of  the basolateral HCO3

-/CO2 solution. 
The only time we used βtotal to calculate J(B) was when we 
administered basolateral standard HCO3

-/CO2 solution 
during perfusion with apical standard HCO3

-/CO2. We 
denote base influx as J(B) and base efflux as -J(B).

RT-PCR
Total RNA was extracted from CFPAC-1 cells grown 
in tissue culture flasks using RNAzol solution (Gibco-
BRL) according to the manufacturer’s instructions. 
For reverse transcriptase (RT)-PCR, 2 µg of  RNA 
was r eve r s e t r an sc r ibed w i th  50 ng o f  r andom 
hexamer primers (GIBCO-BRL) in a final volume 
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Figure 1 Buffering capacity of CFPAC-1 human pancreatic duct cells at different 
pHi values. Polarized CFPAC-1 cells were exposed to varying concentrations of 
NH4Cl (0–30 mmol/L), while Na+ and HCO3

– were omitted from the bath solution to 
block the Na+ and HCO3

–-dependent pH regulatory mechanisms. βi was estimated 
by the Henderson–Hasselbalch equation (n=50). The total buffering capacity (βtotal) 
was calculated as βtotal=βi+βHCO3

–, where βHCO3
– is the buffering capacity of the 

HCO3
–/CO2 system. βHCO3

–=2.3×[HCO3
–]i. [HCO3

–]i is the intracellular concentration 
of HCO3

–. 
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of  20 µL using 50 U of  Moloney murine leukemia 
virus RT (Fermentas) at 37 ℃ for 1 h, following the 
manufacturer's instructions. The primers used for PCR 
amplification were previously described[23-25]. NHE1: 5’
-CCAGCTCATTGCCTTCTACC-3’ (sense) and 5’
-TGTGTCTGTTGTAGGACCGC-3’ (ant i sense) 
(length of  amplified region 245 residues); AE2: 5’
-GAAGATTCCTGAGAATGCCG-3’ (sense) and 5’
-GTCCATGTTGGCACTACTCG-3’ (antisense) (length 
of  amplified region 181 residues); pancreatic NBC1 
(pNBC): 5’-ATGTGTGTGATGAAGAAGAAGTAGA
AG-3’ (sense) and 5’-GACCGAAGGTTGGATTTCTT
G-3’ (antisense) (length of  amplified region 621 residues); 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH): 5’
-ATGGCACCGTCAAGGCTGAGA-3’ (sense) and 5’-G
GCATGGACTGTGGTCATGAG-3’ (antisense) (length 
of  amplified region 371 residues). The PCR reaction 
was started with a 3-min 94 ℃ step and was followed 
by standard step-cycling conditions with 30 cycles of  
amplification utilizing Taq DNA polymerase (Fermentas); 
the reaction was ended by a 10-min 72℃ step. The cycling 
conditions for NHE1, AE2, and GAPDH were 94 ℃ for 
30 s, 58 ℃ for 30 s and 72 ℃ for 30 s; and for pNBC1 
were 94 ℃ for 30 s, 58 ℃ for 30 s and 68 ℃ for 3 min. 
RT-PCR products were separated by electrophoresis on a 
20 g/L agarose gel containing ethidium bromide (0.5 µg/
mL) and were visualized under ultraviolet light.

Statistical analyses
In agreement with Zsembery et al[26], we noticed a variation 
in the rate and magnitude of  HCO3

- uptake between the 
different set of  monolayers that we could not attribute 
to the passage number or time after seeding. To avoid 
errors arising from this fact, we (1) performed a particular 
experimental protocol on the same day using one set of  
cell cultures, (2) randomized the order in which monolayers 
in the same g roup were exposed to experimental 
maneuvers (i.e., exposure to inhibitors), and (3) always 
included internal controls where possible. Summary 
data in the figures are expressed as percent change from 
control and statistical analyses were performed using 
either Student’s paired or unpaired t test or the analysis of  
variance as appropriate. P values <0.05 were considered 
statistically significant.

RESULTS
Transepithelial electrical resistance, resting pHi and 
buffering capacity
The CFPAC-1 cells grown on polyester Transwells became 
confluent in 2-3 d as judged by visual observation. The net 
transepithelial resistance increased steadily over 4-5 d after 
seeding when it reached a plateau of  100±4 Ω/cm2 (n = 88). 
The resting pHi of  the cells in standard HEPES solution 
was 7.11±0.08 (n = 6). 

Apical administration of HCO3
-/CO2 

After perfusing both the apical and basolateral sides of  
the CFPAC-1 cells with standard HEPES solution, apical 
perfusion was switched to the standard HCO3

-/CO2 
solution (Figure 2). We then observed a rapid acidification 
(-17.5 ± 1.5 mmol/L B/min, n = 20) of  pHi, most likely 
caused by the diffusion of  CO2 into the cells. Following 
this, the pH i reached a new approximate steady state 
value (6.82 ± 0.02, n = 20) and remained at this level until 
the standard HEPES solution was restored to the apical 
membrane. Restoration of  standard HEPES solution 
induced a rapid alkalinization of  pHi towards the resting 
pHi value probably brought about by the diffusion of  
CO2 from the cells. These observations suggested that 
CO2 influx was very fast across the apical membrane of  
CFPAC-1 cells, and that significant HCO3

- influx did not 
occur. 

Basolateral administration of HCO3
-/CO2

After perfusion of  both the apical and basolateral 
membranes of  CFPAC-1 cells with standard HEPES 
solution, the basolateral perfusion was switched to 
standard HCO3

-/CO2 (Figure 2). Upon changing the 
basolateral perfusate, there was a rapid alkalinization of  
pHi (∆pHi = 0.48 ± 0.03, J(B) = 15.0±2.3 mmol/L B/min, 
n = 12), most likely induced by the transport of  HCO3

- 
into the cells. Removal of  the standard HCO3

-/CO2 
solution from the basolateral side induced a further small 
transient increase in pHi consistent with efflux of  CO2, 
followed by a slow acidification towards the resting pHi 
value brought about by the extrusion of  HCO3

- (Figure 2). 
These observations suggested that HCO3

- might cross the 
basolateral membrane of  CFPAC-1 cells much faster than 
CO2. To rule out the possibility that basolateral HCO3

- 
entry was at least partly due to CO2 influx, followed by its 
rapid hydration to HCO3

- ions, we perfused the apical side 
of  CFPAC-1 cells with a standard HCO3

-/CO2 solution for 
4 min (intracellular pCO2 was increased) and then the same 
solution was added to the basolateral side (Figure 2). Under 
these conditions we still observed a rapid alkalinization of  
pHi, (∆pHi = 0.40 ± 0.05, J(B) = 14.1 ± 1.9 mmol/L B/min, 
n = 6) which was not significantly different compared to 
the absence of  apical HCO3

-/CO2. 
Taken together with the effects of  apical HCO3

-/
CO2 administration, these data showed that CFPAC-1 
monolayers exhibited functional polarity with respect 
to HCO3

- transport. Subsequently, we used the apical 
administration of  HCO3

-/CO2 to check the functional 
polar i ty of  monolayers at the beginning of  each 
experiment. The cells were considered to be polarized, if  
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Figure 2 Functional polarities of CFPAC-1 cells. CFPAC-1 cells were grown to 
confluence on permeable supports, loaded with the pH-sensitive fluorescent dye 
BCECF-AM (2 µmol/L) and mounted into a perfusion chamber, which allowed the 
simultaneous perfusion of different solutions to the basolateral and apical mem-
branes. The figure shows representative pHi traces demonstrating cell polarity. The 
administration of standard HCO3

–/CO2 solution to the apical and the basolateral 
sides of the cells showed a marked difference in response (n = 12–20). 
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the pHi remained constant after the initial decrease in pHi 
caused by the diffusion of  CO2 into the cells.

Investigation of basolateral HCO3
- uptake

In theor y, the a lka l in iza t ion obser ved a f ter the 
administration of  basolateral standard HCO3

-/CO2 could 
be explained by the action of  the NBC and the reversal 
of  Cl-/HCO3

- anion exchanger. The initial rate of  HCO3
- 

uptake was significantly decreased in Cl--free vs standard 
conditions (J(B)=73.1±7.2% and 100±8.5%, respectively, 
n =5, Figures 3A and 4); however, no significant difference 
was noted for the overall ∆pHi for the two groups (85.5
±6.0% and 100±6.3%, respectively). The administration 
of  basolateral HCO3

-/CO2 greatly decreased ∆pHi (25.6
±5.1%) and J(B) (11.7±2.3%) in Na+-free conditions 
(n = 6) compared to those (100±7.5% and, 100±10.7%, 
respectively) in standard conditions, suggesting that a 
large proportion of  the HCO3

- uptake was due to a Na+-
sensitive process, most likely via an NBC (Figures 3B and 4). 
Interestingly, the decrease in the rate of  HCO3

- uptake was 
somewhat attenuated in the absence of  both Na+ and Cl- 
[n = 6, J(B) changed to 38.4±6.9%, Figures 3C and 4]. 

To further confirm the presence of  NBC on the 
basolateral membrane of  CFPAC-1 cells, we examined 
the recovery from a Na+-free acid load in the presence 
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basolateral HCO3
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HCO3

– uptake was due to a Na+-sensitive process, most likely NBC; C: Interest-
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– uptake was obviously ameliorated in the 
absence of both Na+ and Cl– (n  =  6) compared to the Na+-free condition.
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bP<0.01 vs control group dP<0.01 vs Cl–-free group and/or fP<0.01 vs Na+-free 
group.
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Figure 5 Basolateral HCO3
– uptake – effects of H2-DIDS, acetazolamide and vary-

ing extracellular K+ concentration. The figure shows representative pHi traces. A: 
The anion transport inhibitor 600 µmol/L H2-DIDS (added to the basolateral mem-
brane of cells for 2 min before and during the administration of basolateral HCO3

–

/CO2, dashed line, n=6) significantly decreased the extent of alkalinization (∆pHi) 
and rate of J(B) (n=6); B: Varying extracellular [K+] caused significant differences in 
∆pHi and J(B) (n=9–11); C: The application of the membrane-permeable carbonic 
anhydrase inhibitor acetazolamide (100 µmol/L, n = 6) significantly decreased the 
overall ∆pHi and J(B). HS: HEPES.
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of  HCO3
−/CO2 by adding basolateral Na+ with/without 

300 µmol/L amiloride (to block basolateral Na+/H+ 
exchange, n = 6). After acid loading of  cells, the basolateral 
addition of  Na+ stimulated a J(B) of  39.0±4.4 mmol/L 
B/min (please see below the much lower values in HEPES 
solution). In contrast, the basolateral addition of  Na+ in 
the presence of  amiloride decreased this value to 22.2±
3.6 mmol/L B/min, suggesting that a third pathway of  
acid transport is due to a basolateral NHE. The anion 
transport inhibitor H2-DIDS (600 µmol/L, added to 
the basolateral membrane of  cells for 2 min before and 
during the administration of  basolateral HCO3

-/CO2, 
n = 6), significantly decreased the extent of  alkalinization 
(∆pH i) to 63.2±4.7% and rates of  J(B) to 43.9±5.1% 
(n = 6, Figures 5A and 6). Varying the extracellular 
K+ concentrations (K+-free, high K+, n = 9-11) of  the 
basolateral standard HCO3

-/CO2 solution induced 
significant differences between the ∆pHi values vs the 
standard HCO3

-/CO2 solution (41.5±24.5%, 139.6±15.0% 
and 100 ± 11.1%, respectively; Figures 5B and 6). The J(B) 
significantly decreased when K+-free HCO3

-/CO2 (73.9
±6.4%) was administered to the basolateral membrane, 
but was not affected by high K+, HCO3

-/CO2 (96.6 ±
11.0%) vs the standard HCO3

-/CO2 solution (100.0 ±
15.8%). Thus, our experiments showed that alteration of  
the membrane potential of  CFPAC-1 cells, by varying 
basolateral extracellular K+ concentration, modified the 
extent of  HCO3

- uptake. The application of  the membrane 
permeable CA inhibitors acetazolamide (100 µmol/L, 
n = 6, Figures 5C and 6) or ethoxyzolamide (100 µmol/L, 

n = 6) in the apical (standard HCO3
-/CO2 solution) and 

basolateral (standard HEPES solution) perfusions, 10 
min before and during the administration of  basolateral 
standard HCO3

-/CO2 solution, significantly decreased 
the overall ∆pHi to 56.8±4.2% or 59.0±9.8%, and J(B) 
to 50.5±4.6% or 63.7±8.3%, respectively. The basolateral 
addition of  the membrane impermeable CA inhibitor STP 
(10 µmol/L, n = 6) in standard HEPES solution (the apical 
side of  the cells was perfused with standard HCO3

-/CO2 
solution), 5 min before and during the administration 
of  basolateral standard HCO3

-/CO2 solution, did not 
significantly influence overall ∆pHi (114.3±14.3%) and 
J(B) (106.7±17.9%, Figure 6).

Localization of Cl-/HCO3
- exchangers in CFPAC-1 cells

The localization of  Cl-/HCO3
- exchangers was performed 

by measuring the effect of  changes in Cl- gradient across 
the luminal and/or basolateral membranes on pHi. In the 
presence of  HCO3

-, the removal of  Cl- from the apical 
membrane did not result in changes of  pHi. The removal 
of  Cl- from the basolateral membrane caused a ∆pHi of  
0.08±0.01 and a J(B) of  4.4±0.5 mmol/L B/min (n = 6, 
Figure 7). Furthermore, the basolateral administration 
of  250 µmol/L H2-DIDS (from 2 min before changing 
the solution to Cl--free HCO3

-/CO2) completely blocked 
pHi changes caused by the withdrawal of  Cl-. However, 
10 µmol/L forskolin, 100 µmol/L acetazolamide or 100 
µmol/L ethoxyzolamide (from 10 min before changing 
the solution to Cl--free HCO3

-/CO2) did not significantly 
influence Cl-/HCO3

- exchange on the apical and basolateral 
membranes (n = 6-8, data not shown).

Localization of Na+/H+ exchangers in CFPAC-1 cells
In HEPES-buffered solutions, the removal of  Na+ from 
the perfusing solutions had a small acidifying effect on pHi 
[J(B)=1.00±0.13 mmol/L B/min, n =12]. After exposure 
and then removal of  the NH4

+ in the absence of  Na+ on 
both sides of  the duct cells, pHi reduced to 6.73±0.03 
(n = 12), and stabilized at this level (Figure 8A). We could 
not detect any active H+-pumps in CFPAC-1 cells, since 
pHi did not increase in the absence of  extracellular Na+. 
Re-addition of  Na+ to the apical or the basolateral side 
caused pHi recovery towards the resting values [J(B) = -6.6
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– exchangers 

was performed by measuring the effect of changes in Cl– gradient across the lumi-
nal or basolateral membranes on pHi. In the presence of HCO3
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from the apical membrane did not result in changes of pHi. The removal of Cl– from 
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mmol/L B/min. Furthermore, the basolateral administration of 250 µmol/L H2-DIDS 
completely blocked pHi changes caused by the withdrawal of Cl–.
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±2.6 mmol/L B/min and -7.5±1.3 mmol/L B/min, 
respectively, n = 6-10]. The administration of  300 µmol/L 
amiloride to the Na+-free (from 2 min before the addition 
of  Na+) and Na+-containing HEPES solutions prevented 
the recovery of  pHi in the presence of  Na+ (n =6, Figure 
8B). Removing amiloride resulted in the recovery of  
pHi to resting values. Interestingly, the removal of  apical 
Na+ from the standard HCO3

-/CO2 solution perfusing 
CFPAC-1 cells caused a sudden but small acidification 
of  pHi (∆pHi = 0.14±0.01 and J(B) =-10.8±0.8 mmol/L 
B/min, n =6), whereas we did not see any change in pHi 
when we removed Na+ from the basolateral side of  the 
cells (n =6). Taken together, our experiments showed that 
there are Na+/H+ exchangers on both the apical and the 
basolateral membranes. Finding a Na+/H+ exchanger 
on the apical side was somewhat unexpected. A possible 
explanation for this would be that the cells were leaky 
to Na+ ions. However, despite the great difference in 
Na+ concentration (0 mmol/L vs 140 mmol/L) of  the 
apical and basolateral perfusates, analysis of  the Na+ 
concentration of  the solutions by mass spectrometry 
showed no contamination during perfusion. 

Molecular identification of H+ and HCO3
- transporters

To further investigate the presence of  different H+ and 
HCO3

- transporters in CFPAC-1 cells, we undertook 
RT-PCR analysis. We could detect mRNA expressions 
for pNBC1, AE2, and NHE1; the housekeeping gene 
GAPDH was used to normalize mRNA levels (Figure 9).

DISCUSSION
Our results showed the functional presence of  the NBC 
and Cl-/HCO3

- exchanger on the basolateral membrane, 
together with Na+/H+ exchangers on both the apical and 
basolateral membranes of  CFPAC-1 cells (Figure 10). That 
there was no detectable Cl-/HCO3

- exchange activity on 
the apical membrane was not a surprise as CFTR is known 
to be required for its activation[3,27]. RT-PCR revealed the 
expression of  pNBC1, AE2, and NHE1 mRNA.

CFPAC-1 cells clearly demonstrated a differential 
permeability to HCO3

- at the apical and basolateral 
membranes. We found that the addition of  25 mmol/L 
HCO3

-/CO2 to the basolateral side of  the cells caused 
a marked alkalinization of  pHi, whereas exposing the 
apical membrane to the same solution caused a sustained 
acidification. These data suggest that the basolateral 
membrane of  CFPAC-1 cells is much more permeable 
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Figure 10 H+ and HCO3
– transport mechanisms in CFPAC-1 human pancreatic 

duct cells. The basolateral membrane expresses Na+/HCO3
– co-transporters, Na+/

H+ exchangers and Cl–/HCO3
– exchangers plus an unidentified Na+-independent 

HCO3
– entry pathway. These transporters facilitate the rapid flux of HCO3

– ions into 
the cell. K+ channels are also likely to be expressed on the basolateral membrane 
because altering extracellular K+ concentration affects HCO3

– influx. The apical 
membrane expresses Na+/H+ exchangers, but not CFTR and Cl–/HCO3

– exchang-
ers found in normal pancreatic duct cells. The apical membrane is an effective bar-
rier to HCO3

– influx from the lumen, but is freely permeable to CO2. CA: Carbonic 
anhydrase.
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to HCO3
- than the apical membrane. Plasma membrane 

HCO3
- and CO2 permeabilities have been reported to 

vary in different species and tissues. In perfused rabbit 
gastric glands, the luminal membranes of  parietal and 
chief  cells were impermeable to HCO3

- and CO2, while 
the basolateral membranes were permeable to both[28]. 
Apical HCO3

- permeability is relatively low in cultured 
bovine corneal endothelial cells[29]. In contrast, HCO3

- 
permeability of  the apical side of  intact colonic mucosa 
of  guinea pig is markedly higher[30]. Our results are in 
accordance with similar observations made by Ishiguro et 
al.[31] using guinea pig ducts. Administration of  25 mmol/L 
HCO3

-/CO2 to the lumen of  microperfused guinea pig 
pancreatic ducts decreased pHi rapidly. Following this, no 
subsequent increase in pHi was observed, indicating that 
little HCO3

- was able to enter the cell from the lumen. 
HCO3

- entry was detected only when the luminal HCO3
- 

concentration was raised above 125 mmol/L. A low apical 
HCO3

- permeability would make physiological sense in 
species, such as man and guinea pig, which can secrete near 
isotonic NaHCO3

-. Our work is the first demonstration 
of  HCO3

-/CO2 asymmetry in polarized human pancreatic 
duct cells. Finally, it seems that CFPAC-1 cells, which 
express ∆F508 CFTR, exhibit the same resistance to 
HCO3

- influx across the apical membrane as native guinea 
pig duct cells. This suggests that the presence of  functional 
CFTR in the apical membrane is not required for this 
membrane to act as an effective barrier to HCO3

- influx 
from the lumen. 

A large proportion of  the basolateral HCO3
- uptake was 

Na+-dependent and was partially inhibited by H2-DIDS, 
therefore, it is most likely due to the action of  pNBC1. 
However, we also detected a novel Na+-independent 
HCO3

- influx mechanism that was significantly increased 
in Cl--free conditions, the identity of  which remains 
unknown. NBCs have been detected in the guinea pig[32,33], 
rat[34,35] and mouse[36]. In contrast, Novak et al.[37,38] could 
not detect any HCO3

- uptake by NBC in freshly prepared 
rat pancreatic ducts using electrophysiological and pHi

 

measurements. Extracellular HCO3
-/CO2 did not increase 

the rate of  pHi recovery in experimental acidosis. The 
expressions of  NBC mRNA and protein have been 
noted in the human pancreas[39]. Immunofluorescence 
localized the transporter to the basolateral but not the 
apical membrane of  the pancreatic duct cells. Interestingly, 
immunohistological studies have shown the NBC in both 
the apical and basolateral membranes of  rat pancreatic 
duct cells[35]. NBC1 mRNA was also detected in CFPAC-1 
cells by Northern hybridization[13]. In accordance with 
our findings, expression of  NBC1 was also found in non-
polarized cells by recovery from acidosis in the presence 
of  HCO3

-, Na+ and amiloride and its sensitivity to the 
administration of  200 µmol/L DIDS[13]. cAMP had no 
effect on NBC activity in CFPAC-1 cells, whereas NBC 
activity was stimulated in CAPAN-1 cells expressing wild-
type CFTR[13]. The basolateral localization of  the NBC 
was shown by 22Na+ flux studies in CFPAC-1 cells stably 
transfected with wild-type CFTR grown on permeable 
supports (no data was reported for untransfected 
CFPAC-1 cells)[13]. 

The application of  the membrane permeable CA 

inhibitor acetazolamide or ethoxyzolamide partially 
inhibited the rate of  basolateral base flux in CFPAC-1 
cells, whereas the membrane-impermeable CA inhibitor 
STP[40] had no such effect. Carbonic anhydrases are known 
to be coupled to HCO3

- transporters, such as Cl-/HCO3
- 

anion exchangers[41-44], DRA[45] and NBC[46]. There are at 
least 14 different isoenzymes in the α-CA gene family 
present in vertebrates[47]. CA I-III and VII are cytosolic, 
while CA IV, IX, XII and XIII are membrane-associated, 
V is mitochondrial and VI is secreted. Of  the 14 different 
isoforms, CA II, IV, IX and XII were shown to be 
expressed in the human pancreas and cultured pancreatic 
tumor cells[48]. Interestingly, CA II and IV expressions 
were found to be associated with apical HCO3

- channels 
in human pancreatic duct cells CAPAN-1[49], although 
the targeting of  CA IV to the apical plasma membrane 
was impaired in the CFPAC-1 cells[50]. Kivela et al.[51] have 
clearly detected the transmembrane CA isoenzymes IX 
and XII on the basolateral membrane of  the normal and 
pathological pancreas by immunohistochemistry. However, 
it is unlikely that the latter isoenzymes are associated with 
NBC as STP had no inhibitory effect on HCO3

- uptake. 
Furthermore, in accordance with our results, Cheng et 
al.[52] have shown in CAPAN-1 cells that HCO3

--dependent 
forskolin-induced Isc could be significantly reduced by 
acetazolamide. Moreover, the CA inhibitor also had an 
inhibitory effect on dome formation, which was thought 
to be due to exchange of  water and electrolytes[49]. Taken 
together, intracellular CAs may be involved in the rapid 
basolateral transport of  HCO3

- by NBC. The enzyme 
converts HCO3

- to carbonic acid and possibly maintains 
a concentration gradient for HCO3

- across the basolateral 
membrane of  CFPAC-1 cells.

Al tera t ion of  ext race l lu la r K + concentra t ion 
significantly influenced HCO3

- uptake in our experiments. 
The presence of  K+ channels in the basolateral membranes 
of  CFPAC-1 cells is highly likely, and one report has 
identified ATP-sensitive K+ channels[53] in these cells. 
A basolateral K+ conductance will influence the rate of  
HCO3

- secretion by altering the cells membrane potential. 
In our experiments, high extracellular K+ concentrations 
increased HCO3

- entry, which was likely due to basolateral 
membrane depolarization, and a consequent increase in 
the electrochemical driving force for HCO3

- entry on 
the electrogenic NBC. In contrast, low extracellular K+ 
concentration inhibited HCO3

- uptake, probably due to 
membrane hyperpolarization. 

Novak and Greger[37] demonstrated that the basolateral 
membrane of  rat intra- and inter-lobular pancreatic 
ducts had a relatively large K+ conductance, which 
could be decreased by the K+ channel blocker Ba2+. The 
luminal membrane had no significant K+ conductance. 
Interestingly, Fong et al.[54] detected K+ conductances not 
only on the basolateral but also on the apical sides of  
HPAF human pancreatic duct cells.

CFPAC-1 cells exhibited Na+/H+ exchange activity 
on both the apical and basolateral membranes (the latter 
is most likely to be due to NHE1). Na+/H+ exchangers 
were identified in guinea pig[10,28-30], rat[55,56] and mouse[8] 
pancreatic ducts. These exchangers were localized to the 
basolateral membrane of  intra/interlobular duct cells. 
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However, the main and common segments of  the rat 
pancreatic ducts also showed Na+/H+ exchange activity 
in the apical membrane[10]. There is also evidence for an 
apical Na+/H+ exchanger in bovine main pancreatic duct 
segments[57]. Furthermore, the main pancreatic duct of  
mice expressed NHE1 in the basolateral membrane, and 
NHE2 and NHE3 in the luminal membrane[8]. Disruption 
of  the NHE2 gene had no effect on luminal H+ transport, 
while disruption of  the NHE3 gene reduced luminal 
Na+-dependent H+ efflux by 45%. The remaining 55% 
of  the luminal Na+-dependent H+ efflux from NHE3-
knockout mice was inhibited by 50 µmol/L HOE694. 
Na+-dependent H+ transport mechanisms were inhibited 
by cAMP, therefore, they are thought to be inhibited 
during stimulated secretion and are most likely to be active 
during the resting state[8]. CFTR in the pancreatic duct 
not only affected the activity, but also the expression of  
NHE3 protein[7]. NHE3 expression was reduced by about 
50%, luminal Na+-dependent and HOE694-sensitive 
recovery from acid load was reduced by 60% in the ducts 
of  ∆508 CFTR mice[7]. To our knowledge, we are the 
first to detect NHEs on both the apical and basolateral 
membranes of  human pancreatic duct cells. The presence 
of  NHE on the apical membrane was unexpected, since 
it acted against HCO3

- secretion. We do not know which 
section of  the pancreatic duct CFPAC-1 cells originate 
from, but they might be from the main region where 
the expression of  the apical NHEs was noted in animal 
studies. In accordance with our results, failure of  pHi to 
recover from acid loading in the absence of  extracellular 
Na+ suggests that there is little H+-pump activity in the 
unstimulated guinea pig ducts[32]. This is in contrast with 
the observations made in rat[10] and pig[58] pancreatic ducts, 
which showed H+-pump activity.

The role of  apical Cl-/HCO3
- exchangers in pancreatic 

ductal HCO3
- secretion is a controversial issue. One 

hypothesis is that all of  the HCO3
- is secreted on an 

anion exchanger and that CFTR’s role is to activate the 
exchangers and to provide a route for the recycling of  Cl- 
across the apical membrane[59]. An alternative proposal is 
that HCO3

- secretion occurs on the exchanger until the 
luminal concentration reaches about 70 mmol/L after 
which HCO3

- exits the duct cell via CFTR[60]. Previously, it 
has been shown that CFPAC-1 cells express AE2 on their 
basolateral membrane (which was also confirmed in our 
study) and SLC26A3 (DRA) and SLC26A6 (PAT1) on their 
apical membrane, and that expression of  the apical SLC26 
exchangers is upregulated by CFTR[14]. In accordance with 
these data, we observed basolateral Cl-/HCO3

- exchange 
activity (which was inhibited by H2-DIDS) in wild-type 
CFPAC-1 cells, but no apical activity, presumably due to 
the lack of  CFTR. We also found that forskolin had no 
effect on either the basolateral or apical anion exchange in 
CFPAC-1 cells. 

In conclusion, apart from the lack of  CFTR and apical 
Cl-/HCO3

- exchange activity, CFPAC-1 cells have similar 
H+ and HCO3

- transporters to those observed in native 
animal tissue. Moreover, intracellular CAs appear to play 
a role in the basolateral uptake of  HCO3

-. Taken together, 
polarized CFPAC-1 human pancreatic duct cells are likely 
to be a useful model to study H+ and HCO3

- transporters, 

and their dependence on CFTR, in human pancreatic duct 
cells. 
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be tested regarding their in vitro  efficiency. Growth 
inhibition by IFN-γ action requires STAT1.

© 2006 The WJG Press. All rights  reserved.
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INTRODUCTION
Pancreatic stellate cells (PSCs) are the main source 
of  extracellular matrix (ECM) proteins in pancreatic 
fibrosis[1-3], a common feature of  chronic pancreatitis and 
pancreatic cancer[4,5]. They are closely related with hepatic 
stellate cells (HSCs), the key effector cells in liver fibrosis[6]. 
In response to pro-fibrogenic cytokines and ethanol 
metabolites, PSCs exhibit a myofibroblastic phenotype that 
is characterized by the expression of  α-smooth muscle 
actin (α-SMA), proliferative activity, a loss of  the typical 
retinoid-containing fat droplets, and enhanced ECM 
synthesis[3,7]. Similar phenotypic changes, considered as 
PSC activation, are induced when isolated PSCs are plated 
on cell-culture dishes[1,2,8-10]. The molecular principles of  
PSC activation in vivo and in vitro have been extensively 
analyzed in the past few years. Studies indicate that platelet-
derived growth factor (PDGF) exerts strong mitogenic 
effects on PSCs, while transforming growth factor-beta 
(TGF-β) has been suggested as the most potent stimulator 
of  ECM synthesis[11,12]. Furthermore, intracellular signal 
transduction pathways mediating PSC activation have, in 
part, been deciphered. Thus, we and others have recently 
shown that mitogen-activated protein kinases are key 
mediators of  activation signals[13-17]. In contrast, natural 
antagonists of  PSC activation have not been systematically 
studied so far. Their elucidation, however, may be helpful 
for the development of  antifibrotic therapies.

Interferons (IFNs) are multifunctional cytokines 
that block viral infection, modulate immune as well as 
inflammatory responses, and inhibit cell proliferation[18]. 
IFN-α is an effective drug for the treatment of  patients 
with chronic hepatitis B or C associated with liver 
fibrosis[19,20]. Recent studies suggest that IFNs not only 
block virus replication but also directly affect key functions 
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Abstract
AIM: To analyze and to compare the effects of interferon 
(IFN)-α, IFN-β, and IFN-γ on pancreatic stellate cell (PSC) 
activation in vitro  and to elucidate the molecular basis of 
IFN action.

METHODS: PSCs were isolated from rat’s pancreatic 
tissue, cultured and stimulated with recombinant rat 
IFNs. Cell proliferation and collagen synthesis were 
assessed by measuring the incorporation of 5-bromo-2’
-deoxyuridine (BrdU) into DNA and [3H]-proline into 
acetic acid-soluble proteins, respectively. Apoptotic 
cel ls were determined by FACS analysis (sub-G1 
peak method). Exhibition of the myofibroblastic PSC 
phenotype was monitored by immunoblot analysis of 
α-smooth muscle actin (α-SMA) expression. To assess 
the activation of signal transducer and activator of 
transcription (STAT), Western blots using phospho-
STAT-specific antibodies were performed. In studies on 
STAT1 function, expression of the protein was inhibited 
by siRNA.

RESULTS: IFN-β and IFN-γ, but not IFN-α significantly 
diminished PSC proliferation and collagen synthesis. 
IFN-γ was the only IFN that clearly inhibited α-SMA 
expression. Under the experimental conditions used, 
no enhanced rate of apoptotic cell death was observed 
in response to any IFN treatment. IFN-β and IFN-γ 
induced a strong increase of STAT1 and STAT3 tyrosine 
phosphorylation, while the effect of IFN-α was much 
weaker. Inhibition of STAT1 expression with siRNA was 
associated with a significantly reduced growth-inhibitory 
effect of IFN-γ.

CONCLUSION: IFN-β and particularly IFN-γ display 
inhibitory effects on PSC activation in vitro  and should 
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of  activated HSCs. Thus, IFN-γ inhibits HSC survival, cell 
proliferation and collagen synthesis[21-23]. The effects of  
IFNs on PSCs are largely unknown.

IFNs exert their biological effects on target cells by 
binding to cell surface receptors with specificity for either 
type I interferons (IFN-α, -β, and -ω) or type II interferon 
IFN-γ[18,24]. In the transduction of  signals from activated 
IFN-receptors to the nuclei, tyrosine kinases of  the 
Janus family (JAKs) and signal transducer and activator 
of  transcription (STAT) transcription factors play a key 
role[18,25]. IFN-α activates the JAK family proteins (JAK1 
and TYK2) as well as the ISGF3 complex (consisting of  
STAT1, 2 and the IFN regulatory family protein p48)[26]. 
Although tremendous progress has been made, the 
molecular mechanisms underlying the growth-inhibitory 
action of  these cytokines are only partially characterized so 
far.

This study was to analyze the biological effects of  
IFN-α, -β and -γ on PSCs and to study the molecular 
determinants of  IFN efficiency.

MATERIALS AND METHODS
Materials
The enhanced chemiluminescence (ECL) plus kit, 
horseradish-peroxidase labeled antibodies and [3H]-proline 
were purchased from Amersham Biosciences (Freiburg, 
Germany), the phospho-STAT1 and STAT3 antibodies 
from New England Biolabs (Frankfurt, Germany), and 
anti-STAT1 and STAT3 protein antibodies from Santa 
Cruz Biotechnologies (Santa Cruz, CA, USA). Hank’s 
buffered salt solution (HBSS), Iscove’s modified Dulbecco’
s medium (IMDM) and all supplements for cell culture 
were obtained from Biochrom (Berlin, Germany), 
Nycodenz from Nycomed (Oslo, Norway), simvastatin 
from Merck Biosciences (Schwalbach, Germany) and 
the recombinant rat interferons from R&D Systems 
(Minneapolis, MN, USA). Ascorbat, β-aminoproprionitrile 
and the α-SMA antibody as well as standard laboratory 
chemicals were from Sigma-Aldrich (St. Louis, MO, USA).

Cell culture
PSCs were isolated from the pancreas of  male LEW.1W 
inbred rats by collagenase digestion of  the organ and 
Nycodenz (120 g/L) density gradient centrifugation as 
previously described[13]. PSCs collected from the top of  
the gradient were washed and resuspended in IMDM 
supplemented with 170 g/L fetal calf  serum (FCS),  
10 mL/L non-essential amino acids (dilution of  a 100
× stock solution), 105 U/L penicillin and 100 mg/L 
streptomycin. The cells were cultured at 37 °C in a  
50 mL/L CO2 humidified atmosphere. All experiments 
were performed with cells growing in primary culture, or 
depending on the experimental settings, with cells of  the 
first passage. If  replating of  the cells was required, PSCs 
were harvested by trypzination on d 7 after isolation and 
recultured at equal seeding densities.

Quantification of DNA synthesis
To quantitate cel l proliferation, incorporation of  
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5-bromo-2’-deoxyuridine (BrdU) into newly synthesized 
DNA was measured using the BrdU labeling and enzyme-
linked immunosorbent assay kit (Roche Diagnostics). 
Therefore, cells were plated in 96-well plates in complete 
culture medium supplemented with IFN as indicated. 
After 48 h, BrdU labeling was initiated by adding labeling 
solution at a final concentration of  20 mL/L. After 
another 16 h, labeling was stopped, and BrdU uptake was 
measured according to the manufacturer’s instructions.

Analysis of cellular DNA content by flow cytometry (sub-
G1-peak)
Cells were grown to about 80% confluency and then 
incubated for 48 h in complete culture medium with or 
without IFN as indicated. Then the cells were harvested 
by trypzination, washed twice with PBS and resuspended 
in 2 mL ice-cold 70% ethanol for at least 12 h at  
-20 °C, washed again twice with PBS and incubated for 
1 h in 400 µL PBS containing 1 mL/L Tween 20 and  
1 g/L RNase at room temperature. After the addition of  
50 µg propidium iodide/106 cells, samples were subjected 
to cytofluorometric analysis using an FACScan (Becton 
Dickinson) and the CellQuest program. Ten thousand 
events were measured for each sample and the data were 
stored in list mode for further analysis.

Quantification of collagen synthesis
Collagen synthesis was assessed through the quantification 
of  [3H]-proline incorporation into acetic acid-soluble 
proteins. Therefore, cells were plated in 12-well plates and 
grown to subconfluency. Afterwards, they were cultured 
for 48 h in complete culture medium supplemented with 
2.5 mCi/L [3H]-proline (48 Ci/mmol), 50 mg/L ascorbate, 
50 mg/L β-aminoproprionitrile and IFN as indicated. All 
further steps were performed essentially as previously 
described[27]. Raw data of  [3H]-proline incorporation were 
normalized on the basis of  absolute cell counts determined 
by trypan blue staining of  PSCs cultured in parallel under 
identical conditions, except that no [3H]-proline was added.

Immunoblotting
Protein extracts of  PSCs (pretreated as indicated) were 
prepared, adjusted to identical protein concentrations 
and subjected to immunoblot analysis as previously 
described[13]. Briefly, proteins (15 µg/sample) were separated 
by SDS-polyacrylamide gel electrophoresis and blotted 
onto nitrocellulose membrane. Next, the filters were 
blocked with 1% bovine serum albumin (Sigma-Aldrich) 
and incubated with the indicated antibodies (diluted 
according to the manufacturer’s instructions) overnight 
at 4  °C. After a final incubation with a horseradish-
peroxidase labeled anti-rabbit or anti-mouse Ig antibody 
for 2 h at room temperature, blots were developed 
using ECL. For reprobing with additional antibodies, 
membranes were stripped by incubation in stripping buffer  
(62.5 mmol/L Tris-HCl, pH 6.7, 20 g/L SDS, 100 mmol/L 
2-mercaptoethanol) at 50 °C for 30 min.

Inhibition of STAT1 expression using siRNA
STAT1 siRNA was purchased from Qiagen (Hilden, 
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Germany) and applied according to the manufacturer’s 
protocol for the transfection of  adherent cells, using a 
1:6 ratio of  siRNA to RNAsFect Reagent. Efficiency of  
siRNA treatment was monitored by analyzing the STAT1 
protein level at different times after siRNA application. To 
study the effects of  STAT1 siRNA on PSC growth, cells 
growing in 96-well plates were pretreated with siRNA at 
100 nmol/L for 24 h before IFN-γ was added as indicated. 
After 48 h of  incubation, DNA synthesis was quantitated 
by the determination of  BrdU incorporation into DNA 
as described above. In all the experiments, a non-silencing 
siRNA oligonucleotide was included as a negative control.

Statistical analysis
Results were expressed as mean±SE for the indicated 

number of  separate cultures per experimental protocol. 
Statistical significance was checked using Wilcoxon’s rank 
sum test. P < 0.05 was considered statistically significant.

RESULTS
Effects of IFNs on PSC functions
To analyze the effects of  IFN-α, IFN-β and IFN-γ on 
PSC proliferation, DNA synthesis after IFN-pretreatment 
for 48 h was measured (Figure 1). Both IFN-β and IFN-γ 
inhibited DNA synthesis significantly and in a dose-
dependent manner, causing more than 30% reduction 
at the highest concentration tested. In contrast, IFN-α 
even at the concentration of  106 U/L had no effect on 
PSC growth. To study if  the inhibition of  DNA synthesis 
was in fact due to the induction of  apoptosis, an FACS 
analysis was performed (Figure 2). Under the experimental 
conditions tested, none of  IFN-α, IFN-β or IFN-γ 
induced a significant increase of  the sub-G1 fraction 
(representing apoptotic cells). In contrast, PSCs treated 
with simvastatin significantly accumulated in the sub-G1 
fraction, confirming our previous results of  pro-apoptotic 
effects of  hydroxymethylglutaryl coenzyme A reductase 
inhibitors[28].

Next, we asked how IFNs affect the myofibroblastic 
phenotype of  activated PSCs. IFN-γ incubation for  
9 d (starting immediately after isolation) was associated 
with a dose-dependent reduction of  α-SMA protein 
expression (Figure 3), while the effect of  IFN-β (at  
106 U/L) remained questionable and IFN-α did not display 
any inhibitory effect at all. Further studies revealed that 
IFN-γ (at ≥1 µg/L) and IFN-β (at ≥104 U/L), but not 
IFN-α (at 106 U/L) significantly diminished collagen 
synthesis by PSCs (Figure 4). A further increase of  IFN-γ 
and IFN-β concentrations had no additional effect (data 
not shown).

To correlate the biological effects of  the three IFNs 
with their molecular action, we analyzed STAT protein 
activation in IFN-stimulated PSCs (Figure 5). IFN-β and 
IFN-γ induced a rapid and strong increase of  STAT1 and 
STAT3 tyrosine phosphorylation, while IFN-α was much 
less effective.

In subsequent experiments, we further studied the 
role of  STAT1 in the mediation of  IFN-γ effects on 
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Figure 1 Effects of  interferons on PSC proliferation. PSCs growing  in primary 
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proliferation corresponds to untreated PSCs. Data are presented as mean ± SE 
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results shown are representative of  three experiments using cells  from different 
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separate cell preparations  from one  rat).  aP < 0.05 vs  control  cultures. Three 
experiments using cells from different rats yielded qualitatively identical results.
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Figure 3 IFN-γ  inhibits expression of α-SMA  in PSCs. Freshly  isolated PSCs 
growing  in 6-well plates were treated with  IFN for 9 d as  indicated. Cell  lysates 
were normalized for protein concentration and resolved by SDS-PAGE. A: 
Expression of α SMA assayed by immunoblotting; B: Blot stripped and reprobed 
with an anti-ERK 1/2 protein-specific antibody  to control  loading. Results are 
representative of three independent experiments.
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91 
kDa

PSC growth. As shown in Figure 6A (upper panel), 
STAT1 siRNA treatment caused a marked decrease of  
the STAT1 protein level. Expression of  ERK 1 and 2 
remained unchanged (lower panel), suggesting that the 
siRNA inhibited STAT1 expression in a specific manner. 
Downregulation of  the STAT1 protein level was associated 
with a significant attenuation of  the growth-inhibitory 
effect of  IFN-γ (Figure 6B).

DISCUSSION
Chronic pancreatitis is associated with an extended fibrosis 
that contributes to the development of  an exocrine and 
endocrine insufficiency of  the gland. Excessive deposition 
of  connective tissue is also typical of  pancreatic cancer 
and has been implicated in the acceleration of  tumor 
progression[29]. In both cases, activated PSCs have been 
identified as the principle ECM-producing cell type[3,7,30]. 
PSCs are therefore considered as a promising target for 
the development of  adjuvant therapies aimed at inhibiting 
pancreatic fibrogenesis.

The results of  this study showed that IFNs displayed 
direct inhibitory effects on key effector functions of  
activated PSCs. While both IFN-γ and IFN-β diminished 
PSC proliferation and collagen synthesis, only IFN-γ 
efficiently reduced the expression of  α-SMA, an indicator 
of  myofibroblastic transdifferentiation. The effects 
of  IFN-α remained insignificant. Whether the latter 
observation could reflect a peculiarity of  the in vitro model 
used in this study, or a general phenomenon of  PSC 
biology, is currently unclear.

The findings described here are largely in agreement 
with the results of  studies on hepatic stellate cells which 
also showed direct, but distinct inhibitory effects of  
different IFNs on stellate cell activation. Shen et al[21] 
observed that HSC proliferation is attenuated by IFN-β 
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Figure 4 Effects of  IFNs on [3H]-proline  incorporation  in PSCs. PSCs growing  in 
12-well plates (one passage) were exposed for 48 h to IFNs as indicated. Collagen 
synthesis was analyzed through the quantification of [3H]-proline incorporation into 
acetic acid-soluble proteins, and raw data were normalized for differences in cell 
growth rates as described under “Materials and methods”. One hundred percent 
[3H]-proline  incorporation corresponds  to untreated PSCs. Data are presented 
as mean ± SE (n = 6 separate cell preparations from one rat).  aP < 0.05 vs control 
cultures. The results shown are representative of  three experiments using cells 
from different rats.
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Figure 5 Tyrosine phosphorylation of STAT1 and STAT3  in PSCs  induced by 
IFN. PSCs growing  in 6-well  plates  (one passage) were  treated with  IFN-α 
(106 U/L),  IFN-β  (106 U/L) and  IFN-γ  (100 mg/L) as  indicated. Cell  lysates were 
normalized for protein concentration and resolved by SDS-PAGE. A: Tyrosine 
phosphorylation of STAT1 assayed by immunoblotting using an antibody specific 
for  the tyrosine-phosphorylated protein (upper panel). To control  loading,  the blot 
was stripped and reprobed with an anti-STAT1 protein-specific antibody (lower 
panel); B: Immunoblot analysis performed using an antibody specific for tyrosine-
phosphorylated STAT3 (upper panel) and the blot stripped and reprobed with an 
anti-STAT3 protein-specific antibody (lower panel). Results are representative of 
three independent experiments.
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Figure 6 Effects of STAT1 siRNA on PSC growth. A: Expression of STAT1  in 
PSCs 5 d after STAT1 siRNA application determined by  immunoblot analysis as 
well as ERK 1 and 2 expression analyzed using an anti-ERK 1/2 protein-specific 
antibody; B: PSCs treated with STAT1 siRNA and IFN-γ as  indicated and control 
cultures were exposed  to a non-silencing control oligonucleotide at  the same 
concentration. PSC proliferation was analyzed through the determination of BrdU 
incorporation  into newly synthesized DNA as described  in  the section “Materials 
and methods”. One hundred percent cell proliferation corresponds to PSCs treated 
with control oligonucleotide (left two columns) or STAT 1 siRNA (right two columns) 
in  the absence of  IFN-γ Data are presented as mean ± SE (n = 7 separate cell 
preparations from one rat). aP<0.05 vs  IFN-γ-treated control cultures. The results 
shown are representative of three experiments using cells from different rats.
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and IFN-γ, but not by IFN-α. On the other hand, 
under the experimental conditions used in this study no 
significant effects of  IFNs on cell survival were detected, 
while in HSCs pro-apoptotic effects of  IFN-γ and an anti-
apoptotic action of  IFN-α have been reported[23].

Targeted gene disruption studies have shown that 
the transcription factor STAT1 plays an essential, non-
redundant role in IFN-mediated innate immunity to 
viral diseases[31,32]. Analyzing possible functions of  STAT 
proteins in PSCs, we found a correlation between the 
efficiency of  the different IFNs to inhibit stellate cell 
functions and their potential to activate STAT1 (as well as 
STAT3). Further experiments using an siRNA approach 
to block STAT1 expression revealed a direct involvement 
of  the transcription factor in PSC growth inhibition by 
IFN-γ. The precise functions of  STAT3 in PSCs remain to 
be characterized.

Previous studies in our laboratory have shown that 
IFN-γ in PSCs stimulates the expression of  interleukin 
( IL) -15 . In a co-cu l ture mode l of  ra t PSCs and 
lymphocytes, a suppression of  spontaneous lymphocyte 
apoptosis has been observed, which is at least in part 
mediated by IL-15[33]. Together, these data and the results 
of  this study suggest a complex role of  IFN-γ in the 
modulation of  pancreatic inflammation and fibrosis. It 
is conceivable that IFN-γ displays distinct net effects on 
the progression of  chronic pancreatitis, depending on 
the activation of  auto-reactive lymphocytes and possibly 
the stage of  the disease. To further elucidate the effects 
of  IFN-γ on pancreatic fibrogenesis, in vivo studies using 
animal models of  pancreatic fibrosis are required.

