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Abstract
Recent years have witnessed tremendous progress in our 
understanding of irritable bowel syndrome (IBS). It is 
evident that this is a truly  global disease associated with 
significant symptoms and impairments in personal and 
social functioning for afflicted individuals. Advances in 
our understanding of gut flora-mucosal interactions, the 
enteric nervous system and the brain-gut axis have led 
to substantial progress in the pathogenesis of symptoms 
in IBS and have provided some hints towards the basic 
etiology of this disorder, in some subpopulations, at the 
very least. We look forward to a time when therapy will 
be addressed to pathophysiology and perhaps, even 
to primary etiology. In the meantime, a model based 
on a primary role for intestinal inflammation serves to 
integrate the various strands, which contribute to the 
presentation of IBS

© 2006 The WJG Press. All rights reserved.
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EPIDEMIOLOGY
In recent years, the true prevalence of  IBS has been 
documented in many parts of  the world. What is truly 
remarkable is how common IBS is, no matter where 
you look! It is absolutely clear, for example, that IBS 
is a common disorder, not only in North America and 
Western Europe but throughout Asia and Latin America 
and even in parts of  Africa[1]. However, caution needs to 
be exerted in the interpretation of  such studies. Typically, 

community or hospital-based surveys of  IBS prevalence 
have utilized some iteration of  Rome or Manning criteria 
as their diagnostic instrument; whether these diagnostic 
tools, developed in the West, are equally valid in emerging 
nations, where confusion with symptoms related to chronic 
parasitic infestations, for example, may be an issue. Clearly, 
we have much to learn from the epidemiology and natural 
history of  IBS or IBS-like symptoms in this context.

DIAGNOSIS
Diagnostic confusion has also emerged as an issue in the 
West. Here, still the debate continues regarding potential 
overlap between IBS, IBD and celiac sprue[2]. Do reported 
instances of  celiac sprue among patients with “typical” 
IBS, or the occurrence of  IBS-type symptoms among IBD 
patients in apparent remission, reflect a true association 
between these disorders and, thereby, the effects of  low 
grade inflammation on enteric nerve and muscle function, 
or does such apparent overlap simply serve to emphasize 
the non-specificity of  many gastrointestinal symptoms?  
Explaining it simply, the gut has a limited symptomatic 
repertoire which may not allow us to differentiate between 
those complaints which are consequent upon continuing 
(but otherwise undetected) inflammation in IBD or in 
the non-compliant celiac and those which arise from a 
functional disorder, per se. Progress in this contentious area 
must await readily applicable measures of  disease activity 
which are sufficiently sensitive and accurate to provide a 
true definition of  remission. 
    In the meantime, how should the clinician interpret 
these dilemmas? It is evident, that the majority of  celiacs 
now present later in life and usually with vague and non-
specific gastrointestinal symptomatology; celiac disease 
must, therefore, be considered in all new IBS patients, 
especially in areas of  high prevalence and regardless of  the 
nature of  presenting symptoms[3].

ASSOCIATED DISEASES
Over the years, IBS has been associated with a wide variety 
of  intestinal and extra-intestinal symptoms and syndromes. 
Recent community surveys have confirmed how frequently 
IBS, functional dyspepsia (FD) and gastroesophageal 
reflux disease (and non-erosive reflux disease (NERD), in 
particular) overlap; a phenomenon that may complicate 
clinical trials as well as diagnostic and therapeutic 
strategies. My own belief  is that we should be “lumpers” 
and not “splitters” here; I contend that efforts to separate 
IBS from FD and NERD are clinically unrealistic and 
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unhelpful. IBS has also been associated with a variety of  
psychological disorders; here, in contrast, the evidence for 
a true association is less firm, more recent analyses suggest 
that the occurrence of  such symptomatology in IBS is 
largely the preserve of  those who seek further referral 
alone and is not a feature of  IBS in the community. 
Psychopathology should be viewed, therefore, not as a 
fundamental prerequisite for the development of  IBS, 
but, rather, as a co-factor which, if  present, will modify 
the individual’s response to IBS symptomatology. IBS 
patients commonly complain of  fatigue and tiredness; 
these appear to be real entities in IBS, yet have been 
scarcely acknowledged in the assessment of  IBS activity or 
response to therapy. Urinary and gynecological symptoms 
are also common; the basis for these associations is less 
clear. Aware of  the prominence of  smooth muscle hyper-
reactivity in both conditions, parallels have been drawn 
between IBS and asthma; whether these conditions are 
linked remains to be defined.

PATHOPHYSIOLOGY
Genetic factors
While IBS patients commonly give a positive family 
history, the relative roles of  “nature” and “nurture” in 
this intra-familial aggregation of  functional disorders 
have received little attention. For example, in a recent 
community survey almost 20% of  IBS sufferers reported 
abdominal symptoms in a first degree relative; a relative 
risk of  2.5[4]. Whether this association reflects reporting 
bias, shared environmental factors or a true genetic basis 
has been addressed in two recent twin studies which 
both identified a genetic component to IBS[5,6]. This is 
not the whole answer by any means; thus in the study 
by Levy and colleagues, while the concordance for IBS 
was twice as high in monozygotic than in dizygotic twins 
(15.2% vs 6.7%), a history of  IBS in a parent was a more 
potent predictor of  IBS in a twin than was the presence of  
IBS in the other twin[6]. These findings suggest a relatively 
minor role for genetic factors in the basic pathogenesis 
of  IBS. Genetic factors may, however, influence disease 
expression and therapeutic response, as evidenced by 
recent studies of  G-protein subunit, IL-10, CCK-1 
receptor, alpha 2 adrenoceptor and serotonin transporter 
genotypes among IBS patients[7-11]. These are complex 
studies but may pave the way for real progress in our 
understanding of  the true diversity of  IBS [12]. 