In summary, the discovery of  direct inhibitory IFN-
effects on PSC activation encourages further studies with 
respect to IFN efficiency in chronic pancreatitis. Currently, 
we are also focusing on a systematic evaluation of  IFN 
target genes in stellate cells.
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INTRODUCTION
Autoantibodies to soluble liver antigen (SLA)[1] and to 
liver/pancreas (LP)[2] have been described as specific 
markers for autoimmune hepatitis[3]. Recently, identity of  
the SLA and LP antigens has been demonstrated, and 
the target antigen of  SLA/LP autoantibodies has been 
cloned[4]. Using the recombinant SLA/LP molecule, the 
strict specificity of  SLA/LP autoantibodies as markers for 
AIH has been confirmed[5].

The primary biological function of  SLA/LP remains 
unclear. Because the SLA/LP molecule was found to 
be associated with the UGA tRNP(Ser)Sec complex[6,7], 
which facilitates the co-translational incorporation of  
selenocysteine into proteins, it has been speculated that 
the SLA/LP molecule may have a role in selenoprotein 
metabolism; the specialized UGA tRNA is initially 
charged with serine to form seryl-tRNA, which then 
is enzymatically converted to selenocysteine-tRNASec. 
However, there is no direct experimental evidence for such 
a role of  the SLA/LP molecule so far. Nevertheless, a fold 
recognition study predicted the SLA/LP tertiary structure 
by comparison to known protein structures to be that of  a 
pyridoxal phosphate (PLP)-dependent transferase[8], which 
is compatible with a role in selenoprotein metabolism. 
The active site was proposed to be a cavity with a channel, 
formed by dimerization of  two SLA/LP molecules[8,9]. 
In the three-dimensional model, five amino acids of  
monomer A (L88, T89, F92, T94, and S118) as well as 
two amino acids of  monomer B (P251 and G252) were 
involved in dimerization and the amino acids critical for 
binding and orientation of  the co-enzyme PLP were 
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Abstract
AIM: To approach the elusive function of the SLA/LP 
molecule, we have characterized genomic organization 
and conservation of the major antigenic and functional 
properties of the SLA/LP molecule in various species.

METHODS: By means of computational biology, we 
have characterized the complete SLA/LP gene, mRNA 
and deduced protein sequences in man, mouse, 
zebrafish, fly, and worm.

RESULTS: The human SLA/LP gene sequence of 
approximately 39 kb, which maps to chromosome 
4p15.2, is organized in 11 exons, of which 10 or 11 are 
translated, depending on the splice variant. Homologous 
molecules were identified in several biological model 
organisms. The various homologous protein sequences 
showed a high degree of similarity or homology, notably 
at those residues that are of functional importance. The 
only domain of the human protein sequence that lacks 
significant homology with homologous sequences is the 
major antigenic epitope recognized by autoantibodies 
from autoimmune hepatitis (AIH) patients.

CONCLUSION: The SLA/LP molecule and its functionally 
relevant residues have been highly conserved throughout 
the evolution, suggesting an indispensable function of 
the molecule. The finding that the only non-conserved 
domain is the dominant antigenic epitope of the human 
SLA/LP sequence, suggests that SLA/LP autoimmunity is 
autoantigen-driven rather than being driven by molecular 
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identified to be G50, S51, S165, D186, H189, K224[8] 
(residue numbering according to GenBank accession 
number NP_722547).

The immune mechanisms that dr ive SLA/LP 
autoimmunity and the pathogenetic relevance of  
autoimmunity to SLA/LP are cur rently not clear. 
The main antigenic region crucial for the recognition 
of  SLA/LP autoantibodies was identified to locate 
between amino acids 390 and 428[4,10], thus being easily 
accessible by antibodies[8]. This region contains sequence 
homologies with various microbial antigens, including 
proteins of  Rickettsia species, human herpesvirus 6, and 
cytomegalovirus[4]; however, the homologous microbial 
sequences are only poorly recognized by SLA/LP 
autoantibodies[10]. Nevertheless, molecular mimicry of  
homologous proteins from other species, such as parasites, 
may be a trigger of  SLA/LP autoimmunity. 

Due to the human genome project and other genomic 
sequencing groups, sequences of  many different species 
are now publicly available. While some chromosomes 
are completely assembled, most genomic fragments are 
currently still preliminary and await characterization. To 
approach the elusive biological function of  the SLA/LP 
molecule, we have characterized here the human SLA/
LP gene and homologous sequences of  other species by 
means of  computational biology. The obtained results 
support the hypothesis that SLA/LP autoimmunity is 
autoantigen-driven rather than being driven by molecular 
mimicry[10]. 

MATERIALS AND METHODS
Identification of the human SLA/LP gene
We have previously identified the human SLA/LP protein 
and deposited the corresponding mRNA sequence into 
the GenBank[11] with the accession numbers NM_016955 
and NM_153825. BLASTing the human mRNA sequence 
against the human genome draft sequence revealed the 
genomic localization[12,13].

Identification of SLA/LP homologs in other species
Homologs corresponding to the human SLA/LP were 
identified by BLAST query with the human SLA/LP 
protein sequence (NP_722547) against the non-redundant 
databases of  mouse (Mus musculus), zebrafish (Danio rerio), 
fruit fly (Drosophila melanogaster) and the nematode worm 
(Caenorhabditis elegans). 

Exon/intron structure and chromosomal localization
Exon/intron structure and chromosomal localization were 
identified by BLASTing the SLA/LP mRNA sequences 
of  each homolog against the corresponding genome draft 
sequences of  the particular species.

Locus analysis
Data regarding the genomic loci analysis were obtained 
from the GenBank[11].

Analysis of protein structure and conservation
The amino ac id sequence was deduced from the 
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obtained mRNA sequences. The alignment of  SLA/LP 
homologous sequences was initially performed using 
the ClustalW algorithm[14]. The sequence alignments in 
Figure 3 were performed using the longer human SLA/LP 
variant (CAB89517). The theoretical isoelectric point and 
molecular weight was calculated with the pI/Mw tool on 
the ExPASy server[15,16]. Protein structures and domains 
were analyzed using two independent algorithms, Pfam[17] 
and NCBI Conserved Domain Search[18].

RESULTS
Human SLA gene and corresponding mRNA and protein 
sequences
We have previously submitted the human mRNA 
sequences of  two alternative splice variants of  SLA/LP 
to GenBank with the accession numbers NM_016955 
and NM_153825. Using the human SLA/LP protein 
sequence as a query for BLAST searches against the 
human mRNA database, additional matching mRNA 
sequences (splice variants) were not identified. Matching 
the human mRNA sequence to the available human 
genomic draft sequence (htgs), the corresponding gene 
was mapped to chromosome 4p15.2. The gene was found 
to span a genomic region of  approximately 39 kb and 
to be organized in 11 exons (Figure 1). Most exon sizes 
were rather small, ranging between 91 and 187 bp, with 
the exception of  exon 11 at the 3’ end, which covered 
3 224 bp. The two splice variants were fully identical, 
except for the absence of  exon 2 (149 bp) in the shorter 
variant. Both variants have a large 2 930 bp 3’ untranslated 
region; the 5’ untranslated region of  the two variants 
is relatively short with 155 and 174 bp, respectively. 
The amino acid sequences of  the two splice variants, 
as deduced from their mRNA sequence, differ only in 
their amino-terminal residues (Figure 2). The theoretical 
molecular weight and isoelectric point of  the longer splice 
variants is 48.84 kDa and 8.64, respectively; that of  the 
shorter variant is 46.85 kDa and 8.52, respectively. 

Mouse SLA gene and corresponding mRNA and protein 
sequences
The SLA/LP gene and genomic organization was highly 
conserved in mouse. BLASTing the human SLA/LP 
protein sequence against the mouse protein database, 
revealed a mouse homolog with the accession number 
NP_766078. The human and mouse SLA/LP protein 
sequences are identical at 85% of  the residues (Figure 
2). Both, the NCBI and Pfam conserved protein domain 

Human SLA/LP

Base pairs

Murine SLA/LP

1  2     3 4  5        6                   7 8                                                  9   10       11

0          5 000       10 000     15 000      20 000     25 000      30 000     35 000     40 000

1 2       3 4 5          6           7 8                       9 10         11

Figure 1 Organization of SLA/LP genes in man and mouse. The exon/intron 
structure of the human and mouse SLA/LP gene is represented schematically. 
Exon sequences (numbered boxes) are highly conserved and of similar size and 
number in man and mouse. Intron sequences, marked as lines, differ in both 
species.
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Human short         M S - TSYGC F WRR 11
Mouse short           MNPESF AAGE RR 12
                                  *  .   * :  .      * *

Human long          MDSNNFLGNCGVGEREGRVASALVARRHYR 30
Mouse long            MDSNNFLGNCGVGEREGRVASALVARRHYR 30
                                  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
_________________________________________________________________________

Human SLA/LP   FIHGIGRSGDISAVQPKAAGSSLLNKITNSLVLD I IKLAGVHTVANCFVVPMAT          65/84      
Mouse SLA/LP     FIHGIGRSGDISAVQPKAAGSSLLNKITNSLVLNVIKLAGVHSVA S  CFVVPMAT          66/84
                                 * * * * * * * * * * ** * * * * * * * * * * * * * *** * ** * * : : ** * * * * * : * * . * * * * * * * *

Human SLA/LP   GMSLTLCFLTLRHKRPKAKYIIWPRIDQKSCFKSM I  TAGFEPVVIENVLEGDEL           119/138
Mouse SLA/LP     GMSLTLCFLTLRHKRPKAKYIIWPRIDQKSCFKSMVTAGFEPVVIENVLEGDEL            120/138
                                 * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * : * * * * * * * * * * * * * * * * * *

Human SLA/LP   RTDLKAVEAKVQELGPDCILC I HSTT S CFAPRVPDRLEELAVICANYDIPH I VN        173/192
Mouse SLA/LP     RTDLKAVEAK I Q ELGPEHILCLHSTTACFAPRVPDRLEELAVICANYDIPHVVN        174/192
                                 * * * * * * * * * * : * * * * * :  ** * : * * * * : * * * * * * * * * * * * * * * * * * * * * ** * : * *

Human SLA/LP   NAYGVQSSKCMHLIQQGARVGRIDAFVQSLDKNFMVPVGGAIIAGFNDSFIQEI       227/246
Mouse SLA/LP     NAYGL QSSKCMHLIQQGARVGRIDAFVQSLDKNFMVPVGGAIIAGFNEPFIQDI       228/246
                                  * * * * : * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * : . * * * : *

Human SLA/LP   SKMYPGRASASPSLDVLITLLSLGSNGYKKLLKERKEMF SYLSNQI  KKL S EA Y N        281/300
Mouse SLA/LP     SKMYPGRASASPSLDVLITLLSLGCS GYRK LLKERKEMFVYLST QLKKLAEAHN        282/300
                                 * * * * * * * * * * * * ** * * * ** * * * * * . . * * : * * * * * * * * * *  * * * . * : * * * : * * : *

Human SLA/LP   ERLLHTPHNPISLAMTLKTLDEHRDKAVTQLGSMLFTKQVSGARVVPLGSMQTV     335/354
Mouse SLA/LP     ERLLQTPHNPISLAMTLKTIDGHHDKAVTQLGSMLFTRQVSGARAVPLGNVQTV     336/354
                                 * * * * : * * * * * *** * * * * * * : *  * : * * * * * * * * * * * * * : * * * * * * . * * * * . : * * *

Human SLA/LP   SGY TFRGFMSH TNNYPCAYLNAA  SAIGMKMQDVDLFINRLDRCLKAVRKERSKE  389/408
Mouse SLA/LP     SGHTFRGFMSHADNYPCAYLNAAAAIGMKMQDVDLFI KRLDKCLN IVRKEQTRA 390/408
                                 * * : * * * * * * * * : : * * * * * * * * * * : * * * * * * * * * * * ** : * * * : * * :  * * * * : : :

Human SLA/LP    - - - SDDNYDK T EDVDIEEMALKLDNVLL D T YQDASS          422/441
Mouse SLA/LP     SVVSGADRNKAEDADIEEMALKLDDVLGDVGQ GPAL         426/444
                                         * .  :  : * : * * . * * * * * * * * * * : * *  * .  * . . :

Homo sapiens         -  -  - -MDSNNFL GNCGVGEREGRVA SALVARRHYRF  I HGIGRSGD I S AVQPKAAGSSL LNK         56
Mus musculus         -  -  - -MDSNNFL GNCGVGEREGRVA SALVARRHYRF  I HGIGRSGD I S AVQPKAAGSSL LNK         56
Danio rerio              -  -  - -MDSNNFL GNCGVGEREGRVA S S  LVARRHYRL I HGIGRSGD IAAVQPKAAGSSL LNK         56
Drosophila m.       MLASLDSNNYP HKVGL GEREAR  I  ACKLVARRHYNFGHGIGRSGDLL  EAQPKAAGSTL LAR  60
C. elegans                -  -  - -  -  - -  -  -  - M I P VGAGEREGRV L T PLVQ RLH SNLT HGIGRSGNLL E I QPKA LGSSMLAC            50
                                                                       *  * * * * . * :     * *  *  *  . :  * * * * * * * : :   * * * *  * * : : *   

Homo sapiens       I TN S LVLD  I  IK LAGVHTVANCFVVPMATGMSLT LC FL T L RHKRPKAKY I I WPR IDQKSCF         116
Mus musculus       I TN S LVLN V IK LAGVHS VA SCFVVPMATGMSL TLC FL T L RHKRPKAKY I I WPR IDQKSCF         116
Danio rerio             I TN S VVLD VLK LT GVR SV S S CFVVPMATGMSL TLC FL T L RHRRPKARY  IL WPR IDQKSCF         116
Drosophila m.       L TNAL I LD L I RG I GL P S CAGCF LVPMCTG MTLTLC LQS L R K RRPGARYVL WSR IDQ KSCF         120
C. elegans               LSN E FAKHALHLLGL HAVK SC IVVP LC TG M SLSLCMTSWR R RRP KAKYVVWLRIDQ KS SL    110
                                 : : *  .   .  : :   * :  :  . * : : * * : . * * * : * : * * :  : * : : * *  * : * : : *  * * ** * * . :

Homo sapiens       K SM I TAGF EPVVI ENVLE GDEL RTDL KAVE AKVQELGP DC I LC I H STT S CFAPRV PDR LE           176
Mus musculus      K SMV TAGF EPVVI ENVLE GDEL RTDL KAVE AK I QELGP E H I LCLH STTACFAPRV PDR LE         176
Danio rerio            K SMVT AGFEPVVI ENV LE GDEL RTNL E EVE R K I E EFGAE NTLCVH STT S CFAPRV PDR LE          176
Drosophila m.       KA I  TA TGLVPVVI PCL  I KGE SLNTNVDL F R E K I K SLGVD S I LCL Y TTT S CFAPRNSDD IA         180
C. elegans              K S I  YHAGFEP I  IVEP I  RDRD SL I TDVE TVNR I  I E QRGE E -  I LCVMTTT S CFAPR S PDNVE          169
                                 * : :   : * :  * : : :   :  .  : . *  * : : .  . .   : : . *  :   * * :  : * * : * * * * *  . *  :  

Homo sapiens       ELAV ICANY D I PH I VNNAYGVQ S S KCMHL I QQGARVGR I DA FVQSLDKNFMVPVGGA I I A    236
Mus musculus      ELAV ICANY D I PHVVNNAYG LQ S S KCMHL I QQGARVGR I DA FVQSLDKNFMVPVGGA I I A   236
Danio rerio            EL SVLCAKHD I PH I VNNAYGVQP S KC MHL I QQGARVGR I DA FVQSLDKNFV VP VGGA I I A    236
Drosophila m.       EVSKL SKQWQ I PHLVNNAYG LQAKE I  V NQLEC ANRVGR I D Y FVQSS DKNLL V PVG S A IVA    240
C. elegans              A I SAI CAAHDV PHLVNNAYG LQ S E E T  I  R K I AAAHECGRVDAVVQSLDKNFQV PVGGAV I A   229
                                    : :  : .    : : * * : * * * * * * : * . . :  : .  :  .  .  * * : * . * * *  * * * :  * * * * . * : : *

Homo sapiens       GFNDS F I QE I  S KMYP GRASAS P SLDV L I  TLL SLG SNGYKKLLK E RKE MF S Y L S NQ IKKL S      296
Mus musculus       GFNE P F I QDI  S KMYP GRASA S P SLDVL I  TLL SLGC S GYRKLLK E RKE MFV Y L S T QLKKLA      296
Danio rerio            GFD E NF I QE I  S K I YP GRASA S P SLDVL I  TLL TLGANGYKKLLAD RKE L YGH LAQE LS ALA    296
Drosophila m.        S FNE S VLHDVAS T YA GRASG SQSLDVLMTLL S LGRNG F RL LFDQ RGE NF NY L RE NLR KFA    300
C. elegans              AF KQNHI Q S I AQS YP  GRAS S VP SRDLVL TLLYQGQS A F LE PF GKQKQMF L KMRRKL I  SFA      289
                                 . * . :   : : . : : .  * . * * * * .  *  * : : : * * *   *  . . :    :  . :  :  :  :   : :   : :

Homo sapiens       EA YNERLLHTPHNPISLAMTLK T LD EHR DKAVTQLGSMLF T RQVSGA RVVP LG SMQ - TVS  355
Mus musculus       EAHNERLLQTPHNPISLAMTLK T I DGHHDKAVTQLGSMLF T RQVSGARAVP LGNVQ - TVS   355
Danio rerio            ARHGERL LKTPHNPISLAMSLNHL EAH S S S AVTQLGSML F T RQVSGARVVP LGVQQ - TVS    355
Drosophila m.       E P R GE IV I DSR F N SISLA I TLA T LAGDQMKS  I TKLGSMLHMRGVSGARV I VPGQNK - T I D          359
C. elegans              EN I GECVYEVP E NEISSAMTL S T I  PP AKQ  -  - - TL F GS I  L F  AKG I TGARVVT S  SQ S KTT I E             346
                                           . *  :  .    *  **  * : : *  :            *  : * * : * .  :  : : * * * . :  .    :   * : .

Homo sapiens       GY T FRGFMSHT NNYP CAYLNAA S A IGMKMQDVDL F I  KRLDRC LKAVRKE R SKE - - -  S DDN   412
Mus musculus      GH TFRGFMSHADNYP CAYLNA AAA I GMKMQDVDL F I  KRLDKCLN I V RKEQTRASVVS  GAD  415
Danio rerio            GHT FSG FMSH S E AYP C P YLNA A S A I G I  T K GDV TVCMKRLGKCLK I L KKE KSDP - -  - -   -  - A        409
Drosophila m.       GHE FLGK -  - -  -  -  -  - -   -  -   - -  -  -  -  -  -  -  -  -  -  -  -  -  -  - -  -  -  -  -  -  -  -  -  - -  -  -  -   -  -  -  - -  -  - -  - -   -  -  -     366
C. elegans               GCE F INF G SHT T EQHGGYLN I A C SVGMT DHE  LE E L F TRL T S S YAKFV RELAK E - - - DE R I        403
                                  *   *  .                                                       

Homo sapiens       Y DK T EDVD IE EMAL  KL DNVLL D T YQDAS S   441
Mus musculus       RNKAEDAD IE EMAL  KL DDVLGDVGQ GPAL         444
Danio rerio            D L  E AEDGELE E S P Q R S T E L RV -  -  -  -  -  -  - -                   430
Drosophila m.        -  -  -  -  - -  -  - - -   - -  -  -  -  - -   - -  -  -  -  -  -  -  -  -  - -
C. elegans               N S S G RR I P I NE S F DMEND -  -  -  -  -  -  -  -  -  - -                       421

Figure 2 SLA/LP splice variants in man and mouse. The amino acid sequences of the long and short SLA/LP splice variants in humans and their putative homologs in 
mouse are aligned. The protein variants differ only in their amino-terminal sequence, 11 or 30 residues in the human protein and 12 or 30 residues in the murine protein, as 
depicted in the upper panel. The other residues (lower panel) are identical in the respective splice variants within each species.

Figure 3 Alignment of SLA/LP protein sequences. The SLA/LP amino acid sequences of various eukaryotic species were aligned by ClustalW. The presumed residues 
that mediate binding to the cofactor pyridoxal phosphate are highlighted in bold and underlined; residues that function in dimerization are highlighted in bold and italic. The 
immunodominant epitope sequence (390-428) of the human SLA/LP protein is marked in bold.

www.wjgnet.com

904         ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol      February 14, 2006    Volume 12     Number 6



algorithms, predicted the existence of  SLA/LP structure 
between amino acids 61 and 458 and amino acids 61 
and 459, respectively. BLASTing the protein sequence 
against the translated mouse genome database revealed 
the corresponding mRNA NM_172490.1. BLASTing the 
mRNA sequence against the draft sequence of  the mouse 
genome, the corresponding SLA/LP gene was mapped to 
mouse chromosome 5qC1. The genomic region spanned 
28.5 kb and the mouse SLA/LP gene was organized into 
11 exons like the human homolog (Figure 1). Exon sizes 
ranged between 91 and 2 927 bp with exon 11 being by 
far the largest exon. The 3’ untranslated region was 2 629 
bp and the 5’ untranslated region was 19 bp. Although 
not filed in the GenBank, two murine splice variants are 
very likely; the mouse genomic organization and exon 
sequences are very similar to the human gene and a 
splicing signature similar to that in human beings is present 
in the homologous mouse sequence. The presumed splice 
variants in the mouse are shown in Figure 2, aligned to the 
corresponding human proteins. The theoretical molecular 
weight and isoelectric point of  the longer splice variants is 
48.48 ku and 8.86, respectively; that of  the shorter variant 
is 46.5 ku and 8.71, respectively. 

Zebrafish SLA gene sequence and corresponding mRNA
The SLA gene and genomic organization was highly 
conserved in fish. BLASTing the human SLA/LP protein 
sequence against the zebrafish protein database, revealed 
a homolog with the accession number NP_956448. The 
zebrafish sequence was identical to the human protein 
sequence in 69% of  the residues. Both, the NCBI and 
Pfam conserved protein domain algorithms, predicted 
the existence of  SLA/LP structure between amino acids 
61 and 459. BLASTing the protein sequence against 
the translated zebrafish genome database revealed the 
corresponding mRNA NM_200154. Chromosomal 
mapping was not possible, since the genomic fragment 
containing the SLA/LP sequence was not yet assembled 
into the genomic context. The corresponding gene could 
only be mapped to the fragment scaffold Zv4_NA8411.1. 
Thus a complete exon/intron structure was not yet 
available, and potential splice variants could not be 
identified.

Drosophila SLA gene sequence and corresponding mRNA
The SLA gene and genomic organization were also 

conserved in Drosophila. BLASTing the human SLA/LP 
protein sequence against the Drosophila protein database 
revealed a Drosophila homolog (two isoforms) with 
the accession numbers AAF51994 and AAS65099. The 
Drosophila protein sequence has 42% identity compared 
to the human protein sequence. However, this may be an 
underestimation, as it remains unclear whether the recently 
annotated Drosophila SLA/LP sequence is complete. 
Both, the NCBI and Pfam conserved protein domain 
algorithms predicted the existence of  SLA/LP structure 
between amino acids 61 and 413 and amino acids 61 and 
428, respectively. BLASTing the protein sequence against 
the translated Drosophila genome database revealed the 
corresponding mRNA NM_141299.1. BLASTing the 
mRNA sequence against the draft sequence of  the fruit fly 
genome, the corresponding SLA/LP gene was mapped to 
Drosophila chromosome 3R. The genomic region of  the 
currently annotated Drosophila SLA/LP gene spanning 
approximately 1.6 kb was found to be organized into (at 
least) 4 exons. Exon sizes ranged between 114 and 1 021 
bp with exon 3 being by far the largest exon. A short 3’ 
UTR was shown to consist of  115 bp. Thus far, a 5’ UTR 
was not identified. 

C. elegans SLA/LP gene sequence and corresponding 
mRNA
The SLA/LP gene and genomic organization were also 
conserved in C. elegans. BLASTing the human SLA/LP 
protein sequence against the C. elegans protein database 
revealed similarity to C. elegans protein D1054.13 with 
the accession number CAA98446. The C. elegans protein 
sequence had 42% identity compared to the human protein 
sequence. Again, both the NCBI and Pfam conserved 
protein domain algorithms predicted the existence of  
SLA/LP structure between amino acids 53 and 450. 
BLASTing the protein sequence against the translated C. 
elegans genome database revealed the corresponding mRNA 
NM_073360. BLASTing the mRNA sequence against the 
draft sequence of  the C. elegans genome, the corresponding 
SLA/LP gene was mapped to C. elegans chromosome V. 
The genomic region spanned 1.8 kb and the C. elegans 
SLA/LP gene was organized in 7 exons. Exon sizes 
ranged between 67 bp for exon 3 and 636 bp for exon 5. 
A rather short 5’ UTR contained 43 bp, a 3’ UTR could 
not be found in the currently available sequence. Thus, it 
remains unclear, whether the currently available sequence 
represents the complete protein sequence of  C. elegans.

Conservation of SLA/LP homologs
We aligned the protein sequences of  the SLA/LP 
homologs in human, mouse, fish, fly, and worm (Figure 
3). The mammalian sequences were the two closest related 
sequences. The invertebrate sequences of  Drosophila 
and C. elegans sequence were most closely related to each 
other; the zebrafish sequence was equally related to the 
mammalian and invertebrate sequences.

Chromosomal localization of the human, mouse, fly, and 
worm SLA/LP genes
We then studied the neighboring genes in man, mouse, 
fly, and worm (Figure 4). Upstream of  the human SLA/

Worm chromosome V

→ → → →←

→ → → →←

→ → →←

→→ ←

SOD3          LGI2          SLA/LP         PI4K2B         ANAPC4

Human chromosome 4

Sod3            Lgi2          Sla/Lp           Pi4K2b         AnapC4

Mouse chromosome 5

Vha26        eIF-5C          Sla/Lp         Rga-RA            Atu

Fly chromosome 3R

    D1 054.12     Sla/Lp         C29A12.2

←

Figure 4 Chromosomal localization of SLA/LP genes. The genes adjacent to the 
SLA/LP loci on human chromosome 4, mouse chromosome 5, fly chromosome 
3R, and worm chromosome V are represented schematically.
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LP sequence on human chromosome 4 was the gene for 
extracellular-superoxide dismutase 3[19] and the Leucine 
rich gene, glioma-inactivated 2[20]. Downstream of  the 
SLA/LP locus was the phosphatidylinositol 4-kinase type-
II beta (PI4K2B)[21] and anaphase promoting complex, 
subunit 4[22]. The same structure was found for mouse 
chromosome 5 that contains the murine SLA/LP locus. 
The genomic structure of  SLA/LP loci in fly and worm 
did not share these similarities to the mammalian genomes. 
The fly SLA/LP homolog was flanked by the gene eIF-5C, 
which is involved in long-term memory[23] and the gene for 
a 26 ku E-subunit of  the vacuolar ATPase[24], upstream of  
the SLA/LP locus. Two currently uncharacterized genes, 
Rga-RA (account number AAF51992) and Atu (account 
number AAF51991), are located downstream of  the fly 
SLA/LP gene. The worm SLA/LP sequence was flanked 
by a gene (5L286) encoding protein of  unknown function, 
upstream, and the serpentine receptor class H (srh-184)[25], 
downstream of  the SLA/LP locus.

Conservation of the main antigenic region and main 
structural features of folding and dimerization 
The dominant autoepitope of  SLA/LP autoantibodies 
had been identified to locate between amino acids 390 
and 428 of  the longer human SLA/LP protein sequence 
variant (NP_722547)[4,10]. After aligning the homologous 
protein sequences (Figure 3), we studied the degree of  
sequence conservation in the immunodominant antigenic 
region. Human and mouse sequences showed 57% identity 
and 71% similarity. All other sequences did not display a 
considerable level of  similarity compared to the human 
epitope sequence.

We then studied the conservation of  the residues that 
seem to function in protein folding and dimerization[8] 

(Figure 3). The lysine residue at position 224, which 
is crucial for covalent binding of  the coenzyme PLP 
(pyridoxal-5’-phosphate) was conserved in all homologous 
sequences investigated. Of  the other five residues directly 
in contact with PLP, G50, S51, and H189 were identical in 
all the homologs, whereas S165 was replaced by alanine in 
mouse and D186 was replaced by glutamine in Drosophila 
and aspartic acid in C. elegans. Of  the residues of  monomer 
A involved in dimerization, only L88 was conserved in 
all homologous sequences. T89 was conserved in most 
species, but replaced by serine in C. elegans. F92 was 
replaced by leucine in Drosophila and by methionine in 
C. elegans, and otherwise conserved. T94 was conserved 
in vertebrates, but replaced by serine in non-vertebrates. 
S118 was replaced by arginine in Drosophila. The contact 
residues of  monomer B, P251 and G252, which mediate 
dimerization, were conserved in all the species.

DISCUSSION
SLA/LP autoantibodies have been demonstrated to be 
highly specific markers of  autoimmune hepatitis[4,5]. A role 
of  SLA/LP autoimmunity in the pathogenesis of  AIH is 
likely, at least in a subgroup of  AIH patients. However, 
our current understanding of  both, immunogenicity 
and biological function of  the SLA/LP molecule is 
rather limited. To approach the elusive function and 

immunogenicity of  SLA/LP, we have characterized the 
genomic organization and sequence conservation of  the 
human SLA/LP molecule and homologous proteins in 
other eukaryotic species. 

For all homologs, mRNA and genomic sequences were 
available from the GenBank[12]. However, in contrast to 
human and mouse protein and mRNA sequences, which 
seemed to be complete, some genomic sequences have 
yet to be completely assembled, and thus did not allow 
for complete and final characterization of  the genomic 
organization. This was especially the case for fish, where 
no chromosomal assignment could be made. Nevertheless, 
genomic characterization in man, mouse, fly, and worm 
was possible. 

The two mammalian SLA/LP genes were similar in 
organization of  the exon/intron structure (Figure 1) and 
genomic localization (Figure 4); exon/intron structure 
and genomic localization in fish, fly, and worm was clearly 
different from the mammalian sequences. Nevertheless, all 
homologs displayed a high degree of  similarity and identity 
in their amino acid sequences (Figure 3). The similarity 
between the most distant species - man and worm - was as 
high as 42%. The highest degree of  similarity was found 
between the human and the mouse amino acid sequences 
(Figure 2); both species also have a highly similar exon/
intron structure in the SLA/LP gene (Figure 1). Moreover, 
both mammalian species seem to generate similar variant 
proteins (Figure 2) by differential splicing of  exon 2. 
Whether splice variants exist in non-mammalian species 
is currently not clear. Previously, the residues, which seem 
to mediate dimerization and binding of  PLP, have been 
identified by molecular modeling[8]. These residues are 
highly conserved among the various species studied (Figure 
3). Four of  six residues that are crucial for PLP-binding 
are identical in all the species (G50, S51, H189, K224); the 
other two residues are homologous (S/A165, D/Q185). 
Two of  the seven residues that mediate dimerization 
were identical in all the studied species (L88, G252), the 
other residues were equivalent (T/S89, T/S94, S/A118, 
P/A251), except for F92, which was conserved in man, 
mouse and fish, but substituted by leucine in fly and 
methionine in worm.

The query of  human protein databases with the human 
SLA/LP sequence did not reveal any functional homolo-
gies to other proteins and the primary biological func-
tion of  the SLA/LP protein remains unclear. However, 
the extraordinary degree of  conservation, notably of  the 
presumed functional residues, suggests that the SLA/LP 
protein has an important biological function that relies on 
PLP binding. The possible role of  the smaller splice vari-
ant remains obscure. It may be speculated that the smaller 
protein variant may act as an inhibitor of  the elusive func-
tion of  the larger variant; the molecular signature of  the 
smaller variant is not compatible with a PLP-dependent 
transferase, as predicted for the larger variant[8].

The autoimmune response to SLA/LP is not random, 
but displays a remarkable degree of  uniformity: SLA/
LP autoantibodies are of  a preferred dominant subtype 
(IgG1) and recognize the same dominant antigenic region, 
which was mapped to a carboxy-terminal domain between 
residues 399 and 428 of  the longer splice variant (accession 
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number NP_722547)[10]. Thus, SLA/LP autoimmunity 
has features of  a highly selected immune response and 
seems to be driven by the same mechanism in all the 
patients. Of  note, the antigenic region is located within 
the only domain of  the molecule that was not conserved 
among the various species (Figure 3). Thus, it appears 
that SLA/LP autoimmunity is specific for the self-antigen 
and not for homologous sequences from other eukaryotic 
species. The possibility that SLA/LP autoimmunity might 
be driven by homologous proteins from parasites is 
hence quite unlikely. SLA/LP-homologous proteins are 
only found in eukaryotes and archaebacteria, but not in 
eubacteria[10]. Nevertheless, a few homologous sequences 
from bacterial or viral proteins with some degree of  
similarity to the antigenic epitope of  the SLA/LP protein 
do exist; however, these are not recognized by SLA/LP 
autoantibodies[10]. Likewise, the corresponding sequence 
of  an archaebacterial SLA/LP-homolog is also not 
recognized by SLA/LP autoantibodies[10]. Therefore, SLA/
LP autoimmunity in patients is very likely driven by the 
self-SLA/LP molecule rather than by a mechanism that 
involves molecular mimicry.
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Abstract
AIM: Chronic organ-donor shortage has led to the 
acceptance of steatotic livers for transplantation, despite 
the higher risk of graft dysfunction or nonfunction 
associated with the ischemic preservation period of 
these organs. The present study evaluates the effects of 
trimetazidine (TMZ) on an isolated perfused liver model.

METHODS: Steatotic and non-steatotic livers were 
preserved for 24 h in the University of Wisconsin (UW) 
solution with or without TMZ. Hepatic injury and function 
(transaminases, bile production and sulfobromophthalein 
(BSP) clearance) and factors potentially involved in the 
susceptibility of steatotic livers to ischemia–reperfusion 
(I/R) injury, including oxidative stress, mitochondrial 
damage, microcirculatory diseases, and ATP depletion 
were evaluated.

RESULTS: Steatotic livers preserved in UW solution 
showed higher transaminase levels, lower bile production 
and BSP clearance compared with non-steatotic livers. 
Alterations in perfusion flow rate and vascular resistance, 
mitochondrial damage, and reduced ATP content were 
more evident in steatotic livers. TMZ addition to UW 
solution reduced hepatic injury and ameliorated hepatic 
functionality in both types of the liver and protected 
against the mechanisms potentially responsible for the 
poor tolerance of steatotic livers to I/R.

CONCLUSION: TMZ may constitute a useful approach 
in fatty liver surgery, limiting the inherent risk of steatotic 
liver failure following transplantation.

© 2006 The WJG Press. All rights reserved.

Keywords: Steatotic liver, Ischemia–reperfusion, UW 
preservation solution
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INTRODUCTION
The mounting number of  pat ients await ing l iver 
transplantation and the limited pool of  donor organs have 
led to the acceptance of  marginal livers such as steatotic 
livers, for transplantation, despite the higher risk of  graft 
dysfunction or nonfunction which is associated with their 
ischemic preservation[1-3].

There is evidence indicating that the composition 
of  preservation solutions is critical for the quality of  
livers kept for prolonged ischemic periods. University of  
Wisconsin (UW) preservation solution, considered as the 
gold standard of  such solutions, has proved itself  effective 
in preventing liver damage during cold ischemia and has 
extended storage time limits[4,5]

. However, irreversible 
injury occurring after prolonged cold periods (between 16 
and 24 h) has also been reported. The main aims of  organ 
preservation, therefore, are striving to prolong organ 
tolerance[6,7].

Trimetazidine (TMZ), introduced as an anti-ischemic 
drug into the heart for over 35 years[8,9]

, has also been 
used to protect kidneys exposed to the prolonged cold 
ischemia (48 h)[10,11] and is reported to protect liver against 
the deleterious effects of  warm ischemia[12,13]. In addition, 
recently, it has been demonstrated that TMZ pre-treatment 
reduces liver injury and improves liver regeneration 
and survival rate in an experimental model of  partial 
hepatectomy under hepatic blood inflow occlusion[14]. 
Studies examining the underlying protective mechanisms 
of  TMZ suggest that this drug protects mitochondria in 
cardiomyocytes and isolated perfused heart by releasing 
the calcium accumulated in the matrix and by restoring 
mitochondrial membrane impermeability[8,15]. TMZ 
improves energy recovery in vitro and ex vivo in models 
of  myocardial ischemia[8,15] and reduces oxidative stress 
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A Bin the liver under warm ischemia[12]. Additionally, TMZ 
improves microcirculatory alterations in isolated perfused 
rat kidneys[10]. Taken together, these findings suggest that 
mitochondria, energy metabolism, oxidative stress, and 
microcirculation might be important targets through which 
TMZ exerts its cytoprotective effect. Interestingly, severe 
mitochondrial damage[16,17], decreased ATP level[16,18], 
increased reactive oxygen species (ROS) production[19,20], 
and impaired microcirculation[21,22] have also been 
proposed as factors that might leave steatotic livers 
vulnerable to ischemia–reperfusion (I/R) injury. Taking 
these previous observations into account, here we report 
the results of  a study aimed at investigating whether the 
addition of  TMZ to the standard preservation solution 
(UW) protects steatotic liver grafts against the deleterious 
effects of  I/R injury.

MATERIALS AND METHODS
Homozygous (obese, Ob) and heterozygous (lean, Ln) 
Zucker rats (used as reference group), aged 16-18 wk, 
were purchased from Iffa-Credo (L’Arbresle, France)[19,20]. 
In this study we used isolated perfused rat liver. It is a 
useful experimental system for evaluating hepatic function, 
isolated from the influence of  other organ systems, 
undefined plasma constituents, and neural-hormonal 
effects. Hepatic architectures, microcirculation, and bile 
production were preserved in this experimental model[23,24]. 
All procedures were performed under isof luorane 
inhalation anesthesia. This study respected the European 
Union regulations (Directive 86/609 EEC) for animal 
experiments. 

Liver procurement and experimental groups
The surgical technique was performed as described 
elsewhere[25]. After cannulation of  the common bile 
duct, the portal vein was isolated, and the splenic and 
gastroduodenal veins were ligated. The steatotic and non-
steatotic livers were flushed and preserved in cold UW 
solution for 24 h with or without the addition of  TMZ 
(10-6 mol/L). This dose of  TMZ has been shown to be 
beneficial in various experimental models of  I/R[10,26,27]. At 
higher concentration, TMZ exerted no protective effect[28]. 
TMZ was kindly supplied by the Institut de Recherches 
Internationales Servier (Courbevoie, France).

Protocol 1: Effect of TMZ on steatotic liver injury after cold 
ischemia
After 24 h of  cold storage, livers from 16 Zucker rats (8 
Ln and 8 Ob) preserved in UW solution (UW) and livers 
from 16 Zucker rats (8 Ln and 8 Ob) preserved in UW 
solution with TMZ (UW+TMZ) were flushed with Ringer’
s lactate solution. The aliquots of  the effluent flush were 
sampled for the measurements of  cumulative ALT and 
AST after prolonged ischemia.

Protocol 2: Effect of TMZ on steatotic liver injury after 
normothermic reperfusion
After 24 h of  cold preservation, and in order to account 
for the period of  rewarming during surgical implantation 
in vivo[29,30], livers from 16 Zucker rats (8 Ln and 8 Ob) 

preserved in UW solution and livers from 16 Zucker 
rats (8 Ln and 8 Ob) preserved in UW+TMZ solution 
were exposed at 22 ℃ for 30 min prior to reperfusion. 
Livers were then connected via the portal vein to a 
recirculating perfusion system for 120 min at 37 ℃[6,25]. 
Time 0 was the point at which the portal catheter was 
satisfactorily connected to the circuit. As previously 
reported[25,31], during the first 15 min of  perfusion (initial 
equilibration period), the flow was progressively increased 
in order to stabilize the portal pressure at 12 mmHg 
(Pressure Monitor BP-1, Instruments, Inc., Sarasota, FL, 
USA). The flow was controlled using a peristaltic pump 
(Minipuls 3, Gilson, France)[6,25]. The reperfusion liquid 
consisted of  a cell culture medium (William’s medium 
E, BioWhittaker, Spain) with a Krebs-Henseleit-like 
electrolyte composition enriched with 5% albumin, as 
oncotic supply. The buffer was continuously ventilated 
with 95% O2 and 50 mL/L CO2 gas mixture. The buffer 
was subsequently passed through a heat-exchanger (37 ℃) 
and a bubble trap prior to entering the liver[25,30]. During 
120 min of  normothermic reperfusion, the effluent fluid 
was collected at 30 min intervals to measure transaminases. 
After the initial equilibration period of  15 min, flow 
rate and vascular resistance were assessed continuously 
throughout the reperfusion period. Bile output and hepatic 
clearance (expressed as percentage of  BSP in bile samples) 
were determined at 120 min of  reperfusion. ATP, adenine 
nucleotides, and lipid peroxidation were evaluated in the 
liver samples at 120 min of  reperfusion. Light/electron 
microscopy analysis of  the liver was also performed at 120 
min of  reperfusion.

Biochemical determinations
Transaminase assay  Hepatic injury was evaluated 
according to transaminase levels using commercial kit from 
Boehringer Mannheim (Munich, Germany).
Nucleotide analysis  Livers were homogenized in 
perchloric acid solution, and the adenine nucleotides 
pool was measured by h igh-per for mance l iqu id 
chromatography[32].
Bile output  Liver function was assessed by measuring bile 
production[33,34]. Bile was collected through the cannulated 
bile duct and output reported as µL/g liver.
Hepatic clearance  As with bi le output, hepatic 
clearance was considered as another parameter of  hepatic 
function[35,36]. Thirty minutes after the onset of  the 
perfusion (t30), 1 mg of  BSP (Sigma, Spain) was added to 
the perfusate. The concentration of  BSP in bile samples (t120) 
was measured at 580 nm with an UV-visible spectrometer. 
Bile BSP excretion was expressed as a percentage of  
perfusate content (t120 bile/t30 perfusate×100)[35,36].
Flow rate and vascular resistance  Liver circulation 
was assessed by measuring perfusion f low rate and 
vascular resistance[34,37]. Perfusion flow rate was assessed 
continuously throughout the reperfusion period and 
expressed as mL/min·g. Vascular resistance was defined 
as the ratio of  portal venous pressure to flow rate and 
expressed in mmHg·min·g/mL[34,37].
Lipid peroxidation assay  Lipid peroxidation was used 
as an indirect measure of  the oxidative injury induced by 
ROS[19,38]. Lipid peroxidation was determined by measuring 
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the formation of  malondialdehyde (MDA) with the 
thiobarbiturate reaction[19].

Light/electron microscopy
For light microscopy examinations, liver samples were 
fixed in 10% neutral buffered formalin and embedded 
in Paraplast, and 5-µm sections were stained with 
hematoxylin and eosin according to standard procedures[19]. 
For electron microscopy, the fixation of  hepatic tissue 
was perfor med us ing a 2 .5% glutara ldehyde/2% 
paraformaldehyde. These samples were post-fixed with 
osmium tetroxide and potassium ferrocyanide, dehydrated 
in acetone, and embedded in Spurr’s medium. Ultrathin 
sections were prepared with an ultracut-E ultramicrotome 
and contrasted with uranyl acetate and lead citrate. Stained 
sections were reviewed under an H 600-AB Hitachi 
electron microscope[39].

Statistics
Data were expressed as mean±SE, and were compared 
statistically by variance analysis, followed by Student-
Newman-Keuls test. P  < 0.05 was considered significant.

RESULTS
Protocol 1: Effect of TMZ on steatotic liver injury after 24 h 
of cold ischemia
Flushing of  livers before reperfusion allowed effluent fluid 
to collect for the determination of  transaminases[6,40]. This 

measure proved to be a valuable tool for predicting organ 
damage after cold preservation[6,40]. As shown in Figure 
1, the higher levels of  transaminases released by steatotic 
livers after cold preservation in UW solution confirm the 
increased sensitivity of  this type of  liver to cold ischemia. 
The addition of  TMZ to UW solution (UW+TMZ) 
reduced transaminase levels in the flushing effluent of  non-
steatotic livers and, in particular in that of  steatotic livers.

Protocol 2: Effect of TMZ on steatotic liver injury after 
24 h of cold ischemia followed by 2 h of normothermic 
reperfusion
Higher perfusate transaminase levels were observed 
in steatotic livers as the reperfusion period progressed 
compared with those found in non-steatotic livers (Figure 
2). The addition of  TMZ to UW solution reduced the 
perfusate transaminase release in both types of  liver, 
but especially in steatotic livers. The histological light 
microscopic study showed a marked disintegration of  
hepatic architecture in both types of  liver preserved in 
UW solution (Figures 3A and B), but especially in steatotic 
livers (Figure 3B), whereas in the UW+TMZ group 
hepatocyte integrity was maintained (Figures 3C and D).

Liver function was assessed by measuring bi le 
production and BSP clearance. Bile output and the 
percentage of  BSP in bile were lower in steatotic livers 
preserved in UW solution than in non-steatotic livers 
(Figure 4). Both liver function parameters improved 
significantly in the two liver types following the addition 
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Figure 1 AST (A) and ALT (B) levels in flushing effluent after 24-h cold storage. 
UW: liver preserved in UW solution; UW+TMZ: liver preserved in UW with TMZ. 
aP < 0.05 vs UW.
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of  TMZ to UW solution (UW+TMZ).
The mechanisms by which TMZ was able to protect 

steatotic livers against the deleterious effects of  I/R 
injury were also evaluated. As shown in Figure 5, MDA 
levels during reperfusion increased, particularly in the 
case of  steatotic livers. The addition of  TMZ to UW 

solution (UW+TMZ) brought about a reduction in 
these levels of  increase. Marked increases in the vascular 
resistance and lower perfusion flow rate were observed 
in steatotic livers preserved in UW solution during the 
reperfusion period (t30,60,90,120) compared with the rates 
in non-steatotic livers (Figure 6). The liver weight was 
not statistically significant in both liver types. Vascular 
resistance was lower and perfusion flow rate was higher 
in both types of  liver following the addition of  TMZ to 
UW preservation solution (UW+TMZ). The beneficial 
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Figure 3 Histological change in steatotic and non-steatotic livers after 120 min of 
normothermic reperfusion. Non-steatotic (A) and steatotic (B) livers preserved in 
UW solution: Cell swelling and disintegration of hepatic architecture were more 
evident in steatotic livers. Non-steatotic (C) and steatotic (D) livers preserved in 
UW solution with TMZ: Hepatic morphology was better preserved in both types of 
the liver compared to that recorded in UW solution.
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effect of  TMZ on the vascular resistance and perfusion 
flow rate were more evident in the steatotic livers (Figure 
6). Lower ATP and adenine nucleotides levels during 
reperfusion were observed in steatotic livers preserved in 
UW solution than those recorded for non-steatotic livers 
(Figure 7). The results reported here show that TMZ led 
to the preservation of  more ATP and adenine nucleotides 
content in both types of  liver.

Mitochondrial damage was evaluated by electron 
microscopy. Ultra-structural analysis after reperfusion in 
both types of  liver preserved in UW solution revealed 
swelling of  mitochondria, a significant decrease in the 
electron density of  their matrices, while cristae were only 
seldom visible (Figures 8A and B). These morphological 
alterations were more evident in steatotic livers (Figure 
8B). Following the addition of  TMZ to UW preservation 
(UW+TMZ) a g rea te r deg ree o f  mi tochondr i a l 
preservation in both types of  liver was recorded (Figures 
8C and D) compared to the results obtained for the livers 
in UW solution.

DISCUSSION
The results of  the present study indicate that the addition 
of  TMZ to UW solution improved the capacity of  this 
standard preservation solution in both types of  liver 
subjected to prolonged ischemic period especially in 
steatotic livers.

It is widely accepted that bile analysis is a useful 

means for assessing the integrity of  biliary epithelial cells 
after cold ischemia. If  cold storage time exceeds 10-12 h, 
complications in biliary structures occur in more than 25% 
of  liver transplant recipients[41-43]. Several factors, including 
poor recovery after ATP depletion appear to contribute 
to bile duct cell damage after liver transplantation. 
Furthermore, isolated rat bile duct epithelial cells are 
noticeably sensitive to oxidative stress, possibly because 
their cellular stores of  reduced glutathione are seven 
times lower than those of  hepatocytes[44]. Taking these 
observations into account, bile production failure in 
steatotic livers could be explained, at least partially, by the 
lower ATP and increased oxidative stress presented by 
this type of  liver compared with non-steatotic liver. Liver 
transplantation may benefit from strategies such as the 
addition of  TMZ to the preservation solution as this seems 
to help maintain appropriate bile duct cell functions. Here, 
this strategy increased ATP recovery and reduced oxidative 
stress. This was also associated with better bile production.

The lower perfusate flow rate and the higher resistance 
to flow in steatotic, as opposed to non-steatotic livers 
indicate that steatotic livers offer greater impediments 
to perfusion. Fat accumulation in the cytoplasm of  the 
hepatocytes is associated with an increase in cell volume, 
which may result in the partial or complete obstruction 
of  the hepatic sinusoidal space[3,21]. Our results indicate 
the beneficial effects of  TMZ on the f low rate and 
vascular resistance especially in the steatotic livers which 
were preserved during prolonged cold ischemia. Various 
hypotheses could be forwarded in an attempt at explaining 
the underlying protective mechanisms. In fact, according 
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Mitochondrial integrity was better preserved in both types of liver compared to that 
recorded in UW solution.

A

D

B

C

2 mm

2 mm 1 mm

1 mm

www.wjgnet.com

912         ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol      February 14, 2006    Volume 12     Number 6



to the literature, TMZ reduces the leakage of  intracellular 
potassium, which is a vasoconstrictor; it affects vasoactive 
mediators including prostaglandins; and it reduces tissue 
edema, which has been related to the disturbance of  
microvascular circulation[10,45,46].

Fatty degenerat ion, which induces a ser ies of  
ultrastructural and biochemical alterations both in 
human and animal mitochondria[17,47] may render these 
organelles intrinsically more susceptible to I/R injury. 
Given that mitochondria are the main sites for ATP and 
ROS production in I/R[16], the lower ATP and adenine 
nucleotides content and the increased oxidative stress 
observed in steatotic livers preserved in UW solution 
could be attributed to mitochondrial damage. Thus, the 
identification of  new strategies to prevent mitochondrial 
injury should represent an important research goal in 
attempts to optimize the use of  donor steatotic organs for 
liver transplantation. Our result indicates that the addition 
of  TMZ to UW preservation solution protects against 
mitochondrial damage caused by I/R, preserves more 
ATP and adenine nucleotide content during reperfusion 
and decreases oxidative stress, thus showing a protective 
effect against I/R injury. Taken together, these data suggest 
that mitochondria might be an important target through 

which TMZ exerts its cytoprotective effect. However, the 
underlying mechanisms are still far from being defined and 
other possibilities should not be ruled out. Thus, another 
possible reason for the higher ATP levels that are induced 
by TMZ might be improved microcirculation at the time 
of  reperfusion. This could increase the availability of  
oxygen and, therefore, facilitate ATP production. It is well 
known that failure of  liver perfusion can impair the ability 
of  the steatotic liver to restore ATP levels[16,22,48]. Similarly, 
in addition to mitochondria, the beneficial effects of  TMZ 
on oxidative stress could be exerted on other sources of  
ROS, including endothelial cells[10].

The addition of  TMZ to UW solution ensured that 
steatotic grafts were less susceptible to the mechanisms 
involved in I/R injury including microcirculatory 
diseases, ATP and adenine content, oxidative stress and 
mitochondrial damage. In addition to allopurinol and 
glutathione, TMZ could be another antioxidant that 
should be added to UW solution, considering the benefits 
of  TMZ in terms of  oxidative stress and the difficulties 
for preventing oxidative stress damage in steatotic liver 
by other pharmacological treatments[19,33,49]. The ability 
of  TMZ to protect both types of  the liver is particularly 
attractive since some strategies that are effective in non-
steatotic livers may not be useful in the presence of  
steatosis[19,20,50].

In conclusion, TMZ protected against hepatic injury 
and ameliorated liver function in steatotic and non-
steatotic livers preserved in UW solution. Further studies 
will be required to elucidate whether TMZ is such a 
promising drug for the field of  liver transplantation, and 
if  this pharmacological substance can reduce the inherent 
risk of  steatotic liver grafts for transplantation.
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flow obviously increased again to 81 ± 31 PU (P < 0.05). 
BE was -6 ± 4 mmol/L, which was significantly different 
compared to Group 1 (P < 0.05). Furthermore, histology 
revealed less extensive edema and necrosis in pancreatic 
tissue in Group 3 than that in Group 1. 

CONCLUSION: AP caused dramatic microcirculatory 
changes within the pancreas, with development of meta-
bolic acidosis and tissue necrosis. EA allowed partial 
restoration of microcirculatory flow and prevented devel-
opment of tissue necrosis and systemic complications. 
Therefore, EA should be considered as therapeutic op-
tion to prevent evolution from edematous to necrotic AP.

© 2006 The WJG Press. All rights  reserved.
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INTRODUCTION
Among patients suffering from acute pancreatitis (AP), 
80% have a favorable evolution and approximately 20% 
develop a severe disease with significant morbidity and 
mortality[1]. Severe AP is associated with the development 
of  local complications, such as pancreatic and peri-
pancreatic necrosis, abscesses or pseudocysts, and systemic 
complications, such as adult respiratory distress syndrome 
or renal failure with a mortality close to 15%[2].

The pathophysiology of  AP is incompletely understood 
but alteration in the pancreatic microcirculatory blood 
flow has been involved. Thus, a decrease in pancreatic 
blood flow occurs early in the course of  AP and has 
been suggested to play a role in the conversion of  
edematous to necrotizing AP[3-7]. The microcirculatory 
dysfunction includes arterial vasoconstriction with 
hypoperfus ion, ischemia-reperfus ion in jur y, and 
obstruction of  the venous outflow[8-11]. Other factors 
that participate in the development of  microcirculatory 
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Abstract
AIM: To investigate the effect of epidural anaesthesia 
(EA) on pancreatic microcirculation during acute pancre-
atitis (AP).
 
METHODS: AP was induced by injection of sodium tau-
rocholate into the pancreatic duct of Sprague-Dawley 
rats. To realize EA, a catheter was introduced into the 
epidural space between T7 and T9 and bupivacaine was 
injected. Microcirculatory flow was measured by laser 
Doppler flowmetry. Arterial blood gas analyses were per-
formed. At the end of the experiment (≤ 5 h), pancreas 
was removed for histology. The animals were divided 
into three groups: Group 1 (n = 9), AP without EA; Group 
2 (n = 4), EA without AP; and Group 3 (n = 6), AP treated 
by EA.

RESULTS: In Group 1, pancreatic microcirculatory flow 
prior to AP was 141 ± 39 perfusion units (PU). After AP, 
microcirculatory flow obviously decreased to 9 ± 6 PU 
(P < 0.05). Metabolic acidosis developed with base ex-
cess (BE) of - 14 ± 3 mmol/L. Histology revealed exten-
sive edema and tissue necrosis. In Group 2, EA did not 
significantly modify microcirculatory flow. BE remained 
unchanged and histological analysis showed normal pan-
creatic tissue. In Group 3, AP initially caused a significant 
decrease in microcirculatory flow from 155 ± 25 to 11 ± 7 
PU (P < 0.05). After initiation of EA, microcirculatory 
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dysfunction are hemoconcentration, hypercoagulability, 
and increase in microvascular permeability[8-11]. Besides 
perfusion abnormalities, AP is also characterized by 
local and systemic inflammatory responses, including 
leukocyte activation as well as release of  free radicals and 
cytokines[12-14].

Many therapeutic agents, such as dextran, heparin, 
p roca ine , L-a rg in ine , an t iox idants, o r cy tok ine 
antagonists, have been tested experimentally and/or 
clinically to improve pancreatic tissue perfusion during 
AP, however, no significantly successful result has been 
achieved[1,4,15-18].  

Epidural anesthesia (EA) that is used to induce 
analgesia in the perioperative period might be an 
interesting treatment of  the microcirculatory blood flow 
abnormalities. Thus, EA can reduce the incidence of  
post-operative pulmonary complications, and shorten the 
duration of  the post-operative intestinal paralysis[19,20]. 
In addition, experimental studies have shown that EA 
increases gut mucosal blood flow and delays the metabolic 
acidosis due to intestinal ischemia in the presence of  a 
decreased perfusion pressure[21-22]. The beneficial effect of  
EA has been attributed to a sympathetic nerve blockade, 
which redistributes blood flow to the non-perfused regions 
of  the gut[21]. Additionally, EA is useful to decrease pain 
in patients with AP[23], but no study has investigated the 
effects of  EA on the pancreatic microcirculatory blood 
flow during AP. 

Because we postulated that EA might improve 
the pancreatic hypoperfusion induced by AP and 
concomitantly decrease the severity of  the disease, we 
measured the pancreatic microcirculatory blood flow and 
the severity of  the disease in rats injected with taurocholic 
acid in the biliopancreatic duct, in the presence or in the 
absence of  EA. 

MATERIALS AND METHODS
Animals
Adult male Wistar rats (275-300 g) were provided by 
Charles River (L’Arbresle, France). Animals were bred 
and housed in standard cages and maintained in climate-
controlled rooms. Animals were fed with standard labora-
tory chow, given water ad libitum, and randomly assigned to 
control or treated groups. The protocol was approved by 
the Animal Ethical Committee of  the Geneva University 
Medical School and by the Geneva Veterinary Authorities. 

Epidural anaesthesia
Epidural catheters were placed in rats under isoflurane 
anesthesia. A polyethylene catheter (PE10, Portex, Kent, 
UK) was introduced in the lumbar region and positioned 
into the epidural region between T7 and T9 according to 
the technique previously described by Grouls et al[24]. The 
external end of  the catheter was tunneled subcutaneously 
and fixed to the occiput. 

The animals were allowed to recover from anesthesia 
and 1 h after epidural catheterization, bupivacaine  
(4 g/L, 20 µL) was injected to test anaesthesia. Hind limb 
muscle tone was scored by manual inspection and visual 
observation as previously described during 30 min[21,24].  A 

normal tone with free movement of  the hind limbs was 
scored 0; weak hypotonia of  the hind limbs and of  the 
body was scored 1; moderate hypotonia of  the hind limbs 
and of  the body was scored 2; and inability to support the 
body on the hind limbs and flat body posture was scored 3. 
After scoring, rats were allowed to recover for 2 h. Animals 
showing signs of  neurologic damage were discarded. To 
verify the position of  the catheter, after rat sacrifice, Evans 
blue solution was injected in the catheter and the spinal 
column exposed. Animals that had the catheter tip located 
intrathecally or outside the region between T7 - T9 were 
excluded from the study. 

Surgical preparation
Anaesthesia was induced by pentobarbital sodium  
(50 mg/kg intraperitoneally) and isoflurane inhalation. 
Rats had tracheotomy under isoflurane anesthesia and 
were mechanically ventilated (Harvard apparatus, model 
683, South Natick, MA) with a Fio2 = 0.5. The left femoral 
vein was cannulated and continuously perfused with saline 
solution (2.5 mL/100 g/h). The left femoral artery was 
cannulated for continuous monitoring of  arterial blood 
pressure and blood gas analysis (ABL 505 Analyzer, 
Radiometer, Copenhagen, Denmark). Body temperature 
was kept constant with a warm pad. 

Blood samples were harvested every 30 min for blood 
gas analysis and ventilation was adjusted to obtain pCO2 
between 35 and 45 mmHg. The blood samples were 
also analyzed for serum amylase concentrations using 
4,6-ethylidene (G1)-p-nitrophenyl (G1)-αaD-malto-
heptoside (Sigma Chemical Co, Zurich, Switzerland) as 
substrate. Mean arterial pressure was continuously recorded 
and stored via an analog-digital interface converter (Biopac, 
Santa Barbara, CA) on an AST microcomputer (AST, 
Limerick, Ireland).

Induction of acute pancreatitis
After laparotomy, the pancreatic duct was cannulated 
with a 22-gauge catheter (Abott, Sligo, Ireland)[25]. A clip 
was placed on the pancreatic duct close to the liver and 
taurocholic acid (5%, 500 µL, Sigma, Saint-Louis, MO) was 
infused over 4 min with a micropump[25]. 

Pancreatic microcirculatory blood flow
Pancreatic microcirculatory blood flow was measured with 
a laser Doppler flowmetry (Periflux system 5000, Perimed 
AB, Järfälla, Sweden). To position the probe, a latex 
adhesive probe miniholder (model PH07, Perimed, Järfälla, 
Sweden) and a special articulated laboratory stand were 
used. The Doppler probe was placed under the pancreatic 
surface with the light directed upward. After a 10 to  
15 min stabilization period, the effect of  AP and/or 
EA on the pancreatic microcirculatory blood flow was 
measured over time. The pancreatic microcirculatory blood 
flow was continuously recorded and stored via an analog-
digital interface converter (Biopac, Santa Barbara, CA) on 
an AST microcomputer (AST, Limerick, Ireland). 

Tissue samples
After the rats were sacrificed, pancreatic samples were 
rapidly collected, fixed in formalin, embedded in paraffin, 
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modification did not reach statistical significance (P = 0.7, 
Figure 2). In Group 3, induction of  AP caused a similar 
decrease in pancreatic microcirculatory flow as in Group 
1, i.e., from 155 ± 25 units to 11 ± 7 units (93%, P = 0.004). 
After induction of  EA, mean pancreatic microcirculatory 
blood flow increased again significantly to 81 ± 31 units 
within 45 min, reaching 52% of  baseline values (P = 0.028, 
Figures 2 and 3).

Taurocholic acid injection 

Epidural catheter 

Bupivacaine

Epidural catheter 

Bupivacaine
Taurocholic acid injection 

Bupivacaine

Group 1
N = 9

Group 2
N = 4

Group 3
N = 6

Figure 1 Experimental design. Acute pancreatitis was induced in Groups 1 and 3 
by injection of taurocholic acid (5%, 500 µL) into the biliopancreatic duct. Epidural 
anesthesia was induced in Groups 2 and 3 by epidural injection of bupivacaine  
(4 g/L, 20 µL).

Figure 2 Pancreatic microcirculatory blood flow (arbitrary units). In Group 1, 
the mean value of pancreatic blood flow measured prior to and after induction 
of AP showed a significant decrease of perfusion from 141 ± 40 units to 9 ± 6 
units (96%) (1P = 0.008) within 30 min. In Group 2, the mean value of pancreatic 
blood flow measured prior to and after induction of epidural anaesthesia showed 
no significant modification of perfusion. In Group 3, mean value of pancreatic 
blood flow measured prior to and after induction of AP, and epidural anaesthesia, 
respectively. Induction of AP caused a significant decrease in pancreatic 
microcirculatory flow from 155 ± 25 units to 11 ± 7 units (93%) (2P = 0.004). After 
induction of epidural anesthesia, mean pancreatic microcirculatory blood flow 
increased again significantly to 81 ± 31 units within 45 min, reaching 52% of base 
line values (3P = 0.028).
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and cut into 5-µm thick sections. After staining with 
hematoxylin-eosin, the sections were examined by two 
experienced morphologists who were not aware of  
the sample identity. The extent of  acinar cell necrosis 
was quantified by computer assisted morphometry as 
previously described[26] and expressed as a percent of  total 
acinar tissue. 

Experimental design
Three experimental groups were studied (Figure 1). 
In Group 1 (n = 9), rats had AP induction and no EA. 
Pancreatic microcirculatory blood flow was measured 
before taurocholic acid injection and continued after 
the induction of  AP. In Group 2 (n = 4), the pancreatic 
microcirculatory blood flow was determined before 
and continued after the induction of  EA. In Group 3  
(n = 6), 30 min after taurocholic acid injection, bupivacaine 
was injected via the epidural catheter and the pancreatic 
microcirculatory blood flow measured over time. 

Statistical analysis
Results were expressed as mean ± SD. Nonparametric 
Wilcoxon Signed ranks test and Kruskal-Walis tests for 
comparison between groups were used as appropriate. 
P<0.05 was considered statistically significant.

RESULTS
Epidural anesthesia in rats
EA was tested by bupivacaine injection in Groups 2 and 
3. In all rats, hind limb blockade was complete within  
2 min and the motility completely recovered within  
25-30 min after the injection. In Group 3, rats had 
taurocholic acid injection to induce AP and were treated 
with bupivacaine (Figure 1).

Pancreatic microcirculatory blood flow
In Group 1, induction of  AP caused a significant decrease 
of  mean pancreatic microcirculatory blood flow from 
141 ± 40 units to 9 ± 6 units (96%, P = 0.008) within  
30 min (Figure 2). The decreased blood flow remained 
unchanged until the end of  the experiment. In Group 2, 
EA slightly increased microcirculatory blood flow, but the 
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3
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Group 2, almost normal pancreatic tissue was observed at 
the end of  the experiment (Figure 6B). In Group 3, edema 
and necrosis were less extensive compared to animals in 
Group 1 (Figure 6D).  

The extent of  acinar cell necrosis measured as 
percentage of  total surface at high power field (HPF) 
showed that Group 2 animals had similar cell necrosis 
as the controls (<10%) (Figure7). Group 1 animals 
demonstrated over 40% of  acinar cell necrosis at HPF, 
whereas acinar cell necrosis was below 30% in Group 3 
animals (Figure 7). 

DISCUSSION
In ou r s tudy, t au rocho l i c a c id i n j e c t ion in the 
biliopancreatic duct induced a pancreatic hypoperfusion 
as reported by previous studies[3,7,16,25]. The decrease was 
-96% within 15 min and pancreatic microcirculatory 
blood flow remained low until the end of  the experiment. 
The microcirculatory blood flow has been accurately 
measured by laser Doppler flowmetry. The technique is 
ideal for monitoring changes in tissue perfusion over time 
and has successfully been applied to numerous organs 
in experimental and human studies[4,6,24,27]. However, 
several factors, such as artifacts induced by respiration, 
external light exposure and temperature, can affect the 
interpretation of  the laser Doppler signals[4]. In addition, 
microcirculatory flow can vary widely over short distances, 
and small changes in probe angle during measurement 
can alter the measured values. To prevent these technical 
problems, we used a new type of  probe holder, which 
allows the tissue to be maintained by gravity, avoiding 
repeated repositioning of  the probe.

More importantly, we showed that after induction of  
AP, bupivacaine injection in the epidural catheter increased 
pancreatic microcirculatory blood flow. Concomitantly, 
the improved microcirculatory blood flow within the 
pancreas decreased the severity of  AP. Serum amylase 
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Taurocholic acid injection

Bupivacaine injectionBaseline value
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Figure 3 Recording of pancreatic microcirculatory blood flow in Group 3. Rats 
were injected with taurocholic acid and treated 30 min later with bupivacaine (0.4%, 
20 µL) in the epidural catheter. Induction of AP caused a significant decrease 
in pancreatic microcirculatory blood flow. After induction of epidural anesthesia, 
mean pancreatic microcirculatory blood flow increased again significantly within 45 
min, reaching approximately 50% of baseline values.

Figure 4 Arterial blood gas analyses. In Group 1, severe metabolic acidosis 
developed progressively reaching a maximum base excess (BE) value of -14 ± 3 
mmol/L at the end of the experiment. In Group 2, BE values remained unchanged 
compared to baseline values. In Group 3, a mild metabolic acidosis developed 
reaching a maximum BE value of -6 ± 4 mmol/L at the end of the experiment. This 
result was significantly improved compared to Group 1 (1P = 0.007). 
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Figure 5 Serum amylase levels. In Group 1, serum amylase levels increased from 
694 ± units/L 419 prior to AP to 2178 ± 561 units/L (1P < 0.05, vs serum amylase 
levels before induction of AP) after 2 h of induction of AP. In Group 2, epidural 
anaesthesia did not modify serum amylase levels significantly (P = 0.9). In Group 
3, serum amylase levels increased to a maximum of 1829±641 units/L after 2 h of 
initiation of AP and epidural anesthesia. Although this result was lower compared 
to Group 1, but did not reach statistical significance (3P = 0.08).
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Arterial blood gas and serum amylase analyses
In Group 1, severe metabolic acidosis developed 
progressively reaching a maximum base excess (BE) value 
of  -14 ± 3 mmol / L at the end of  the experiment (Figure 
4). In Group 2, BE values remained unchanged compared 
to the baseline values during experiment (Figure 4). In 
Group 3, a mild metabolic acidosis developed reaching 
a maximum BE value of  -6 ± 4 mmol/L at the end of  
the experiment (Figure 4). This result was significantly 
improved compared to Group 1 (P = 0.007). 

In Group 1, serum amylase levels increased from 
694 ± 419 units/L prior to AP to 2178 ± 561 units/L 
(P < 0.05) after 2 h of  induction of  AP (Figure 5). 
In Group 2, EA did not modify serum amylase level 
significantly during the experiment. In Group 3, serum 
amylase levels increased to a maximum of  1829 ± 641 
units/L 2 h after initiation of  AP and EA (Figure 5). 
Although this result was lower compared to Group 1, but 
did not reach statistical significance.

Histopathology
In Group 1, histopathology revealed a severe form of  AP 
with extensive edema and tissue necrosis (Figure 6C). In 
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concentrations and metabolic acidosis were less severe and 
the histopathologic scores were improved in comparison 
to rats with AP and no treatment. These results emphasize 
the importance of  a decreased microcirculatory blood flow 
in inducing severe AP. 

To our best of  knowledge, this is the first experimental 
study showing the beneficial effects of  EA on the severity 
of  AP. Previous reports already showed that EA increased 
splanchnic venous capacitance and decreased arterial tone 
by blocking sympathetic nerve activity[21,22,28-30]. It was also 
reported that EA might increase sympathetic activity and 
vasoconstriction in organs distant from the anesthetized 
area and redistributes blood flow towards splanchnic 
organs[21]. 

It has been postulated that several factors, such 
as local metabolic acidosis which activates various 
proteases, oxygen-free radical that injures endothelium 
and parenchyma, or the incapacity of  plasma protease 
inhibitors to circulate through acinar cells, participate in the 
modifications of  pancreatic microcirculation during AP[3]. 
These modifications result in diminished intravascular 
volume, chemically-induced vasoconstriction, intravascular 
coagulation, and increased endothelial permeability[31]. 
Finally, pancreatic ischemia, as a consequence of  all these 
local effects, may convert a mild disease to a severe AP 
with parenchymal necrosis[31]. This has been demonstrated 
by Klar et al [5] who have shown in anesthetized rabbits that 
pancreatic blood flow increases when AP is edematous 
(cerulein injection), whereas pancreatic blood flow 
decreases when AP is severe (necrotizing form induced by 
taurocholate injection). 

I n o u r s t u d y, E A d e c r e a s e d s e r u m a my l a s e 
concentrations, metabolic acidosis, and the severity of  
pancreatic necrosis score in comparison to rats that had 
similar taurocholic acid injection and no treatment. Similar 
benefit of  peridural anaesthesia has been shown on 
metabolic acidosis during hypoxia in dogs[29]. 

In conclusion, the current study has shown that EA 
improves the pancreatic hypoperfusion induced by AP 
with a concomitant decrease in the severity of  metabolic 
acidosis and a diminished tissue injury. EA should 
therefore be considered a new therapeutic approach to 
prevent the progression from an edematous disease to a 
necrotizing AP.
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Figure 6 Histopathological features of pancreatic tissue. A: 
A control animal was sacrificed and histopathology showed 
normal pancreas; B: Group 2 animals showing normal 
pancreatic tissue with minor modifications, possibly related to 
vasodilatation and surgical manipulations; C: Group 1 animals 
showing a severe form of AP with extensive edema and 
tissue necrosis; and D: Group 3 animals demonstrating less 
extensive pancreatic edema and necrosis compared to Group 
1 animals.

Figure 7 Acinar cell necrosis (percentage of total pancreatic surface). The 
measure of acinar cell necrosis by percentage of total surface at high power field 
(HPF) showed that Group 2 animals had similar cell necrosis as the controls 
(<10%). Group 1 animals demonstrated over 40% acinar cell necrosis at HPF, 
whereas acinar cell necrosis was below 30% in Group 3 animals.
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INTRODUCTION 
Enterovirus 71 (EV71), like poliovirus, is one of  the 69 
enterovirus serotypes belonging to the Picoranviridae family. 
EV71 infection manifests most frequently as hand, foot 
and mouth disease (HFMD) and children under 5 years 
of  age are particularly susceptible to the most severe 
forms of  EV71-associated neurological disease, including 
aseptic meningitis, brainstem encephalitis and acute 
flaccid paralysis indistinguishable from poliomyelitis[1]. 
The neurovirulence of  EV71 first came to people's 
attention in 1975 in Bulgaria when 44 people died of  
a polio-like disease[2]. EV71 was further implicated as 
the causative agent responsible for the epidemics of  
central nervous system disease occurring in New York, 
Europe, Australia and Asia[3-6]. Recent HFMD outbreaks 
also affected thousands of  children in Taiwan[7], Japan[8] 
and Singapore[9], causing the fatality of  more than 80 
children. Thus EV71 appears to emerge as an increasingly 
important neurotropic enterovirus in the upcoming era of  
poliomyelitis eradication. However, no effective antiviral 
drugs or vaccines are available yet. 

EV71 possesses a positive single-stranded RNA 
genome that consists of  a single open reading frame (ORF). 
The ORF expresses a large polyprotein that can be co- and 
post-translationally cleaved into P1, P2 and P3 regions[10]. 
P1 region encodes the four structural proteins VP1, VP2, 
VP3 and VP4, while P2 and P3 regions encode other 
nonstructural proteins (e.g., 2A and 3CD) responsible for 
virus replication and virulence[1]. Based on a model derived 
from poliovirus, protease 2A autocatalytically cleaves 
P1 at its N-terminus and liberates P1 from the nascent 
polyprotein[11], while protease 3CD cleaves P1 precursor 
into VP1, VP3 and VP0 in trans[12]. These three structural 
proteins spontaneously assemble into icosahedral 
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Abstract
AIM: Enterovirus 71 (EV71) has been implicated as the 
etiological agent responsible for the recent outbreaks 
of hand, foot and mouth disease associated with severe 
neurological diseases in the Asia-Pacific region. 

METHODS: The assembly process was hypothesized 
to occur via an orchestrated proteolytic processing of 
the P1 precursor by the viral protease 3CD. To test this 
hypothesis, we constructed 3 recombinant baculoviruses: 
Bac-P1 expressing P1; Bac-3CD expressing 3CD; and 
Bac-P1-3CD co-expressing P1 and 3CD.

RESULTS: Both single infection by Bac-P1-3CD and co-
infection by Bac-P1 and Bac-3CD resulted in correct 
cleavage of P1 to yield individual proteins VP0, VP1 
and VP3, while the former approach yielded higher VLP 
production. In the cells, the structural proteins self-
assembled into clusters of virus-like particles (VLP) 
resembling the authentic EV71 particle aggregates. 
After ultracentrifugation purification, the dispersed 
VLPs were indistinguishable from the authentic virus in 
size, appearance, composition and surface epitopes, as 
determined by SDS-PAGE, Western blot, transmission 
electron microscopy and immunogold labeling. 

CONCLUSION: Our data, for the first time, suggest 
that in insect cells EV71 structural proteins adopt a 
processing and assembly pathway similar to poliovirus 
assembly.  The preservation of particle morphology and 
composition suggest that the VLP may be a valuable 
vaccine candidate to prevent EV71 epidemics.
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procapsid in an ordered manner and proceed through a 
series of  intermediates, followed by the encapsidation 
of  the RNA genome into the provirion[13]. The final 
encapsidation step involves the cleavage of  VP0 into VP2 
and VP4, therefore the final mature virion consists of  60 
copies each of  VP1 and VP3, 58-59 copies of  VP2 and 
VP4 and 2-1 copies of  VP0[13]. 

Besides the mature virions, naturally occurring virus-
like particles (VLPs) of  poliovirus have been discovered[14]. 
VLPs are empty particles consisting of  viral structural 
proteins but devoid of  viral nucleic acids, hence they are 
non-infectious. VLPs can generally induce broad and 
strong immune responses thanks to the preservation of  
many essential epitopes[15-17], therefore VLPs have captured 
increasing attention as potential vaccine candidates[17-19]. 
To date, numerous VLPs of  clinically important viruses, 
including human immunodeficiency virus[20], SARS 
coronavirus[21] and hepatitis delta virus[22], have been 
expressed. In addition, recombinant poliovirus VLPs 
have been produced using the baculovirus/insect cell or 
vaccinia virus expression system. These particles were 
produced via the (1) expression of  the complete ORF; (2) 
co-expression of  individual VP0, VP1 and VP3 proteins; 
or (3) co-expression of  P1 and 3CD proteins[23-25]. Since 
EV71 and poliovirus share identical genome organization 
and similar protein functions, we hypothesized that 
EV71 assembly occurs in a way similar to poliovirus and 
have previously demonstrated the formation of  EV71 
VLP by co-infecting insect cells with two recombinant 
baculoviruses, Bac-P1 expressing P1 and Bac-3CD 
expressing 3CD[26]. However, the factors influencing the 
VLP yield were not investigated, and the VLPs were not 
purified or characterized. In this study, we extended our 
previous work by further constructing a new recombinant 
baculovirus simultaneously expressing P1 and 3CD. The 
new virus was used for single infection of  insect cells, co-
expression of  P1 and 3CD and synthesis of  VLP. The 
yields of  VLP produced via the single infection and co-
infection strategies were compared. Finally, the VLPs were 
purified and characterized. 

MATERIALS AND METHODS 
Cell culture and media
Spodoptera frugiperda (Sf-9) insect cells were cultured in 
spinner flasks (Bellco) at 27 °C using TNM-FH medium 
supplemented with 100 mL/L fetal bovine serum (FBS, 
Gibco BRL) as described elsewhere[27].

Generation of recombinant baculoviruses
The gene fragments coding for P1 and 3CD were amplified 
by polymerase chain reaction from the full-length cDNA 
clone of  EV71 neu strain[28] and subcloned separately 
into multiple cloning site (MCS) I and II of  pFastBacTM 
DUAL plasmids (Invitrogen) as described previously[26]. 
The resultant plasmids were designated pDual-P1 and 
pDual-3CD, respectively. Likewise, the P1 gene fragment 
was cloned into MCS I under the polyhedrin promoter 
and the 3CD gene fragment was inserted into MCS II 
under the p10 promoter. The resultant plasmid carrying 
two gene cassettes was designated pDual-P1-3CD (Figure 
1). The recombinant baculoviruses were subsequently 
generated using Bac-to-Bac system (Invitrogen) as 
described previously[29] and designated Bac-P1, Bac-3CD 
and Bac-P1-3CD based on the genes they encoded. The 
recombinant viruses were propagated, amplified, stored 
and titered according to standard procedures[30].

SDS-PAGE and Western blot
To confirm the expression of  recombinant P1 and 
VP1, the infected cells were harvested by low-speed 
centrifugation and then lysed by incubation in the lysis 
buffer (0.1% Triton X-100 in Tris-buffered saline) at  
4 °C for 30 min. The proteins were resolved on 100 g/L 
gels as described previously[26] and stained by Commassie 
blue. For Western blot, the proteins were transferred 
onto nitrocellulose membranes according to standard 
procedures (Bio-Rad Laboratories). The transferred 
membrane was blocked with 50 g/L non-fat milk and 
probed by mouse anti-VP1 monoclonal antibody (MAb). 
The secondary antibody was goat anti-mouse IgG 
conjugated with alkaline phosphatase (Kirkegaard and 
Perry Laboratories). The membranes were developed with 
BCIP/NBT color developing reagent (Sigma). 

Purification of VLP by ultracentrifugation
EV71 VLPs were produced by infecting Sf-9 cells with 
Bac-P1-3CD at a multiplicity of  infection (MOI) of  10. 
Approximately 150 mL cells (1.5×106 cells/mL) were 
harvested at 2 d post-infection (dpi) by centrifugation  
(1 000 r/min for 5 min) and were re-suspended in 10 mL 
TE buffer (0.01 mol/L Tris-HCl, 0.001 mol/L EDTA, 
pH 7.4). The cell suspension was supplemented with 1 mL 
of  10X HO buffer (0.01 mol/L Tris, 0.25 mol/L NaCl,  
0.01 mo/L 2-mercaptoethanol) and 100 g/L NP-40, lysed 
by sonication for 3 min and centrifuged at 13 000 g (R20A2 
rotor, CR22G, Hitachi) for 30 min. The supernatant was 
passed through a 0.22-μm filter to remove the debris 
and then ultracentrifuged at 27 000 g (P40ST rotor, 
CP100MX, Hitachi) for 4 h. The pellets were resuspended 
in TE buffer, sonicated for 30 s and loaded onto the 
discontinuous sucrose gradient (15%, 30% and 65% 
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Figure 1 Construction of three recombinant baculovirus vectors using pFastBacTM 
DUAL plasmid as the backbone. The gene fragments encoding P1 and 3CD were 
cloned separately into MCS I and II of pFastBacTM DUAL under the control of 
polyhedrin (Ppolh) and p10 promoters (Pp10), respectively. The resultant plasmids 
were designated pDual-P1 and pDual-3CD, respectively. The P1 and 3CD genes 
were cloned together into MCS I and II under the control of polyhedrin and p10 
promoters. The resultant plasmid was designated pDual-P1-3CD.
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successful expression of  P1 (lane 3). Other P1-associated 
proteins migrating faster than P1 were also found (lane 
3), suggesting a possible degradation of  P1 by the cellular 
proteases, but this non-specific degradation did not yield 
VP1 (39 ku). 

We also noted that no antibody specifically recognizing 
3CD was available, hence the 3CD expression was detected 
indirectly by observing whether P1 was cleaved into VP1 
upon co-expression of  both proteins. Lanes 4 and 5 depict 
that either single infection by Bac-P1-3CD (lane 4) or co-
infection by Bac-P1 and Bac-3CD (lane 5) led to complete 
cleavage of  P1 into VP1, proving the successful co-
expression of  functional P1 and 3CD by both approaches. 

Optimization of VP1 production  
Since P1 relies on 3CD for cleavage and subsequent VLP 
assembly, delicately controlling the relative expression 
levels of  P1 and 3CD is crucial for optimal VLP 
production. To address this issue, the cells were co-
infected by Bac-P1 and Bac-3CD at MOI ratios of  1/9, 
3/7, 5/5, 7/3, 9/1 and 10/0, or singly infected by Bac-
P1-3CD at MOI 10 in order to compare and optimize the 
VP1 yield. Figures (3A-3G) show the time-course profiles 
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Figure 2 Western blot analysis of cell lysates infected by different viruses. The 
Sf-9 cells were infected by the viruses at a total MOI of 10 and harvested at 3 dpi. 
The proteins were separated by SDS-PAGE, electrotransferred to a nitrocellulose 
membrane and probed using anti-VP1 MAb as the primary antibody. Lane 1: mock 
infection; Lane 2: wild-type baculovirus AcMNPV; Lane 3: Bac-P1; Lane 4: Bac-
P1-3CD; Lane 5: Bac-P1 and Bac-3CD.

Figure 3 Time course profiles of VP1 production under various infection conditions 
as analyzed by Western blot. Insect cells were infected at a total MOI of 10 by 
single infection with Bac-P1-3CD (G), or co-infection at MOI ratios (Bac-P1/
Bac-3CD) of 1/9 (b), 3/7 (B), 5/5 (C), 7/3 (D), 9/1 (E) and 10/0 (F). Lanes 0-5 
represent the cell lysates collected at 0, 1, 2, 3, 4, and 5 dpi, respectively. The 
relative VP1 production levels under different conditions were quantified by 
scanning densitometry (H). The data represent the average values of duplicated 
experiments.
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sucrose dissolved in TE buffer). After ultracentrifugation 
at 27 000 g (P40ST rotor) for 3 h, the milky white band 
between the interfaces of  15-35% sucrose was collected 
and layered on top of  a 1.33 g cm-3 cesium chloride (CsCl) 
solution. After ultracentrifugation at 34 000 g (P40ST 
rotor) for 24 h, the bands collected from CsCl gradient 
were dialyzed against phosphate-buffered saline (pH 7.4) 
and were ultracentrifuged again at 34 000 g for 5 h. The 
pellets were resuspended in 50 µL pure water for SDS-
PAGE, Western blot and transmission electron microscopy 
(TEM) analyses. The purities of  the samples and the 
composition of  VLPs were quantified by densitometry 
using Scion Image Shareware (Scion Corporation).

TEM and immunogold labeling 
The VLPs within the insect cells were visualized under a 
transmission electron microscope (H-7500, Hitachi), prior 
to which ultrathin sectioning of  cells was performed as 
described previously[26]. The particles after purification 
were adsorbed onto Formvar-coated copper grids, 
negatively stained by 20 g/L phosphotungstic acid (PTA) 
and examined by TEM. For immunogold labeling, purified 
particles were adhered onto copper grids and probed 
by mouse anti-VP1 MAb. The secondary antibody was 
goat anti-mouse IgG conjugated with 5 nm gold particles 
(Sigma). After washing of  the unbound gold particles, the 
grids were stained by 20 g/L PTA and observed by TEM. 

RESULTS
Expression of recombinant proteins in insect cells
To determine whether the recombinant P1 and 3CD 
were successfully expressed by Bac-P1-3CD, Sf-9 cells 
were singly infected by wild-type AcMNPV, Bac-P1, and 
Bac-P1-3CD (MOI 10), or co-infected by Bac-P1 (MOI 
5) and Bac-3CD (MOI 5). The cells were harvested at 
3 dpi and lysed for Western blot analysis. As shown in 
Figure 2, the mock-infected and wild-type AcMNPV-
infected cells did not express P1 (lanes 1 and 2), whereas 
the Bac-P1-infected cells expressed a protein with a 
molecular mass corresponding to 97 ku, indicating the 
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of  VP1 production, in which lanes 0-5 represent the 
samples harvested at 0, 1, 2, 3, 4 and 5 dpi, respectively. As 
shown, both single infection and co-infection approaches 
resulted in similar expression kinetics (except MOI 10/0), 
that is, the VP1 concentration rapidly culminated at 1-2 
dpi, declined thereafter and virtually vanished at 5 dpi. The 
concentration peaked slightly earlier compared to those 
of  many other proteins whose maximum concentration 
occurred at 3 dpi[27,31] probably because of  proteolytic 
degradation by cellular proteases (data not shown).  

T he p roduc t i on l eve l s u s ing d i f f e r en t MOI 
combina t ions were a l so compared by scann ing 
densitometry, by which all band intensities were normalized 
against the strongest band intensity (lane 2, Figure 5G). 
Figure 5H reveals that in the case of  co-infection VP1 
concentration increased with the MOI of  Bac-P1 provided 
that the total MOI was fixed at 10. However, the maximum 
VP1 yield obtained from single infection (by Bac-P1-3CD 
at MOI 10) was the highest, being ≈30% and ≈120% 
greater than those obtained from co-infection at MOI 9/1 
and 7/3, respectively.  

Formation of intracellular virus-like particle aggregates 
Since single infection with Bac-P1-3CD yielded the 
highest VP1 production, the formation of  VLPs by single 
infection strategy was further examined. The cells were 
singly infected by Bac-P1-3CD at MOI 10 and subjected 
to ultrathin sectioning and TEM examination. As shown 
in Figure 4, clusters of  virus-like particles were observed 
in the cytoplasm. These particles measured 25-27 nm in 
diameter and appeared icosahedral, thus resembling the 
authentic enterovirus in size and appearance. Such VLP 
aggregates were not observed in Sf-9 cells infected by 
Bac-P1 alone (data not shown), indicating that the particles 
were not the assembly products of  individual structural 
proteins degraded from P1 precursor. 

Purification and characterization of EV 71 VLP
The subsequent VLP production was performed by 
infecting insect cells with Bac-P1-3CD (MOI 10). The 
particles were released from the infected cells, purified by 
ultracentrifugation and analyzed by SDS-PAGE (Figure 
5A) and Western blot (Figure 5B). We observed that the 
purified sample contained three major proteins whose 
molecular masses corresponded to those of  VP1 (39 
ku), VP0 (36 ku) and VP3 (26 ku), and the purity of  the 
sample was greater than 90% (Figure 5A). The molar 
concentrations of  the three proteins as determined by 
scanning densitometry were roughly equal, agreeing with 
the notion that the molar ratios of  VP0, VP1 and VP3 
are identical in the enterovirus provirions[13]. Because no 
antibodies specifically recognizing VP0 and VP3 were 
available, the Western blot was performed using anti-
VP1 antibody only, which further confirmed that the 
39 ku protein was VP1. The purified particles were also 
subjected to TEM examination (Figure 5C), which showed 
that particles with size and morphology similar to those 
of  the particles observed in vivo except the purified VLPs 
were dispersed. The immunogold labeling using anti-VP1 
antibody further revealed gold particles surrounding the 
distinct particles (Figure 5D), indicating the exposure of  
VP1 on the outer surface. All these data confirmed that 
the Bac-P1-3CD infection successfully resulted in the 
formation of  VLP comprising VP0, VP1 and VP3 and 
these particles could be purified by ultracentrifugation to 
near homogeneity.   

The purified VLPs were also used as the standard to 
measure the specific yields of  VLP. Approximately 10 mg 
of  VLP was expressed per 109 Bac-P1-3CD-infected cells 
at MOI 10. This high expression level may contribute to 
future mass production and downstream purification.

DISCUSSION
The assembly pathway of  EV71 has not been definitely 
identified, but the assembly model of  poliovirus suggests 
that concerted cleavage of  P1 by protease 3CD is 
required for capsid assembly. In this study, 3 recombinant 
baculoviruses were employed to express P1 and 3CD 
simultaneously in order to mimic the natural assembly 
process. By either single infection with Bac-P1-3CD or co-
infection with Pac-P1 and Bac-3CD, successful processing 

←

Figure 4 Electron microscopy examinations of EV71 VLP aggregates formed in 
cytoplasm of the Bac-P1-3CD-infected insect cells (100 000 X magnification). The 
cells were infected at MOI 10, harvested at 3 dpi and ultrathin sectioned for TEM. 
The arrowhead indicates the VLP aggregate. Bar:100 nm. 
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Figure 5 Purification and characterization of EV71 VLP (100 000 X magnification,). 
The VLPs were produced by infecting 150 mL Sf-9 cells (1.5×106 cells/mL) with 
Bac-P1-3CD at MOI 10, harvested at 2 dpi and purified by ultracentrifugation. 
The purified VLPs were characterized by SDS-PAGE (A), Western blot (B), TEM 
examination (C) and immunogold labeling (D). The PAGE gel was stained by 
Commassie blue and scanned for densitometry analysis. The primary antibody 
used in the Western blot and immunogold labeling was anti-VP1 MAb. The size of 
the gold particles was 5 nm. Bar: 100 nm.
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of  P1 into VP1 (Figure 1) was demonstrated, proving the 
successful expression of  both P1 and functional 3CD. 
Alternative approach by co-expression of  individual 
VP1, VP2, VP3 and VP4 proteins has been tested for 
VLP assembly, yet the yield was very low (personal 
communication). The comparison of  these approaches 
suggests that VLP synthesis from the P1 precursor is a 
more favorable route, which agrees with the assembly 
pathway of  poliovirus VLP[24]. 

The co-infection experiments further suggested that 
the amount of  P1 required was larger than that of  3CD 
for VLP assembly as the co-infection at MOI 9/1 yielded 
considerably larger amounts of  VP1 than MOI 5/5 or 1/9 
(Figure 3). Intriguingly, we observed that single infection 
by Bac-P1-3CD was superior to co-infection by Bac-P1 
and Bac-3CD with regard to VP1 production (Figure 
3H). Since we lacked proper antibodies to detect 3CD, the 
relative expression levels of  P1 and 3CD in the cells singly 
infected by Bac-P1-3CD remained unclear. However, 
since P1 expression was driven by polyhedrin promoter 
which was stronger than p10 promoter regulating the 3CD 
expression, one may surmise that differential expression 
of  P1 and 3CD arose, namely, the P1 expression exceeded 
the 3CD expression. Another reason that may account for 
the higher production by single infection methodology 
is the VLP-producing cell population distribution as a 
result of  the co-infection approach, whereby only the 
cells that were co-infected could produce VLP. Using the 
co-infection methodology, the probability of  a cell to be 
infected by one or two types of  viruses and the number of  
virus entering any given cells follow the modified Poisson 
distribution as predicted previously[32]. Hence, a population 
of  cells that were singly infected by Bac-P1 or Bac-3CD 
arose, and no P1 processing or VLP assembly occurred in 
these cells. Even for the cells that were co-infected by both 
viruses, the number of  infecting Bac-P1 and Bac-3CD 
within one cell might vary[32]. In cells where the number 
of  Bac-P1 infection far more exceeded that of  Bac-3CD 
infection, insufficient expression of  3CD and inadequate 
P1 cleavage could occur. On the contrary, in cells where 
the Bac-3CD infection considerably outnumbered the 
Bac-P1 infection, a drought in P1 supply could occur and 
lead to inadequate VLP assembly. Such heterogeneity 
could decrease the P1 processing and VLP assembly in 
many cells. In contrast, the infection of  Bac-P1-3CD alone 
resulted in P1 processing in all cells, leading to a higher 
VP1 yield.  

Despite the lower yield, the significance of  co-infection 
strategy should not be ignored because it offers a new 
dimension to manipulate the composition of  VLPs. For 
instance, the cells may be co-infected with Bac-P1-3CD 
and a new recombinant baculovirus expressing VP1 
derived from a different EV71 strain (e.g., the prototype 
BrCr strain). The phenotypic mixing may allow the 
incorporation of  VP1 from BrCr strain into the VLP, thus 
generating chimeric, multivalent VLPs and broadening the 
spectrum of  protection.

In addition to the higher expression level, single 
infection strategy resulted in the formation of  VLP 
morphologically indistinguishable from the authentic 
viruses. Within the cells, clusters of  virus-like particles 

resembling those observed in EV71-infected human 
rhabdomyosarcoma (RD) cells[26] and in enterovirus-
infected skeletal muscle cells[33] were observed. The in 
vivo formation of  particle aggregates was not previously 
reported by other researchers studying the poliovirus 
VLPs[23,25], but was recently noted in BHK-38 cells infected 
by foot-and-mouth disease virus[34], a relatively genetically 
distant picornavirus. To date, the biological significance of  
the particle aggregation remains to be explored, but the 
resemblance in particle morphology and the aggregation 
patterns between the VLP and the authentic enterovirus 
suggests that EV71 VLP adopts an assembly pathway 
in insect cells in a way similar to the authentic viruses 
do in their natural host cells. Despite the aggregation 
within cells, the VLP could be dispersed in solution and 
purified through CsCl gradient ultracentrifugation to near 
homogeneity. The purified VLPs comprised VP0, VP3 and 
VP1 of  roughly equal molar ratios, a result consistent with 
previous findings that poliovirus provirions are composed 
of  60 copies each of  VP1, VP3 and VP0[13]. This implied 
the similarity between the VLP and the authentic virus in 
composition. Notably, in insect cells VP0 did not appear to 
undergo further cleavage into VP2 and VP4, a maturation 
process associated with the acquisition of  infectivity and 
the increase in particle stability[35]. The lack of  further 
processing is reasonable as the natural maturation process 
takes place after the RNA encapsidation, yet in this 
expression system, no RNA packaging into the central 
cavity occurred.

Nonethe less, a f te r pur i f i ca t ion , the s ize and 
morpholog y of  VLPs appeared indist inguishable 
from those of  poliovirus VLP. More importantly, the 
immunogold labeling confirmed the presence of  VP1 
epitopes on the VLP surface. These data suggest that 
the VLPs contain the important antigenic sites essential 
for eliciting the immune responses. This is particularly 
important because neutral izing epitopes are most 
densely clustered on VP1 and many of  them consist of  
amino acids from different domains or from different 
polypeptides[36,37], that is, many of  them are conformation-
dependent. In this regard, the use of  VLP as a vaccine 
candidate against EV71 infection may be particularly 
promising. In recent years, VLP-based vaccines have been 
demonstrated to not only elicit neutralizing antibodies, but 
also provoke potent cytotoxic and helper T-lymphocyte 
responses and have been shown to confer protection from 
virus challenge in the animal models[38-40]. Furthermore, 
papillomavirus-like particles have been shown to induce 
acute activation of  dendritic cells[16]. Other VLPs that have 
been evaluated in pre-clinical studies for their potentials 
as vaccines include JC virus, human immunodeficiency 
virus, rotavirus and parvovirus[41].  Moreover, the humoral, 
mucosal and cellular immune responses to Norwalk VLP 
in humans have been reported[42], while VLP vaccines 
against human papillomavirus have entered into phase II 
clinical trials and promising data have been presented[43]. 
All these further justify the development of  VLP vaccines.

Since EV71 has caused seasonal morbidity and 
mortality in children with increasing frequency in recent 
years, vaccine development has become a top priority 
among all control strategies. Although other vaccine types, 
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such as inactivated virus and VP1 subunit vaccines, have 
been tested[44], only the inactivated virus elicited strong 
immune responses, again confirming the importance 
of  preserving epitope conformation. However, further 
assessment of  safety and efficacy of  the inactivated virus 
vaccine is required. In this study, we have successfully 
demonstrated the formation and purification of  EV71 
VLP via co-expression of  P1 and 3CD and a reasonable 
production yield (≈10 mg/109 cells) was achieved, thus 
offering an attractive alternative to the inactivated virus 
vaccine. At present, the immunological evaluation has 
been impeded due to the difficulty in obtaining sufficient 
amounts of  pure VLP because the recovery yield of  VLP 
by ultracentrifugation was very low. The poor recovery 
yield may be attributed to the impaired VLP stability as 
empty capsids are less stable than mature virions[45]. The 
particle stability may be enhanced by the addition of  a 
stabilizer (e.g., pirodavir, disoxaril or R 78206) that binds 
the pocket underneath the canyon of  the particle[46]. The 
feasibility of  enhancing VLP integrity by stabilizers is 
being evaluated. Furthermore, the development of  a more 
efficient chromatography-based purification scheme is 
necessary for process scale-up and is underway. 
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INTRODUCTION
Esophageal adenocarcinoma (EAC) is one of  the most 
rapidly increasing cancers over the past two decades 
in Caucasian males in the United States[1,2]. After being 
diagnosed with adenocarcinoma, patients have only a 
13-15% 5-year survival rate[3]. Most of  the EAC are 
developed from Barrett’s esophagus (BE), a pre-malignant 
disease characterized by replacement of  the normal 
esophageal squamous epithelium with a specialized 
intestinal metaplasia (SIM)[4]. The risk of  EAC in BE 
patients has been estimated to be about 30 -125 times 
higher than the general population[2,5]. 

The mechanisms of  the evolution from BE to EAC are 
largely unknown[6,7].  During the neoplastic transformation, 
aberrations in the cell cycle lead to uncontrolled cellular 
replication, a molecular mechanism is believed to be 
involved in all carcinogenesis[8]. Epidermal growth factor 
receptor (EGFR) family of  receptor tyrosine kinases lies 
at the head of  a complex signal transduction cascade that 
modulates cell proliferation, differentiation, adhesion 
and migration[9]. EGFR is a transmembrane receptor 
composed of  an extracellular ligand-binding domain and a 
cytoplasmic region with enzymatic activity. This structure 
enables signals to be transmitted across the plasma 
membrane activating gene expression and inducing cellular 
responses, such as proliferation and differentiation. Over-
expression of  EGFR has been shown to occur in various 
malignancies, including esophageal adenocarcinoma[10].  

Another impor tant enzyme involved in tumor 
growth is cycloxygenase-2 (COX-2)[11]. There are two 
isoforms of  COX enzyme. COX-1 is constitutively 
expressed in most t issues; however, COX-2 has a 
markedly different expression pattern. Normally, COX-2 
is undetectable in most tissues, but can be expressed at 
high levels after induction with a variety of  substances, 
including inflammatory mediators and mitogens[12-14]. 
Epidemiological studies have shown that intake of  
aspirin, a nonsteroidal anti-inflammatory drug (NSAID) 
known as COX enzymes blocker, is associated with an 
up to 90% decreased risk of  developing esophageal 
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Abstract
AIM: To investigate the expression of cyclooxygenase-2 
(COX-2) and epithelial growth factor receptor (EGFR) 
throughout the progression of Barrett’s esophagus (BE).

METHODS: COX-2 and EGFR protein expressions were 
detected by using immunohistochemical method. A 
detailed cytomorphological changes were determined. 
Areas of COX-2 and EGFR expression were quantified by 
using computer Imaging System. 
  
RESULTS: The expressions of both COX-2 and EGFR 
increased along with the progression from BE to esophagus 
adenocarcinoma (EAC). A positive correlation was found 
between COX-2 expression and EGFR expression. 
 
COnCLUSIOn: COX-2 and EGFR may be cooperative 
in the stepwise progression from BE to EAC, thereby 
leading to carcinogenesis.

© 2006 The WJG Press. All rights  reserved.
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cancer[15,16]. Experimental studies also have indicated that 
over-expression of  COX-2 is associated with decreased 
apoptosis and cell-cell adhesion, and with increased 
proliferation and differentiation[17,18]. 

Recently, experimental investigations have suggested a 
close relationship between COX-2 and EGFR. Expression 
of  EGFR was markedly increased in the COX-2-
transfected cells , and inhibition of  COX-2 could suppress 
the induction of  EGFR in these cells[19]. It has also been 
demonstrated that activation of  EGFR can induce COX-2 
expression and prostaglandin production[20]. Furthermore, 
a combination of  an EGFR inhibitor with a nonselective 
COX-1/COX-2 inhibitor was shown to prevent the 
development of  intestinal cancer in nude mice[21]. Taken 
together, these data link COX and EGFR, and provide a 
theoretical basis whereby the COX-2 and EGFR signaling 
pathway may have additive effects of  tumor growth. Some 
studies on expression of  COX-2[18] and EGFR[22] in the 
human Barrett’s esophagus specimens have been reported. 
However, to our knowledge, a detailed morphologic 
description of  the esophageal epithelium expressing both 
COX-2 and EGFR in the BE metaplasia to dysplasia to 
adenocarcinoma sequence has not yet been performed.

In the present study, we therefore investigated the 
expressions of  both COX-2 and EGFR in biopsy 
t issues from different histologic stages of  BE by 
using immunohistochemical assay, and addressed the 
morphological features of  Barrett’s epithelium with over-
expressed protein levels of  COX-2 and EGFR in the 
histologic stages of  metaplasia and dysplasia. Furthermore, 
we set forth to determine the correlation between COX-2 
and EGFR in progression from the metaplasia to dysplasia 
to adenocarcinoma sequence. 

MATERIALS AND METHODS
Case selection and review 
The study samples were collected retrospectively from 
104 patients who had undergone esophageal biopsy 
between 1996 and 2004. All of  these patients were 
recruited from the Barrett’s Esophagus registry at the 
University of  Louisville with established diagnoses of  
SIM, indefinite/low-grade dysplasia (I/LGD), high-grade 
dysplasia (HGD), and EAC. No preoperative radio- or 
chemotherapy had been performed. None of  the patients 
had received NSAIDs therapy. A microscope examination 
confirmed the diagnoses of  SIM, LGD, HGD and EAC 
on these esophageal tissues reviewed by two pathologists 
independently, blinded to the subject’s clinical history. 
Alcian-blue staining was used to identify any presence of  
SIM. Hematoxylin-eosin staining was used to identify any 
presence of  dysplasia and EAC. A control group consisted 
of  30 subjects with nondetectable Barrett’s (NB), defined 
by endoscopic findings of  columnar-lined esophagus 
(CLE), but no pathologic evidence of  SIM despite alcian-
blue staining on all of  the four-quadrant biopsies. This 
study was approved by the Institutional Review Board for 
Human Study at the University of  Louisville. 

Immunohistochemica assay for COX-2 and EGFR
COX-2 and EGFR protein expressions were determined 
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by using an immunohistochemical assay. Staining was 
carried out on the paraffin-embedded tissues using the 
DAKO EnVision+System Kit (DAKO Corporation, 
Carpinteria, CA) according to the manufacturer’s 
instructions. In brief, the sections were deparaffinized 
and hydrated. The slides were washed with TRIS-buffer, 
and peroxidase blocking was performed for 5 min. After 
rewashing, the slides were incubated separately with the 
monoclonal mouse COX-2 antibody (1:200) or EGFR 
antibody (1:200) (SantaCruz Biotechnology Inc, CA) for 
30 min at room temperature. The chromogenic substrate 
diaminobenzidine was added as a visualization reagent. 
Finally, the slides were counterstained with haematoxylin. 
A negative control was included in each run. 
 
Cytomorphology associated with localization of COX-2 
and EGFR
Microscopic evaluation of  the morphological features of  
epithelium was performed at high-power fields (X 400 
magnification) on the COX-2 and EGFR staining sections. 
Two cytomorphological features were chosen as the 
criteria of  assessment based on observed morphological 
differences among SIM, I/LGD, HGD and EAC along 
with NB columnar epithelium: (1) ordering of  nuclei; 
and (2) the presence of  basally located nuclei with an 
apical cytoplasmic layer. We considered the normal cell 
phenotype (NCP) when the epithelial cells were arranged 
in a single layer with their long axes orientated towards the 
center of  the lumen, and had a basally located nucleus with 
a thick apical layer of  cytoplasm, whereas the abnormal cell 
phenotype (ACP) included multiple cell layers, displayed 
and enlarged nucleus and less cytoplasm. Every slide was 
examined throughout to identify the NCP cell and ACP 
cell with COX-2 staining and EGFR staining. Then, the 
COX-2-stained and the EGFR-stained epithelial cells were 
categorized to NCP cells and ACP cells. The other cells 
were ignored during the evaluation.

Computer image analysis 
A computer image analysis was performed to quantify 
the expressions of  COX-2 and EGFR in totally 104 
subjects diagnosed with SIM, I/LGD, HGD and EAC, 
and in 30 controls. The imaging fields were chosen 
randomly from various section levels to ensure objectivity 
of  sampling. Five imaging fields were scanned for each 
specimen sample. All digital images were acquired with the 
microscope at 40x magnification using the Spot camera 
via the MetaMorph® Imaging System (Universal Imaging 
Corporation., Downingtown, PA) and stored as JPG data 
files (the resolutions were fixed as 200 pixels/inch). The 
acquired color images from the immunohistochemical 
staining were defined a standard threshold according to 
the software specification. The computer program then 
quantified the threshold area represented by color images. 
COX-2 and EGFR protein expressions were defined by 
the percentages of  threshold area in acquired color images.

Statistical analysis
Spearman rank correlation coefficient (R) was used to 
analyze the correlation between COX-2 and EGFR 
expressions with the various histologic stages of  Barrett’s 
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esophagus. Multiple analysis of  variance (MANOVA) was 
used to determine the differences between COX-2 and 
EGFR expressions, if  any, between the different histologic 
stages of  carcinogenesis. P values less than 0.05 were 
considered statistically significant.

RESULTS
One hundred and four subjects (92 males, 12 females) 
with Barrett’s esophagus were enrolled in this study. The 
study population consisted of  37 subjects with a diagnosis 
of  SIM without dysplasia, 36 with I/LGD, 16 with HGD, 
and 15 with EAC. The control group consisted of  30 NB 
subjects. Patients identified as having no Barrett’s were 
mostly those with a short segment of  CLE whereas those 
identified with SIM, I/LDG, HDG or EAC were mostly 
found to have a long segment of  CLE (Table 1). 

Cytomorphological features associated with localization 
of COX-2 and EGFR   

A very strong COX-2 staining in all Barrett’s epithelium 
compared to a weak staining in normal squamous 
epithelium and CLE without Barrett’s epithelium was 
observed. In particular, in the regions with COX-2-positive 
staining, the epithelial cells presented cytomorphological 
features of  both NCP cells and ACP cells in the histological 
stages of  SIM, I/LGD, HGD and EAC (Figure 1). A 
positive EGFR staining was presented in all Barrett’s 
epithelium, but not as strong as that seen in the COX-2 
staining. In contrast to COX-2 staining, the regions of  
positive EGFR expression exhibited ACP cells while those 
regions with weak or no EGFR staining exhibited NCP 
cells (Figure 2).

Expression of COX-2 in the metaplasia to dysplasia to 
adenocarcinoma sequence  
We observed significant increases in COX-2 expression in 
specimens with SIM (7.8 ± 0.8), I/LGD (10.0 ± 0.9), HGD 
(14.2 ± 1.8) and EAC (16.0 ± 2.2) as compared with the 
control specimens (6.9 ± 1) (P < 0.05). Furthermore, COX-2 
expression appeared to increase with the histological severity 
of  BE; there was a significant positive correlation between 
COX-2 expression and histopathologic changes from I/
LGD to EAC (r = 0.97, P < 0.001) (Figure 3).

Expression of EGFR in the metaplasia–dysplasia–
adenocarcinoma sequence
We found significant increases in EGFR expression in 
specimens with SIM (2.1 ± 0.5), I/LGD (2.7 ± 0.6), HGD 
(3.9 ± 0.7) and EAC (5.2 ± 0.9) as compared with the 
control specimens (0.8 ± 0.4) (P < 0.05). Furthermore, 
EGFR express ion appeared to increase with the 
histological severity of  BE; there was a significant positive 

Figure 1 COX-2 staining in the sections from different stages of BE along with the sections from normal squamous and CLE nondetectable BE.  A: Squamous epithelium (SE); 
B: Nondetectable BE in CLE (NB); C: Specialized intestinal metaplasia (SIM); D: Indeterminate/low-grade dysplasia (I/LGD); E: high-grade dysplasia (HGD); F: Esophageal 
adenocarcinoma (EAC). Strong COX-2 staining was detected in both NCP cells and ACP cells in the histological stages of SIM, I/LGD, HGD and EAC. A weak COX-2 
staining was observed in the normal squamous epithelium.

SE NB SIM
A B C

D E F
I/LGD HGD EAC

Table 1 Demographics of 104 study subjects with 
Barrett’s esophagus and 30 control subjects

NB SIM I/LDG HDG EAC

Subjects 30 37 36 16 15
Gender (male:female) 28:2 34:3 30:6 14:2 14:1
Mean age (yr ) 60 55 61 68 66
Short-segment CLE 27 21   7   1   0
Long-segment CLE  3 16 29 15 15

SIM: Specialized intestinal metaplasia; I/LGD: Indeterminate/low-grade 
dysplasia; HGD: High-grade dysplasia; EAC: Esophageal adenocarcinoma; 
NB: Nondetectable Barrett’s; CLE: Columnar-lined esophagus.
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correlation between EGFR expression and histopathologic 
changes from I/LGD to EAC (r = 0.97, P < 0.001) (Figure 4). 

Correlation between COX-2 and EGFR in metaplasia–
dysplasia–adenocarcinoma sequence 
T h e d a t a  f r o m c o m p u t e r  q u a n t i f i c a t i o n o f  
COX-2 express ion and EGFR express ion in a l l 
immunohistochemically stained sections were used to 
determine the correlation between COX-2 and EGFR in 
the metaplasia-dysplasia- adenocarcinoma sequence. A 
significant positive correlation between COX-2 expression 
and EGFR expression was determined in the BE tissues 
(r = 0.94, P < 0.001) (Figure 5).

DISCUSSION
Our results showed a detailed information on localization 
of  COX-2 and EGFR protein within the metaplastic 
cells, dysplastic cells and cancer cells. We demonstrated a 
significant increase in both COX-2 and EGFR expressions 
in the metaplasia-dysplasia-adenocarcinoma sequence. In 
particular, weak COX-2 and EGFR stainings were found 
in the normal squamous epithelium and NB epithelium, 
while strong COX-2 and EGFR stainings were found 
in the region with histological changes of  metaplasia, 
dysplasia and EAC. To our best of  knowledge, this is the 
first study to examine the relationship between COX-2 and 
EGFR in respect to the histologic progression from BE 

Figure 2 EGFR staining in the sections from different stages of BE along with the sections from normal squamous and CLE nondetectable BE.  A: Squamous epithelium (SE); 
B: Nondetectable BE in CLE (NB); C: Specialized intestinal metaplasia (SIM); D: Indeterminate/low-grade dysplasia (I/LGD); E: high-grade dysplasia (HGD); F: Esophageal 
adenocarcinoma (EAC). Strong EGFR staining was detected in ACP cells (arrowhead) in the histological stages of SIM, I/LGD, HGD and EAC. A weak EGFR staining was 
found in NCP cells (arrow) and in the normal squamous epithelium. 
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Figure 3 COX-2 expression and pathological severity of BE. COX-2 expression is 
plotted against the 4 stages of Barrett's esophagus. The line enclosed within the 
box represents the median value; the small circles indicate outlying data points. 
COX-2 expression in specimens with SIM, I/LGD, HGD and EAC was significantly 
increased in comparison with that in NB (P < 0.01). A significant positive correlation 
between COX-2 expression and histopathologic changes from SIM to EAC was 
observed (r = 0.97, P < 0.001). 
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Figure 4 EGFR expression and pathological severity of BE. EGFR expression is 
plotted against the 4 stages of Barrett's esophagus. The line enclosed within the 
box represents the median value; the small circles indicate outlying data points. 
EGFR expression in specimens with SIM, I/LGD, HGD and EAC was significantly 
increased in comparison with that in NB (P < 0.01). A significant positive correlation 
between EGFR expression and histopathologic changes from SIM to EAC was 
found(r = 0.97, P < 0.001). 
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to EAC. Since both COX-2 and EGFR expression levels 
increase dramatically in BE, each of  these changes could 
enhance the tumorigenic potential of  BE[10,11,18,22].  

This study focused on the morphological features of  
Barrett’s epithelium with the expression of  COX-2 and 
EGFR for the following reasons.  First, evaluation from 
BE to EAC is primarily based on the cytomorphologi-
cal characteristics[1,7,23,24]. Neoplasia develops in a series 
of  steps through the development of  a morphologically 
changed cell population. It is widely accepted that COX-2 
and EGFR play important roles during carcinogenesis, 
and the over-expression of  COX-2 and EGFR would 
be expected to predispose the epithelium to tumorigenic 
morphological change. Second, up-regulations of  COX-2 
and EGFR have been reported in BE and EAC, but no 
evidence has been provided for the joint signaling of  
COX-2 and EGFR in the induction of  Barrett’s epithelium 
to adenocarcinoma transition. This induction remains an 
integral process occurring during critical phase of  tumor 
progression. Third, although COX-2 and EGFR play dif-
ferent biological roles in tumor formation, targeting both 
COX-2 and EGFR to abrogate both pathways and their 
downstream targets achieved significant antitumor and 
antiangiogenic effects in the in vivo and in vitro studies[21,25].  
Therefore, the two proteins might be cooperatively carci-
nogenic, which intensify the transformation effects on Bar-
rett’s metaplasia to dysplasia to adenocarcinoma sequence.

The exact function of  COX-2 in tumor development 
and progression in vivo is not known as yet. One possibility 
follows that over-expression of  COX-2 leads to high levels 
of  prostaglandins synthesis in the tissues. Prostaglandins 
produced by COX-2 may subsequently facilitate tumor 
progression by acting as growth factors, differentiation 
factors, immunosuppressors and angiogenic agents[26,27]. 
Other possibilities from recent studies indicate that reac-
tive oxygen species (ROS) are generated during the con-
version from prostaglandins G2 to prostaglandins H2[28,29], 
this enhanced level of  ROS parallels the levels of  COX-2 
mRNA. The COX-2-derived oxidative DNA damage may 
contribute to the accumulation of  genetic damage, and 
the accumulation of  genetic and epigenetic aberrations 
produces one or more clones with tumorigenic potential. 

In addition, the COX-2 enzyme itself  may promote tu-
mor development and progression by a prostaglandins-
independent pathway. This is supported by the evidences 
that NSAIDs suppressed proliferative activity and inhib-
ited the growth in colon cancer cells without repressing 
prostaglandins synthesis[30]. Over-expression of  COX-2 
can also up-regulate anti-apoptotic oncoprotein such as 
BCL-2 and multiple proliferation-promoting cyclins and 
cyclin-dependent kinases, and down-regulate some tumor 
suppressor proteins[17,31]. The postulation for the involve-
ment of  COX-2 over-expression related to the progression 
in metaplasia to dysplasia to adenocarcinoma sequence 
is based on extensive studies of  the relationship between 
COX-2 and tumor development and progression in mul-
tiple organ system.  

Our data demonstrated a strong immunoreactivity for 
COX-2 protein within metaplastic cells, dysplastic, and 
malignant cells when compared to normal squamous cells 
and NB columnar cells. The cytomorphological features 
of  COX-2 distribution in all epithelium may reflect two as-
pects of  the effect of  COX in contribution to the develop-
ment of  tumor. COX-2 is an important factor to maintain 
the microenvironment for tumor growth, and COX-2 may 
not be the critical factor in contribution to the phenotype 
changes of  pre-malignant cells.  COX-2 is undetectable 
in most tissues in the physiological condition[13,14]; the ani-
mals lacking COX-2 and prostaglandins synthesis show 
no innate gastrointestinal pathology[32]. These features of  
COX-2 do not confirm COX-2 expression as a central 
event in carcinogenesis. On the other hand, it is also pos-
sible that duodenal-gastro reflux and/or rapid growth and 
invasion of  cancer cells in BE would stimulate local in-
flammation to inflammatory mediators and mitogens[12,13], 
which, in turn, would induce COX-2 synthesis. Neverthe-
less, the high level of  COX-2 synthesis would prolong the 
survival of  these abnormal cells and increase the chance 
for tumorigenesis.  

EGFR signaling module plays a fundamental role in 
the morphogenesis of  a diverse spectrum of  organisms, 
and has been highly conserved through the course of  evo-
lution. In humans, the EGFR family, which consists of  the 
EGFR itself  and the receptors known as HER 2-4, and 
more than 30 ligands lie at the head of  a complex, multi-
layered signal-transduction network[33]. The aberrant activ-
ity of  the members in this family has been shown to play a 
key role in the development and growth of  tumor cells[9]. 
The EGFR family is over-expressed in various types of  
human neoplasms, such as esophagus, thyroid, breast, tes-
tis, bladder, melanoma, pancreas, colon, cervical carcinomas, 
renal carcinoma, prostate and liver cancer[10]. The underlying 
mechanism for EGFR involvement in carcinogenesis is 
likely to reduce the requirement for exogenously supplied 
growth factors to maintain tumorigenic cells prolifera-
tion. Over-expression of  EGFR can hypersensitize the 
cells to low concentration of  growth factors to maintain 
their viability, and to facilitate their phenotype transforma-
tion mediated by these growth factors[34,35]. The aberrant 
activity of  the EGFR might regulate the expression of  
specific oncogenes or tumor suppressor genes involved in 
the intracellular signal transduction pathway to synthesize 
endogenously produced growth factors[36]. Several stud-
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patients. A significant positive correlation between COX-2 expression and EGFR 
expression was found (r = 0.94, P < 0.001).
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ies have also supported the notion that the endogenous 
growth factors might function via an intracrine, juxtacrine, 
autocrine or paracrine mechanisms to control cell prolif-
eration[34-36].  

The results obtained from this study for EGFR stain-
ing showed a significant effect of  EGFR in contribution to 
the cytomorphological changes. A large amount of  EGFR 
protein was expressed in the epithelial cells displaying 
multiple cell layers, enlarged nucleus and less cytoplasm in 
SIM, I/LGD, HGD and EAC. This over-expression was 
consistent across the BE progression, thereby indicating 
an important role of  EGFR in the initiation of  Barrett’s 
cells transition to adenocarcinoma. The phenotypic effects 
of  abnormal function of  EGFR protein are far more dra-
matic. Recent studies have indicated that animals lacking 
EGFR have abnormal eyes and epidermal tissues and die 
due to defects in the development of  epithelial organ[37,38]. 
Therefore, EGFR may play a key role in the morphogen-
esis of  metaplasia, dysplasia and adenocarcinoma.  In our 
study, the immunoreactivity of  EGFR was observed in the 
same increasing trend with the metaplasia to dysplasia to 
adenocarcinoma sequence as that seen in COX-2 immuno-
reactivity, thus suggesting a cooperative effect of  these two 
proteins.  

In summary, our study demonstrates a positive rela-
tionship between expression of  COX-2 and EGFR in the 
progression from metaplasia to dysplasia to adenocarci-
noma in subjects with BE. This suggests that both COX-2 
and EGFR may increase the likelihood of  Barrett’s cells 
to undergo abnormal cell cycling or gene expression. Fur-
ther studies are needed to correlate the COX-2 and EGFR 
expression pattern with clinical outcome. Animal models 
and tissue culture are also required to determine the exact 
mechanism of  COX-2 and EGFR action in the metaplasia 
to dysplasia to adenocarcinoma sequence.
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CONCLUSION: LCVP is easily achievable in technique. 
Maintenance of CVP ≤ 4 mmHg can help reduce blood 
loss during hepatectomy, shorten the length of hospital 
stay, and has no detrimental effects on hepatic or renal 
function.

© 2006 The WJG Press. All rights  reserved.
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INTRODUCTION
Hepatectomy remains as the treatment of  choice for 
hepatocellular carcinoma (HCC). Intra-operative blood loss 
is one of  the major causes for post-operative morbidity and 
mortality. Various techniques, such as Pringle’s maneuver 
and unilateral hepatic hilum occlusion, have been used to 
control bleeding from hepatic arterial and portal venous 
systems during hepatectomy in clinical settings. However, 
for excision of  HCC adjacent to major blood vessels, 
hepatic system could be the major source of  hemorrhage, 
especially after the application of  Pringle’s maneuver. 
Hence, effective control of  hepatic venous hemorrhage 
is crucial to minimize intraoperative blood loss. This 
prospective randomized clinical trial aims at evaluating the 
role of  low central venous pressure (LCVP) in reducing 
blood loss during hepatectomy for HCC.

MATERIALS AND METHODS
Patients’data and grouping
From June 2002 to December 2003, a total of  50 
consecutive patients with HCC (40 men and 10 women) 
underwent hepatectomy by the same group of  surgeons at 
our hospital. By the sealed envelope method, the patients 
were blindly randomized into LCVP group (n = 25) and 
control group (n = 27) at the beginning of  the operation. 
Two patients in the control group were excluded from the 
study because hepatectomy was given up due to cardiac 
arrest in one and unclear tumor demarcation in the other. 
Eventually, there were 25 patients in each group. The 
demographic data of  the patients are shown in Table 1, 
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Abstract
AIM: To investigate the effect of low central venous 
pressure (LCVP) on blood loss during hepatectomy for 
hepatocellular carcinoma (HCC).

METHODS: By the method of sealed envelope, 
50 HCC patients were randomized into LCVP group 
(n  = 25) and control group (n  = 25). In LCVP group, 
CVP was maintained at 2-4 mmHg and systolic blood 
pressure (SBP) above 90 mmHg by manipulation of the 
patient’s posture and administration of drugs during 
hepatectomy, while in control group hepatectomy was 
performed routinely without lowering CVP. The patients’ 
preoperative conditions, volume of blood loss during 
hepatectomy, volume of blood transfusion, length of 
hospital stay, changes in hepatic and renal functions 
were compared between the two groups.

RESULTS: There were no significant differences in 
patients’ preoperative conditions, maximal tumor 
dimension, pattern of hepatectomy, duration of vascular 
occlusion, operation time, weight of resected liver tissues, 
incidence of post-operative complications, hepatic and 
renal functions between the two groups. LCVP group had 
a markedly lower volume of total intraoperative blood 
loss and blood loss during hepatectomy than the control 
group, being 903.9 ± 180.8 mL vs  2 329.4 ± 2 538.4 
(W = 495.5, P  < 0.01) and 672.4 ± 429.9 mL vs  1 662.6 ± 1 
932.1 (W = 543.5, P  < 0.01). There were no remarkable 
differences in the pre-resection and post-resection blood 
losses between the two groups. The length of hospital 
stay was significantly shortened in LCVP group as 
compared with the control group, being 16.3 ± 6.8 d vs  
21.5 ± 8.6 d (W = 532.5, P<0.05).
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and the preoperative laboratory findings are demonstrated 
and listed in Table 2.

Intraoperative management
In the LCVP group, patient’s right internal jugular vein 
was cannulated by a dual-channel catheter following 
anesthesia, with one channel being connected to the 
transducer for continuously monitoring CVPs. Arterial 
pressure was measured by puncture of  radial artery. 
Systolic blood pressure (SBP) was maintained above  
90 mmHg by intravenous infus ion of  dopamine  
(4-6 µg/kg). During hepatectomy, CVP was maintained 
at 2-4 mmHg by adopting Trendelenburg’s posture (with 
head 15° lower than low extremities), limiting the volume 
of  infusion and intravenously administering nitroglycerine 
(0.5-2 mg/time), and furosemide (10-20 mg) was used 
if  necessary. From the beginning of  anesthesia to the 
completion of  liver resection, the infusion was maintained 
at a speed of  < 75 mL/h, urine output > 25 mL/h, and SBP  
> 90 mmHg. If  hypotension occurred, the dose of  
dopamine and the speed and volume of  infusion were 
adjusted. If  hemoglobin (Hb) was < 80 g/L during the 
operation, packed red cells were transfused. After liver 
resection and hemostasis were completed, the blood 
volume was restored with crystalloid and colloid solutions. 
Post-operative Hb value should be kept at above 100 g/L. 
In the control group, patients were managed in the same 
way as those in LCVP group, except for manipulation of  
patient’s posture and administration of  nitroglycerine and 
furosemide to lower CVP.

Hepatectomic technique
The liver was completely separated. The extent of  
hepatectomy and whether or not applying hepatic blood 
inflow occlusion were determined based on the tumor 
situation and severity of  liver cirrhosis. For the patients 
with severe cirrhosis or peripheral tumors, hepatic 

blood inflow occlusion was not used. For patients with 
tumor located at one lobe of  the liver, unilateral hepatic 
hilum occlusion was employed. In hepatic parenchymal 
transection, method of  blunt division but not cavitron 
ultrasonic surgical aspirator (CUSA) was used. The 
ductal structures were first ligated and then divided, with 
reinforced suture for larger blood vessels. The cutting 
surface of  the liver was sprayed with biological glue. The 
patterns of  hepatectomy between the two groups were 
compared as shown in Table 3.

Measurement of blood loss during hepatectomy
Total intra-operative blood loss consisted of  the following 
three parts: (1) from the start of  the operation to complete 
separation of  the liver (pre-hepatectomic blood loss); (2) 
during division of  hepatic parenchyma (intra-hepatectomic 
blood loss); (3) from completion of  hepatic parenchymal 
division to the closure of  the abdominal wall (post-
hepatectomic blood loss). Operation was continued to the 
next step only after complete hemostasis was achieved. 
The blood-collection bottle was changed in each step 
and the volume of  the collected blood was measured. 
All blood-stained gauzes were harvested and weighed. 
The difference between the weight of  the blood-stained 
gauzes and their initial weight was considered as the 
weight of  blood in the gauze, which was then converted 
into the volume of  blood (the blood specific gravity:  
1.054-1.062 g/mL in men with an average of  1.058 g/mL; 
1.048-1.062 g/mL in women with an average of  1.055 g/mL).

Evaluation parameters
The following pre-, intra-, and post-operative data were 
collected: (1) patient’s gender, age, body weight, red blood 
cell (RBC) count, hematocrit (HCT), hemoglobin (Hb), 
alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), total bilirubin (TBIL), serum albumin (ALB), 
blood urea nitrogen (BUN), creatinine (Cr), prothrombin 

Groups Gender (male/female)1 Age (yr)2 Body weight (kg)3 Liver cirrhosis (n )4 Liver function (Child-Pugh class)5

A B C

LCVP 19/6 45.33 ± 14.59 60.11 ± 12.14 14 21 3 1
Control 21/4 46.00 ± 12.14 59.91 ± 10.84 15 21 4 0

Table 1 Comparison of patient’s clinical data between two groups

1χ2 = 0.500, 2t = 0.174, 3t = 0.055, 4χ2 = 0.082, 5χ2 = 1.143.

Groups Blood routine examination Hepatic function Coagulation 
function

Renal function

Hb(g/L) RBC(×1012/L) HCT ALT(μ/L) TBIL(μmol/L) ALB(g/L) PT(s) BUNa(mmol/L) Cr(μmol/L)

LCVP 134.08 ± 19.17 4.632 ± 0.83 0.41 ± 0.058 51.24 ± 29.91 29.04 ± 42.71 41.29 ± 6.13 12.56 ± 1.12 4.75 ± 1.24 69.04 ± 15.72
Control 136.48 ± 13.51 4.58 ± 0.55 0.41 ± 0.039 61.36 ± 47.51 22.64 ± 11.27 41.12 ± 4.79 12.53 ± 1.16 5.48 ± 1.12 70.76 ± 17.99
t 0.512 0.292 0.233 0.901 0.724 573.00 0.087 2.096 0.360

Table 2 Comparison of blood routine examination, hepatic and renal functions, and coagulation function between two 
groups

aP<0.05, BUN values in both groups were within normal range (2.5-6.4 mmol/L).
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Groups                      Types of hepatectomy1                Types of vascular occlusions                    Maximal tumor             Weight of the resected
                                                                                                 (n)2                   time (min)3            dimension (cm)4     liver tissues (g)
   Right     Left     ≥2 hepatic     Single hepatic   Unilateral        Portal 
                                         segments       segments                          hepatitis 
LCVP      5 3 13      4           4               7                  20.00±12.17                     10.7±4.9                              633.80±567.38

Control      4 5 10      6           2             11                  17.27±6.56                     9.88±4.2                              603.20±497.62              

time (PT), presence or absence of  liver cirrhosis and liver 
function grading; (2) pre-hepatectomic, intra-hepatectomic 
and post-hepatectomic blood loss and total intra-operative 
blood loss; (3) operation time, pattern of  hepatic hilum 
occlusion and duration, maximal tumor dimension, weight 
of  the excised liver tissue and extent of  hepatectomy, 
transfusion volume of  packed RBCs and fresh frozen 
plasma (FFP); (4) liver and renal functions on post-
operative d 1, 3, and 7; (5) post-operative morbidity and 
length of  hospital stay.

Statistical analysis
The results were expressed as mean ± SD. SPSS software 
package version 10.0 was used to run the statistical 
analysis. For continuous variables, Student’s t test, rank 
test or ANOVA was employed to compare the inter-
group difference, and χ2 test was adopted for categorical 
variables. Statistical significance was considered at two-
tailed P ＜ 0.05.

RESULTS
Patient’s general clinical data
There were no significant differences in gender, age, 
body weight, severity of  liver cirrhosis and grades of  liver 
function between LCVP and control groups (Table 1).

Preoperative laboratory data
Table 2 shows that preoperative RBC count, HCT, Hb, 
ALT, AST, TBIL, ALB, PT and Cr in LCVP group was 
not markedly different from those in the control group. 
Preoperative BUN in both the groups was within the 
normal range, being higher in control group than in LCVP 
group (P < 0.05).

Operative pattern
All patients had large tumors. There were no remarkable 
differences in patterns of  operation, modes of  hepatic 

blood inflow occlusion and duration, maximal tumor 
dimension, weight of  the excised hepatic tissue between 
the two groups (Table 3).

Operative time, intra-hepatectomic blood loss, blood 
transfusion, post-operative complications and length of 
hospital stay
Total intra-operative blood loss and intra-hepatectomy 
blood loss were dramatically less in LCVP group than 
in the control group (P < 0.01, Table 4). There were no 
significant differences in pre- and post-hepatectomic 
blood losses between the two groups (Table 4). Eight 
of  twenty-five patients in LCVP group and 14 of  25 
patients in control group needed blood transfusion, with 
a significantly lower volume of  transfusion in LCVP than 
in the control group (P < 0.05, Table 5). There was no 
significant difference in operative time between the two 
groups (Table 5). Post-operative complications included 
biliary fistula, gastrointestinal bleeding, pleural effusion 
and subphrenic fluid collection, with an incidence of  20% 
(5/25) in LCVP group and 24% (6/25) in control group 
(P > 0.05). LCVP group had a remarkably shorter hospital 
stay than the control group, being 16.3±6.8 d vs 21.5 ± 8.6 
d (P < 0.05).

Post-operative hepatic and renal functions
There were no significant differences in ALT, TBIL, and 
Cr on post-operative d 1, 3, and 7 between the two groups 
(Table 6, P > 0.05). BUN was significantly higher in control 
group than in the LCVP group, but it was within the 
normal range in both groups (Table 6, P > 0.05).

DISCUSSION
Blood loss during hepatectomy has an adverse effect on 
the post-operative outcome and increases post-operative 
morbidity. Intra- or post-operative massive blood 
transfusion carries risks of  causing infectious diseases, 

Table 3 Comparison of operative pattern between two groups

1χ2=1.402, 2χ2=1.709, 3t=0.621, 4t=0.633, 5t=0.203.

Table 4 Comparison of intra-operative blood loss between two groups

Group Pre-hepatectomy Intra-hepatectomy Post-hepatectomy2 Total

LCVP 318.2 ± 605.6 672.4 ± 429.9b 42 ± 35.4 903.9 ± 180.8d

Control 603.4 ± 973.7 1 662.6 ± 1 932.1 63.4 ± 52.9 2 329.4 ± 2 538.4
W1 495 543.5 538 495.5

1Rank sum test; 2P = 0.05, bP < 0.01, dP < 0.01 vs control.
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coagulatory disorder, acute respiratory distress syndrome, 
multiple organ failure, and also promotes tumor recurrence 
due to its inhibitory effects on immunologic function[1,2]. 
Hence, various methods, including Pringle’s maneuver, 
unilateral hepatic hilum occlusion and normothermic total 
hepatic vascular exclusion[3], have been adopted to reduce 
intra-operative blood loss. In recent years, application of  
CUSA in liver resection under hepatic hilum occlusion has 
been reported to significantly lessen the intra-operative 
blood loss[4]

. Some studies reported that LCVP during 
liver resection could significantly cut down the intra-
operative blood loss, decrease the incidence of  post-
operative complications and shorten the hospital stay[5,6]. 
Under hepatic hilum occlusion, blood loss during liver 
resection mainly derives from hepatic vein and hepatic 
short vein. Hepatic sinusoidal pressure is directly related to 
CVP. With lowering of  the pressure in inferior vena cava, 
the hepatic venous pressure and then hepatic sinusoidal 
pressure would decline. Blood loss during liver resection 
is proportional to the pressure gradient of  vascular walls 
and the diameter of  the injured vessels. Though total 
hepatic vascular exclusion or clamping inferior vena cava 
can reduce blood loss from hepatic venous system during 
hepatectomy[7], they are associated with remarkable injury 
and technically difficult.

LCVP in hepatectomy was generally referred to as 
CVP lower than 5 mmHg[6]. Maintenance of  LCVP should 
not lower the arterial pressure. In the present study, by 
maintaining CVP below 5 mmHg during liver resection 
with manipulation of  patient’s posture, administration of  
drugs and control of  infusion speed, the arterial pressure 

was effectively sustained and blood loss was markedly cut 
down. Our results suggested that Trendelenburg’s posture 
was helpful to prevent LCVP-induced air embolism. With 
the maintenance of  the arterial pressure, the perfusion 
of  organs was ensured. The post-operative evaluation 
showed that LCVP would not deteriorate hepatic and renal 
functions. LCVP group had shorter hospital stay than the 
control group. It is suggested that LCVP was helpful for 
post-operative recovery. The LCVP technique was not 
complicated and achievable even in middle-class hospitals. 
Hence, it is of  clinical value.

Many studies reported that various methods reduced 
intra-operative transfusion volume[8]. However, transfusion 
volume sometimes could not correctly reflect intra-
operative blood loss, since the former was related to the 
patient’s preoperative conditions, tolerance to ischemia, 
control of  intraoperative infusion volume and speed, and 
anesthetist’s mastery of  indication for transfusion. Intra-
operative blood loss included bleeding not only from 
hepatic parenchymal division, but also from dissection of  
perihepatic ligaments, separation of  tumors from adjacent 
tissues, the cutting surface of  liver after resection and the 
accidental tumor rupture. The latter was also affected by 
the surgeon’s experiences and techniques, and patient’s 
coagulation function. Hence, strictly speaking, only bleeding 
from hepatic parenchymal division accounts for the real 
blood loss of  hepatectomy. In the present study, we have 
divided the procedure of  hepatectomy into three steps, i.e.,: 
pre-, intra-, and post-hepatectomic, and blood loss in each 
step was completely collected and accurately measured. 
Our results showed that total intra-operative blood loss was 
markedly less in LCVP group than that in the control group. 
There were no significant differences in pre-hepatectomic 
and post-hepatectomic blood losses between the two 
groups, but intra-hepatectomic blood loss was remarkably 
lower in LCVP group than in the control group.

It suggested that lowering CVP during hepatectomy 
could effectively reduce blood loss. Addit ional ly, 
transfusion volume was markedly cut down in LCVP 
as compared with the control group. It indicated that 
decline in intra-hepatectomic blood loss could reduce the 
transfusion volume, which is helpful for the recovery of  
patient’s immunological function and prevention of  tumor 
recurrence. The present study is a prospective randomized 
clinical trial. The number of  cases is not big enough, 
and the effect of  decline in intra-operative blood loss on 
prognosis still awaits further observations.
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INTRODUCTION
Extracorporeal liver support devices have recently gained 
much interest. Prometheus® is a newly designed system 
for extracorporeal treatment of  liver failure. It is based 
upon a recently developed method of  albumin dialysis, 
i.e. fractionated plasma separation and adsorption[1]. First, 
an albumin-permeable membrane (AlbuFlow, cut-off  
250 ku) separates the albumin fraction together with all 
albumin-bound substances in a secondary circuit. There, 
direct purification of  the plasma is performed by one or 
two adsorbers (Prometh01 and Prometh02) in order to 
remove albumin-bound toxins. In parallel, a conventional 
high-flux dialysis is performed to remove the water-soluble 
substances.

Results from past studies have documented that 
extracorporeal liver support devices can remove cytokines 
and other important plasma proteins[2,3]. Theoretically, 
removal of  these substances may influence spontaneous 
liver regeneration, similarly as has been proposed for 
interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α)[4]. 
Furthermore, development of  thrombopenia with an 
increased risk of  bleeding was documented in several 
patients undergoing albumin dialysis using the MARS 
system[5]. Until now, there are not sufficient controlled 
studies available that have evaluated whether treatment 
with the Prometheus® device may result in an unspecific 
removal of  cytokines or leads to a decrease of  coagulation 
factors or platelets. In addition, albumin or other plasma 
proteins may be lost during Prometheus® as a result 
of  removal or after clotting in the secondary circuit. 
Therefore, we performed a prospective clinical study 
in patients with liver failure and assessed the course of  
different cytokines, coagulation factors, protein fractions, 
and thrombocytes during treatment with Prometheus®.
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Abstract
AIM: To eva luate whether t reatment w i th the 
Prometheus® system significantly affects cytokines, 
coagulation factors and other plasma proteins.

METHODS: We studied nine patients with acute-on-
chronic liver failure and accompanying renal failure. 
Prometheus® therapy was performed on 2 consecutive 
days for up to 6 h in all patients. Several biochemical 
parameters and blood counts were assessed at regular 
time points during Prometheus® treatment.

RESULTS: We observed a significant decrease of both 
protein-bound (e.g. bile acids) and water-soluble (e.g. 
ammonia) substances after Prometheus® therapy. Even 
though leukocytes increased during treatment (P < 0.01), 
we found no significant changes of C-reactive protein, 
interleukin-6, and tumor necrosis factor-α plasma levels 
(all P  > 0.5). Further, antithrombin 3, factor II and factor 
V plasma levels did not decrease during Prometheus® 
therapy (all P  > 0.5), and the INR remained unchanged 
(P  = 0.4). Plasma levels of total protein, albumin, and 
fibrinogen were also not altered during Prometheus® 
treatment (all P  > 0.5). Finally, platelet count did not 
change significantly during therapy (P = 0.6).

CONCLUSION: Despite significant removal of protein-
bound and water-soluble substances, Prometheus® 
therapy did not affect the level of cytokines, coagulation 
factors or other plasma proteins. Thus, the filters and 
adsorbers used in the system are highly effective and 
specific for water-soluble substances and toxins bound to 
the albumin fraction.
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MATERIALS AND METHODS
Patients
The study was approved by the Ethics Committee of  the 
Hannover Medical School. The Declaration of  Helsinki 
and the rules from Good Clinical Practice were followed. 
Written informed consent was obtained from all patients or 
next of  kin. Nine patients (four males) with liver failure (five 
with end-stage cirrhosis, two with acute alcoholic hepatitis, 
two with liver failure late after liver transplantation) and 
concomitant renal failure were included in the trial. Their 
mean age was 52 ± 8 years, and the average APACHE II 
score was 16.8 ± 3.2. Seven patients (78%) had the highest 
stage of  cirrhosis (C Child-Pugh score) with an average 
of  11.3 ± 1.7 points. Six patients (67%) were treated in the 
intensive care unit. All patients were already undergoing 
hemodialysis and had a functionable double-lumen 
catheter in place.

Prometheus® device
Blood coming from the patient by a double-lumen dialysis 
catheter is pumped into the extracorporeal circuit. There, 
it passes through an albumin-permeable filter, which 
is made of  polysulfone (AlbuFlow®). The filter has a 
sieving coefficient that is specially designed. It allows 
large molecules up to the size of  albumin (68 ku) to 
pass into the secondary circuit. The cut-off  is at about  
250 ku. Larger molecules cannot pass through the filter. 
The secondary circuit is filled with isotonic sodium 
chloride solution. It is driven by a separate plasma pump. 
By recirculation of  the albumin-rich plasma, the filtration 
and adsorption capacities are enhanced. One or two 
adsorbers are used to directly purify the filtered albumin-
rich plasma: a neutral resin adsorber (Prometh01®) for direct 
adsorption of  the albumin-bound toxins and an anion 
exchanger (Prometh02®) with chloride used as counterion. 
The content of  the adsorber consists of  spherical adsorber 
particles with 300-1 000 µm in diameter. The adsorbers 
consist of  styrene-divinylbenzene copolymer. Their 
cylindrical housing has a central inlet and outlet closed 
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at both ends by sieves with a mesh size of  100 µm. The 
sieves circumvent a passage of  the particles through the 
inlets. Even in case of  leakage, they are held back in the 
secondary circuit by the albumin filter membrane. After the 
purification of  the fractionated plasma in the secondary 
circuit, the purified plasma is returned to the primary 
circuit, i.e. into the blood side of  the albumin filter. Here 
the blood is guided through a high-flux hemodialyzer (FX 
50®). There, water-soluble substances are removed by 
diffusion.

A modified hemodialysis unit (4008 H) is used to 
integrate the two parts of  the Prometheus® system 
(Fresenius Medical Care AG, Bad Homburg, Germany): 
a “standard” extracorporeal blood circuit connected 
to the double-lumen dialysis catheter and a secondary 
circuit containing the separated plasma (Figure 1). Both 
circuits are separately monitored by different hardware 
and software allowing the user to perform hemodialysis 
with simultaneous albumin detoxification or conventional 
hemodialysis alone.

Treatments
Instead of  their regular hemodialysis sessions, all patients 
underwent two Prometheus® treatments for at least 4 h on 
two consecutive days. In 5/9 patients (56%), the device 
was equipped with two adsorbers (Prometh01® and Pro-
meth02®), while the other four patients (44%) were treated 
only with Prometh01®. The average treatment time was 
5.1 ± 1.1 h, and mean blood flow rate was 193 ± 10 mL/min. 
The total processed volume within each treatment was 
58 ± 14 L. Anticoagulation during therapy consisted of  
unfractionated heparin administered as a bolus. Because 
of  the increased risk of  bleeding in liver patients, heparin 
administration was restricted to low doses. The activated 
coagulation time was used to control anticoagulation. It 
was targeted between 120 and 150. Blood samples for 
measurement of  cytokines (TNF-α and IL-6), platelets, 
coagulation factors (antithrombin 3, factors II and V) and 
plasma proteins (total protein, albumin, and fibrinogen) 
were taken before the start of  Prometheus therapy, after 
30 min, 2, and 5 h of  treatment as well as 24 h after the 
end of  the treatment.

Measurements
Plasma concentration of  C-reactive protein was measured 
with a clinically validated nephelometric assay (Dade Beh-
ring, Germany); the normal range is below 5 mg/L. Plasma 
concentrations of  inflammatory cytokines, e.g. IL-6 and 
TNF-α, were measured with an ELISA (R&D Systems, 
USA). The intra-assay coefficients of  variation for these 
tests ranged between 4.9% and 6.8%, respectively. The 
other biochemical parameters were measured by certified 
routine analytical methods.

Statistical analysis
The SPSS program was used for statistical analysis (ver-
sion 12.0, SPSS, Chicago, USA). All data are presented as 
mean ± SD. Pre- and post-treatment values were compared 
using two-tailed t-test for paired data. Correlations were 
assessed with Pearson’s correlation analysis. A P < 0.05 was 
considered as statistically significant.
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RESULTS
A significant decrease of  both protein-bound substances 
(e.g., bile acids; P < 0.01) and water-soluble substances 
(e.g., urea; P < 0.001) was observed under Prometheus
® therapy (Figure 2A). Even though leukocytes increased 
from 15.1 × 103 to 22.7 × 103/µL (P < 0.01), there were no 
significant changes of  plasma concentrations of  C-reactive 
protein (P = 0.7), TNF-α (P = 1.0; Figure 2B) or IL-6 
(P = 0.9; Figure 2B). TNF-α and IL-6 were correlated with 
each other (P < 0.03). Furthermore, they were positively 
associated with body temperature (TNF-α: P < 0.03; IL-6: 
P < 0.001), but not with C-reactive protein (both P > 0.2). 
All these parameters were already increased in our patients 
before Prometheus® therapy.

Platelet count and coagulation factors such as anti-
thrombin 3, factors II and V were substantially decreased 
in our patients before the start of  Prometheus® therapy. 
However, there was no decrease of  platelets during treat-
ment (P = 0.6). Furthermore, the coagulation factors and 
INR did not significantly change under Prometheus® 
treatment (all P > 0.4; Figure 2C). All coagulation factors 
were highly associated with each other (all P < 0.001) and 
with C-reactive protein (all P < 0.01). A strong positive as-
sociation was found between factors II and factor V on 
one hand and leukocyte count on the other hand (both 
P < 0.001).

Plasma levels of  total protein, albumin, and fibrino-
gen were reduced in liver patients before the start of  
Prometheus® therapy. Even though we had two episodes 
of  clotting of  the secondary, i.e. albumin-filled circuit oc-
curred, we observed no significant alterations of  total pro-
tein, albumin, and fibrinogen during treatment (all P > 0.5; 
Figure 2D).

In one patient with hepatitis C cirrhosis and hepatorenal 
syndrome, we found a marked increase of  TNF-α (from 
17 to 12 420 ng/L) and IL-6 (from 49 to 15 732 ng/L) 
already after the 2nd h of  treatment on the 1st day of  Pro-
metheus® therapy. In parallel, leukocytes decreased from 
8.1 × 103 to 1.6 × 103/µL. No specific clinical problems 
were recorded at that time, so that the Prometheus® treat-
ment was completed. When treatment was stopped, mean 
arterial pressure was 52 mmHg, whereas body temperature 
was 38.9 °C and leukocytes 4.4 × 103/µL. At this time point, 
we later measured already decreasing TNF-α plasma levels  
(1 012 ng/L), whereas IL-6 was still increasing (76 250 ng/L). 
This episode turned out to be a catheter-related bacteremia, 
and the catheter was removed immediately. After the cath-
eter had been changed, no clinical problems were observed 
during Prometheus® therapy on the next day. Plasma levels 
of  TNF-α after the second treatment decreased to 49 ng/L 
and that of  IL-6 to 108 ng/L.

DISCUSSION
Removal selectivity of  extracorporeal blood purification 
devices is a key to assess their specificity and efficacy. 
Therefore, it is crucial to evaluate whether particular 
substances are removed or not. With Prometheus® both 
protein-bound and water-soluble substances that accumu-
late in liver failure are removed in a single step, i.e. during 

a single passage of  the blood through the extracorporeal 
circuit. The system is based upon the FSPA method, and 
in contrast to the MARS system, Prometheus® allows di-
rect purification of  the albumin fraction in the secondary 
circuit[1]. Furthermore, a high-flux dialyzer is incorporated 
in the Prometheus® system as well.

We were able to show that Prometheus® significantly 
removed protein-bound (e.g., bile acids) and water-soluble 
substances (e.g., urea), but we did not observe (unspecific) 
removal of  cytokines such as TNF-α and IL-6. In contrast, 
it has been shown that both cytokines are removed during 
MARS treatment[2,3]. This could be of  considerable clinical 
importance, since these pro-inflammatory cytokines are 
postulated to play a major role also in the process of  liver 
regeneration[4]. Thus, while cytokine removal may have 
beneficial effects in clinical conditions where activation 
of  pro-inflammatory cytokines is part of  the pathophysi-
ological basis of  the syndrome, e.g. systemic inflammatory 
response syndrome (SIRS)[7], it could be potentially even 
harmful in liver patients by impeding liver regeneration[8]. 
Since large prospective controlled trials on survival are 
lacking, it remains to be elucidated whether (unspecific) 
cytokine removal in liver patients is beneficial or whether 
these patients benefit more if  pro-regenerative cytokines 
such as TNF-α and IL-6 remain in the body.

Another point of  interest in our study was the influ-
ence of  Prometheus® therapy on coagulation factors and 
platelets. Usually, patients with liver failure present with 
moderate to severe coagulopathy. In order to prevent 
bleeding complications in these patients, the coagulation 
status should not be further worsened by a removal, ac-
tivation or consumption of  coagulation factors. In none 
of  our patients we observed a decrease of  platelets, and 
coagulation factors such as antithrombin 3, factor II or 
factor V remained stable throughout the therapy without 
substitution. This is in contrast to data obtained with the 
MARS system; it may induce thrombopenia in a significant 
number of  patients with a subsequently elevated risk of  
bleeding complications[5].

An important point in the evaluation of  extracorporeal 
liver support systems is the possible loss of  plasma pro-
teins during treatment. This may result from an unspecific 
removal, from adsorption on the adsorber, or by a clotting 
of  the secondary circuit that is filled with the patients’ 
albumin. Even though two episodes of  clotting of  the sec-
ondary circuit occurred in our study, no significant loss of  
plasma total protein or albumin developed. Furthermore, 
the selectivity of  protein removal was confirmed by mea-
surement of  serum fibrinogen concentrations. Fibrinogen 
molecules are much larger than albumin and should be 
held in patients’ blood if  the sieving coefficient of  the 
membrane used for plasma separation remains unaltered. 
As expected, fibrinogen levels in our patients remained 
stable throughout the whole study period.

In conclusion, our data document that the extracorpo-
real liver support device Prometheus® provides selective 
removal of  protein-bound and water-soluble substances, 
whereas measured cytokines, coagulation factors or plasma 
protein fractions as well as platelets remain unaltered. In 
this aspect the system seems to offer an advantage over the 
MARS system.
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Abstract
AIM: The beneficial effect of zinc supplementation on 
the efficacy of interferon as a treatment for chronic 
hepatitis C had been demonstrated in hepatitis virus 
genotype 1b of high viral load. This study focused 
on patients with genotype 2, which is more sensitive 
to interferon than genotype 1b, and used consensus 
interferon (CIFN) with or without zinc.

METHODS: We randomized 83 patients with chronic 
hepatitis C to CIFN at 18 MIU six times/wk for 4 wk, 
followed by CIFN at 18 MIU six times/wk for another 20 
wk, in combination with polaprezinc 300 mg (regimen A, 
n = 41) or as monotherapy (regimen B, n  = 42). Thirty-
one patients in regimen A and 33 patients in regimen 
B completed the clinical trial; the remaining patients 
withdrew because of side effects or a transfer to another 
hospital.

RESULTS: Sustained biochemical response, defined as 
a normal aminotransferase level at the end of the 6-mo 
post-treatment observation, was 68% and 69%, and 
sustained virological response, defined as undetectable 
HCV-RNA at the end of the 6-mo post-treatment 
observation, was 54% and 67% for regimens A and B, 
respectively.

CONCLUSION: CIFN treatment combined with zinc did 
not enhance the effect of CIFN as shown by biochemical, 
virological criteria. No side effects related to polaprezinc 
were noted.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Interferon (IFN) is an effective treatment for chronic hep-
atitis C and is the only method of  treatment that eliminates 
hepatitis C virus (HCV)[1,2]. The incidence of  hepatocellu-
lar carcinoma (HCC) decreases if  liver function improves, 
even if  the virus is not eradicated after IFN treatment[3-6], 
or if  HCV RNA becomes undetectable during IFN treat-
ment[7]. IFN treatment for chronic hepatitis C plays a piv-
otal role in the prevention of  HCC.

HCV-RNA clearance rates are reported to be approxi-
mately 30-40% in patients treated with IFN alone[8-10]. How-
ever, better results have been reported when IFN-α is used 
in combination with ribavirin in both naïve patients[11,12] and 
in those who failed to respond to, or relapsed after, IFN-α 
monotherapy[13,14]. However, IFN plus ribavirin treatment 
for 24 wk causes more frequent side effects leading to dose 
reduction or discontinuation of  treatment in 28% of  cases 
compared that in 21% of  cases in IFN alone treatment[11]. 
Furthermore, in Japan, the use of  ribavirin is restricted to 
naïve patients with chronic hepatitis C who have high viral 
loads greater than 100 KIU/mL.

Consensus IFN (CIFN) is a genetically engineered   
novel type I IFN molecule derived from commonly ob-
served amino acids of  several natural IFN subtypes [15]. 
CIFN has demonstrated higher in vitro antiviral effects on 
an equal mass basis, than IFN- 2α or 2β[16,17]. In Japan, 
9-18 MIU CIFN treatment for 6 mo is reported to be well 
tolerated and 18 MIU CIFN is considered to be the maxi-
mum tolerable dose in patients with chronic hepatitis C 
and is superior in efficacy, without additional toxicity, to 9 
MIU CIFN in high-titer chronic hepatitis C patients[18].

Serum zinc levels are low in patients with chronic liver 
disease because of  a trace element metabolism disorder[19]. 
Previously, we have demonstrated that zinc supplementa-
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A Btion in chronic hepatitis C patients with genotype 1b of  
high viral load enhanced the response to IFN-α mono-
therapy[20]. Although zinc has diverse biological proper-
ties including antiviral, anti-inflammatory, and antioxidant 
functions[21-24], the mechanism responsible for the benefi-
cial effect of  zinc during treatment with IFN remains to 
be elucidated. Treatment efficacy depends on the geno-
type, HCV load, and staging; HCV genotypes 2a and 2b 
are more sensitive to IFN than genotype 1a or 1b[1,25,26].

We planned a randomized controlled study for the 
treatment of  genotypes 2a and 2b hepatitis C to determine 
whether zinc supplementation could also enhance the ef-
ficacy of  IFN in chronic hepatitis C patients as well as 
genotype 1b. We used CIFN instead of  IFN plus ribavirin 
for the following reasons. (1) Naïve chronic hepatitis C 
patients with low viral load could not be treated by the 
standard treatment, IFN-α 2b plus ribavirin or pegylated-
IFN plus ribavirin, under the current health insurance 
regulations in Japan, due to high sensitivity of  HCV with 
low viral load to IFN. (2) Even with high viral loads, HCV 
genotype 2a/2b can be expected to be relatively sensitive 
to IFN monotherapy without ribavirin. (3) CIFN has fewer 
restrictions or contraindications, and is less expensive than 
the combination of  IFN-α 2b and ribavirin.

MATERIALS AND METHODS
Patient selection criteria
Patients with chronic HCV infection who had never 
received IFN therapy were eligible for this study. The 
patients were continuously positive for HCV-RNA geno-
type 2 using the amplicor HCV monitor assay and were 
diagnosed with chronic active hepatitis from a liver biopsy. 
The eligibility criteria included histological evidence of  
chronic hepatitis, as judged on a liver biopsy performed no 
longer than 6 mo prior to enrolment, and confirmation of  
HCV infection by polymerase chain reaction (PCR) analy-
sis. Liver-biopsy specimens were assessed independently 
by two pathologists who were blinded to the patients’ 
clinical details. Pathological diagnosis was made using the 
classification established by Desmet et al[27]. The exclusion 
criteria included: age lower than 18 years or older than 65 
years, pregnancy or lack of  appropriate contraceptive mea-
sures in women of  child bearing age, previous treatment 
with antiviral or immunosuppressive drugs, current or pre-
vious drug addiction, alcoholism, positive HbsAg or HIV 
test, histological evidence of  liver cirrhosis, concomitant 
metabolic, autoimmune or neoplastic liver diseases, severe 
concomitant diseases other than liver disease, history of  
depression or psychiatric diseases.

Study design
This was a randomized, open-label, controlled study 
conducted between December 2001 and December 
2003. The study was approved by the Ethical Committee 
of  Gunma University. Eighty-three patients gave writ-
ten informed consent and were randomly assigned to 
two groups: patients in regimen A received CIFN with 
polaprezinc and patients in regimen B received CIFN 
alone. All patients were given CIFN subcutaneously every 
day for 4 wk and then thrice a wk for 20 wk at a dose of  

18 mega units (MU). Forty-one patients in regimen A were 
given 75 mg of  oral polaprezinc twice daily (Plomac; Zeria 
Pharmaceutical Co., Tokyo, Japan) with CIFN for 24 wk, 
and zinc administration was discontinued simultaneously 
with discontinuation of  CIFN, for a total of  24 wk. Forty-
three patients in regimen B were given CIFN according to 
the protocol for 24 wk. Serum HCV-RNA was measured 
before treatment and every mo for one year during and 
after CIFN therapy. Patient adherence to the protocol and 
compliance with treatment were encouraged by regular 
hospital visits.

Endpoints and definitions
Two endpoints were selected for comparing the efficacy of  
regimen A with the standard regimen B. The first endpoint 
involved serum HCV-RNA levels. ‘Sustained virological 
response (SVR)’ was defined as undetectable HCV-RNA 
at the end of  the 6-mo post-treatment observation. ‘End-
of  treatment virological response (EVR)’ was defined as 
undetectable HCV-RNA at the end of  the treatment. ‘Non 
virological response (NVR)’ was defined as detectable 
HCV-RNA at the end of  the 6-mo post-treatment 
observation. The second endpoint was serum alanine ami-
notransferase (ALT) levels. Normalization of  serum ALT 
at the end of  treatment and at the end of  the 6-mo post-
treatment observation was defined as ‘end-of  treatment 
biochemical response (EBR)’ and ‘sustained biochemical 
response (SBR)’, respectively. ‘Non biochemical response 
(NBR)’ was defined as elevation of  serum ALT at the end 
of  the 6-mo post-treatment observation.

Assessment of safety
We evaluated all adverse events, subjective and objective 
symptoms, and laboratory test results for safety. All adverse 
events were checked by the patients using question-
naires, double-checked, and recorded by the investigators. 
All adverse events were graded for severity based on 
the World Health Organization (WHO) criteria and the 
guideline to grading severity of  adverse events determined 
by the Japanese Ministry of  Health and Welfare. Global 
safety assessments were made at the end of  post-
treatment observation using the following classifications: 
no abnormality, abnormality requiring no symptomatic 
treatments, abnormality requiring symptomatic treatments, 
abnormality requiring study withdrawal, and non-evaluable.

Statistical analysis
Results were expressed as mean±SD of  the mean on an 
intention to treat or per-protocol basis. Statistically signifi-
cant differences in outcomes between the two regimens 
were assessed using both parametric and non-parametric 
tests including the Student’s t-test for paired and unpaired 
observations, and Fisher’ s exact test as appropriate.

A logistic multiple regression model was used to 
examine the relationship between baseline clinical 
characteristics and the binary outcome of  response to 
CIFN therapy. Each variable was transformed into cat-
egorical data consisting of  two simple ordinal numbers for 
the logistic multiple regression model. Variable selection 
was an important step in characterizing prognostic 
relations and identifying variables most strongly related to 
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the outcome. We selected, as candidate predictors of  SVR, 
age, sex, weight, body mass index (BMI), pretreatment 
platelet counts, pretreatment ALT, pretreatment γGTP 
levels, liver histology (staging and grading), pretreatment 
HCV-RNA viral load, wk of  HCV-RNA clearance (less 
than 1, 4, 8, and 12 wk) and zinc supplementation. Thus, 
variables (P < 0.2) on univariate analysis, that is, zinc 
supplementation, BMI, staging, pretreatment HCV-RNA 
viral load (less than 400 KIU/mL), wk of  HCV-RNA 
clearance (less than 8 wk) and pretreatment ALT were 
included in a logistic multiple regression model. Differ-
ences with a P < 0.05 were considered significant.

RESULTS
Eighty-three patients were enrolled into the trial; 41 were 
randomized to regimen A and 42 to regimen B. The pre-
treatment clinical characteristics of  the patients assigned to 
the two regimens were similar (Table 1).

Follow-up and protocol compliance
The progression of  randomized patients through the trial 
is summarized in Figure 1. Seven patients in regimen A 
withdrew prematurely from the study before wk 24 due to 
intolerance to IFN in five patients, and personal problems 
or low compliance in the other two patients. Seven patients 
in regimen B also withdrew prematurely from the study 
before wk 24 due to intolerance to IFN in six patients, and 
low compliance in the other patient. Three more patients, 
all in regimen A, withdrew prematurely from the study be-
fore wk 48 because of  job transfer or personal problems. 
Two patients in regimen B withdrew prematurely due to 
personal problems.

Effect of treatment on viremia and serum transaminase
There were 28/41 (68%) end-of  treatment virological 
responders for regimen A and 32/42 (76%) for regimen 
B when analyzed on an intention to treat basis; the 
corresponding values were 28/31 (90%) and 32/33 
(97%), respectively, when analyzed on a per-protocol basis 
(Table 2). There were 22/41 (54%) sustained virological 
responders for regimen A and 28/42 (67%) responders for 
regimen B when analyzed on an intention to treat basis; 
the corresponding values were 22/31 (71%) and 28/33 
(85%), respectively, when analyzed on a per-protocol basis. 
There were 19/41 (46%) end-of  treatment biochemical 
responders for regimen A and 21/42 (50%) responders for 
regimen B when analyzed on an intention to treat basis; 
the corresponding values were 19/31 (61%) and 21/33 
(64%), respectively, when analyzed on a per-protocol basis. 
There were 28/41 (68%) sustained biochemical responders 
for regimen A and 29/42 (69%) responders for regimen 
B when analyzed on an intention to treat basis; the 
corresponding values were 28/31 (90%) and 29/33 (88%), 
respectively, when analyzed on a per-protocol basis. There 
were no significant differences between the two regimens 
in these four responses.

Factors contributing to sustained virological response
Variables that correlated with sustained virological response 
were analyzed by both univariate and multivariate analyses. 
In univariate analysis, the sustained virological response 

Regimen 
A 
IFN+zinc)

Regimen 
B 
(CIFN)

P

Number of entry 41 42
Male/Female 28/13 21/21 NS
Age (yr) 60±8.5 55±21 NS
Body mass index 23±2.4 24±3.7 NS
Pre-treatment zinc concentration (mg/dl) 77.8±13.6 82.5±16.4 NS
Pre-treatment ALT (IU/l) 113±75 101±96 NS
Pre-treatment leukocyte counts (x103mm-3) 5.1±1.3 5.0±1.4 NS
Pre-treatment platelet counts (x103mm-3) 19±5 17±5 NS
Pre-treatment HCV-RNA genotype (2A/2B) 31/10 31/11 NS
Pre-treatment HCV-RNA titer (KIU/mL) 484±1075 304±318 NS
 0<pretreatment HCV-RNA<100 11 16 NS
 100≤pretreatment HCV-RNA<400 15 14 NS
 400≤pretreatment HCV-RNA<700 6 2 NS
 700≤pretreatment HCV-RNA 9 9 NS
Histological findings (staging) 1.8±1 1.3±0.8 NS
Histological findings (grading) 1.6±0.7 1.3±0.9 NS

Table 1 Characteristics of participating patients

Mean±SD; NS: not significant

 Regimen A
(CIFN+zinc)            

Regimen 
B (CIFN)

P

ALT (U/l):
  Wk 0 113±75 101±96 NS
  Wk 24 46±51 40±30 NS
  Wk 48 26±17 22±12 NS
Biochemical response (by intention to treat):
  Wk 24 (EBR) 46% 50% NS
  Wk 48 (SBR) 68% 69% NS
Virological response (by intention to treat):
  Wk 24 (EVR) 68% 76% NS
  Wk 48 (SVR) 54% 67% NS

Table 2 Effect on viremia and serum transaminases

Mean±SD; EBR: End-of treatment biochemical response; SBR: Sustained 
biochemical response; EVR: End-of treatment virological response; SVR: 
Sustained virological response; NS: not significant  

↓ ↓

↓ ↓

↓ ↓

↓ ↓

↓ ↓

↓
↓

↓
↓

83 patients randomized

   41 randomized to CIFN+zinc
              (regimen A)

  42 randomized to CIFN
          (regimen B)

7 premature termination
        before wk 24

7 premature termination
        before wk 24

34 completed end of treatment 
response assessment at wk 24

35 completed end of treatment 
response assessment at wk 24

3 premature termination
        before wk 48

2 premature termination
        before wk 48

31 completed sustained response 
      assessment at wk 48

33 completed sustained response 
      assessment at wk 48

Figure 1 Trial profile.
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Variables     Odds ratio (95%
  Confidence Interval)

 

Zinc supplementation (regimen B vs. A) 0.254 (0.033-1.948) 0.1873
BMI (<23.4 vs. ≥23.4) 1.245 (0.162-9.579) 0.8330
Staging (0-1 vs. 2-3) 0.213 (0.024-1.877) 0.1635
pretreatment HCV-RNA (<400 vs. ≥400) 0.104 (0.011-0.951) 0.0450
Week of HCV-RNA clearance
(<8 vs. ≥8)

0.106(0.005-2.399) 0.1584

pretreatment ALT (<107 vs. ≥107) 13.709 (0.960-195.749) 0.1873

correlated significantly with liver histology (staging) and 
pretreatment HCV-RNA viral load. In multivariate analysis, 
only pretreatment HCV-RNA less than 400 KIU/mL was 
associated with a sustained virological response (Table 3). 
The other factors, including zinc supplementation, BMI, 
staging, wk of  HCV-RNA clearance, and pretreatment 
ALT level, did not influence sustained virological response.

Serum zinc concentrations
Serum zinc concentrations at 4 wk after the com-
mencement of  polaprezinc treatment were elevated and 
significantly higher than pretreatment levels in regimen A 
patients (Figure 2). Serum zinc concentrations in patients 
of  regimen A were significantly higher than those of  regi-
men B patients at 4 wk after the start of  administration of  
polaprezinc (Figure 2).

Adverse effects
Each of  the serious adverse events including depression, 
thrombocytopenia, leukopenia, and severe elevations in 
γGTP was observed in one patient in regimen A. In addi-
tion, regimen B was also associated with serious adverse 
events such as depression in one patient, and severe 
leukopenia in two patients. Frequent adverse events and 
laboratory abnormalities recorded during the study are 

summarized in Tables 4 and 5. The type and frequency 
of  the adverse events, and laboratory abnormalities were 
similar in both regimens. Five (12.2%) patients and six 
(14.3%) patients dropped out of  the study due to the 
adverse events before wk 24 in regimen A and regimen 
B, respectively. There were no significant differences of  
grading severity of  adverse effects as well as incidence of  
them in the global safety assessment of  the two regimens 
(data not shown).

DISCUSSION
The metabolism of  trace elements is impaired in chronic 
liver disease[19]. Zinc deficiency in chronic hepatitis C is 
improved by IFN treatment[28]. Zinc supplementation 
enhances the response to IFN-α treatment in patients 
with genotype 1b chronic hepatitis C[20]. Conversely, zinc 
supplementation did not enhance the response to CIFN 
treatment in patients with chronic hepatitis C with geno-
type 2 in this trial. The reasons for the lack of  synergy 
between zinc and IFN are unclear, however, there are 
several possible reasons that are worthy of  consideration. 
The viral genotype 2 in both regimens may account for 
the virological response, differing from the previous study 
that involved patients with genotype Ib. It is also possible 

Table 3 Logistic regression model of predictors of 
response to CIFN treatment
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Weeks after CIFN treatment

Figure 2 Serum zinc concentrations (mean±SD) at wk 0 (baseline) and after 4 wk 
of CIFN treatment in patients with regimen A (closed circles) and regimen B (open 
circles). Serum zinc levels at wk 4 were significantly higher in regimen A patients 
than those in regimen B patients (aP<0.05). Serum zinc levels at wk 4 were 
significantly higher than those recorded at wk 0 (baseline) in regimen A patients 
(aP < 0.05).

Table 4 Incidence of selected adverse events (>10% 
frequency)

Adverse event  RegimenA
 (CIFN+zinc)

Regimen B
 (CIFN)

 n 41 42
Fever 41 (100%) 42 (100%)
Headache 17 (41.5%) 16 (38.1%)
Malaise 15 (36.6%) 12 (28.6%)
Anorexia 14 (34.1%) 19 (45.2%)
Arthralgia 14 (34.1%) 13 (31.0%)
Insomnia 11 (26.8%) 11 (26.2%)
Stomach discomfort 7 (17.1%) 5 (11.9%)
Alopecia 6 (14.6%) 6 (14.3%)
depression 6 (14.6%) 5 (11.9%)
Nausea 6 (14.6%) 5 (11.9%)
Myalgia 5 (12.2%) 6 (14.3%)
Rash 5 (12.2%) 4 (9.5%)

Table 5 Incidence of selected laboratory abnormalities 
(>10% frequency)

Laboratory abnormality Regimen A 
(CIFN+zinc)

Regimen B
 (CIFN)

n 41 42
Thrombocytopenia 31 (78%) 29 (69%)
Leucopenia 24 (59%) 30(71%)
Increase in AST 20 (49%) 18 (43%)
Increase in ALT 18 (44%) 16 (38%)
Increase in γ-GTP 12 (29%) 12 (29%)
Decrease in hemoglobin 7 (17%) 9 (21%)
Increase in ZTT 7 (17%) 7 (17%)
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that the relatively higher response rate achieved with CIFN 
in both regimens in this trial compared with the previous 
study with IFN-α could have masked any differences in 
efficacy. In addition, individual differences in serum zinc 
concentration increases, as a result of  zinc administration, 
may alter the virological response because the extent of  
the increases in serum zinc concentration varied in regimen 
A. Furthermore, differences in the type of  IFN may affect 
the virological response, given that natural IFN-α was used 
in the previous study.

The overall therapeutic efficacy (60% SVR) of  CIFN 
in our study was similar to that (50% SVR) of  low-titer 
or genotype 2 group in a previous report from Japan[18]. 
Recent reports showed that pegylated-IFN plus ribavirin[29] 
had excellent treatment efficacy (100% SVR) in chronic 
hepatitis C patients with genotype 2[30]. SVR rates of  
IFN-α 2b plus ribavirin for chronic hepatitis C patients 
with genotypes except 1[11] or CIFN plus ribavirin for 
chronic hepatitis C patients with genotypes 2/3 were 
reported to be from 60% to 70%[31]. Given the overall 60% 
SVR in our study, CIFN without ribavirin can be consid-
ered as a good candidate for patients in whom ribavirin is 
contraindicated.

Interestingly, the cases of  undetectable HCV-RNA 
titer at 1 wk, but not 4 or 12 wk after the start of  treat-
ment, showed 95% and 100% of  sustained virological 
response rate in regimens A and B, respectively. Although 
only a pretreatment HCV-RNA less than 400 KIU/mL 
was considered to be a predictive factor for sustained 
virological response, based on a logistic multiple regression 
model in our trial, earlier responses at 1 wk after the start 
of  treatment may also be a good predictor of  sustained 
virological response.

The type and frequency of  adverse events, and 
laboratory abnormalities were similar in both regimens. 
Overall, adverse events and laboratory abnormalities were 
similar to those in previous reports in Japan[18]. Although 
18 MIU CIFN was relatively well tolerated in our trial, 
there were a few cases of  serious adverse events. Twelve 
MIU and nine MIU CIFN, which are now available in 
Japan, may allow us to reduce the incidence of  serious 
adverse events.

In conclusion, our study does not support the use 
of  zinc as an adjunct to CIFN for the treatment of  
chronic hepatitis C with genotype 2, because combination 
treatment was not superior to CIFN monotherapy in 
achieving a sustained virological response. High viral loads 
of  over 400 KIU/mL may indicate a low probability of  
sustained virological response for CIFN treatment, regard-
less of  zinc supplementation.
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Abstract
AIM: Recently, germ-line mutation in the base excision 
repair gene MYH  has been identified to cause a novel 
autosomal recessive form of familial adenomatous 
polyposis (FAP).  Interestingly, a striking evidence for 
MYH mutations within different ethnic groups has been 
demonstrated. In this study, we screened 30 patients 
with multiple adenomatous polyps for MYH mutations to 
assess its prevalence and ethnic specificity in Korea.
  
METHODS: Thirty patients (21 men and 9 women; 
mean age 62.3 years) with multiple adenomatous polyps 
were examined for MYH mutations. The mean number of 
adenomas per patient was 10.0. Sixteen exonic regions 
and their intronic sequences were amplified by PCR and 
subjected to SSCP and DNA sequencing analyses.  

RESULTS: None of the patients was identified to 
carry any truncating or sequence alterations in MYH . 
Our screening for the mutational regions, which were 
recognized from Caucasian patients or affected Indian 
families, also failed to detect sequence substitutions.  

CONCLUSION: Mutation in MYH may be rarely involved 
in the pathogenesis of multiple sporadic colorectal 
adenomas in Korean population, although a large-scale 
analysis will be required to clarify the presence of specific 
MYH variants in a subset of patients and their role in the 
predisposition of multiple colorectal adenomas in Korean 
population. 

© 2006 The WJG Press. All rights  reserved.
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INTRODUCTION
It has been well established that genetic factors play a 
pivotal role in up to 35% of  all colorectal cancers (CRC)[1-3]. 
Familial adenomatous polyposis (FAP) is an autosomal 
dominant disorder with an increased predisposition to 
multiple colorectal adenomatous polyps, and thence to 
CRCs[4]. Classic FAP is caused by inherited mutations 
in the adenomatous polyposis coli (APC) gene, which 
encodes a protein that plays a critical role in the regulation 
of  colonic cell growth[5,6]. Attenuated FAP (AFAP) is 
associated with smaller numbers of  adenomas and is 
caused by mutations in the extreme of  5’ or 3’ ends of  
APC or in the alternatively spliced region of  exon 9[4,5].
    Somatic mutations of  APC consist of  the substitution 
of  a thymine-adenine pair for a guanine-cytosine pair (G:
C→T:A), which is a typical change caused by oxidative 
damage to DNA[7-11]. Oxidative DNA damage produces 
the stable 8-oxo-7, 8-dihydro2’deoxyguanosine (8-oxoG)[9]. 
It is highly mutagenic because it tends to mispair with 
adenine residues, leading to an increased frequency of  
spontaneous G:C→T:A transversion mutations in repair-
deficient bacteria and yeast cells[10-13].
    Recently, Al-Tassan et al[14] reported a novel autosomal 
recessive form of  FAP. They found that three of  seven 
siblings from a single British Caucasian family were 
all compound heterozygous for two non-conservative 
missense variants, Y165C and G382D, in the base excision 
repair gene MutY homologue (MYH). This finding first 
implicated a defect in the base excision repair mechanism 
in inherited predisposition to colorectal tumors in human 
beings.
    Base excision repair (BER) is cell’s mechanism of  
protection against oxidative DNA damage[15]. The BER 
pathway repairs mutations caused by reactive oxygen species 
that are generated during aerobic metabolism[16]. Three 
main components of  BER have been identified in human. 
MutT homologue (MTH) removes oxidized base from 
8-oxoG:C pairs to reduce the chances of  incorporation of  
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8-oxoG during DNA replication, and 8-oxoG glycosylase 
(OGG) initiates base-excision of  8-oxoG from 8-oxoG:C 
pairs[17]. Adenine-specific DNA glycosylase MYH removes 
adenine mispaired with 8-oxoG in 8-oxoG:A pairs. [18-20]  
    The preva lence of  MYH mutat ions has been 
determined in patients with multiple colorectal polyps in 
Caucasian populations. However, to our knowledge, a few 
studies have been carried out regarding the prevalence of  
MYH mutations in Asian patients with multiple colorectal 
adenomatous polyps. In the present study, we therefore 
explored the possible implication of  germ-line mutations 
of  MYH in the development of  multiple sporadic 
colorectal adenomatous polyps in Korean population.

METHODS
Specimens
Thirty patients (21 men and 9 women; mean age, 62.3 
years) with multiple sporadic colorectal adenomatous 
polyps were recruited from Kyung Hee University, Medical 
Center, Seoul, Korea. All patients were Korean and none 
had a family history of  vertical transmission of  colorectal 
cancer or adenomatous polyps. Five individuals who did 
not have any recognizable diseases were selected as healthy 
controls. Informed consent was taken from all patients. 
Ten milliliters of  blood were obtained from all the patients 
and healthy controls for extraction of  genomic DNA. The 
characteristics of  patients are summarized in Table 1. 

PCR amplification of MYH gene 
Genomic DNA was prepared from venous blood samples 
using QIAGEN Genomic-tip system (Qiagen, Hilden, 
Germany) according to the manufacturer’s instructions. 
The concentration of  extracted DNA was determined by 
a spectrophotometric measurement (Schimadzu Scientific 
Instruments, Inc., Concord, CA).  Exons 1-16 of  MYH 
and their flanking intronic sequences were amplified 
by PCR with 14 primer sets which cover the entire 
coding region of  MYH. Primer sequences used for PCR 
amplification are shown in Table 2. PCR was performed 
with 200 ng genomic DNA as template for 38 cycles 
at 95℃ (1 min), 58-62℃ (30 s), and 72℃ (30 s) in 1.5 
mmol/L MgCl2-containing reaction buffer (PCR buffer 
II, Perkin Elmer-Cetus, Concord, CA).  Ten microliters of  
PCR products were electrophoresed on 20 g/L agarose gel 
containing ethidium bromide, visualized under ultraviolet 
light, and photographed.

Single strand conformation polymorphism analysis 
To identify sequence alterations in the MYH gene, we 

performed nonisotopic PCR-SSCP analysis as described 
previously[14]. Briefly, 20 μL of  the PCR products was 
mixed with 5 μL of  0.5 mol/L NaOH, 10 mmol/L EDTA 
and 10 μL of  denaturing loading buffer (950 mL/L for-
mamide, 20 mmol/L EDTA, 0.5 g/L bromophenol blue, 
and 0.5 g/L xylene cyanol).  After heating at 95℃ for 5 min, 
the samples were rapidly loaded in wells pre-cooled to 4℃ 
and run simultaneously on two 80 g/L non-denaturing 
polyacrylamide gels with or without 100 g/L glycerol. 
These two gels were run at 18-20℃ and then repeated at 
6-10℃ in a buffer-jacketed gel apparatus (DGGE-II; Ala-
din Enterprises, Inc., San Francisco, CA).  Following an 8 h 
run at 400 volts, the gels were stained with ethidium bro-
mide and photographed under ultraviolet light.

Automated DNA sequencing
PCR amplification products were purified using the PCR 
purification kit (Quiagen). DNA sequencing was carried 
out using ABI PRISM 377 automated DNA sequencer 
(Applied Biosystems, Foster City, CA) according to the 

Table 2 Primer sequences of oligonucleotide primers 
used for PCR-SSCP analysis of MYH

Exon Primers Sequences (5’ to 3’) Length (bp)

1 M1S CAGAGCGCAGAGGCTTTGAACA 240
M1AS CTGAACGGAAGTTCGACCCATC

2 M2S AATTTGGCCTCATTGTGACTGA 221
M2AS AATCTGCCTTTCATGGCCAATG

3 M3S CACAGGCTGCTGTGTCCCAAGA 259
M3AS CCCACCCACTGTCCCTGCTCCT

4+5 M45S AACTCCTCATCTGGGGTTGCAT 296
M45AS GGTCTGACCCATGACCCTTCCC

6+7 M67S ACCACCTTCACCCTTGACCTTG 268
M67AS ACCCAAGACTCCTGGGTTCCTA

8 M8S GGAACCCAGGAGTCTTGGGTGT 222
M8AS AAGGAGGCTGGGCACGCACAAA

9 M9S TTTGTGCGTGCCCAGCCTGGTT 223
M9AS TGCTGTGAAGCAGAGCTCCAAA

10 M10S AAAGGAGCTCTGCTTCACAGCA 227
M10AS CACTCCTTAGGACTTCTCACTG

11 M11S GTAAGCCTACTGGGGAAGGGG 222
M11AS GCAGAATCTTACTCAGGTTAG

12 M12S GCCCTCTTGGCTTGAGTAGGGT 278
M12AS TCTCTTGTTACTCATGCCACTG

13 M13S AGGGAATCGGCAGCTGAGGCCT 226
M13AS AAAAGCCAACATCCTTGGCTAT

14 M14S TATATCCACAGGCCTATTTGAA 256
M14AS ATATTCATGTAGAACATGTAGG

15 M15S GACATGAAGTTAAGGGCAGAAC 212
M15AS TGTTCACCCAGACATTCGTTAG

16 M16S AACTACAAGGCCTCCCTCCTTCCA 270
M16AS AACAACAGGATTCTCAGGGAATG

Table 1 Characteristics of patients

Characteristics Patient with CRC and adenomatous polyp (n  = 10) Patient with adenomatous polyp  only (n  = 20)

Sex 3 males : 1 females 15 males : 5 females
Age (yr) Mean 45.9 (range: 21 ~ 78) Mean 51.8 (range: 44 ~ 69)
Number of adenomatous polyps Mean 9 (range: 1 ~ 10) Mean 7 (range: 3 ~ 100)
Family history of adenomatous polyps 0 0

CRC: colorectal cancer.
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manufacturer’s instructions. Sequencing was carried out in 
both directions to confirm the findings.

RESULTS 
To explore the presence of  germ-line alterations of  
MYH, we, using quantitative genomic PCR analysis, 
initially evaluated genomic status of  MYH. Blood DNA 
samples from 30 patients with multiple sporadic colorectal 
adenomatous polyps and 5 healthy individuals were 
subjected to PCR amplification of  MYH. All of  the 16 
exons and flanking intronic sequences of  the gene were 
amplified as 14 fragments using intron-specific primer 
sets, and their levels in the patients were compared with 
those in healthy controls. As shown in Figure 1, genomic 
levels of  MYH, which were evaluated for 14 separate gene 
regions, showed no detectable difference between patients 
and healty individuals, and none of  the patients was 
found to have structural alteration within these protein-
encoding regions of  the gene. Although systemic analysis 
for the genomic status was not carried out in this study, 
the results suggested that our patients did not harbor 
germ-line deletion or structural abnormalities of  the gene, 
which could result in loss or significant reduction of  MYH 
protein function.      
  Using PCR-SSCP and DNA sequencing analyses, we 
next screened for mutations and sequence variants across 
the entire coding region of  the MYH gene. To detect the 
MYH variants, such as Y165C, G382D, Y90X and E466X, 
which are commonly observed in Caucasian patients or 
affected Indian families, we performed comprehensive 
SSCP assay under four different running conditions[14]. 
However, we could not observe any truncating MYH 
mutations in patient or control samples. Neither did we 
identify any likely pathogenic mutations and sequence 
variants in the patient samples. Representative examples of  
SSCP analysis are shown in Figure 2.  

DISCUSSION
Germ-line mutation of  the MYH gene has been known to 

predispose persons in a variety of  European populations to 
recessive inheritance of  multiple colorectal adenomatous 
polyposis and classic FAP[4, 22]. In addition, all patients with 
bialleic MYH mutations have an increased predisposition 
to CRCs.
    MYH mutation presents with a distinguished genetic 
pathway in developing colorectal tumors. Many questions 
regarding its role in pathogenesis of  multiple colorectal 
adenomatous polyps and CRCs still remain open. For 
example, it has not been identified why germ-line MYH 
mutations are associated with tumors of  gastrointestinal 
tract, or why MYH polyposis differs in its phenotype and 
inheritance from classical FAP[21].
    It is difficult to distinguish between patients with APC 
mutations and those with MYH germ-line mutation on 
the basis of  clinical features or pathological findings. 
MYH mutations seem to be a more common cause 
of  the multiple adenoma phenotypes than are APC 
mutations[23-26]. They are, however, a less common cause of  
classic colorectal adenomatous polyposis.
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E 4 + 5

E 11

N    1    2    3    4    5    6  7 N    1    2    3    4    5    6  7

Figure 2 Non-isotopic PCR-SSCP analysis of MYH. For detection of sequence 
alterations, all of the 16 exons and flanking intronic sequences were amplified by 
PCR as 14 separate fragments, and 20 μL of PCR product was subjected to non-
isotopic SSCP analysis. Genomic DNA isolated from the healthy controls was used 
as normal controls. None of patient samples showed abnormal migration shift of 
single strand DNA molecules. Lane N: Normal control; Lanes 1-7: Patients; Lane E: 
Exons.

N1    N2    N3    N4    N5    P1    P2    P3    P4    P5   P6     P7    P8    P9    P10  P11   P12  P13  P14  P15

Exon 3
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Exons 6 + 7

Exon 8
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GAPDH

Figure 1 Genomic status of MYH in patients with multiple colorectal adenomas determined by quantitative DNA-PCR analysis. Representative examples for exons 3-9 
amplification are shown. Two hundred nanograms of DNA obtained from 30 patients and 5 healthy controls were used as templates for PCR amplification of 16 exonic 
regions using 14 intronic primer sets.  GAPDH was used as an internal control for PCR.  Ten microliters of PCR product was resolved on 20 g/L agarose gel and visualized 
by ethidium bromide staining. No significant reduction of gene levels was identified in samples from patients as compared with  normal controls.  Lanes N1-N5: Normal 
controls; Lanes P1-P15: Patients.
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    Jones et al[4]  could not identify any pathogenic variants 
in BER genes OGG1 or MTH1 in cases with colorectal 
tumors. Thus, there is a possibility that these genes are 
less frequently mutated than MYH. It is also possible that 
those mutations do not predispose to tumors in humans 
due to unknown mechanism. However, further studies 
are required to determine whether OGG1 or MTH1 are 
involved in CRC predisposition.
    On the basis of  previous studies, genetic analysis of  
MYH mutation should be considered for patients with 
a phenotype resembling FAP or AFAP, when no clear 
evidence of  vertical transmission is noted. However, 
whether it is worthwhile to perform genetic testing in the 
family of  patients with MYH mutations is a question that 
still remains unclear.
    In the present study, we failed to detect any truncating 
or sequence alterations of  the MYH gene in Korean 
patients with multiple colorectal adenomas. Although 
patient numbers enrolled in this study are too small 
to exclude the association of  MYH mutations with 
development of  multiple colonic adenoma in Korean 
population, our data suggests the presence of  ethnic 
difference in contribution of  MYH mutations to disease 
development between the Korean patients and the white 
patients. Previous studies identified four British families 
that were either homozygous for Y165C or compound 
heterozygous for Y165C/G382D, three Indian families 
that were homozygous for E466X, and a single Pakistani 
family that was homozygous for Y90X[4]. Specific MYH 
mutations appear to be identified in different ethnic 
groups. A question still remains as to how frequently MYH 
mutations contribute to the phenotype of  apparently 
sporadic AFAP/FAP. Further studies of  patients from 
distinct geographical and ethnic groups will help to define 
the possible ethnic differences in actual mutations.  
    In conclusion, our observations suggest that MYH 
mutations are not common in patients with multiple 
colorectal adenomas in Korean population. Considering 
that number and histology of  colorectal polyps are the 
cornerstones of  detection of  many CRC predisposition 
conditions, further larger-scale evaluation including the 
histologic analyses of  the polyps, is required to determine 
whether MYH polymorphisms play a role in predisposition 
of  a subset of  multiple sporadic colorectal adenomas in 
Korean population.
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have a higher risk of acute cholecystitis and are possible 
candidates for prophylactic cholecystectomy.
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INTRODUCTION
Endoscopic sphincterotomy is the treatment of  choice for 
patients with common bile duct (CBD) stones. The high 
success rate and safety of  this modality have been well 
established by a number of  studies[1-5]. Because gallstones 
may pass from the gallbladder (GB) into the CBD, calculous 
GB is considered to be one of  the risk factors for the 
recurrence of  bile duct stones after sphincterotomy[4,6]. 
Some studies have compared the results of  the wait-and-
see policy and prophylactic cholecystectomy to prevent 
biliary complications but arrived at contradictory results[7-9]. 
Thus, it still remains controversial as to whether subsequent 
laparoscopic cholecystectomy is indicated in patients with 
concurrent GB stones. Most studies have focused on the 
identification of  predictors of  CBD stone recurrence, 
which can be treated again endoscopically without surgery; 
however, the development of  acute cholecystitis is a 
definite indication of  cholecystectomy. So the risk factors 
of  subsequent acute cholecystitis are more important than 
those of  recurrent CBD stones in terms of  the decision 
concerning prophylactic cholecystectomy. However, few 
studies have identified the risk factors of  acute cholecystitis 
after endoscopic CBD stone removal in patients with GB in 
situ. The aims of  this study were to assess the risks of  biliary 
symptom recurrence and to identify the risk factors of  acute 
cholecystitis in patients with GB in situ who have received 
endoscopic CBD stone removal.

MATERIALS AND METHODS
Patients
The medical records of  patients with GB in situ who 

PO Box 2345, Beijing 100023, China                                                                                                                    World J Gastroenterol  2006 February 14; 12(6): 956-960
www.wjgnet.com                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                       © 2006 The WJG Press. All rights reserved.

 RAPID COMMUNICATION

Risk factors of acute cholecystitis after endoscopic common 
bile duct stone removal

Jun Kyu Lee, Ji Kon Ryu, Joo Kyung Park, Won Jae Yoon, Sang Hyub Lee, Kwang Hyuck Lee, Yong-Tae Kim,  
Yong Bum Yoon

Jun Kyu Lee, Ji Kon Ryu, Joo Kyung Park, Won Jae Yoon, 
Sang Hyub Lee, Kwang Hyuck Lee, Yong-Tae Kim, Yong  
Bum Yoon, Department of Internal Medicine, Seoul National 
University College of Medicine, Seoul, Korea
Correspondence to: Ji-Kon Ryu, MD, Department of Internal 
Medicine, Seoul National University College of Medicine, 28 
Yongon-dong, Chongno-gu, 110-744 Seoul, 
Korea. jkryu@snu.ac.kr
Telephone: +82-2-2072-1962     Fax: +82-2-743-6701
Received: 2005-04-21          Accepted: 2005-08-26

Abstract
AIM: To evaluate the risk factors of acute cholecystitis 
after endoscopic common bile duct (CBD) stone removal.

METHODS: A total 100 of patients who underwent en-
doscopic CBD stone removal with gallbladder (GB) in situ  
without subsequent cholecystectomy from January 2000 
to July 2004 were evaluated retrospectively. The follow-
ing factors were considered while evaluating risk factors 
for the development of acute cholecystitis: age, gender, 
serum bilirubin level, GB wall thickening, cystic duct pa-
tency, presence of a GB stone, CBD diameter, residual 
stone, lithotripsy, juxtapapillary diverticulum, presence of 
liver cirrhosis or diabetes mellitus, a presenting illness of 
cholangitis or pancreatitis, and procedure-related compli-
cations.

RESULTS: During a mean 18-mo follow-up, 28 (28%) 
patients developed biliary symptoms; 17 (17%) acute 
cholecystitis and 13 (13%) CBD stone recurrence. 
Of patients with acute cholecystitis, 15 (88.2%) re-
ceived laparoscopic cholecystectomy and 2 (11.8%) 
open cholecystectomy. All recurrent CBD stones were 
successfully removed endoscopically. The mean time 
elapse to acute cholecystitis was 10.2 mo (1-37 mo) 
and that to recurrent CBD stone was 18.4 mo. Of the 
17 patients who received cholecystectomy, 2 (11.8%) 
developed recurrent CBD stones after cholecystectomy. 
By multivariate analysis, a serum total bilirubin level of  
<1.3 mg/dL and a CBD diameter of <11 mm at the time 
of stone removal were found to predict the development 
of acute cholecystitis.

CONCLUSION: After CBD stone removal, there is no 
need for routine prophylactic cholecystectomy. However, 
patients without a dilated bile duct (<11 mm) and jaun-
dice (<1.3 mg/dL) at the time of CBD stone removal 
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underwent endoscopic CBD stone removal for the first 
time in our hospital from January 2000 to July 2004 were 
reviewed. Patients were excluded if  another neoplasm 
or acute cholecystitis was diagnosed at the time of  CBD 
stone removal, and if  they had undergone prophylactic 
cholecystectomy after CBD stone removal.

The diagnosis of  CBD stone was made by either 
ultrasonography (USG) or computed tomography (CT) 
before endoscopic retrograde cholangiopancreatography 
(ERCP) in the majority of  patients, but a definite diagnosis 
was defined as visible CBD stones on ERCP. The presence 
of  GB stone was evaluated using USG, CT, and ERCP 
and the wall thickness of  GB was evaluated using either 
USG or CT. Patients with no visible stone on all imaging 
modalities were allocated to the no GB stone group. 
The patients who required treatment for a CBD stone 
6 mo after complete endoscopic stone removal were 
defined as having CBD stone recurrence. Radiological 
data were analyzed using a digitalized picture archiving 
communication system (PACS). Patient records were 
checked in each case to ascertain whether cholecystectomy 
due to acute cholecystitis was done or not after endoscopic 
CBD stone removal, and telephone calls were made to 
determine this in the few patients lost during follow-up.

Endoscopy protocol
Duodenal endoscopic intubation (TJF-240, Olympus, 
Tokyo, Japan) was performed under midazolam sedation. 
Sphincterotomy was performed in all the patients using 
a standard sphincterotome and/or a needle knife. After 
visualizing a CBD stone by cholangiography under 
fluoroscopic guidance, stones were extracted using a 
stone basket, balloon catheter, or a mechanical lithotripter 
according to stone size.

Statistical analysis
Data were analyzed using a statistical software package 
(SPSS, version 12.0; SPSS Inc.). Differences between the 
groups were analyzed using the χ2 test. Logistic regression 
analysis was used to estimate odds ratios. The cumulative 
rate of  acute cholecystitis requiring cholecystectomy was 
calculated using the Kaplan-Meier method.

RESULTS
Patient population
During the study, a total of  1 986 patients underwent 
ERCP at our hospital. The diagnosis of  a CBD stone 
was made for 452 (22.8%) patients, and endoscopic CBD 
stone removal was performed successfully in 414 (91.6%) 
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patients. Of  these, 198 (47.8%) had a GB in situ at the time 
of  endoscopic CBD stone removal. Forty-seven (23.7%) 
patients had a previous history of  endoscopic CBD stone 
removal more than once, and 38 patients (19.1%) received 
subsequent cholecystectomy for the management of  acute 
cholecystitis. Another 3 (1.5%) patients who experienced 
incidental cholecystectomy during cancer surgery (2 for 
gastric cancer and 1 for hepatoma) and 12 (6.0%) patients 
with inadequate medical information were omitted from 
the analysis. The total number of  study subjects subjected 
to analysis was 100. No prophylactic cholecystectomy was 
planned during the follow-up for these patients.

Recurrence of biliary complications after endoscopic CBD 
stone removal
During a mean 18-mo follow-up, 28 (28%) patients 
developed bil iary symptoms; 17 (17%) with acute 
cholecystitis and 13 (13%) with CBD stone recurrence. 
No difference was obser ved between those who 
received cholecystectomy and those who did not receive 
cholecystectomy in terms of  mean age or gender (Table 
1). The mean time elapsed between original CBD stone 
removal and acute cholecystitis was 10.2 mo (1-37 mo). 
Of  the 17 patients who received cholecystectomy, 2 
patients (11.8%) developed recurrent CBD stones after 
cholecystectomy. The CBD stone recurrence rate in 
patients without acute cholecystitis was 13.2% (11/83). 
All cases of  CBD stone recurrence were managed by 
endoscopic stone removal without surgery. The mean time 
elapsed (±SD) from endoscopic CBD stone removal to 
the development of  acute cholecystitis was 10.2 (±10.6) 
mo with a range of  1-37 mo. All the patients in whom 
acute cholecystitis developed received emergency or 
elective cholecystectomy. Laparoscopic cholecystectomy 
was performed for all the patients initially and in 2 of  the 
17 patients (11.8%) the operation was converted to open 
cholecystectomy. The mean follow-up time (±SD) of  the 
patients in whom acute cholecystitis did not occur was 
18.4 mo (±9.8) and the range was 4-44 mo.

Risk factors for acute cholecystitis after endoscopic CBD 
stone removal
The results of  univariate analysis of  potential risk factors 
for the development of  acute cholecystitis after endoscopic 
CBD stone removal are shown in Table 1. Of  the 15 
variables, total bilirubin <1.3 mg/dL, the presence of  a 
GB stone and a CBD diameter <11 mm were found to be 
significant by univariate analysis (P = 0.01, 0.02, and 0.03, 
respectively). However, multiple logistic regression analysis 
with forward selection and backward elimination identified 
only total bilirubin <1.3 mg/dL and CBD diameter <11 
mm, and both variables reached statistical significance 
(Tables 2 and 3). Cumulative rates of  acute cholecystitis 
requiring cholecystectomy, according to these two variables 
were calculated by the Kaplan-Meier method as shown in 
Figures 1 and 2.

DISCUSSION
The present study found that the overall recurrence rate of  
CBD stone after endoscopic CBD stone removal was 13% 
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Table 1 Baseline characteristics and CBD stone 
recurrence

Cholecystectomy due to acute cholecystitis

Yes (n = 17) No (n = 83)
Mean age ± SD 58.9 ± 16.3 65.4 ± 12.0
Gender (M/F) 8/9 54/29
Recurrence of CBD stone 2/17 (11.8%) 11/83 (13.2%)
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previously[1,2,4,6,8-28].
The advisability of  prophylactic cholecystectomy 

to prevent bil iary complications after endoscopic 
CBD stone removal remains a matter of  debate; even 

Variable n Acute 
cholecystitis (%)

OR1 95%CI2 P  value

Gender
   Male 62 8 (12.9) 1
   Female 38 9 (23.7) 2.10 0.73-6.01 0.13
Age
   ≥60 yr 74 11 (14.9) 1
   <60 yr 26 6 (23.1) 1.72 0.56-5.24 0.25
Total bilirubin
   ≥1.3 mg/dL 67 7 (10.6) 1
   <1.3 mg/dL 33 10 (31.3) 3.83 1.29-11.31 0.01
GB wall thickening
   No 77 13 (16.9) 1
   Yes 23 4 (17.4) 1.04 0.30-3.56 0.59
Patency of cystic duct
   No 45 8 (17.8) 1
   Yes 55 9 (16.4) 0.91 0.32-2.58 0.53
Presence of GB stone
   No 48 4 (8.3) 1
   Yes 52 13 (25.0) 3.67 1.10-12.18 0.02
CBD diameter
   ≥11.5 mm 88 12 (13.6) 1
   <11.5 mm 12 5 (41.7) 4.52 1.23-16.59 0.03
Residual stone
   No 91 15 (16.5) 1
   Yes 9 2 (22.2) 1.45 0.27-7.66 0.48
Lithotripsy
   Yes 13 0 (0) 1
   No 87 17 (19.5) 1.24 1.12-1.38 0.11
Diverticulum
   No 57 11 (19.3) 1
   Yes 43 6 (14.0) 0.68 0.23-2.01 0.34
Liver cirrhosis
   No 92 15 (16.3) 1
   Yes 8 2 (25.0) 1.71 0.32-9.30 0.41
Diabetes mellitus
   No 88 16 (18.2) 1
   Yes 12 1 (8.3) 0.41 0.05-3.40 0.35
Cholangitis at ERCP
   No 71 14 (19.7) 1
   Yes 29 3 (10.3) 0.47 0.12-1.78 0.20
Pancreatitis at ERCP
   No 88 15 (17.1) 1
   Yes 12 2 (16.7) 0.97 0.19-4.90 0.67
Complication after 
ERCP

   No 95 16 (16.8) 1
   Yes 5 1 (20.0) 1.23 0.13-11.79 0.61

Table 2 Univariate analysis of potential risk factors for 
the development of acute cholecystitis after endoscopic 
CBD stone removal

1Odds ratio; 2confidence interval.

(13/100), and that the frequency of  acute cholecystitis 
after endoscopic CBD stone removal was 17% (17/100). 
Because two patients in whom acute cholecystit is 
developed also experienced CBD stone recurrence and 
there was no case of  cholangitis or CBD stricture, the 
overall recurrence rate of  biliary-related events during 
follow-up after endoscopic CBD stone removal was 28% 
(28/100), which is similar to the rates of  5-24% reported 

Table 3 Multivariate analysis of potential risk factors for 
the development of acute cholecystitis after endoscopic 
CBD stone removal

Variable OR1 95%CI2 P  value

Total bilirubin
   <1.3 mg/dL 4.62 1.39-15.33 0.01
 ≥1.3 mg/dL 1
CBD diameter
   <11.5 mm 5.10 1.19-21.80 0.03
 ≥11.5 mm 1
Presence of GB stone
  Yes 2.98 0.83-10.63 0.09
  No 1

1Odds ratio; 2confidence interval.
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Figure 1 Kaplan–Meier’s curve comparing two total bilirubin levels in relation 
to the development of acute cholecystitis. Patients with a total bilirubin of  
< 1.3 mg/dL developed acute cholecystitis more frequently than patients with a 
level of ≥1.3 mg/dL (P = 0.01, log-rank test).
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Figure 2 Kaplan–Meier’s curve comparing two CBD diameters in relation to acute 
cholecystitis development. Patients with CBD diameters <11 mm developed 
acute cholecystitis more frequently than patients with CBD diameters of ≥11 mm 
(P = 0.03, log-rank test).
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recent prospective[7] and large scale cohort studies[9] 
produced contrary conclusions concerning prophylactic 
cholecystectomy vs the wait-and-see approach. Moreover, 
because no consensus has been reached, the decision as 
to whether to operate or not is made empirically on a 
case-by-case basis[8,13,17-19]. However, two important points 
should not be missed. The first is that, as presented 
by previous studies and ours, the occurrence of  acute 
cholecystitis requiring cholecystectomy is not uncommon 
and the second is that morbidities such as bile duct injury 
and mortality caused by laparoscopic cholecystectomy 
are not negligible [29-31]. Recurrent CBD stones can 
be retreated endoscopically without surgery but the 
development of  acute cholecystitis is a definite indication 
for cholecystectomy. Thus the risk factors of  subsequent 
acute cholecystitis are more important than that of  
recurrent CBD stones with respect to decisions concerning 
prophylactic cholecystectomy. In the present study, the 
development of  acute cholecystitis (17%) was more 
common than that of  CBD stone (13%) recurrence after 
CBD stone removal. We believed that if  the risk factors of  
acute cholecystitis in patients who receive an endoscopic 
CBD stone removal could be identified, we might be able 
to identify the indicators of  prophylactic cholecystectomy, 
as has been mentioned by earlier investigators[13]. Some 
studies have compared the results of  prophylactic 
cholecystectomy and non-surgical treatment[7,9,17]. However, 
as far as we know, few studies have addressed the risk 
factors of  acute cholecystitis after endoscopic CBD stone 
removal in patients with GB in situ, and thus our report 
might be the first to focus on this subject.

After conducting univariate and multivariate analyses 
to identify potential risk factors, we concluded that 
the occurrence of  acute cholecystitis after endoscopic 
CBD stone removal was significantly more frequent 
in pat ients wi th a ser um tota l b i l i r ubin leve l of   
<1.3 mg/dL and a CBD diameter of  <11 mm at the time 
of  ERCP. Interestingly, a dilated CBD was identified as a 
risk factor of  bile duct stone recurrence after endoscopic 
papillotomy by previous studies[4,6]. However, our results 
should be interpreted from a different point of  view 
because the pathogenesis of  CBD stone recurrence and 
the development of  acute cholecystitis differ. In East 
Asia the number of  primary CBD stone cases is relatively 
high compared with the number of  secondary CBD 
stones originating from a GB stone as compared with the 
situation in the West, although the number of  secondary 
CBD stone cases is increasing over the recent years due 
to the Westernization of  diet[32-34]. In patients with GB or 
CBD stones, the differentiation of  primary and secondary 
CBD stones is practically impossible because GB stones 
cannot be sampled for chemical analysis endoscopically, 
even though they are visualized by ERCP. However, 
considering the fact that patients with a dilated bile duct 
tend to form new stones in the bile duct and the cystic 
duct seldom passes large stones, large CBD stones with a 
dilated CBD are likely to be primary CBD stones[4,26,35,36]. 
On the other hand, small CBD stones in association with a 
non-dilated CBD are more likely to originate from the GB. 
If  cholecystectomy is not performed in such patients, acute 
cholecystitis development due to cystic duct obstruction 

by a gallstone is a risk during the process of  passage[37,38]. 
The same assumption can be applied to patients with a 
low total bilirubin level who were found to develop acute 
cholecystitis more frequently. Of  the 17 patients with 
cholecystectomy, 2 patients (11.8%) developed recurrent 
CBD stones after cholecystectomy. Thus cholecystectomy 
did not reduce CBD stone recurrence in our study, which 
suggests that most CBD stones may have been secondary 
rather than primary stones in our patients.

According to our data, 4 of  48 patients who were 
classified as acalculous at the time of  ERCP developed 
acute cholecystitis during follow-up. A review of  our 
operative records revealed that 2 of  4 patients had 
calculous cholecystitis and that the remaining 2 had no 
evidence of  a GB stone. However, for the two acalculous 
cholecystit is patients, the possibil ity of  calculous 
cholecystitis with a previously passed be excluded, because 
none of  them had the well-known predisposing factors of  
acalculous cholecystitis, i.e., severe illness or old age[39,40].

In conclusion, the present study shows that a serum 
bilirubin level of  <1.3 mg/dL and a CBD diameter of  
<11 mm at the time of  endoscopic CBD stone removal 
are risk factors for the development of  acute cholecystitis 
requiring cholecystectomy. Although our results are limited 
due to the retrospective nature of  our study, we suggest 
that prophylactic cholecystectomy should be reserved for 
patients who have the risk factors of  acute cholecystitis. 
Prospective randomized studies are needed to more 
definitively establish the risk factors of  acute cholecystitis 
after endoscopic CBD stone removal.
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patients with complete response than in those with no 
response.

CONCLUSION: Among the analyzed parameters 
TGF-β1 seems to play the most important role in the 
pathogenesis of fibrosis in CHC. Levels of this factor are 
significantly lower in subjects who do not have fibrosis 
developed in them. Good therapeutic effect in CHC 
patients is associated with significant changes in TGF-β1, 
VEGF, and bFGF levels. bFGF seems to have the highest 
usefulness in the prognosis of treatment efficacy.

© 2006 The WJG Press. All rights  reserved.
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INTRODUCTION
Hepatitis C virus (HCV) is among the main causes of  
chronic liver diseases. Consequences of  chronic HCV 
infection and high treatment costs make it a significant 
worldwide epidemiological, clinical, and social problem.

No patholog ica l f ibros i s i s found dur ing the 
initial stages of  the disease, however in course of  its 
development, the process increases, and the final stage 
is cirrhosis[1]. Fibrosis as an after-effect of  chronic liver 
inflammation is compared to wound healing[2,3]. It is 
supposed that growth factors taking part in classical 
reaction of  wound healing may play an important role in 
similar repair process occurring in the liver. Nature of  
fibrogenesis is excessive deposition of  collagen and other 
extracellular matrix (ECM) components in the organ 
parenchyma. ECM protein synthesis takes place mainly 
in hepatic stellate cells[2-4]. Inhibition and regression of  
fibrosis is connected with the limitation of  excessive 
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Abstract
AIM: To assess the role of transforming growth factor-β1 
(TGF-β1), vascular endothelial growth factor (VEGF) and 
basic fibroblast growth factor (bFGF) in the pathogenesis 
of fibrosis associated with chronic hepatitis C (CHC) 
and to evaluate the influence of the antiviral therapy 
on above parameter levels depending on the treatment 
results (complete response or no response).

METHODS: Study group included 100 patients with 
CHC, in whom fibrosis in liver specimens was assessed 
(Scheuer fibrosis score: 1-4 points). Control group 
included 30 subjects with antibodies anti-HCV present 
and persistently normal ALT level, without fibrosis 
(Scheuer fibrosis score: 0 points). Concentration of 
studied parameters was assayed in the serum by 
immunoenzymatic method before and after the therapy 
with interferon alpha-2b and ribavirin.

RESULTS: TGF-β1 levels were significantly higher in the 
study group compared to the control group (35.89 vs 32.37 
ng/mL; P = 0.023). Such differences were not found in VEGF 
and bFGF levels. In patients showing complete response 
(negative HCV RNA and normal ALT level), significant 
increase in VEGF (112.8 vs 315.03 pg/mL; P < 0.05) and 
bFGF (2.51 vs  15.79 pg/mL; P = 0.04) levels were found. 
Significant decrease in TGF-β1 level was observed both 
in responders (37.44 vs  30.02 ng/mL; P =0.05), and 
in non-responders (38.22 vs  30.43 ng/mL; P = 0.043). 
bFGF levels before the treatment were significantly lower 
(2.51 vs  5.94 pg/mL; P = 0.04), and after the treatment 
significantly higher (15.79 vs  4.35 pg/mL; P = 0.01) in 
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ECM protein production and degradation of  components 
already produced[5,6]. Growth factors may be detected 
in blood that is circulated. There are premises that they 
could serve as markers of  fibrosis and inflammatory 
activity, and could be useful in non-invasive hepatological 
diagnostics, especially in those situations when there are 
contraindications for liver biopsy[2].

Among several known isomeric forms of  transforming 
growth factor-β (TGF-β), the most significant role in 
pathogenesis of  liver fibrosis is played by TGF-β1. Main 
source of  TGF-β1 in the liver are activated stellate cells 
and Kupffer cells. The role of  this factor in fibrosis 
development has been studied for several years[5-10]. Results 
of  those studies confirm the existence of  a connection 
between the factor’s concentration in the blood and 
progression of  liver lesions[8-10], as well as reduction of  
those concentrations following treatment leading to the 
decrease of  fibrosis stage[10].

Vascular endothelial growth factor (VEGF) stimulates 
angiogenesis both in regular conditions and in neoplastic 
processes[11-15]. It has been verified to be closely involved in 
the development of  hepatocellular carcinoma and hepatic 
metastases[15].

Basic fibroblast growth factor (bFGF, FGF-2) is found 
in almost all tissues of  mesoderm and endoderm origins. 
Studies conducted on animal models show participation of  
the cytokine in regeneration of  tissues, angiogenesis and in 
wound healing process[16,17]. A role played by bFGF in the 
processes of  liver regeneration and fibrosis is not known. 
However, mentioned actions of  the factor towards other 
tissues suggest possibility of  its influence on fibrosis[18].

The only way of  liver fibrosis prevention known so 
far is effective causal treatment of  hepatitis[19]. Preferred 
treatment for patients with CHC is a combined therapy 
with interferon alpha and ribavirin. In antiviral treatment 
recombined interferons alpha (alpha 2a and alpha 2b) are 
used, recently usage of  pegylated interferons has become a 
standard. Ribavirin is an analog of  guanosine. Apart from 
producing a virostatic effect, the drug shows probably also 
immunomodulative activity. Aim of  CHC treatment is 
inhibition of  HCV replication shown by the disappearance 
of  HCV RNA in peripheral blood, which may lead to the 
decrease of  inflammatory activity and stage of  fibrosis 
found in histopathological examination.

We undertook this study to assess the role of  TGF-β1, 
VEGF, and bFGF in the pathogenesis of  liver fibrosis, 
evaluate effect of  antiviral treatment on concentration of  
these factors depending on the effect of  the treatment (full 
response or lack of  response), and define a biochemical 
marker useful for prognosis of  antiviral treatment efficacy.

MATERIALS AND METHODS
Patients
Ethical approval for the study was obtained from the 
Bioethical Committee of  Medical University of  Silesia. 
All serum and tissue samples were taken with patients’ 
informed consent.

Study group included 100 patients (48 females and 52 
males), aged between 19 and 64 (average 42 ± 3 years) with 
chronic hepatitis C (CHC).

The diagnosis of  CHC was confirmed by the presence 
of  serum HCV-RNA assayed with reverse transcription 
polymerase chain reaction (RT-PCR) method (Amplicor 
v.2 Roche Diagnostic test) and persistently elevated alanine 
aminotransferase (ALT) level for at least 6 mo. All studied 
patients had liver biopsy performed with Hepafix kit (B. 
Braun, Melsungen AG, Germany). Grade of  inflammatory 
activity and stage of  fibrosis were assessed according 
to Scheuer numeric scale[20]. Patients with pathologically 
confirmed cirrhosis met the criteria for the A class in 
Child-Pugh scale.

Control group included 30 patients with present anti-
HCV antibodies and normal ALT activity, with no or 
minimal necroinflammatory activity and no pathological 
fibrosis found in liver specimen pathological examination.

Methods
All patients starting the therapy and those belonging to the 
control group had blood collected in the beginning of  the 
study. Blood samples were also taken from the study group 
subjects after the completion of  therapy. Obtained serum 
was frozen at -70 °C until assay.

TGF-β1, VEGF, and bFGF concentrations were 
measured by immunoenzymatic method (Quantikine 
Immunoassay, R&D Systems Inc, Minneapolis, USA). 

In therapy of  CHC patients interferon alpha 2b 
and ribavirin were used (RebetronTM, Schering-Plough). 
Interferon alpha was administered at 3 MU dose thrice a 
week, ribavirin at a dose of  1 200 mg/d for patients ≥
75 kg of  body weight, or at a dose of  1 000 mg/day for 
patients with body weight lower than 75 kg. Treatment was 
continued for 48 wk.

Serum levels of  TGF-β1, VEGF, and bFGF were 
measured before and after the treatment.

In this study, comparison was made between the 
two groups of  patients - those with complete sustained 
response to applied antiviral treatment (undetectable HCV 
RNA and normalization of  ALT activity 6 mo after the 
end of  therapy) and lack of  this response (continuous 
elevated aminotransferase activity and presence of  HCV 
RNA after conclusion of  therapy).

Statistical analysis
Values were expressed as the mean ± SE. Hypothesis of  
studied parameters, mean values equality between the 
compared groups were assessed using Student’s t test for 
related and unrelated variables preceded with Fisher’s 
test for variance homogeneity and Mann-Whitney U test. 
P < 0.05 was considered statistically significant.

RESULTS
General characteristics of  patients with CHC and subjects 
belonging to the control group are presented in Table 1.

Figure 1 shows the results of  TGF-β1 assays in 
compared groups. In group of  patients with CHC, there 
was significantly higher serum concentration of  the factor 
compared to control group (35.89 ± 1.28 vs 32.37 ± 1.41 
ng/mL; P = 0.023).

VEGF ser um leve l s in compared g roups a re 
demonstrated in Figure 2. No significant differences of  
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vs 315.03 ± 29.3 pg/mL; P < 0.05), unlike the group of  
non-responders. In Figure 6, concentrations of  bFGF 
in treated patients are shown. Significant increase of  the 
concentration was demonstrated in patients with complete 
response to therapy (2.51 ± 0.29 vs 15.79 ± 1.8 pg/mL; 
P = 0.04). The concentration did not change significantly in 
the group of  non-responders.

bFGF levels before the treatment were significantly 
lower (2.51 vs 5.94 pg/mL; P = 0.04), and after the 
treatment significantly higher (15.79 vs 4.35 pg/mL; 
P = 0.01) in patients with complete response than in those 
with no response.

DISCUSSION
Process of  liver fibrosis has been recently a subject 
of  numerous studies. Attempts are made to recognize 

Table 1 Characteristics of patients

n Male/female Age (yr) ALT (U/L) AST (U/L) Alkaline phosphatase (U/L) Bilirubin (μmol/L)

CHC 100 52/48 42.08 ± 3 108.7 ± 10.12 75.6 ± 8.76 141.7 ± 6.78 18.9 ± 2.42
Control   30 16/14 40.79 ± 2 21.3 ± 1.92 18.5 ± 1.73 136.4 ± 6.56 13.8 ± 1.76
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Figure 1 Serum levels of TGF-β1 (ng/mL) in CHC group and control group. The 
box represents the interquartile range. The whiskers indicate the highest and 
lowest values. The line across the box indicates the median value.
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Figure 2 Serum levels of VEGF (pg/mL) in CHC group and control group. The box 
represents the interquartile range. The whiskers indicate the highest and lowest 
values. The line across the box indicates the median value.
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Figure 3 Serum levels of bFGF (pg/mL) in CHC group and control group. The box 
represents the interquartile range. The whiskers indicate the highest and lowest 
values. The line across the box indicates the median value.
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Figure 4 Comparison of TGF-β1 levels (mean and SE) before and after the 
antiviral therapy of CHC patients depending on treatment efficacy. 

this growth factor concentration were found between 
the hepatit is C group and control (231.84 ± 24.55 
vs 262.89 ± 33.99 pg/mL). Figure 3 presents bFGF 
concentration. No significant differences were found 
between CHC g roup and contro l (4 .35  ± 0 .58 v s 
3.30 ± 0.39 pg/mL).

In Figure 4, TGF-β1 concentrations measured before 
and after antiviral treatment are compared. In both groups 
– responders and non-responders – significant decrease 
in serum TGF-β1 concentration was found following 
antiviral treatment. TGF-β1 level in responders decreases 
from 37.44 ± 4.31 to 30.02 ± 4.16 ng/mL (P = 0.05) 
and in non-responders from 38.22 ± 3.93 to 30.34 ± 3.7 
ng/mL (P = 0.043). Figure 5 shows changes of  VEGF 
concentration following treatment with interferon and 
ribavirin. In group of  responders, significant increase of  
this factor concentration in blood was found (112.8 ± 10.2 

Before the treatment

After the treatment
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accompanying pathogenetic phenomena and define 
factors influencing its progression. Reports were published 
concerning the possibility of  fibrosis stage decrease 
following effective causal treatment, for example, following 
treatment of  CHC with interferon and ribavirin[6,10,21,22]. 
Some authors have reported even cases of  regression 
of  cirrhosis that has been considered irreversible so 
far[2,6,10,19,23-26]. This study made an attempt to define the role 
that may be played by chosen growth factors in processes 
occurring in course of  chronic hepatitis.

TGF-β1 is the growth factor of  the best known and 
confirmed pro-fibrogenic activity. In our study it was 
demonstrated that TGF-β1 concentration in patients with 
fibrosis in course of  CHC was indeed higher compared to 
the patients in whom there was no fibrosis development. 
Tsushima et al noted significant decrease of  TGF-β1 
concentration in serum, and inhibited expression of  
TGF-β1 mRNA in hepatic tissue following antiviral 
treatment, regardless of  the clinical result (both for 
responders and non-responders)[10]. Similar observations 
have been made during our study. For both groups of  
patients significant decrease of  the factor concentration 
was noted, regardless of  the final result of  treatment. This 
could suggest existence of  direct, inhibitory influence of  
interferon alpha and/or ribavirin on the expression of  
TGF-β1 that is independent of  the influence of  the drug 
on HCV replication.

VEGF, as a factor specifically inducing proliferation 
of  vascular endothelium cells, plays an important role 
in angiogenesis, and seems to play on indirect role in 
regeneration processes. One of  the repair processes in 
which VEGF plays its role is probably “wound healing” 
process taking place in liver, and being a consequence 
of  chronic inflammatory condition. Studies including 
analyses of  VEGF participation in the development 
of  hepatocellular carcinoma were performed[11-15], but 
only single attempts to assess its blood concentration 
and hepatic expression in hepatitis have been reported. 
Akiyoshi et al [27] found significant increase of  VEGF 
concentration in the serum of  patients with acute hepatitis 
of  typical course, but in cases of  fulminant hepatitis 
those concentrations were lower than in control group 

and increased in patients who recovered. Low VEGF 
concentrations were noted by the authors in cases of  
cirrhosis, but they did not show significant differences 
compared to control group in cases of  chronic hepatitis. 
Jinno et al obtained different results. In their study VEGF 
concentrations appeared to be significantly higher in cases 
of  chronic hepatitis and cirrhosis compared to healthy 
individuals[28]. In our study we did not find statistically 
significant differences of  VEGF concentrations in blood 
between patients with hepatitis C and control group. 
No papers estimating possible changes in the cytokine 
concentration following antiviral therapy have been 
published yet. Our study showed that in patients meeting 
the criteria of  response to this type of  treatment there was 
a significant increase of  VEGF serum concentration. The 
phenomenon was not observed in non-responsive patients. 
VEGF concentration increase following effective therapy, 
after which one could expect inhibition of  fibrosis, justifies 
the assumption that stimulation of  angiogenesis by this 
factor may be a key element in regeneration processes 
accompanying regression of  liver fibrosis.

bFGF, a g rowth factor with wel l documented 
participation in classic process of  “wound healing”, may  
also play a role in repair processes taking place in liver 
damaged by inflammatory condition, however, number 
of  published reports on this topic is very low. Jinno 
et al found that bFGF blood concentrations increase 
with the liver disease progression[18]. In our study bFGF 
levels were not statistically different in case and control 
groups. Following treatment with interferon and ribavirin, 
significant increase of  the factor concentration was found 
in patients, for whom the therapy proved to be effective. 
Moreover, it was noted that complete therapeutic 
response occurred in patients whose initial concentration 
of  this cytokine was significantly lower, and significantly 
higher following the treatment than in non-responders 
group. As one of  the probable bFGF activity courses is 
stimulation of  endothelium cells proliferation[16,17], it may 
be assumed that increase of  the cytokine concentration 
fol lowing effect ive treatment may be l inked with 
intensification of  angiogenesis, just like in the case of  
VEGF.
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Figure 5 Comparison of VEGF levels (mean and SE) before and after the antiviral 
therapy of CHC patients depending on treatment efficacy.
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Studies showed that antiviral treatment, especially 
effective one, causes significant changes in concentrations 
of  some growth factors. Studies documenting decrease of  
fibrosis stage following the therapy and concluded with 
persistent inhibition of  virus replication are increasing. 
Combination of  those facts justifies assumption that those 
cytokines may play an important role in pathogenesis of  
changes taking place in liver during chronic inflammatory 
conditions. Studies documenting participation of  the 
growth factors other than TGF-β1 in those processes are, 
as for now, very sparse. It seems, however, that the topic 
deserves interest. Precise knowledge concerning processes 
leading to the development of  fibrosis could contribute to 
elaboration of  methods aimed at prevention of  the disease 
progression and complications. 

Among the factors analyzed in our study, TGF-β1 plays 
the most significant role in pathogenesis of  fibrosis in 
course of  CHC. It supports results of  other studies. 

We have demonstrated that good therapeutic effect in 
patients with CHC is connected with influence of  drugs 
on TGF-β1, VEGF, and bFGF serum concentration. 
These findings suggest possible usefulness of  these factors 
in assessment of  antiviral treatment efficacy and indication 
of  medication failure. It seems that bFGF shows the best 
prognostic value regarding final antiviral treatment results.
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INTRODUCTION
Cadherins are a family of  transmembranous glycoproteins 
responsible for calcium-dependent intercellular adhesion, 
and play a dual role as adhesion ligands and receptors in 
cell adherents junctions (AJs). They are divided into more 
than ten subclasses, which are distinct in immunologenic 
specificities and tissue distribution. AJs are cell-to-cell 
adhesion sites where classic cadherins, cytoplasmic catenins 
(α-, β-, γ-) and actin-based cytoskeleton are assembled. 
Such protein complex plays a role as a functional unit in 
mediating cell adhesion and signal transduction and is 
involved in regulation of  cell recognition, migration and 
cell sorting behavior [2, 3]. E-cadherin and N-cadherin, 
members of  cadherin superfamily, are the most popular 
adhesion receptors in tissues. E-cadherin is predominantly 
expressed in epithelia, and loss of  E-cadherin expression 
is a major characteristic of  highly invasive and metastatic 
cancer [4], while re-expression of  E-cadherin results in 
reversion of  metastatic phenotypes to benign phenotypes. 
E-cadherin has been known as a tumor suppressor 
against invasion and metastasis of  tumors [5]. N-cadherin 
is expressed in mesenchymal cells, but recent study 
demonstrated that N-cadherin is associated with an 
increased invasive potential of  cancer [6]. Forced expression 
of  N-cadherin exerts a dominant effect over E-cadherin 
function in breast cancer cells [7]. 

In early embryonic development, loss of  E-cadherin 
accompanying the acquisition of  fibroblastic phenotype 
occurs through a mechanism called epithelial-mesenchymal 
transition (EMT). This is an essential event during 
gastrulation and neural crest formation [8] as well as in early 
invasion and metastasis of  carcinoma cells [9]. Multiple 
mechanisms can inactivate E-cadherin in cancer cells, such 
as gene mutation, promoter hypermethylation, chromatin 
rearrangement, and transcriptional repressors. Several 
developmentally important genes inducing EMT act as 
E-cadherin repressors. In vertebrates, snail and its closely 
related gene slug bind directly to E-boxes in the E-cadherin 
promoter and repress E-cadherin expression directly in 
mouse and human invasive carcinoma cells [10]. A further 
molecule known to trigger EMT is twist, which is possibly 
involved in E-cadherin and N-cadherin conversion during 
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Abstract
AIM: To explore the expression of cadherin isoforms 
in cultured human gastric carcinoma cells and its 
regulation. 

METHODS: The expressions of cell adhesion molecules 
(including E-cadherin, N-cadherin, α-catenin, β-catenin) 
and cadherin transcription factors including snail, slug 
and twist were determined by reverse transcriptase-
polymerase chain reaction(RT-PCR), immunoblotting 
and immunofluorescence in SV40-immortalized human 
gastric cell line Ges-1 and human gastric cancer cell lines 
MGC-803, BGC-823 and SGC-7901.  

RESULTS: All cell lines expressed N-cadherin, but 
not E-cadherin. N-cadherin immunofluorescence was 
detected at cell membranous adherents junctions where 
co-localization with immunofluorescent staining of 
inner surface adhesion proteins α- and β-catenins was 
observed. The transformed Ges-1 and gastric cancer cell 
lines all expressed transcription factors (snail, slug and 
twist) which inhibited the expression of E-cadherin and 
triggered epithelial-mesenchymal transformation. 

CONCLUSION: Cadherin isoforms can change from 
E-cadherin to N-cadherin in transformed human gastric 
cancer cells, which is associated with intracellular events 
of stomach carcinogenesis and high expression of 
corresponding transcription factors. 

© 2006 The WJG Press. All rights reserved.
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EMT [11]. In the present study, we chose a transformed 
human gastric cell line as control and three human gastric 
cancer cell lines to detect the expression of  E-cadherin and 
N-cadherin subtypes and their associated adhesion protein 
(α- and β-catenins) related to changes of  transcription 
factors (snail, slug and twist), and to analyze the role 
of  snail and other EMT regulators in down-regulating 
E-cadherin in gastric cancer cells. 

MATERIALS AND METHODS
Cell culture
Human gastric cancer cell lines MGC-803, BGC-823 and 
SGC-7901 were cultured in RPMI1640 medium (GIBCO/
BRL) containing 10% fetal bovine serum. Ges-1, a non-
tumorigenic but immortalized human gastric cell line, was 
obtained by SV40 viral transformation and cultured in 
RPMI1640 medium supplemented with 15% fetal bovine 
serum [12]. 

Immunoblotting experiments
Cells of  logarithmic growth potential treated with RIPA ly-
sis buffer (50mmol/L Tris-HCl pH 7.4, 150mmol/L NaCl, 
1% NP40, 50mmol/L NaF, 0.1mmol/L Na3VO4, 1mmol/
L phenylmethylsulfonyl fluoride, 10μg/mL leupeptin, 
0.1% SDS,  0.5% deoxycholic acid, 50mmol/L HEPES, 
10mmol/L EDTA, 50mmol/L sodium pyrophosphate, 
50mmol/L ammonium molybdate) were used to deter-
mine the total protein concentration according to Bradford 
protein quantification method. Samples of  equal amount 
were loaded onto 10% SDS-PAGE gel and electropho-
retically transferred to PVDF membrane, blocked with 
5% non-fat milk/TTBS, reacted with primary antibody, 
washed with TTBS and labeled with goat and anti-mouse 
or rabbit secondary antibody. The primary antibodies used 
were mouse anti-N-cadherin monoclonal antibody, rab-
bit anti-E-cadherin polyclonal antibody, rabbit anti-α- and 
β-catenin polyclonal antibody (Sigma). Protein signals were 
detected using ECL chemiluminescence reagent (Amer-
sham Phamacia).

Indirect immunofluorescent staining
Cells growing on coverslips were fixed in 2% formaldehyde 
for 3 min and extracted 3 times (10 min each) with 0.5% 
Triton X-100. The cell samples were incubated with 
primary antibodies (described above) at 37°C for 1 h, 
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washed with PBS containing 0.5% Triton X-100 and then 
reacted with FITC- or rhodamine-conjugated secondary 
antibodies (Jackson ImmunoResearch Laboratories, 
West Grove, PA) at 37°C for 1 h. After washed, the 
samples were rinsed in 0.9% NaCl, stained with 1μg/L 4, 
6-diamidino-2-phenylindole (DAP; Sigma) and mounted in 
60% glycerol/PBS. Olympus BH2 fluorescent microscope 
equipped with FITC- and rhodamine- channel filter 
systems was used to observe distribution of  different 
proteins in the same fields. Kodak TMAX-400 black and 
white films were used for photographs. 

RT-PCR
Total RNA was extracted from cells of  logarithmic 
growth potential with Trizol (Invitrogen) as described, 
then suspended in 50μL RNase-free water and quantified. 
Reverse-transcription was performed in a final volume 
of  20μL using superscript III reverse transcriptase 
(Invitrogen) according to the manufacturer’s instructions 
under the following conditions:1mmol/L dNTP, 50ng 
Oligo-dT15 and 3μg total RNA. The react ion was 
performed at 50°C for 45 min, followed by inactivation 
of  the enzyme at 70°C for 15 min. The sequences of  the 
specific primers are listed in Table 1. Forty cycles of  PCR 
amplification were performed at 94°C for 1 min, at 58°C 
for 1 min, at 72°C for 1 min. PCR products were identified 
by running on 1.2% agarose gel.

RESULTS
E-cadherin expression lost in SV40-immortalized Ges-1 
and gastric cancer cell lines 
The three gastric cancer cell lines MGC-803, BGC-823, 
and SGC-7901 were negative for E-cadherin expression 
as demonstrated by RT-PCR, immunoblotting and 
immunofluorescent staining. The SV40-transformed 
gastric epithelial cell line Ges-1, non-tumorigenic in nude 
mice with normal cell morphology, was also negative 
for E-cadherin expression at mRNA and protein levels 
(Figure 1).  

N-cadherin expression in SV40-immortalized Ges-1 and 
gastric cancer cell lines
In order to understand the formation of  adherens 
junctions in these E-cadherin negative cell lines, N-cadherin 
expression was detected by RT-PCR, immunoblotting and 

Table 1 PCR Primers used in experiments

Genes
E-cadherin (361bp)

N-cadherin (373bp)

Snail(377bp) 

slug(410bp)

twist(612bp)

GAPDH (451bp)

Primers (sense/anti-sense)
5’-TCCATTTCTTGGTCTACGCC-3’
5’-TTTGTCCTACCGACTTCCAC-3’
5’-GTGCCATTAGCCAAGGGAATTCAGC-3’
5’- GGAGGATACTCACCTTGTCCTTGCG-3’
5’-CTGCAGGACTCTAATCCAG-3’
5’- CGAGAGACTCCGGTTCCTA-3’
5’-AGCGAACTGGACACACATAC-3’
5’-TCTAGACTGGGCATCGCAG-3’
5’-GCAAGCTTAGAGATGATGCAGGACG-3’
5’-GACTCGAGGTGGGACGCGGACATGGA-3’
5’-ACCACAGTCCATGCCATCAC-3
5’-ATGTCGTTGTCCCACCACCT-3’

Figure 1 Expression of E-cadherin in SV40-immortalized Ges-1 and gastric cancer 
cell lines. Negative staining of E-cadherin in Ges-1 and MGC-803 was shown on 
immunofluorescent micrographs.

Ges-1 MGC-803
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immunofluorescent staining (Figure 2).  N-cadherin mRNA 
was found in all these E-cadherin negative cell lines (SV40-
transformed Ges-1, BGC-823, MGC-803, and SGC-7901). 
In consistence with N-cadherin mRNA expression, a band of  
135 ku N-cadherin protein was also shown in these cell lines 
as detected by Western blotting of  N-cadherin. N-cadherin 
fluorescence was distributed at cell-cell contact membrane 
regions, suggesting that these cells established adherents 
junctions through N-cadherin rather than E-cadherin. 
Alteration of  cadherin isoforms from E-cadherin to 
N-cadherin occurred in the process of  carcinogenesis.

Expression of α- and β-catenins in SV40-immortalized 
Ges-1 and gastric cancer cell lines
Immunoblotting of  α- and β-catenins showed reactive 
bands at 102 ku and 94 ku respectively in Ges-1 and gastric 
cancer cell lines. The fluorescence of  α- and β-catenins 
was found at the cell-cell contact borders irrespective 
of  transformed cells or cancer cells (Figure 3). The 
colocalization of  both cadherin and catenins indicated 
the formation of  cadherin/catenin complex at adherents 
junctions. 

Expression of E-cadherin transcription repressor and 
N-cadherin activator in Ges-1 and gastric cancer cell lines
The transcription factors (snail, slug and twist) could 
repress the expression of  E-cadherin and induce the 
expression of  N-cadherin. Thus, we examined the 
expression of  these transcription factors in these cell lines 
with alteration of  E-cadherin to N-cadherin by RT-PCR. 
They were all expressed in Ges-1 and three cancer cell 
lines, but their expression levels varied (Figure 4).

DISCUSSION 
It is well known that E-cadherin is an adhesion receptor 
of  normal epithelial cells that binds to cytoplasmic 
adhesion proteins to form E-cadherin/catenin complex 
as an anchorage site for actin-based cytoskeleton. The 
E-cadherin/catenin/cytoskeleton complex plays an 
important role in the maintenance of  structural and 
functional stability of  epithelial tissues. Loss of  E-cadherin 
expression or function in epithelial carcinoma has been 
considered as a primary reason for disruption of  cell-cell 
contacts. However, there is evidence that other cadherins, 
such as N-cadherin, are up-regulated in cancer cell lines [13]. 
N-cadherin is present in invasive cancer cell lines and its 
exogenous expression in tumor cells increases the ability 

Ges-1 MGC-803

BGC-823 SGC-7901

Ges-1                                 MGC-803

a-catenin

b-catenin

102 ku

94 ku

Ges-1     MGC-803   BGC-823         SGC-7901

a-catenin

b-catenin

Ges-1             MGC-803          BGC-823          SGC-7901

snail

slug

twist

GAPDH

A

135 ku

373 bp

Ges-1    MGC-803   BGC-823  SGC-7901

B

C

A

B

Figure 2 Expression of N-cadherin in SV40-immortalized Ges-1 and gastric cancer 
cell lines. A: Distribution of N-cadherin fluorescence on cell membranes in Ges-1 
and gastric cancer cell lines; B: A band of 135 ku N-cadherin protein detected by 
Western blotting of N-cadherin; C: N-cadherin mRNA expression shown by RT-
PCR.

Figure 3 Expression of α- and β-catenins in Ges-1 and gastric cancer cell lines. 
A: Distribution of α- and β-catenin fluorescence on cell membranes and cell-cell 
borders in Ges-1 and MGC-803; B: Reactive bands at 102 ku and 94 ku of α- and 
β-catenins in Ges-1 and cancer cell lines.

Figure 4 Expression of E-cadherin transcription repressors (snail, slug) and 
N-cadherin activator (twist) in Ges-1 and gastric cancer cell lines.
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of  invasion and metastasis of  tumor cells. Changes in 
the expression of  cadherins occur in the early embryonic 
development during gastrulation and neural crest 
formation. The loss of  E-cadherin with the acquisition of  
fibroblastic phenotype occurs through a mechanism called 
epithelial-mesenchymal transition (EMT) during early 
invasion and metastasis of  carcinoma cells. To investigate 
the occur rence of  cadherin conversion in gastr ic 
carcinoma, we determined the expression of  E-cadherin 
and N-cadherin in transformed human gastric cell line and 
three gastric cancer cell lines. The results demonstrated 
that three human gastric cancer cell l ines were all 
negative for E-cadherin immunofluorescent staining and 
immunoblotting, which is in agreement with the reported 
data, suggesting that E-cadherin expression is inhibited 
in gastric cancer cells [14]. Meanwhile, our finding is in 
accordance with the report that loss of  E-cadherin is a key 
step in the progression from benign adenoma to malignant 
carcinoma in vivo [15].  However, in our study, N-cadherin 
was expressed in all these E-cadherin negative cell lines 
and N-cadherin fluorescence was distributed at cell-cell 
contact membrane regions, suggesting that these cells are 
established at the adherents junctions through N-cadherin 
rather than E-cadherin. Apparently, alteration of  cadherin 
isoforms from E-cadherin to N-cadherin occurs in the 
process of  carcinogenesis. SV40-transformed gastric 
epithelial cell line Ges-1 characterized by immortalization 
in vitro and normal cell morphology, was also negative 
for E-cadherin expression at mRNA and protein levels, 
suggesting that inhibition of  E-cadherin expression may 
be an early cellular event in the process of  cell malignancy.  

The interaction between cytoplasmic cadherins 
and catenins is critical for the formation of  stable and 
functional AJs. The mutation or homozygous deletion of  
catenin gene leads to loss of  cell-cell adhesion. Moreover, 
β-catenin can act as a transcrption factor in nuclei as 
an activator of  LEF/TCF family of  the DNA-binding 
proteins, which is activated by the Wnt signal pathway 
[16]. We therefore investigated the expression of  α- and 
β-catenins in the same cell lines. Immunoblotting and 
immunofluorescence staining showed positive expressions 
of  α- and β-catenins in transformed Ges-1 and three cancer 
cell lines. Meanwhile, we did not find the relocalization 
of  β-catenin in nuclei, suggesting that cadherin/catenin 
complex is formed at adherents junctions. In gastric cancer 
cells, the formation of  N-cadherin/catenin complex at 
AJs after conversion of  cadherin isoforms may imply 
that the mediated adhesion signals are needed for remote 
metastasis of  cancer cell mass.

Multiple mechanisms can inactivate E-cadherin 
in cancer cells. Recent reports have highlighted the 
role of  EMT regulator, snail, a strong repressor of  
E-cadherin gene expression in cancer cell lines [17, 18]. 
Snail is a zinc finger transcription factor which directly 
represses E-cadherin expression by binding to E-box 
DNA-binding sequence CAGGTG and is required for 
mesoderm differentiation and neural crest formation 
during embryonic development. In human carcinoma 
and melanoma, the expression of  snail correlates with 
the absence of  E-cadherin expression [19-21]. Forced 
expression of  snail in cultured epithelial cells represses 

the E-cadherin promoter and increases invasion and 
matrix metalloproteinase-2 expression [22]. Slug, which 
also represses the E-cadherin promoter, can likewise 
induce EMT, increase cell motility and invasion and confer 
tumorigenesis [23]. Twist is originally identified in Drosophila 
as a protein involved in establishing dorso–ventral polarity 
and in epithelial–mesenchymal transition. Recent findings 
indicate that twist is both an E-cadherin repressor and 
an EMT inducer [24]. Furthermore, the findings implicate 
that twist is involved in tumor cell intravasation and in 
tumor metastasis. In the present study, strong expressions 
of  snail, slug and twist were observed in the transformed 
gastric cell line Ges-1 and three gastric carcinoma cell lines. 
Meanwhile, these cell lines were all negative for E-cadherin 
expression but positive for N-cadherin expression. 

In conclusion, EMT regulators play a critical role 
in human gastric carcinoma. The transcription factors 
(snail, slug and twist) are correlated with the alteration 
of  cadherin isoforms in human gastric cancer cells. 
However, the mechanism of  how the transcription factors 
regulate the alteration of  cadherin isoforms remains to be 
elucidated.
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examination and the intussuscepted appendix may be 
interpreted as a cecal polyp. Occasionally, the patient has 
no gastrointestinal symptoms. Whereas carcinoid tumor 
(now termed as well-differentiated neuroendocrine tumor) 
is the commonest tumor of  the appendix, neuroendocrine 
carcinoma of  the appendix is a rare entity (occurring in 
about 0.2% of  all appendicectomy specimens[2]). We here 
present a case of  a previously unreported phenomenon of  
intussusception of  the appendix due to a neuroendocrine 
carcinoma.

CASE REPORT
A 70-year-old man presented with an 18-mo history 
of  13 kg weight loss. He was originally referred to the 
rheumatologists for investigation as he had a past medical 
history of  rheumatoid arthritis. Other past medical history 
included cholecystectomy and partial gastrectomy with 
vagotomy for perforated duodenal ulceration. He had no 
gastrointestinal symptoms.

He underwent an upper gastrointestinal endoscopy with 
no abnormalities detected. Colonoscopy revealed a lesion 
in the ascending colon that appeared macroscopically 
malignant (Figure 1). Two further benign-looking polyps 
were also identified, one each in the transverse colon and 
at the hepatic flexure. Biopsies of  the ascending colon 
lesion suggested adenocarcinoma. A CT scan failed to 
demonstrate the tumor due to extensive fecal loading. 
There was no evidence of  metastatic disease. Pre-operative 
blood investigations revealed a mild iron-deficiency anemia 
(hemoglobin 11.9 g/dL) and no other abnormality.

During the operation, a cecal tumor was found and 
a large lymph node was present in the mesentery. An 
extended right hemicolectomy was performed and an end-
to-end anastomosis fashioned.

T h e r e s e c t e d s p e c i m e n s h o w e d c o m p l e t e 
intussusception of  the appendix, with invagination of  
mesoappendix fat seen at the base on the peritoneal 
surface. The whole of  the appendix was involved by 
the tumor, and measured 4.5 cm in length and 2.5 cm 
wide at the base (Figure 2). Microscopic examination 
revealed a well-differentiated neuroendocrine carcinoma 
with a trabecular and glandular pattern (Figure 3), which 
was invading into the invaginated serosal fat of  the 
appendix. Immunohistochemistry showed weak positivity 
with chromogranin (Figure 4) and synaptophysin, and 
strong membrane and cytoplasmic positivity with the 
low molecular weight cytokeratin (CK) marker, CAM 
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Abstract
We have described a previously unreported entity of 
an intussuscepted neuroendocrine carcinoma of the 
appendix. Our patient was a 70-year-old man whose 
only complaint was insipient weight loss. Colonoscopy 
showed a malignant cecal “polyp”, and an extended right 
hemicolectomy was performed. We have reviewed the 
literature on the causes of appendiceal intussusception 
and their appropriate treatment options, and clarified 
the classification of neuroendocrine tumors of the 
gastrointestinal tract.
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INTRODUCTION
Intussusception of  the appendix is a well-recognized, 
though rare, entity (occurring with an incidence of  
0.01% in a large autopsy series[1]). Occasionally it is 
accompanied by an associated appendiceal abnormality, 
such as an adenoma, endometriosis, carcinoid tumor or 
adenocarcinoma. Typically, these cases present as acute 
appendicitis. Less commonly, they present with chronic 
episodic abdominal pain, cecal mass or even rectal bleeding, 
for which the patient may have to undergo an endoscopic 
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5.2. The tumor cells were negative for CK 20, which is 
usually positive in primary colorectal adenocarcinoma. 
The histological pattern and immunoprofile were those 
of  neuroendocrine carcinoma. Lymphovascular invasion 
was identified and 1 of  the 11 dissected lymph nodes 
contained metastatic carcinoma. The involved node was 
2 cm in size and largely necrotic. Five other small polyps 
were also found within the specimen (2 hyperplastic, 3 
adenomatous).

Post-operative recovery was uncomplicated and he was 
discharged 7 d post-operatively. The case was discussed 
at the colorectal cancer multidisciplinary (MDT) meeting 
and consensus was that no further adjuvant treatment was 
needed. He was to be followed up in the surgical clinic and 
was well 4 mo post-surgery.

DISCUSSION
Intussusception of  the appendix is rare. In a study 
by Collins, of  71 000 autopsy appendiceal specimens, 
prevalence of  intussusception was only 0.01%[1]. Clinically 
it is almost never diagnosed pre-operatively, most 
commonly mimicking acute appendicitis. It can also 
present with symptoms of  chronic, episodic abdominal 
pain with or without rectal bleeding, painless rectal 
bleeding, or may be asymptomatic. Cases can be diagnosed 

preoperatively by means of  radiological examination[3]. 
At barium enema there is an absence of  appendiceal 
filling together with a cecal-filling defect in the anticipated 
location of  the appendix. Ultrasound scanning may show 
a “target-like” picture or “concentric ring sign”, though 
neither of  these radiological appearances is specific for 
an intussuscepted appendix[4]. CT scans may reveal a mass 
lesion within the cecum without a discernable appendix. 
At colonoscopy, the intussusception may be misinterpreted 
as a cecal polyp. Therefore, in all the cases of  cecal polyp 
identification, the appendiceal orifice should be routinely 
searched for and noted to be present.

The mechanism and pathogenesis of  intussusception 
of  the appendix has been extensively studied by Fink et 
al[5]. It may be due to anatomical causes, such as a thin 
mesoappendix, a mobile appendix, or a wide appendicular 
lumen, or due to an associated appendiceal abnormality. 
These include intraluminal factors (fecoliths, foreign 
bodies, parasites) or intramural factors (lymphoid follicle 
hyperplasia, endometriosis, and tumors).

Tu m o r s o f  t h e a p p e n d i x , w i t h o r w i t h o u t 
intussusception, are uncommon. Mostly they are benign 
entities, such as mucocoeles, adenomata, and benign 
carcinoids tumors. Few are malignant, occurring in only 
about 1% of  appendicectomy specimens[6]. In one large 
series, only 20% of  these malignant appendiceal tumors 

Figure 1 Endoscopic appearance of polypoidal lesion in the cecum.

Figure 2 Gross specimen of invaginated appendiceal tumor seen on opening 
cecum.

Figure 3 Well-differentiated neuroendocrine carcinoma, arranged in nests and 
trabeculae, beneath uninvolved large-intestinal type appendiceal mucosa (top left 
hand corner) (hematoxylin and eosin; ×16).

Figure 4 Chromogranin positive immunohistochemical staining (brown cytoplasmic 
staining) demonstrating neuroendocrine differentiation of tumor cells (×40, 1:5 000 
dilution, DAK-A3 clone, DAKO, Cambridge, UK).
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were neuroendocrine carcinomas[2], the majority being 
adenocarcinomas. Using the WHO classification of  
endocrine tumors of  the gastroenteropancreatic system 
(2000)[7], classical benign carcinoid tumors have been 
incorporated under the heading of  neuroendocrine tumors, 
and are now termed as well-differentiated neuroendocrine 
tumors. They are considered to be of  benign or uncertain 
malignant potential. Those with malignant features 
(infiltrative growth pattern, invasion into the muscularis 
propria, greater than 2 cm in diameter, or with nodal 
metastases), previously called malignant carcinoids, are 
now termed as neuroendocrine carcinomas, well- or 
poorly-differentiated. Until now, no poorly-differentiated 
neuroendocrine carcinomas of  the appendix have been 
described. Classically, well-differentiated neuroendocrine 
carcinomas of  the appendix have organoid, nesting, 
trabecular, rosette-like or palisading patterns, suggestive 
of  endocrine differentiation[8]. They are associated with 
a worse prognosis than the more commonly diagnosed 
benign carcinoids/well-differentiated neuroendocrine 
tumors.

It is important that an intussuscepted appendix is 
managed appropriately. In those cases uninvolved by a 
concurrent malignant tumor, reduction at laparotomy or 
laparoscopy with subsequent appendicectomy, or right 
hemicolectomy is the surgical treatment of  choice. These 
lesions may be misinterpreted as a broad-based cecal 
polyp during colonoscopy, and subsequent endoscopic 
resection may result in unexpected complications, 
such as perforation and peritonitis[9]. Therefore, wide-
stalked cecal polyps, where the appendiceal orifice 
cannot be visualized, should be approached with caution 
endoscopically. However, in the circumstances when a 
malignant tumor of  the appendix is also present, right 

hemicolectomy or ileocecal resection with lymph node 
dissection should be performed[1]. Though a diagnosis of  
appendiceal intussusception had not been pre-operatively 
made in our patient, he underwent the correct treatment 
of  an extended right hemicolectomy, because of  the pre-
operative diagnosis of  a presumed malignant cecal polyp.
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steroid-dependent or fistulizing Crohn’s disease[4,14,19]. 
The association between the use of  this monoclonal 
chimeric mouse antibody, and increased risk of  severe 
bacterial infections[16] and reactivation of  tuberculosis[6] 
has received much attention. The influence of  infliximab 
on viral infections, however, has not been extensively 
investigated, and data that are available on reactivation of  
chronic viral infections such as hepatitis B and C and EBV 
are conflicting. Reijasse et al[15] studied the viral kinetics 
of  EBV in patients receiving immunosuppressive drugs 
including infliximab and found no increased viral load in 
them compared to the control group. Several case studies 
and investigations of  small patient cohorts have reported 
that Crohn’s disease in patients with documented pre-
existing chronic hepatitis B or C was successfully treated 
with infliximab, without the drug causing any deterioration 
of  the liver disease[11,13,21]. In contrast to these publications, 
in their prospective study of  Crohn’s patients with 
coexisting chronic HBV-infection treated with infliximab, 
Esteve et al[1] observed two severe hepatitis flare-ups 
during treatment with this drug. Ostuni et al[12] reported 
on a patient with reactivated hepatitis B after therapy 
with infliximab and methotrexate. Michel et al[8] observed 
fulminant hepatic failure in a patient with inactive chronic 
hepatitis B after being treated with infliximab but without 
signs of  HBV-reactivation and therefore of  unknown 
etiology.

Several authors have recommended pre-emptive 
treatment with lamivudine of  HBV-carriers with Crohn’s 
disease before starting infliximab-therapy[1,8].

FDA-recommendat ions re leased in December 
2004 also alert physicians to the danger of  primary 
hepatotoxicity or reactivation of  chronic viral hepatitis 
caused by the administration of  infliximab.

CASE REPORT
We report here on a 50-year-old patient in whom Crohn’s 
disease with terminal ileitis was diagnosed in January 2001. 
Initially he received a course of  mesalamine. This, proving 
to be ineffective, was followed by a course of  systemic 
steroids together with mesalamine. Steroid withdrawal was 
difficult, but in June 2003 steroids were discontinued and 
the patient was in complete remission until February 2004 
when he had a relapse with abdominal pain and loose and 
bloody stools. Treatment was restarted with budesonide 
3 mg t.i.d. and azathioprine 150 mg. Budesonide failed to 
improve the symptoms and steroid-therapy was switched 
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Abstract
Infections are a major adverse effect during the 
treatment with anti-TNF-α. While exclusion of any 
bacterial infection and screening for tuberculosis are 
mandatory before initiating a therapy with anti-TNF- 
α-antibodies, there are no guidelines whether to screen 
for or how to deal with chronic viral infections such as 
hepatitis B. In this case report, we have described a 
patient with Crohn's disease who developed subfulminant 
hepatitis B after the fourth infusion of infliximab due to 
an unrecognized HBs-antigen carrier state. He recovered 
completely after lamivudine therapy was started, but 
this severe adverse event could have been prevented 
if screening for HBV and pre-emptive therapy with 
lamivudine would have been started prior to infliximab. 
We therefore strongly argue in favor of extended 
screening recommendations for infectious diseases 
including viral infections before considering a therapy 
with infliximab.

© 2006 The WJG Press. All rights  reserved.
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INTRODUCTION
Infliximab has become the standard therapy for refractory, 
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to systemic steroids (methylprednisolone 40 mg) again. 
Abdominal pain and bloody stools improved under this 
regimen but tapering of  steroids was followed by an 
immediate relapse despite azathioprine 2 mg/kg for several 
months. Endoscopy showed ulcerating inflammation 
in the terminal ileum and capsule endoscopy revealed 
involvement of  the distal jejunum. Bowel surgery was 
discussed with the patient, but he wished to try every 
possible medical treatment before going for surgery. We 
therefore re-assessed the situation and decided to add 
infliximab 5 mg/kg (total amount 400 mg) because of  
steroid-dependent disease. Tuberculosis was excluded by 
tuberculin-testing and chest x-ray. Blood tests showed mild 
leukocytosis (14 g/L), all other results including renal and 
liver function tests, c-reactive protein, iron metabolism, 
and vitamins were within normal ranges. There was no 
history of  any other disease before the diagnosis of  
Crohn’s disease, besides a mild reactive depression for 
which the patient has been on mirtazapine for more than a 
year. Transaminases were documented to be within normal 
ranges since 2001.

Infliximab was administered successfully at week 
0, 2, and 6 followed by complete remission and rapid 
tapering of  steroids. Basis therapy consisted at this time 
of  azathioprine 150 mg, mirtazapine 30 mg, pantoprazole 
40 mg and brotizolam 0.25 mg at night. The infusion at  
wk 6 was followed by 3 d of  flu-like symptoms. One 
month after the third infliximab infusion, the patient 
came to the outpatient clinic because of  abdominal 
discomfort and malaise. Blood tests showed signs of  
acute hepatitis (ALT 983 [normal <50 IU/L], AST 413 
[normal <50 IU/L], γGT 109 [normal <66 IU/L], LDH 
237 [normal <232 IU/L], bilirubin 2.17 [normal <1.28 
mg/dL] and a decreased prothrombin time of  63% [normal 
>70%]) (course of  ALT Figure 1). Liver parenchyma was 
hyperechogenic in sonography but there were no signs 
of  liver cirrhosis and as expected, there were no signs of  
mechanical cholestasis. The patient mentioned at this point 
that he had been immunized against hepatitis A and B six 
months before by his general practitioner because all other 
members of  his family had undergone hepatitis B and he 
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intended to travel to Southern Europe during the summer 
holidays. No previous serological examination had been 
performed before immunization.

Complete work-up was done one week after his 
admission to the hospital. Hepatitis-serology revealed 
immunity against hepatitis A and negative serology and 
PCR for hepatitis C, but circulating HBs-antigen, no 
HBe-antigen but anti-HBe- and anti-HBc-antibodies, and 
negative anti-HBc-IgM were detected. Quantification 
of  HBV-DNA showed >220 000 000 copies/mL  
(38 000 000 IU/mL). Other causes for hepatitis such as 
EBV, CMV, autoimmune hepatitis and acute Wilson's 
disease were ruled out. We suspected reactivation of  
hepatitis B from a previously unknown HBV-carrier state. 
This was corroborated by serology from a frozen serum 
sample from a previous visit in 2001 also showing the 
features of  an HBs-antigen carrier but a low viral load with 
116 copies/mL (20 IU/mL).

Antiviral therapy (lamivudine 150 mg daily) was 
started immediately after diagnosis. Despite the therapy, 
liver synthesis parameters transiently decreased and 
reached a nadir three weeks after the first manifestation 
with a prothrombin-time of  42% and bilirubin peak of   
35 mg/dL. At the same time, the patient developed 
mild hepatic encephalopathy with increased sleepiness. 
One month after the diagnosis, the patient recovered, 
t ransaminases decreased and prothrombin- t ime 
normalized and HBV-DNA dropped to 2 000 000 copies/
mL (340 000 IU/mL). The patient could be discharged 
and followed up in the outpatient clinic. The most 
recent visit two months after the acute hepatitis showed 
normal transaminases and HBV-DNA of  989 copies/mL  
(170 IU/mL).

DISCUSSION
While patients undergoing chemotherapy for malignancy 
have long been screened for chronic hepatitis B and treated 
prophylactically with lamivudine if  positive, this has not 
been performed on a routine basis in patients with chronic 
inflammatory bowel disease requiring immunosuppressive 
regimens including infliximab. Our knowledge about the 
role of  TNF-α in chronic viral hepatitis is sparse but there 
is evidence that TNF-α synergizes with interferons in 
suppressing viral replication[2,7,22] and is essential in clearing 
HBV[17]. A promoting effect for increased HBV-replication 
during treatment with anti-TNF-antibodies could be 
explained on this basis. But why HBs-antigen carriers, 
upon anti-TNF-α treatment, suddenly lose their tolerance 
against HBV and switch to a cytotoxic T-lymphocytic 
activation leading to hepatocyte injury and liver failure 
remains to be elucidated. At present we can only speculate 
that TNF-α might play an important role in maintaining 
tolerance in the HBs-antigen carrier state.

Till date there are only three case reports and one 
report of  a small group of  HBs-antigen carriers that 
suffered HBV-reactivation following administration of  
infliximab. Four patients developed fulminant hepatitis 
B[1,8,12] while one patient had only moderately elevated 
transaminases[20] that returned to normal without antiviral 
therapy. Esteve et al reported that two of  their patients 
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Figure 1 ALT remained within the normal range during therapy with prednisolone, 
azathioprine and during the infusions with infliximab. Only after the fourth infusion 
of infliximab, the patient developed a fulminant hepatitis with ALT up to 1 100 IU/L. 
HBV-DNA (  ) quantification showed 220 mio copies/mL. Lamivudine (150 mg/d) 
was started and led to a rapid decrease in transaminases and HBV-DNA.
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showed severe reactivation and one died from hepatic 
fai lure, but another patient on lamivudine had no 
worsening of  liver disease during infliximab-therapy[1]. 
Stable HBV under lamivudine has also been reported 
by Oniankitan et al[11] and Valle Garcia-Sanchez et al[21]. 
Keeping these reports in mind and looking for other 
factors that might influence the course of  HBV, we 
suggest that (1) the number of  infliximab-infusions and (2) 
concomitant immunomodulatory therapy might influence 
the course of  HBV-reactivation (azathioprine in our case 
and methotrexate therapy in the other cases with severe 
hepatitis).

In our patient HBV-reactivation was noted after the 
third infusion of  infliximab. Previous treatment with 
steroids and azathioprine alone had not induced a flare-
up in hepatitis B, although it is known that all types of  
immunosuppressive therapy can lead to a flare-up in 
hepatitis B. For steroids this has been documented most 
frequently in patients with hematological malignancies[18]. 
Azathioprine and methotrexate have also been linked 
with HBV-recurrence. But while this occurred on 
treatment with azathioprine[9], it took place only after the 
discontinuation of  methotrexate[3,5,10].

In conclusion, our report on a patient with Crohn’s 
disease developing subfulminant hepatitis under infliximab 
treatment due to reactivation of  a previously unknown 
HBs-antigen-carrier state draws attention to the need for 
screening patients with inflammatory bowel disease for 
hepatitis B and for antiviral prophylaxis in HBV-positive 
patients prior to therapy with anti-TNF-α antibodies.
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Abstract    
Crohn’s disease is well known to affect any part of the 
gastrointestinal tract including the oral cavity and anus. 
Various extraintestinal complications have been reported 
in Crohn’s disease, but extraintestinal involvement 
characterized by granulomatous lesions is uncommon. 
Here, we have reported a case about the involvement of 
the gallbladder in Crohn’s disease. A 33-year-old woman 
was diagnosed having panperitonitis due to intestinal 
perforation and cholecystitis. The patient was moved to 
the surgical service for an emergency operation. On the 
resected specimen, there was a broad longitudinal ulcer 
at the mesenteric side. The mucosa of the gallbladder 
was nodular and granular, and the wall was thickened. 
The surface epithelium of the gallbladder was partially 
eroded and pyloric gland metaplasia was observed 
focally. Rokitansky-Aschoff sinuses were also present. 
From the lamina propria to the subserosal layer, there 
were several well-formed epithelioid cell granulomas, 
which were the non-caseating sarcoidal type different 
from the foreign-body and xanthomatous granulomas. 
Periodic-acid Schiff and acid fast stains revealed no 
organism within the granulomas. Lymphoid aggregates 
were present throughout the gallbladder wall. Sections 
from the resected ileum showed typical features of the 
Crohn’s disease. When cholecystectomy is performed 
in a patient with Crohn’s disease, the possibility of 
gallbladder involvement should be carefully examined by 
histopathological tests. 

© 2005 The WJG  Press.  All rights  reserved.
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INTRODUCTION
Crohn’s disease is well known to affect any part of  the 
gastrointestinal tract including the oral cavity and anus. 
Various extraintestinal complications have been reported 
in Crohn’s disease, but extraintestinal involvement char-
acterized by granulomatous lesions is uncommon. Here, 
we report a case of  the involvement of  the gallbladder in 
Crohn’s disease.
 

CASE REPORT
The patient was a 33-year-old woman who was admitted 
to the Shiga University of  Medical Science Hospital with 
complaints of  nausea, vomiting, and severe abdominal 
pain, which had lasted for a couple of  hours. Her past 
history included Crohn’s disease (ileocolonic type) and 
gallbladder stone, which had been diagnosed 2 years ago. 
She was well controlled with medications (2 250 mg/d 
5-aminosalicilate and 2 000 kcal/d elemental diet) in these 
2 years. She did not feel any symptoms of  gallbladder stone.
    At the time of  admission, her vital signs were as follows: 
body temperature 37.4 ℃, blood pressure 92/60 Pa, and 
pulse 98 beats/min. The laboratory data included a white 
blood count of  13.1 (×103/mL), and C-reactive protein of  
13.6 mg/dL. The values for biochemistry were within the 
normal range. An abdominal CT scan demonstrated a free-
air space located in the dorsal side of  the abdomen, ascites, 
strong contrast enhancement of  a thickened ileum, fluid 
collection in the small intestine, and gallbladder swelling 
with calcifications (Figure 1). The intra- and extrahepatic 
bile ducts appeared normal. These findings were suggestive 
of  panperitonitis due to intestinal (ileal) perforation and 
cholecystitis.  
    After the admission, the patient was moved to the 
surgical service for an emergency operation. A perforating 
hole (diameter 5 mm) was located at the ileum 20 cm oral 
side from Bauhin’s valve, and thus segmental ileotomy (25 
cm resection) was performed. On the resected specimen, 
there was a broad longitudinal ulcer at the mesenteric 
side. Following an ileotomy, the patient also received a 
cholecystectomy. The serosal surface of  the gallbladder 
adhered tightly to the greater omentum and duodenal 
bulbus. 
    The mucosa was nodular and granular, and the wall was 
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thickened. Erosion and submucosal bleeding were also 
observed, but there were no obvious ulcers (Figure 2A). 
The surface epithelium of  the gallbladder was partially 
eroded and pyloric gland metaplasia was observed focally. 
The lamina propria showed discontinuous chronic active 
inflammation. The muscular layer was hypertrophied and 
the subserosal layer was thickened with marked fibrosis. 
Rokitansky-Aschoff  sinuses were also present. From the 
lamina propria to the subserosal layer, there were several 
well-formed epithelioid cell granulomas, which were the 
non-caseating sarcoidal type, different from the foreign-
body and xanthomatous granulomas (Figure 2B). Periodic-
acid Schiff  and acid fast stains revealed no organism 
within the granulomas. Lymphoid aggregates were present 
throughout the gallbladder wall. Sections from the resected 
ileum showed typical features of  Crohn’s disease.  
    Her clinical course was good, and she was discharged 
from the hospital 1 mo after the operation.

DISCUSSION
A high prevalence of  gallstones in Crohn’s disease has 
been reported[1], but gallbladder involvement in Crohn’s 
disease is very rare. Based on our MEDLINE search of  
the literature, only three case reports were found[2-4]. In all 

cases including our patient, the pathological examination 
of  the gallbladder revealed transmural inflammation, 
granulomatous change and lymphoid aggregation, 
all of  which were similar to those seen in the bowel 
lesions. Duodenal Crohn’s disease has been reported to 
occasionally involve the surrounding organs[2,3], but our 
case did not present any duodenal lesions, indicating that 
the gallbladder lesion might not be a consequence of  
spread by contiguity. When cholecystectomy is performed 
in a patient with Crohn’s disease, the possibility of  
gallbladder involvement should be carefully examined by 
histopathological examinations. 
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Figure 1 Abdominal CT scan on admission. CT scan demonstrated gallbladder 
swelling with thickened wall and stones, ascites, a thickened ileum, and fluid 
collection in the small intestine.

A

B

Figure 2 Histological findings of the gallbladder. A: The mucosa was nodular and 
granular, and the wall was thickened. Erosion and submucosal bleeding were also 
observed, but there were no obvious ulcers; B: There were several well-formed 
epithelioid cell granulomas, which was non-caseating sarcoidal type, different from 
the foreign-body and xanthomatous granulomas.
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INTRODUCTION
Behcet's disease is a multi-system inflammatory disorder 
of  unknown origin, characterized by recurrent oral and 
genital ulcerations, ocular and cutaneous lesions, arthritis 
and vascular disease. Cases of  Behcet’s disease cluster 
along the ancient Silk Road, which extends from eastern 
Asia to the Mediterranean basin[1-3]. It is often difficult 
to distinguish Behcet’s disease from other inflammatory 
bowel diseases. Pyoderma gangrenosum is an idiopathic 
ulcerative skin disease. Because the histological findings of  
pyoderma gangrenosum are nonspecific and no laboratory 
confirmation exists, the diagnosis is based primarily on 
its clinical manifestations. Though this skin lesion is 
known to be associated with inflammatory bowel diseases, 
such as ulcerative colitis and Crohn’s disease, pyoderma 
gangrenosum is very rare in Behcet’s disease patients. We 
present a patient with extensive pyoderma gangrenosum 
whose skin lesions were resolved after surgical removal of  
the inflamed intestinal lesions.

CASE REPORT
A 16-year-old woman was referred to our hospital in 
September 1989 due to painful ulceration on the left 
foot and lower abdominal pain. She was diagnosed with 
intestinal Behcet’s disease by the presence of  cutaneous 
pathergy together with two major criteria (oral and genital 
aphthoses) and one minor criterion (gastrointestinal 
manifestations) in 1984. Her lower leg lesion was a painful 
destructive ulcer with an irregular margin and a ragged 
overhanging edge (Figure 1A). She was negative for 
repeated bacterial, fungal and viral cultures. Colonoscopy 
demonstrated flare-up colitis involving the entire colon. 
Based on these clinical and laboratory findings, her skin 
lesion was considered pyoderma gangrenosum developing 
with aggravation of  her intestinal Behcet’s disease. She 
was treated with prednisolone (20 mg orally per day) for 
a month, but the skin lesion was poorly controlled. In 
November 1989, she complained of  severe abdominal 
pain and melena. Laboratory data showed a white blood 
cell count of  14900/mm3, serum C-reactive protein of  
4.5 mg/dL and hemoglobin of  12.3 g/dL. Because her 
abdominal symptoms were aggravated with peritoneal 
irritation, we performed a total colectomy with partial 
ilealectomy and ileo-rectal anastomosis. The resected 
specimen revealed severe inflammation with punched-
out ulcerations of  the colon and ileum (Figure 2A). 
Microscopic findings showed active colitis with neutrophil 
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Abstract
We report here a very rare case of intestinal Behcet’s 
disease with pyoderma gangrenosum. A 16-year-old 
woman who was diagnosed with intestinal Behcet’s 
disease by the presence of cutaneous pathergy together 
with two major criteria (oral and genital aphthoses) and 
one minor criterion (gastrointestinal manifestations), was 
referred to our hospital with a left lower leg ulcer and 
abdominal pain in September 1989. Colonoscopy dem-
onstrated flare-up colitis involving the entire colon. Her 
lower leg lesion was a painful destructive ulcer with an 
irregular margin and a ragged overhanging edge. Based 
on these clinical and laboratory findings, we diagnosed 
her cutaneous ulcer as pyoderma gangrenosum 
developing with exacerbated intestinal Behcet’s disease. 
Her cutaneous and intestinal lesions were poorly 
controlled though she received oral prednisolone treat-
ment for a month. Because of aggravated abdominal 
symptoms with peritoneal irritation, we performed total 
colectomy in November 1989. The resected specimen 
was histologically compatible with intestinal Behcet’
s disease showing severe inflammation with deep 
ulcerations and neutrophil accumulation. Subsequently, 
pyoderma gangrenosum rapidly improved. This clinical 
course may suggest the close relationship between 
pyoderma gangrenosum and intestinal Behcet’s disease.

© 2006 The WJG Press. All rights  reserved.
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accumulation around the ulcer beds. Subsequently her 
abdominal symptoms gradually improved. Surprisingly, 
intractable ulceration of  the left foot disappeared without 
scarring within two weeks after the surgery (Figure 1B). 
She was discharged with an uneventful postoperative 
course. Relapse of  pyoderma gangrenosum has not been 
observed for 10 years after surgery.

DISCUSSION
Intestinal Behcet’s disease has been categorized in a family 
with inflammatory bowel disease, and causes abdominal 
pain, diarrhea, melena and even perforation. The ileocecal 
region is the most commonly affected part of  the 
gastrointestinal tract, but the distal colon may also be 
involved. It is often difficult to distinguish Behcet’s disease 

from the other inflammatory bowel diseases because of  
the similar extra-intestinal manifestations including oral 
aphthosis, uveitis and arthritis. Genital ulceration and 
positive pathergy test are the extra-intestinal features of  
Behcet’s disease alone, which are not seen in the other 
inflammatory bowel diseases. Our patient was diagnosed 
as Behcet’s disease by the presence of  cutaneous pathergy 
together with two major criteria (recurrent oral and genital 
aphthoses) and one minor criterion (gastrointestinal 
manifestations)[4]. 

In Behcet’s disease, multiple cutaneous lesions, 
such as erythema nodosum, folliculitis and pustules 
are seen, but pyoderma gangrenosum is very rare. 
Pyoderma gangrenosum in the present case did not 
respond to oral corticosteroids but was improved 
soon after the resection of  inflamed intestinal lesions. 
Since the first report by Munro and Cox in 1988[5], 
four cases of  pyoderma gangrenosum associated with 
Behcet’s disease have been reported in English literature[6-8] 
(Table 1). Behcet’s disease always precedes the onset of  
pyoderma gangrenosum. These patients are treated with 
corticosteroids, immunosuppressants or thalidomide. It 
was reported that cases of  pyoderma gangrenosum had 
no improvement after surgical removal of  the intestinal 
lesions[9]. Pyoderma gangrenosum usually responds to 
systemic corticosteroids and may also be rapidly improved 
by surgical resection of  the associated diseases, such 
as ulcerative colitis and Crohn’s disease. Therefore, the 
activity of  pyoderma gangrenosum is closely related to 
the activity of  associated diseases. In the present case, 
pyoderma gangrenosum rapidly improved after total 
colectomy. The skin manifestations of  Behcet’s disease 
are classified as neutrophilic vascular reaction[10]. The 
pathergy test is useful for evaluating skin irritability and is 
a diagnostic criterion of  Behcet’s disease. However, this 
test can also be positive in other diseases such as Sweet’
s syndrome and pyoderma gangrenosum. Pyoderma 
gangrenosum is a form of  cutaneous vasculitis[11] and 
accumulation of  neutrophils and mononuclear cells is 
observed at the reaction site. In both Behcet’s disease and 
pyoderma gangrenosum, primary pustular lesions can 
occur and neither of  them has a characteristic histological 
appearance. They may belong to the category of  the 
neutrophilic dermatoses.

Though the relationship between Behcet’s disease 
and pyoderma gangrenosum is not referred in diagnostic 
criteria of  Behcet’s disease, the occurrence of  pyoderma 
gangrenosum may be highly relevant with the pathogenesis 
of  Behcet’s disease. 

Figure 1 Painful destructive ulcer of the foot with an irregular margin and a ragged 
overhanging edge (A) and intractable leg ulcer without improvement after oral 
corticosteroid therapy was cured after total colectomy (B).

A B

←
←

← ←

←

←

A

B

Figure 2 Severe inflammation and deep ulcerations of specimens from colon and 
ileum (A) and active colitis with neutrophil accumulation around the ulcer beds (B) 
(HE stain, x100).

Author Year Age Gender Preceding disease Treatment

Munro et al[5] 1988 43 Female Behcet Thalidomide
Lilford et al[6] 1989 40 Female Behcet Steroid
Rustin et al[7] 1990 40 Male Behcet Thalidomide
Armas et al[8] 1992 52 Male Behcet Steroid
Present case 2003 16 Female Behcet Total colectomy

Table 1 Reported cases of Behcet’s disease with 
pyoderma gangrenosum
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CASE REPORT
A 24-year-old male was admitted to our hospital with 
jaundice and epigastric pain reflecting low in the back. The 
body temperature was normal. He was a heavy drinker in 
the previous 4 years and reported a history of  infantile 
hyperbilirubinemia, which resolved spontaneously. He 
had positive Murphy and Giordano signs and a palpable 
epigastric mass. The laboratory examination results 
above normal range were as follows: WBC: 12 500/μL 
(neutrophil: 93.6%, lymphocyte: 5.1%), SGOT: 159 IU/L, 
SGPT: 559 IU/L, γGT: 520 IU/L, ALP: 244 IU/L, LDH: 
699 IU/L, CPK: 606 IU/L, bilirubin (total): 7.68 mg/dL, 
bilirubin (direct): 6.5 mg/dL, and bile in the urine.

Computer ized tomography (CT) of  the upper 
abdomen was ordered, and displayed a 9 cm×10 cm cyst 
in the common bile duct (CBD) region, extending from 
porta hepatis down to the level of  the third portion of  
the duodenum (Figure 1). Distension of  intrahepatic 
bile ducts with stasis was also observed. The findings 
were consistent with a choledochal cyst (CC). Further 
investigation with magnetic resonance imaging (MRI) and 
MR cholangiopancreatography (MRCP) was considered 
appropriate. It confirmed the intrahepatic duct distension 
and the large cyst (Figure 2). It was considered to be a large 
CC type IVA. During MRI, the patient developed “acute 
abdomen” symptoms. Spin echo T2-weighed images and 
MRCP depicted bile leak in the peritoneal cavity (Figure 3).

Immediately after MRCP he underwent urgent 
abdominal surgery. A 1-cm rupture of  the distended CBD 
was found, with a considerable amount of  intraperitoneal 
bile and focal biliary peritonitis. A Kehr tube was inserted 
into the CBD at the site of  the rupture and the lips of  the 
lesion were appropriately stitched.

In order to verify the adequacy of  the urgent surgical 
intervention, 99mTc-mebrofenin hepatobiliary scintigraphy 
was advocated on the second postoperative day. The 
study included a 30-min dynamic acquisition, beginning 
with injection and consisting of  60 30-s images (frames) 
of  the abdomen, followed by planar static images of  the 
upper abdomen at 1½ h and 24 h post-injection. No active 
leaking in the peritoneal cavity was observed throughout 
the study. A well-circumscribed fusiform intense tracer 
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Abstract
A case of a 24-year-old male with jaundice and 
epigastric pain is reported. The patient underwent a 
thorough clinical, laboratory, and imaging investigation. 
Computerized tomography revealed a 9 cm×10 cm 
choledochal cyst. Magnetic resonance imaging and 
magnetic cholangiopancreatography were performed, 
during which he developed an “acute abdomen”, with 
radiological evidence of biliary peritoneal leak. Urgent 
surgery revealed rupture of the distended malformed 
common bile duct. A peritoneal drain was instilled and 
a more definitive surgical procedure was accordingly 
scheduled. Hepatobiliary scintigraphy following surgery 
verified these findings, as well as confirmed the adequacy 
of the urgent surgery. A combination of radiological and 
nuclear medicine techniques substantially contributes 
to the diagnosis of choledochal cyst rupture and the 
adequacy of surgical intervention.

© 2006 The WJG Press. All rights  reserved.
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accumulation was observed in the right hepatic lobe near 
the hepatic hilum. It appeared early in the dynamic phase 
(Figure 4) and was most prominent in the 90-min static 
image while not apparent in the 24-h image (Figure 5). 
It corresponded to the intrahepatic moiety of  the CC. A 
much fainter bulbous accumulation was displayed in the 
left hepatic lobe, extending well beyond the liver margins, 
and corresponded to the large extrahepatic CC moiety. It 
was apparent earlier in the dynamic study and still visible 
in the 24-h image (Figures 4 and 5).

DISCUSSION
Choledochal cysts are congenital abnormalities of  the 
bile ducts of  unknown etiology. They comprise cystic 
dilatations of  the extrahepatic and/or intrahepatic biliary 
tree[1]. They are typically described as a childhood disease. 
Sixty percent of  the patients are diagnosed during the 
first decade of  life. Congenital cysts occur in between  
1/100 000 and 1/2 000 000 live births and are more 
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frequent in females (female-to-male ratio: 3:1 to 4:1). They 
are usually observed in Asian countries, especially in Japan.

Alonso-Lej et al[2] first classified CC into three major 
types: cystic, diverticular, and choledochocele. Todani  
et al[3] modified the classification system, which currently 
includes five types based on cholangiographic morphology 
and number of  intrahepatic and extrahepatic bile duct 
cysts (Table 1). With regard to the shape of  extrahepatic 
and intrahepatic ducts, type IV is further classified 
into three subtypes: cystic-cystic, cystic-fusiform, and 
fusiform-fusiform. Cystic-fusiform IVA is the subtype that 
corresponds to our findings. In this particular subtype, 
intrahepatic dilatation occurs in both hepatic lobes, with 
the left being predominantly involved. Yet, in the present 
case it was the right lobe that was affected.

Ultrasonography is the initial screening examination 
of  choice in suspected CC. Depending on the radiologist’
s skill it may reveal the type of  CC. Nevertheless, inherent 
l imitations (e.g. gas in the bowel, intra-abdominal 
inflammatory processes, etc.) allow for limited anatomic 
delineation of  the non-dilated biliary system[1].

CT imaging can be relied on with a high degree of  
confidence in confirming an unambiguous diagnosis and 
providing information regarding CC relationship to the 
surrounding structures. It usually demonstrates a cyst, 
which is readily distinguished from the gallbladder as in 
our case. Depending on patient’s age and history, the cystic 
wall is thickened, especially on the ground of  recurrent 
inflammation and cholangitis.

www.wjgnet.com

Figure 1 Upper abdominal CT (after intravenous administration of contrast 
material) demonstrating the extrahepatic portion of the choledochal cyst (CC). GB: 
gallbladder.

A

B

Figure 2 Significant distension of the intrahepatic bile ducts (arrowhead) in MRI of 
the upper abdomen (gradient echo T1-weighed acquisition) (A). The walls of the 
choledochal cyst (CC) tend to acquire a concave shape, while its volume appears 
reduced as compared to the CT findings, both signs are considered as indicative 
of rupture (B). GB: gallbladder.

Table 1 Classification of choledochal cysts (after Todani 
et al [3])

Type Characteristics

IA

Dilatation of the common bile duct (CBD), with marked 
dilatation of part or the entire extrahepatic biliary tree 
and normal intrahepatic biliary tree

I IB Focal and segmental dilatation of the distal CBD

IC

Fusiform dilatation of the CBD, with diffuse cylindrical 
dilatation of the common hepatic duct and CBD as well 
as normal intrahepatic biliary tree

II
Diverticulum of the CBD

III

Choledochocele of the intraduodenal portion of the CBD

IVA

IV Multiple cysts involving both the intrahepatic and 
extrahepatic bile ducts

IVB

Multiple cysts of the extrahepatic ducts only
V

Caroli’s disease

GB

CC

FFE/M
SL 13
Ec 2

FFE/M
SL 18
Ec 2

L

10 cm

L

10 cm

GB

CC
R L



MRI with MRCP is the noninvasive imaging modality 
of  choice for the diagnosis of  CC. The cysts appear 
as large fusiform or saccular dilatations producing a 
specific signal on T2-weighed images. Associated bile 
duct anomalies can also be demonstrated. On the basis 
of  reported results, MRCP has an estimated diagnostic 
accuracy of  82-100%[1]. Overall, MRCP is a promising 
technique that may offer as much as endoscopic retrograde 
cholangiopancreatography (ERCP).

Hepatobiliary scintigraphy is used in the setting of  

suspected acute cholecystitis, peritoneal biliary leak, and 
for the investigation of  neonatal jaundice. In addition, it 
contributes to the diagnosis of  CC, although such studies 
are practically acquired in a limited number of  patients. 
Rajnish et al[4] evaluated the efficacy of  hepatobiliary 
scintigraphy in classifying CC patients with confirmed 
Todani types I and IV cysts and found that it has a good 
accuracy in the diagnosis, correlating with ERCP or 
surgical findings in 86% of  the cases. The false negative 
results are mainly attributable to its limitation in identifying 

Figure 3 Abdominal MRI (spin echo T2-weighed, transverse 
projections - A and B, coronal projection - C) displaying bile leakage 
into the peritoneal cavity (arrowheads). The study was followed by 
MRCP (turbo spin echo T2-weighed acquisition - D) which imaged 
the bile leak (arrowheads) and moreover revealed the “egg-timer” 
bicameral shape of the extrahepatic moiety of the choledochal cyst 
(CC). GB: gallbladder.

Figure 4 Postoperative 99mTc-mebrofenin dynamic 
study. A well-circumscribed fusiform tracer accumulation 
in the right hepatic lobe near the hepatic hilum is 
clearly visible from the 15th min of the study (arrow), 
and corresponds to a dilated intrahepatic duct. A much 
fainter bulbous accumulation is apparent in the area 
of the left hepatic lobe, extending well beyond the 
liver margins (arrowheads) and corresponding to the 
extrahepatic portion of the choledochal cyst. H: heart 
blood pool; bd: biliary drainage.
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small intrahepatic dilatations in type IVA. Nevertheless, 
in our case the fusiform tracer accumulation in the right 
hepatic lobe corresponds to a dilated intrahepatic duct 
forming a cyst and its location is uncommon (cysts are 
usually seen in the left lobe). This intrahepatic cyst was 
not a continuous extension of  the extrahepatic moiety of  
the CC, but developed secondary to a hepatic hilum ductal 
stricture, a feature distinguishing CC type IVA from type I[3]. 
Furthermore, hepatobiliary scintigraphy can provide useful 
information regarding liver function, biliary patency, and 
biliary leak in the peritoneum.

Type IVA is observed in 30-40% of  CC cases[5]. It is 
often accompanied with a primary ductal stenosis around 
the hepatic hilum, which causes either cystic or fusiform 
dilatation of  the intrahepatic duct. The fusiform dilatation 
imaged in the present case mainly resulted from stricture, 
whereas cystic dilatation may develop due to primary 
stricture combined with the weakness of  the intrahepatic 
duct epithelium. The stricture can be radiologically 
detected and needs cautious surgical exploration[3]. The 
primary management of  type IVA cysts is still controversial. 
The intrahepatic dilatation tends to gradually reduce in 
size following sufficient biliary drainage. In addition, 
lateral hepatic segmentectomy may be necessary, especially 
in cases of  strictures of  the upper intrahepatic ducts 
and when the left hepatic lobe contains gallstones[6]. 
Patients diagnosed with type IV CC are usually adults, 
who commonly develop hepatolithiasis[7]. Formation 
of  gallstones leads to the dilatation of  the ducts and 
sometimes is complicated by intrahepatic abscess[8].

Surgical treatment should be recommended to reduce 
the risk of  other serious complications, such as cholangitis, 
pancreatitis, rupture, portal hypertension, cirrhosis, and 
cholangiocarcinoma. Pancreatitis develops in 30-70% of  
adults with CC[9]. Cholangiocarcinoma may evolve in all 
kinds of  cysts, but types I and IV are associated with a 
higher incidence. In these patients the prognosis is the 
same as in other cases of  cholangiocarcinoma in the 
general population[10].

On rare occasions, adults may present with an acute 
abdomen due to CC rupture and biliary peritonitis. 
The reported incidence ranges between 2-18%[11]. CC 
perforation is generally spontaneous, although sometimes 
trauma may be implicated. It is more frequent in children, 
while in adults it is associated with conditions causing 
increased intra-abdominal pressure, such as pregnancy[12]. 
In the present case, no obvious cause of  rupture was 

identified, considering that no kind of  abdominal 
pressure was applied during the MRI/MRCP procedure. 
We thus believe that rupture was an accidental event. 
The recommended acute therapy for CC rupture is 
peritoneal drainage, followed by complete cyst resection, 
cholecystectomy and Roux-en-Y hepaticojejunostomy 
reconstruction. Our patient was therefore treated primarily 
as a surgical emergency with peritoneal drainage and a more 
definitive surgical procedure was accordingly scheduled.

Controversy ex is ts about the ro le of  hepat ic 
resection in types IV and V cysts due to the difficulty of  
intrahepatic cyst excision, thus rendering these patients 
to a more intense long-term follow-up. Alternatively, 
minimally invasive and laparoscopic treatments have been 
proposed[9,13,14].

In conclusion, apart from the clinical evidence, the 
diagnostic algorithm in this case as well as postoperative 
eva luat ion comprises infor mat ion acquired by a 
combination of  imaging modalities, namely CT, MRI/
MRCP, and hepatobiliary scintigraphy. The proper 
handling of  such patients relies upon good co-operation 
between several medical faculties, namely gastroenterology, 
radiology, nuclear medicine, and surgery, and is essential in 
order to prevent and treat serious complications.
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Abstract
Ultrastructure of Kupffer cells and hepatocytes in liver 
bioptate was evaluated in a 17-year-old boy with Dubin
–Johnson syndrome (DJS). The liver tissue obtained 
by needle biopsy was fixed in glutaraldehyde and 
paraformaldehyde and routinely processed for electron 
microscopic analysis. The ultrastructural examinations of 
liver bioptate revealed the accumulation of membrane-
bound, electron-dense lysosomal granules within the 
cytoplasm of hepatocytes, characteristic of DJS. They 
were located mainly in the vicinity of the biliary pole, and 
preferentially in the centrilobular region that corresponded 
to the pigment deposits seen under light microscope. The 
presence of the granules was accompanied by dilated 
elements of the granular endoplasmic reticulum and 
paracrystalline mitochondrial inclusions as well as dilation 
of the bile canaliculi. The changes in hepatocytes co-
existed with marked stimulation and enhanced phagocytic 
activity of Kupffer cells. This was manifested in the 
accumulation of pigment deposits within their cytoplasm 
that corresponded to those observed in hepatocytes. 
Hyperactive pericentral Kupffer cells which are involved 
in the response to pigmentary material originating from 
disintegrated hepatocytes may play an essential role in 
the development of DJS.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
A rise in serum bilirubin concentration above the norm 
may be caused by its increased production (hemolytic 
processes, shunt-bilirubinemia), impairment of  its uptake, 
conjugation and discharge from hepatocytes (congenital 
non-hemolytic functional hyperbilirubinemia) or excretion 
of  unconjugated and conjugated bilirubin from damaged 
hepatocytes or biliary canaliculi to the blood. Clinical 
picture can be similar, as jaundice is the predominant 
and often isolated symptom in the above pathologies. 
In doubtful cases, morphological examination of  a liver 
bioptate is a decisive step[1-3].

The main aim of  the paper was to demonstrate the 
ultrastructure of  Kupffer cells and hepatocytes in liver 
biopsy from a patient with Dubin-Johnson syndrome (DJS). 
To the best of  our knowledge, it is the first report on the 
ultrastructure of  Kupffer cells in this disorder.

CASE REPORT
Our report presents data concerning a 17-year-old boy 
suffering from hyperbilirubinemia (up to 119.7 μmol/L) 
with concomitant normal activity of  aminotransferases 
from 6 years of  age. He was suspected of  congenital 
functional hyperbilirubinemia. However, since abdominal 
complaints and hepatomegaly were found to coexist with 
scleral xanthosis, the boy was sent for further diagnosis to 
the 3rd Department of  Pediatrics, Medical University of  
Białystok. On admission, laboratory tests revealed high 
serum bilirubin concentration (120.55 μmol/L) with the 
predominance of  unconjugated fraction (82.94 μmol/L).
However, the activities of  aminotransferases (ALT, AST), 
alkaline phosphatase and GGTP were not increased. 
Differential diagnosis excluded: hemolytic disorders, 
infections with hepatotropic viruses (HBV, HCV, 
CMV, EBV, HSV) , me t abo l i c d i so rde r s ( c y s t i c 
fibrosis, Wilson’s disease, α-1 antitrypsin deficiency, 
hemochromatosis) , hypothyroidism, autoimmune 
liver diseases, parasitic and epizootic diseases. The 
ultrasonographic examination of  the abdominal cavity 
confirmed hepatomegaly with no changes in parenchyma 
echogenicity. Liver biopsy was performed to elucidate the 
still unclear cause of  jaundice.

For ultrastructural analysis, small, fresh tissue blocks 
(1 mm3) were cut off  from the cylinder of  liver tissue 
obtained by needle biopsy. The remaining considerable 
part of  the collected tissue was submitted for examination 
by the light microscopy.
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The material for electron microscopic analysis was fixed 
in 10 g/L glutaraldehyde and 8 g/L paraformaldehyde in 
0.1 mol/L cacodylate buffer (pH 7.4). Subsequently, fixation 
was carried out in osmium tetroxide; then the material was 
routinely processed for embedding in Epon 812. Ultrathin 
sections were contrasted with uranyl acetate and lead citrate, 
and examined using an Opton 900 PC transmission electron 
microscope (Zeiss, Oberkochen, Germany).

The liver specimen obtained by needle biopsy was 
grossly dark and greenish, the striking characteristics for 
DJS. Liver histology showed numerous distinct coarse 
brownish pigment deposits in the cytoplasm of  the 
hepatocytes.

Ultrastructural examination of  these cells showed 
electron-dense, lysosomal granules, characteristic of  
DJS, that corresponded to the intracytoplasmic pigment 
deposits seen in the light microscopic sections. This 
pigmentary material was frequently surrounded by a single, 
fine continuous or discontinuous membrane; sometimes 
no such membrane could be found. The lysosomal 
pigment granules demonstrated great variability in shape, 
size, content, and electron density and were located 
mainly in the vicinity of  the biliary pole (Figure 1), and 
preferentially found in the centrilobular region. Moderately 

electron-dense finely granular background alternating 
with denser irregular areas and pleomorphic dark bodies 
(clearly seen against a finely homogenous granular matrix) 
characterized these granules. The pleomorphic very dense 
bodies frequently occupied a considerable part or almost 
whole lysosomes. Some hepatocytes filled with coarse 
electron-dense granules were disintegrated. Dilation of  
bile canaliculi with loss of  microvilli typical for DJS was 
observed (Figure 1). Dilated elements of  the granular 
endoplasmic reticulum (Figure 1), the presence of  
paracrystalline mitochondrial inclusions, enlarged Golgi 
complex and dispersed lipid droplets within the cytoplasm 
of  hepatocytes were also noted. The vascular pole of  
the hepatocytes showed alteration of  microvilli including 
their disintegration; a fine granular material could be 
occasionally seen in Disse’s space. Sometimes this space 
was discontinued. The basement membrane of  some 
hepatocytes was distinctly outlined, and even thickened.

The ultrastructural examinations of  the liver bioptate 
also showed, especially in the centrilobular region, an 
increase in hepatic macrophages. Kupffer cells in the lumen 
of  hepatic sinusoidal vessels were frequently hypertrophied 
and markedly activated, blocking the vascular lumen and 
demonstrating features of  hyperactivity (Figure 3). They 
contained electron-dense dark pigment granules, varying 
in shape and size (Figures 2 and 3), often occupying 
almost whole lysosomes. This material corresponded to 
the pigment deposits present in hepatocytes (Figure 2). 
Bile deposits were sometimes observed near the plentiful 
phagocytized pigment granules (Figure 3).

Since the morphological picture of  the liver bioptate 
was typical of  DJS, leaving no doubt, we did not perform 
very expensive genetic tests (mutation in the ABCC2/
MRP2 gene[4]).

DISCUSSION
Macro- and microscopic, especially ultrastructural, 
changes observed in the liver bioptate in our patient were 
characteristic of  DJS. The hepatocytes contained numerous 
electron-dense lysosomal, membrane-bound granules 
located mainly near the biliary pole that corresponded to 

Figure 1 Several membrane-bound granules – varying in size, content, and 
electron density – located near the biliary pole of hepatocytes; broadening of 
granular endoplasmic reticulum (>); dilation of bile canaliculus (cb) with the loss of 
microvilli (×7 000).

Figure 2 Fragment of Kupffer cell with phagocytized thick black pigment 
granules; the cell adheres to a hepatocyte (H) containing a similar pigment 
deposit (×7 000).

Figure 3 A hypertrophic, evidently activated Kupffer cell with phagocytized, very 
thick, black pigment deposits and biliary lamellar material. The cell blocks the 
sinusoidal vascular lumen. Distinctly dilated Disse’s space contains a fine granular 
material (×4 400).

www.wjgnet.com

988         ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol      February 14, 2006    Volume 12     Number 6

bc

K

H



S- Editor  Guo SY    L- Editor  Elsevier HK    E- Editor  Bai SH

the coarse brownish pigment deposits seen under light 
microscope. The granules were accompanied by dilated 
endoplasmic reticulum and paracrystalline inclusions as 
well as alterations in bile canaliculi of  hepatocytes.

However, Kupffer cells demonstrated features of  
hyper-reactivity. They accumulated pigment granules that 
corresponded to those observed in hepatocytes.

Morphological abnormalities of  hepatocytes observed 
in the course of  our studies were similar to those found 
by other authors in this syndrome[3,5-7]. It is worth noting 
that although the pigment granules showed characteristic 
microscopic features, their exact composition has not been 
clarified[1,6]. The results of  ultrastructural and histochemical 
studies by Luo et al[2] suggest that this deposit material is a 
lipofuscin–melanin complex.

Up to now, there have been no reports describing the 
electron microscope picture of  Kupffer cells in DJS.

It has been known that Kupffer cells are the largest 
population of  tissue macrophages, predominantly 
distributed in the lumen of  hepatic sinusoids. According to 
Naito et al[8], these cells demonstrate unique differentiation 
mechanisms, metabolic functions and responsiveness 
to inflammatory agents. They exhibit endocytic activity 
against blood-borne material entering the liver as well 
as phagocytic function in relation to cellular debris[8,9]. 
Kupffer cells also play an important role in the modulation 
of  drug metabolic enzymes[10], in the carcinogenesis of  
hepatocellular carcinoma[11] and liver fibrosis[12].

We assume that pigment deposits absorbed by Kupffer 
cells in the course of  DJS may have originated from 
disintegrating, pigment-load hepatocytes. The present 
study indicates that it is the process of  phagocytosis that 
plays a significant role in the accumulation of  thick black 
granules within the cytoplasm of  these macrophages. 
This process is strictly connected with the morphological 
status and function of  lysosomes of  Kupffer cells. This 
is confirmed by the fact that the number of  lysosomes, 
both primary and secondary, within the cytoplasm of  
hyperactivated macrophages was markedly increased in 
our observations. It can be suggested that in the course 
of  DJS, due to phagocytosis, remnants of  pigment-
load hepatocytes trapped by the hyperactivated Kupffer 
cells with the involved macrophage scavenger receptors 
are shifted to primary lysosomes, i.e. intracytoplasmic 
reservoirs containing lytic enzymes, which undergo 
degradation. Then, the lysosomes are transformed into the 
secondary ones[8].

Unlike in the Gilbert’s syndrome, in DJS clinical 
manifestation of  hepatomegaly can be found even in the 

neonatal-infantile period[3,7,13-14]. In our patient, the cause 
of  hyperbilirubinemia was unknown for many years. DJS 
was not taken into account because of  atypical course of  
the disease (predominance of  unconjugated bilirubin in 
the blood serum). However, the predominance of  non-
conjugated bilirubin in the blood serum has been noted in 
some diagnosed DJS cases[1].

We emphasize that hyperactive pericentral Kupffer 
cells may play an essential role in the development of  the 
syndrome. They are involved in the response to pigmentary 
material originating from disintegrated hepatocytes.
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tract disease or intra-abdominal infections including 
cholecystitis, suppurative cholangitis, suppurative pylephle-
bitis, appendicitis, diverticulitis and peritonitis[1-3]. Recently, 
colorectal cancer without obvious infection was considered 
as one of  the uncommon etiologies of  liver abscess[4,5]. 
Furthermore, liver abscess was reported as the present-
ing manifestation of  colonic tubulovillous adenoma[6]. 
However, there are a growing number of  reports suggest-
ing a relationship between diabetes mellitus (DM) and 
Klebsiella pneumonia (KP) liver abscess which indicate that a 
deficiency in the hosts’ defense mechanism could be the 
etiology of  this liver infection[7-9]. We hereby report two 
cases of  pyogenic liver abscess both of  which were found 
to have colonic tubulovillous adenoma two to three weeks 
later after the diagnosis of  liver abscess. The association of  
pyogenic liver abscess and colonic tubulovillous adenoma 
and the implications of  these two cases are discussed. 

CASE REPORT
CASE 1
A 67-year-old man, who was referred from a local hospital, 
was admitted to our hospital because of  fever, chill, and 
right upper abdominal pain for seven days. On physical 
examination, his initial body temperature was 37.9oC and 
blood pressure was 124/67 mmHg. Light palpation of  the 
abdomen revealed tenderness and mild rebounding pain 
on epigastric and right upper areas, but no abdominal mass 
was felt. Significant laboratory data included a leukocyte 
count of  26,330/mL (normal range = 4000-10,400/mL ), a 
hemoglobin of  9.5 gm/dL (normal range = 12-16 gm/dL), 
an aspartate aminotransferase (AST) of  73 IU/L (normal 
range = 5-34 IU/L), an alanine aminotranferase (ALT) of  
79 IU/L (normal range = 0-40 IU/L), a fasting blood sugar 
of  118 mg/dl (normal range = 70-110 mg/dL), a total bili-
rubin of  1.03 mg/dL (normal range = 0.2-1.3 mg/dL), a 
C-Reactive Protein (CRP) of  17.02 mg/dL (normal <0.8 
mg/dL), and a carcinoembryonic antigen (CEA) level of  
0.33 ng/dL (normal <5 ng/dL). 

Abdominal ultrasonography (US) and computed to-
mography (CT) showed a 4-cm liver abscess in left lobe 
of  liver (Figure 1A). After three sets of  blood cultures 
were completed and broad-spectrum antimicrobial therapy 
was initiated, CT-guided percutaneous drainage of  the 
liver abscess was performed and pus liked material was 
aspirated and sent for bacterial culture. However, blood 
and pus were all negative for bacterial growth. As anti-
microbial treatment was continued, the patient’s clinical 
condition improved rapidly and fever subsided four days 

 CASE REPORT

Pyogenic l iver abscess associated with large colonic 
tubulovillous adenoma

Hsueh-Chou Lai, Cho-Yu Chan, Cheng-Yuan Peng, Chih-Bin Chen, Wen-Hsin Huang

www.wjgnet.com

Hsueh-Chou Lai, Cheng-Yuan Peng, Chih-Bin Chen, Wen-
Hsin Huang, Division of Hepatology and Gastroenterology, 
Departments of Internal Medicine, China Medical University 
Hospital, Taichung, Taiwan, China 
Cho-Yu Chan, Faculty of Medicine, National Yang-Ming 
University School of Medicine, Taipei, and Department of 
Medical Research and Education, Taipei Veterans General 
Hospital, Taipei, Taiwan, China
Correspondence to: Dr. Cho-Yu Chan, Associate Professor, 
Faculty of Medicine, National Yang-Ming University School of 
Medicine, Taipei, Taiwan, China. 155 Li-nong St, Sec, 2, Peitou, 
Taipei 11221, Taiwan, 
China. cychan@ym.edu.tw
Telephone: +886-2-28211699        Fax: +886-2-28202190
Received: 2005-06-07          Accepted: 2005-06-26 

Abstract
Pyogenic liver abscesses usually occur in association 
with a variety of diseases. Rarely, liver abscess has been 
reported as the presenting manifestation of colonic tubu-
lovillous adenoma. We report two cases of pyogenic liver 
abscess without hepatobiliary disease or other obvious 
etiologies except that one had a history of diabetes 
mellitus (DM). The pathogen in the patient with DM was 
Klebsiella pneumonia  (KP). In both of the patients, ileus 
developed about two to three weeks after the diagnosis 
of liver abscess.  Colonoscopy revealed large polypoid 
tumors with pathological findings of tubulovillous 
adenoma in both cases. Two lessons were learned from 
these two cases: (1) an underlying cause should be 
aggressively investigated in patients with cryptogenic 
liver abscess; (2) DM could be one of the etiologies but 
not necessarily the only cause of KP liver abscess. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Pyogenic liver abscess is usually related to hepatobiliary 
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later. Then the drainage catheters were removed and the 
patient was discharged on the 14th d of  hospitalization.

One week later, he was admitted again with a chief  
complaint of  abdominal fullness. Physical examination 
showed a distended abdomen with hypertympanic abdom-
inal sounds on percussion. Plain films of  the abdomen 
disclosed evidence of  a paralytic ileus with a suspected 
obstruction at the level of  the sigmoid colon. Colonos-
copy was performed which showed a 3-cm pedunculated 
polyp in the sigmoid colon (Figure 1B). Polypectomy 
was performed and pathological examination revealed 
tubulovillous adenoma with mild dysplasia. The patient 
continued to do well during a follow-up period of  6 mo.

CASE 2
An 84-year-old woman with a history of  DM using no 
regular medication for several years was admitted to the 
hospital because of  fever and right upper abdominal dull 
pain which was followed by a change of  consciousness for 
the two days preceding admission. On physical examina-
tion, her initial body temperature was 37.7oC and blood 
pressure was 79/30 mmHg. Mild tenderness in the right 
upper abdomen was noted during performance of  light 
palpation, but no abdominal mass was felt. Significant lab-
oratory data included a leukocyte count of  17,870/mL, a 
hemoglobin of  12.7 mg/dL, an AST of  59 IU/L, an ALT 
of  58 IU/L, a fasting blood sugar of  348 mg/dL, a total 
bilirubin of  2.31 mg/dL, a CRP level of  32.82 mg/dL, 
and a CEA level of  6.72 ng/dL. Abdominal US and CT 
showed a 5-cm liver abscess in right lobe of  the liver (Figure 
2A).
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Since the patient could not cooperate for US or CT-
guided aspiration, broad-spectrum antimicrobial treat-
ment was started after three sets of  blood cultures were 
performed. The results of  blood cultures were positive 
for Klebsiella pneumonia (KP), which was sensitive to the 
formerly prescribed antibiotics. The patient’s clinical 
condition improved gradually and fever subsided 10 d later. 
On the 14th d of  hospitalization, abdominal fullness de-
veloped and the  plain film of  abdomen showed evidence 
of  ileus with a suspected obstruction at the level of  the 
distal colon. Colonoscopy was performed and showed a 
3-cm polypoid tumor in the sigmoid colon (Figure 2B). 
Polypectomy was not done because of  technical difficulty. 
A biopsy was performed and eight pieces of  tissue were 
taken for pathological examination. The pathological 
findings were consistent with tubulovillous adenoma. Since 
ileus resolved spontaneously and the patient’s general phys-
ical condition was not good, the patient’s family refused to 
have further treatment. Her general condition was stable 
during a follow-up period of  two months. 

DISCUSSION
The etiologies and pathogenesis of  liver abscesses have 
changed significantly over the past several decades[1-3,10-11]. 
Recent reports suggest that pyogenic liver abscess might 
be a warning indicator of  silent colonic cancer[4,5,12-14], 
therefore, patients with liver abscess but without apparent 
etiologies, as in Case 1 of  this report, should have further 
examination. In addition, non-growth in cultures of  blood 
samples and abscess aspirate in Case 1 could be due to 

A A

B B

Figure 1 Case 1. A: Enhancement abdominal computed tomography (CT) showed 
a 4-cm liver abscess in left lobe of the liver; B: Colonofibroscopy showed a 3-cm 
pedunculated polyp in the sigmoid colon.

Figure 2 Case 2. A: Enhancement abdominal computed tomography showed a 
5-cm liver abscess in right lobe of the liver; B: Colonofibroscopy showed a 3-cm 
polypoid tumor in the sigmoid colon.
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the following two possibilities: (1) the patient had been 
partially treated at an outside hospital; (2) the pathogen 
of  the liver abscess might be an anaerobe that was most 
probably originated from the colon. Therefore, although 
a rapid improvement was noted, a complete evaluation 
of  the GI tract should be performed in Case 1 as per the 
suggestion of  Cohen et al[4].

Nevertheless, colonoscopy was performed because 
of  ileus and the examination revealed a large colonic 
tubulovillous adenoma in the sigmoid colon instead of  a 
“silent colonic cancer”. Whether colonic adenoma could 
be an etiology of  pyogenic liver abscess remains to be 
elucidated. In addition to our report, there is only one 
other report of  pyogenic liver abscess as the presentation 
of  colonic vil lous adenoma[6]. The mechanism for 
explaining colonic adenoma as an etiology of  liver abscess 
may be the same as that of  the colonic cancer, i.e., there 
are mucosal defects present on the colonic lesions (cancers 
or adenomas) that allow a route for bacteria invasion into 
the portal system with subsequent hematogenous spread 
to the liver. 

In recent years, pyogenic liver abscesses have occurred 
more frequently in immunodeficient patients, including 
those receiving intensive chemotherapy for hematological 
or solid malignancies, patients with immunosuppressive 
therapy after organ transplantation[15] and, especially, 
patients with DM[8-9]. Case 2 was a DM patient who 
had a solitary liver abscess caused by KP. As previous 
reports showed, KP liver abscesses tend to occur in DM 
patients who did not have any predisposing factors for 
the development of  liver abscess, therefore, the diagnostic 
procedures and management in Case 2 seemed reasonable. 
However, the unexpected occurrence of  ileus due to a 
large colonic villous adenoma indicated that the presence 
of  DM could not completely exclude other possible 
etiologies of  liver abscess.     

In conclusion, for patients with cryptogenic liver 
abscess, an underlying cause should be aggressively 
searched for. DM could be one of  the etiologies but not 
necessarily the only cause of  KP liver abscess. 
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decompressed colostomy would resolve acute malignant 
colon obstruction efficiently; impending ischemic bowel 
may progress with a possible irreversible peritonitis. 
Any patient, who undergoes a decompressed colostomy 
without resection of the obstructed lesion, should be 
monitored with leukocyte count and abdominal condition 
survey frequently.

© 2006 The WJG Press. All rights  reserved.
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INTRODUCTION
In 8-29% of  patients with colorectal cancer, obstruction is 
the major symptom at presentation, and 85% of  patients 
undergoing emergency colorectal surgery have complete 
colonic obstruction from colorectal carcinoma[1-4]. 
Obstructed colorectal cancer often dictates poor cancer-
related prognosis and higher mortality or morbidity, 
because they are more advanced and are associated with 
a higher incidence of  distant metastases[3,5]. One-stage 
surgery is believed to be the preferred procedure for an 
obstructive right colon lesion, and staged operation is 
favored for the management of  malignant left-side colonic 
obstructions[6]. In patients with acute complete colonic 
obstruction, hemodynamic instability may be debilitated 
by concomitant medical diseases, and cancer resection may 
not be possible. Establishing a decompressed colostomy 
is usually recommended to resolve acute obstructive 
symptoms prior to cancer resection[7,8].

Obstructive colorectal cancer may be complicated 
with concomitant proximal ischemic colitis, which would 
present dramatically with gangrene and/or colonic 
perforation, if  the acute vascular insufficiency is severe[9]. 
In general, colonic decompression by way of  self-
expanding metal stent or decompressed colostomy could 
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Abstract
Creating blow-hole colostomy for decompression could 
provide a time-saving and efficient surgical procedure for 
a severely debilitated case with a completely obstructed 
colorectal cancer. Complications are reported as prolapse, 
retraction, and paracolostomal abscess. However, 
complication with an ischemic distal limb has not been 
reported. We report a case of critical intra-abdominal 
disease after decompressed colostomy for relieving 
malignant sigmoid colon obstruction; a potential fatal 
condition should be alerted. A 76-year-old male visited 
our emergency department for symptoms related to 
obstructed sigmoid colon tumor with foul-odor vomitus 
containing fecal-like materials. An emergent blow-hole 
colostomy proximal to an obstructed sigmoid lesion was 
created, and resolution of complete colon obstruction 
was pursued. Unfortunately, extensive abdominal painful 
distention with board-like abdomen and sudden onset of 
high fever with leukocytopenia developed subsequently. 
Such surg i ca l abdomen rendered a secondary 
laparotomy with resection of the sigmoid tumor along 
with an ischemic colon segment located proximally up 
to the previously created colostomy. Eventually, the 
patient had an uneventful postoperative hospital stay. 
In the present article, we have described an emergent 
condition of sudden onset of distal limb ischemia after 
blow-hole colostomy and concluded that despite the 
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deliver intraluminal pressure lower enough than intramural 
vascular perfusion pressure to avoid hypoperfusive 
status of  the intestine proximal to obstructive lesion. 
It is common to manifest proximal colon distention in 
left-sided colorectal cancer obstruction if  a competent 
ileocecal valve exists[10], and impending ischemic change 
of  proximal colon would pursue. No fatal intra-abdominal 
complication for constructing a blow-hole colostomy, 
such as a gangrenous distal limb with peritonitis, has been 
reported.

We here report a case of  severe intra-abdominal 
condition despite that a functional decompressed 
colostomy was created, a potential fatal situation of  
which the surgeons should keep in mind when relieving 
malignant colon obstruction using blow-hole colostomy.

CASE REPORT
A 76-year-old male patient, who had extensive abdominal 
distention associated with no stools or flatus passage for  
2 d, was referred to our emergency department for sudden 
onset of  vomiting with foul-odor and fecal material-like 
contents. He had a 4-mo history of  gradual body weight 
loss, abdominal bloat, bowel habit change with decreased 
stool caliber and poor appetite. Abdominal computerized 
topography revealed an obstructive sigmoid colon lesion 
with segmental wall thickening and a stenotic lumen. There 
was a pill within the distended bowel segment immediately 
proximal to the stenotic lumen of  the obstructed lesion. 
Sigmoid colon tumor with complete bowel obstruction was 
diagnosed based on history and image studies. The patient 
had underlying chronic obstructive pulmonary disease with 
intermittent consumption of  inhalational bronchodilator. 
Physical examinations reviewed a distended abdomen 
with silent bowel sound; there was tachypnea with central 
bronchospasm. Hemogram showed WBC as 11 200/
μL with a differential count of  segment form, 78.4%; 
band form, 1%; and lymphocyte, 10.8%. Biochemical 
analysis showed slightly impaired renal function (BuN:  
31 mg/dL , Cr : 2 .1 mg/dL) , nor ma l e l ec t ro l y t e 
concentration (Na: 136 meq/L, K: 4.0 meq/L and Cl: 
103 meq/L) and suboptimal nutritional status (albumin: 
2.6 g/dL). Clinically, the patient complained of  serious 
abdominal painful fullness, fever with chills, and dyspnea. 
Metal stenting to the colon stenotic lesion was attempted 
but failed. On account of  emergent release of  the 
obstructive bowel pressure, the patient underwent a blow-
hole colostomy at proximal transverse colon by mini-
laparotomy, which took less than 30 min under general 
anesthesia. The bowel segment at the operation field was 
severely distended with edema, however, adequate blood 
perfusion was observed. There was no ascites. A large 
amount of  liquid yellowish stools with foul smell was 
drained out from the proximal and distal limbs of  the 
colostomy after it was instituted. The patient sustained a 
smooth operation course.

A rechecked hemogram at the 2nd post-operation day, 
which is routinely given to patients undergoing abdominal 
surgery in our institute as a baseline for follow-up purpose, 
found rather unremarkable data (WBC as 8 800/μL with 
slightly elevated segment form of  84%, without band form). 

Gradual remission of  abdominal distention with persistent 
bowel content drainage was observed within the first three 
post-operation days; the colostomy would be deemed 
as a normal physical function. unfortunately, extensive 
abdominal painful distention with board-like abdominal 
appearance, and sudden onset of  high fever with a body 
temperature up to 39.8 °C were noted afterwards. At 
follow-up, hemogram reviewed leukocytopenia with 
dominant left-shifted differential count (WBC: 1 600/μL, 
segment: 38%, band: 26%). We found such a surgical 
abdomen that an emergent operation should be done to 
explore the etiology.

Emergent laparotomy was done immediately to 
find marked foul-odor bloody ascites. The distal limb 
of  colostomy extending from the colostomy distally to 
the obstructed sigmoid colon tumor was found to have 
severe ischemic gangrenous change. The proximal limb of  
colostomy was fine. Segmental resection of  the lesioned 
colon, comprising the sigmoid colon cancer with a security 
of  cancer-free distal section margin and a short segment 
of  colon proximal to previously created colostomy, was 
performed. The blow-hole colostomy was then converted 
to end-T-colostomy. The patient exerted an uneventful 
postoperative course and scheduled colostomy reversal was 
undertaken 6 mo later.

DISCUSSION
Fine construction of  a transverse colostomy by drawing 
out of  a loop of  the bowel and securing the mesentery 
to the skin to decompress obstructions from carcinoma 
of  the rectum was first described in 1797[11]. Intestinal 
obstruction from malignancy within the colorectum would 
carry catastrophic complications of  perforation, electrolyte 
imbalance, bowel ischemia, and sepsis caused by bacterial 
translocation[12]. Moreover, cancer patients, especially those 
with bowel obstruction, are usually malnourished, older, 
and dehydrated and may have coexisting disease at the time 
of  presentation[12-14]. Therefore, perioperative management 
of  malignant bowel obstruction, inclusive of  surgical 
planning option to minimize morbidity and mortality is a 
critical issue.

There are different strategies to decompress colon 
obstruction with different outcomes, including (1) non-
surgical approach as balloon dilation, placement of  a 
plastic non-expandable rectal tube, cryosurgical destruction, 
electrocoagulation, and laser ablation[15,16] and (2) surgical 
approach as blow-hole enterostomy, or resection of  tumor-
bearing colorectal segment with or without colostomy[2,4-8]. 
Because of  the failure of  self-expanding metal stent 
placement in this patient due to severe colon angulations 
and rather stenotic colon lumen, we recommended a 
blow-hole proximal transverse colostomy as an emergent 
procedure for this debilitated patient with severe coexisting 
medical condition.

To evaluate the surgical planning in malignant 
large bowel obstruction, it is widely accepted that for 
malignant colon obstruction from the right colon cancer, 
resection (right hemicolectomy) should be performed 
with anastomosis in one stage[5,17,18]. Nevertheless, for 
obstruction from cancer of  left colon or rectum, two types 
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of  surgical approach could be used: (1) primary resection 
and primary anastomosis or Hartmann’s procedure with 
synchronous treatment of  carcinoma and obstruction, and 
(2) staged resection with the treatment of  the obstruction 
prior to resection[4]. Some surgeons prefer staged resection 
with fast resolution of  the obstruction, and a delayed 
radical surgery. The main benefits of  staged operation are 
less surgical trauma which is significant in patients whose 
general condition is precarious, and reduction of  the 
risk of  contamination due to unprepared bowel[19]. Poor 
physical status as this patient, construction of  a blow-
hole colostomy in a minimal wound (fit to colostomy size) 
with less time-consumption (less than 30 min) could offer 
an anticipated decompression effect of  the obstruction 
and prevent further surgical trauma to facilitate scheduled 
radical resection in the future.

Ischemic episode would take place in malignant 
large bowel obstruction and present dramatically with 
gangrene and/or colonic perforation if  acute vascular 
insufficiency is severe[9]. It is postulated that colon 
distention from malignant colon obstruction reduces 
the blood supply to the bowel wall and enhances the 
development of  ischemia[10]. Creation of  a decompressed 
colostomy in malignant colon obstruction should rescue 
impending elevated intra-luminal pressure and possible 
development of  the proximal colitis. But in our case, the 
cause of  gangrenous distal limb might be due to, first, the 
development of  tumor thrombi or septic emboli in the 
territory of  vessels supplying the distal colon, or second, 
an underlying undetected ischemic change proximal to 
the cancerous mass which was not observed for the initial 
limited surgical field by mini-laparotomy. Clinically, the 
patient sustained sudden onset of  high fever, peritoneal 
signs, and leukocytopenia with dominant left-shifted 
differential count on the 4th post-operation day, which was 
in the opposite direction to recovering status. Although, 
toxic signs presented by this patient alerted us of  his 
deteriorated status, ischemic gangrene change of  the distal 
limb between created stoma and obstructed sigmoid colon 
cancer was beyond our expectation. Nevertheless, bloody 
mucoid stools, which are usually in consistent with the 
clinical features of  ischemic colitis, was not identified from 
the distal stoma ahead of  the time in which toxic signs 
presented.

 In conclusion, impending ischemic bowel may progress 
with a catastrophic peritonitis despite construction of  
blow-hole colostomy, which rescued malignant sigmoid 
colon obstruction. Consequently, it is important to 
monitor leukocyte count change and survey meticulously 

abdominal condition for patients with decompressed 
colostomy created without resection of  the obstructed 
lesion.
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World Congress on Controversies in Obesity, 
Diabetes and Hypertension (CODHy)
October 25-28, 2006
Berlin
codhy@codhy.com
www.codhy.com

ILTS 12th Annual International Congress
May 3-6, 2006
Milan
www.ilts.org

XXX pan-american congress of digestive diseases
November 25-December 1, 2006
Cancun
amg@gastro.org.mx
www.gastro.org.mx

World Congress on Gastrointestinal Cancer
June 14-17, 2006
Barcelona, Spain
c.chase@imedex.com

5th International Congress of the African Middle 
East Association of Gastroenterology
February 24-26, 2006
Sharjah 
infoevent@infomedweb.com
www.infomedweb.com

7th World Congress of the International Hepato-
Pancreato-Biliary Association
September 3-7, 2006
Edinburgh
convention@edinburgh.org
www.edinburgh.org/conference

Digestive Disease Week 2006
May 20-25, 2006
Los Angeles
www.ddw.org

Annual Postgraduate Course
May 25-26, 2006
Los Angeles, CA
www.asge.org/education

71 st ACG Annual Sc ient i f i c Meet ing and 
Postgraduate Course
October 20-25, 2006
Venetian Hotel, Las Vegas, Neveda

AASLD 57th Annual Meeting - The Liver Meeting™
October 27-31, 2006
Boston, MA

 Meetings
MAJOR MEETINGS COMING UP
Digestive Disease Week
107th Annual Meeting of AGA, The American 
Gastroenterology Association 
May 20-25, 2006 
Loas Angeles Converntion Center, California
www.ddw.org

EVENTS AND MEETINGS IN THE 
UPCOMING 6 MONTHS
10 th World Congress of the International Society 
for Diseases of the Esophagus (ISDE 2006)
February 22-25, 2006
Adelaide
isde@sapmea.asn.au
www.isde.net

EASL 2006 - The 41st Annual Meeting
April 26-30, 2006
Vienna, Austria

International Gastrointestinal Fellows Initiative
February 22-24, 2006
Banff, Alberta
CAGOffi ce@cag-acg.org
www.cag-acg.org

Canadian Digestive Disease Week
February 24-27, 2006
Banff, Alberta
CAGOffi ce@cag-acg.org
www.cag-acg.org

European Multidisciplinary Colorectal Cancer 
Congress 2006
February 12-14, 2006
Berlin
info@congresscare.com
www.colorectal2006.org

ILTS 12th Annual International Congress
May 3-6, 2006
Milan
www.ilts.org

World Congress on Gastrointestinal Cancer
June 14-17, 2006
Barcelona, Spain
c.chase@imedex.com

5th International Congress of The African Middle 
East Association of Gastroenterology
February 24-26, 2006
Sharjah
infoevent@infomedweb.com
www.infomedweb.com

Digestive Disease Week 2006
May 20-25, 2006
Los Angeles
www.ddw.org

Annual Postgraduate Course
May 25-26, 2006
Los Angeles, CA
www.asge.org/education

EVENTS AND MEETINGS IN 2006
10th World Congress of the International Society 
for Diseases of the Esophagus (ISDE 2006)
February 22-25, 2006
Adelaide
isde@sapmea.asn.au
www.isde.net

10th International Congress of Obesity
September 3-8, 2006
Sydney
enquiries@ico2006.com
www.ico2006.com

EASL 2006 - The 41st Annual Meeting
April 26-30, 2006
Vienna, Austria

International Gastrointestinal Fellows Initiative
February 22-24, 2006
Banff, Alberta
CAGOffi ce@cag-acg.org
www.cag-acg.org

Canadian Digestive Disease Week
February 24-27, 2006
Banff, Alberta
CAGOffi ce@cag-acg.org
www.cag-acg.org

Prague Hepatology Meeting 2006
September 14-16, 2006
Prague
veronika.revicka@congressprague.cz
www.czech-hepatology.cz/phm2006

European Multidisciplinary Colorectal Cancer 
Congress 2006
February 12-14, 2006
Berlin
info@congresscare.com
www.colorectal2006.org
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using a word-processing software. All submissions must be typed in 1.5 
line spacing and in word size 12 with ample margins. The letter font is 
Tahoma. For authors from China, one copy of  the Chinese translation of  the 
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our house format. Required information for each of  the manuscript sections 
is as follows:

Title page
Full manuscript title, running title, all author(s) name(s), affiliations, 
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signifi cant data should accompany. CONCLUSION: Accurate view and the 
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help/11.doc

Key words
Please list 3-10 key words that could refl ect content of  the study mainly from 
Index Medicus.

Text
For most article types, the main text should be structured into the 
following sections: INTRODUCTION, MATERIALS AND METHODS, 
RESULTS and DISCUSSION, and should include in appropriate Figures 
and Tables. Data should be presented in the body text or in Figures and 
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Illustrations
Figures should be numbered as 1, 2, 3 and so on, and mentioned clearly in 
the main text. Provide a brief  title for each fi gure on a separate page. No 
detailed legend should be involved under the fi gures. This part should be 
added into the text where the fi gures are applicable. Digital images: black 
and white photographs should be scanned and saved in TIFF format at a 
resolution of  300 dpi; color images should be saved as CMYK (print fi les) 
but not as RGB (screen-viewing fi les). Place each photograph in a separate 
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in EPS if  created by freehand and illustrator, or TIFF from photoshops. 
EPS fi les must be accompanied by a version in native fi le format for editing 
purposes.  Existing line drawings should be scanned at a resolution of  1200 
dpi and as close as possible to the size where they will appear when printed. 
Please use uniform legends for the same subjects. For example: Figure 1 
Pathological changes of  atrophic gastritis after treatment. A: ...; B: ...; C: ...; D: 
...; E: ...; F: ...; G: ...

Tables
Three-line tables should be numbered as 1, 2, 3 and so on, and mentioned 
clearly in the main text. Provide a brief  title for each table. No detailed 
legend should be included under the tables. This part should be added into 
the text where the tables are applicable. The information should complement 
but not duplicate that contained in the text. Use one horizontal line under the 
title, a second under the 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 
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REFERENCES
Coding system
The author should code the references according the citation order in text 
in Arabic numerals, put references codes in square brackets, superscript it 
at the end of  citation content or the author name of  the citation. For those 
citation content as the narrate part, the coding number and square brackets 
should be typeset normally. For example, Crohn’s disease (CD) is associated 
with increased intestinal permeability[1,2]. If  references are directly cited in the 
text, they would be put together with the text, for example, from references 
[19,22-24 ], we know that...
      When the authors code the references, please ensure that the order in 
text is the same as in reference part and also insure the spelling accuracy of  
the fi rst author’s name. Do not code the same citation twice. 

PMID requirement
PMID roots in the abstract serial number indexed by PubMed (http://www.
ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed). The author should supply 
the PMID for journal citation. For those references that have not been 
indexed by PubMed, a printed copy of  the fi rst page of  the full reference 
should be submitted. 
     The accuracy of  the information of  the journal citations is very 
important.  Through reference testing system (http://www.aushome.cn/cgi-
bin/index.pl), the authors and editor could check the authors name, title, 
journal title, publication date, volume number, start page, and end page. We 
will interlink all references with PubMed in ASP fi le so that the readers can 
read the abstract of  the citations online immediately. 

Style for journal references
Authors: the fi rst author should be typed in bold-faced letter. The surname 
of  all authors should be typed with the initial letter capitalized and followed 
by their name in abbreviation (For example, Lian-Sheng Ma is abbreviated 
as Ma LS, Bo-Rong Pan as Pan BR). Title of  the cited article and italicized 
journal title (Journal title should be in its abbreviation form as shown in 
PubMed), publication date, volume number (in black), start page, and end 
page [PMID: 11819634]
     Note: The author should test the references through reference testing 
system (http://www.aushome.cn/cgi-bin/index.pl)

Style for book references
Authors: the fi rst author should be typed in bold-faced letter. The surname 
of  all authors should be typed with the initial letter capitalized and followed 
by their name in abbreviation (For example, Lian-Sheng Ma is abbreviated as 
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number. Publication 
place: Publication press, Year: start page and end page.

Format
Standard jounal article (list all authors and include the PubMed ID [PMID] 
where applicable)
1 Das KM, Farag SA. Current medical therapy of  infl ammatory bowel dis-

ease. World J Gastroenterol 2000; 6: 483-489 [PMID: 11819634]
2 Pan BR, Hodgson HJF, Kalsi J. Hyperglobulinemia in chronic liver disease: 

Relationships between in vitro immunoglobulin synthesis, short lived sup-
pressor cell activity and serum immunoglobulin levels. Clin Exp Immunol 
1984; 55: 546-551 [PMID: 6231144]

3 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of  Jianpi 
Yishen decoction in treatment of  Pixu-diarrhoea. Shijie Huaren Xiaohua Za-
zhi 1999; 7: 285-287

Books and other monographs (list all authors)
4 Sherlock S,  Dooley J. Diseases of  the liver and billiary system. 9th ed. Ox-

ford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
5 Lam SK. Academic investigator’s perspectives of  medical treatment for 

peptic ulcer. In: Swabb EA, Azabo S. Ulcer disease: investigation and basis 
for therapy. New York: Marcel Dekker, 1991: 431-450 

Electronic journal (list all authors)
6 Morse SS. Factors in the emergence of  infectious diseases. Emerg Infect 

Dis serial online, 1995-01-03, cited 1996-06-05; 1(1):24 screens. Available 
from: URL: http//www.cdc.gov/ncidod/EID/eid.htm

Inappropriate references
Authors should always cite references that are relevant to their article, and 
avoid any inappropriate references. Inappropriate references include those 
that are linked with a hyphen and the difference between the two numbers at 
two sides of  the hyphen is more than 5. For example, [1-6], [2-14] and [1, 3, 
4-10, 22] are all considered as inappropriate references. Authors should not 
cite their own unrelated published articles.

Statistical data
Present as mean ± SD and mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as χ2 (in 
Greek), related coeffi cient as r (in italics), degree of  freedom as γ (in Greek), 
sample number as n (in italics), and probability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure, 
p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose 
concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood CEA mass concentration, 
p (CEA) = 8.6 24.5 μg/L; CO2 volume fraction, 50 mL/L CO2  not 5% CO2; 
likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction, 
8 ng/g, etc. Arabic numerals such as 23, 243, 641 should be read 23 243 641.

The format about how to accurately write common units and quantum 
is at: http://www.wjgnet.com/wjg/help/15.doc

Abbreviations
Standard abbreviations should be defi ned in the abstract and on fi rst mention 
in the text. In general, terms should not be abbreviated unless they are 
used repeatedly and the abbreviation is helpful to the reader. Permissible 
abbreviations are listed in Units, Symbols and Abbreviations: A Guide for 
Biological and Medical Editors and Authors (Ed. Baron DN, 1988) published 
by The Royal Society of  Medicine, London. Certain commonly used 
abbreviations, such as DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, 
RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used 
directly without further mention.

Italicis
Quantities: t time or temperature, c concentration, A area, l length, m mass, 
V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: Helicobacter pylori, H pylori, E coli, etc.

SUBMISSION OF THE REVISED MANUSCRIPTS AFTER ACCEPTED
Please revise your article according to the revision policies of  WJG. The 
revised version including manuscript and high-resolution image fi gures (if  
any) should be copied on a fl oppy or compact disk. Author should send the 
revised manuscript, along with printed high-resolution color or black and 
white photos, copyright transfer letter, the fi nal check list for authors, and 
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to the conditions outlined in the Copyright Assignment Form (which can be 
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World Journal of Gastroenterology standard of quantities and units
Number                    Nonstandard  Standard                      Notice 

  1    4 days    4 d     In fi gures, tables and numerical narration 
  2    4 days    four days                        In text narration 
  3    day    d     After Arabic numerals  
  4    Four d    Four days                         At the beginning of a sentence 
  5    2 hours    2 h     After Arabic numerals 
  6    2 hs    2 h     After Arabic numerals 
  7    hr, hrs,    h     After Arabic numerals 
  8    10 seconds                       10 s     After Arabic numerals 
  9    10 year    10 years     In text narration  
10    Ten yr    Ten years                         At the beginning of a sentence  
11    0,1,2 years                        0,1,2 yr     In fi gures and tables  
12    0,1,2 year                        0,1,2 yr     In fi gures and tables  
13    4 weeks    4 wk   
14    Four wk    Four weeks    At the beginning of a sentence  
15    2 months    2 mo     In fi gures and tables  
16    Two mo    Two months    At the beginning of a sentence  
17    10 minutes                        10 min   
18    Ten min    Ten minutes    At the beginning of a sentence  
19    50% (V/V)                        500 mL/L   
20    50% (m/V)   500 g/L   
21    1 M    1 mol/L   
22    10 μM    10 μmol/L   
23    1N HCl    1 mol/L HCl   
24    1N H2SO4                        0.5 mol/L H2SO4   
25    4rd edition   4th edition   
26    15 year experience   15- year experience   
27    18.5 kDa    18.5 ku,18 500u or Mr18 500   
28    25 g.kg-1/d-1  25 g/(kg·d) or 25 g/kg per day 
29    6900    6 900
30    1000 rpm                        1 000 r/min 
31    sec    s     After Arabic numerals  
32    1 pg·L-1    1 pg/L
33    10 kilograms   10 kg  
34    13 000 rpm   13 000 g     High speed; g should be in italic and suitable conversion. 
35    1000 g    1 000 r/min    Low speed. g cannot be used.  
36    Gene bank                        GenBank     International classifi ed genetic materials collection bank 
37    Ten L    Ten liters                         At the beginning of a sentence 
38    Ten mL    Ten milliliters    At the beginning of a sentence  
39    umol    μmol   
40    30 sec    30 s
41    1 g/dl    10 g/L     10-fold conversion
42    OD260    A260     “OD” has been abandoned. 
43    One g/L    One microgram per liter   At the beginning of a sentence  
44    A260 nm    A260 nm     A should be in italic.  
   bP<0.05    aP<0.05     In Table, no note is needed if there is no significance                                                                                        
                                                                                                                                                                                         instatistics: aP<0.05,  bP<0.01 (no  note if P>0.05). If ther
                                                                                                                                                                                         is a second set of P value in the same table, cP<0.05 and 
          dP<0.01 are used for a third set: eP<0.05, fP<0.01.
45    *F=9.87, §F=25.9,   1F=9.87,2F=25.9,    Notices in or under a table
   #F=67.4    3F=67.4
46    KM    km     kilometer 
47    CM    cm     centimeter 
48    MM    mm     millimeter 
49    Kg, KG    kg     kilogram 
50    Gm, gr    g     gram 
51    nt    N     newton 
52    l    L     liter  
53    db    dB     decibel  
54    rpm    r/min     rotation per minute  
55    bq    Bq     becquerel, a unit symbol  
56    amp    A     ampere  
57    coul    C     coulomb
58    HZ    Hz 
59    w    W     watt 
60    KPa    kPa     kilo-pascal 
61    p    Pa     pascal 
62    ev    EV     volt (electronic unit) 
63    Jonle    J     joule 
64    J/mmol    kJ/mol     kilojoule per mole  
65    10×10×10cm3   10 cm×10 cm×10 cm
66    N·km    KN·m     moment 
67    x±s    mean±SD                         In fi gures, tables or text narration 
68    Mean±SEM   mean±SE                         In fi gures, tables or text narration 
69    im    im     intramuscular injection 
70    iv   iv    intravenous injection 
71    Wang et al                        Wang et al. 
72    EcoRI    EcoRI     Eco in italic and RI in positive. Restriction endonuclease                                                                                        
                                                                                                                                                                                         has its prescript form of writing.
73    Ecoli    E.coli     Bacteria and other biologic terms have their specific                                                                                            
                                                                                                                                                                                         expression.
74    Hp    H pylori 
75    Iga    Iga     writing form of genes
76    igA    IgA     writing form of proteins
77    -70 kDa    ~70 ku
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