Gastrointestinal motor dysfunction
Dysmotility has long been considered a major factor in 
the pathophysiology of  IBS, as indicated by the use, in 
the past, of  such terms as the “spastic colon” to describe 
what is now referred to as IBS. Accordingly, it was 
suggested that gut spasm or other abnormal contractile 
activities led to the development of  symptoms in IBS. 
There are, indeed, several reports of  abnormal motor 
patterns in many parts of  the gastrointestinal tract in 
IBS. The specificity of  many of  these abnormalities for 
IBS is, however, unclear[13]. In contrast, and of  particular 
interest, are very recent observations on the handling of  
gas by the intestine in IBS[14,15]. Whereas gas infused into 

the small intestine was rapidly evacuated through the gut 
in normal volunteers, a similar infusion resulted in gas 
retention, symptoms and an increase in abdominal girth 
in IBS patients[14]; all reversible by administration of  a 
prokinetic agent[15]. Distension, often the most distressing 
“gas”-related symptom in IBS, has, until recently, been 
assumed to represent a disturbance of  perception, as 
apparently objective tests of  abdominal volume failed to 
detect any increase in IBS[16]. This assumption has now 
been questioned[17] and it may well come to pass that more 
detailed studies of  changes in distension over time[18] 

may detect significant diurnal variations in girth in IBS. 
While the balance of  evidence suggests that intestinal gas 
production is not abnormal in IBS, one can visualize how 
relatively local changes in the gas content could lead to 
symptoms, given the aforementioned intrinsic abnormality 
of  gas transport[19] and the   hypersensitivity to intraluminal 
gas that are known to occur in IBS[20].  

Visceral hypersensitivity and hyperalgesia
Recently, there has been considerable interest in these 
phenomena, not only in IBS, but also in functional 
disorders, in general[7]. The phenomenon of  visceral 
hypersensitivity, to distention and other intra-luminal 
stimuli, appears to be common in patients with non-
cardiac pain, FD and the irritable bowel, alike. Recently, 
it has been suggested that visceral hyperalgesia, the 
phenomenon whereby stimuli normally not experienced 
as painful become so, is highly specific for IBS[21]. Visceral 
hypersensitivity, visceral hyperalgesia and viscero-somatic 
referral (the phenomenon whereby stimuli are referred 
over wide areas) have, indeed, been confirmed, in IBS, in 
more recent studies, using a variety of  methodologies and 
under controlled experimental conditions[22]. While visceral 
hyperalgesia has been postulated as being highly specific 
for IBS, it alone or in association with other manifestations 
of  hypersensitivity cannot explain all of  IBS; even the 
most celebrated enthusiasts for the sensory hypothesis 
concede that sensation is normal in some patients. 
    There are several possible anatomical locations for 
sensory abnormalities in IBS, ranging from sensory 
receptors on the gut wall, primary sensory afferent 
neurons, to the spinal cord and the brain itself. Research in 
this area in man is notoriously difficult; however, advances 
in functional brain imaging provided by such techniques 
as cerebral evoked potentials (CEP), positron emission 
tomography (PET), magnetoencephalography (MEG) 
and functional magnetic resonance imaging (fMRI), have 
provided insights into the brain’s response to visceral 
stimuli. These and other studies have advanced the 
concept of  an abnormal (or hypervigilant) central nervous 
system (CNS), in IBS, which records an exaggerated, 
inappropriate or aberrant perception of  visceral events[23]. 
Other pieces of  evidence support this concept. These 
include the conscious perception, by IBS patients, of  
intestinal motor events which are usually sub-conscious 
and evidence of  abnormal psycho-neuro-hormonal 
responses, often implicating an abnormal hypothalamico-
pituitary axis (HPA).
    Motility and sensation may not be the most fundamental 
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causes of  IBS; it is clear, however, that these phenomena 
play a significant role in symptom generation. 

Infection, inflammation, immunity and IBS
It may come as a real surprise to many to hear that 
infection and inflammation are now seen as potential 
factors in the etiology of  IBS. With regard to infection, we 
are now beginning to see the real data to directly support 
the concept of  post-infective or post-dysenteric IBS. 
Infection and IBS First reported by McKendrick and 
Read[24], the occurrence of  IBS following bacteriologically-
confirmed gastroenteritis has now been documented in 
several studies[25-30]. The risk of  developing IBS following 
an episode of  gastroenteritis is in the order of  4%-23%, 
with females, those with a more severe initial illness and 
pre-morbid psychopathology being most at risk[25,26,28,30]. 
One of  these studies went on to establish a direct link 
between prior exposure to an infectious agent, persisting 
low-grade inflammation and IBS[28]. In this study, an 
increase in the number of  chronic inflammatory cells in the 
rectal mucosa was seen only among those exposed patients 
who had developed IBS. Others have demonstrated a 
persisting increase in rectal mucosal enteroendocrine 
cells, T lymphocytes and gut permeability in patients with 
post-dysenteric IBS[29,30]. Post-infectious IBS may explain 
only a minority of  cases of  IBS but does represent a 
clear link between exposure to an environmental agent, 
inflammation and IBS, in predisposed individuals[31]. 
Inflammation and IBS Direct and compelling evidence 
was first provided by Chadwick and colleagues for a role 
of  inflammation in IBS, in general. They evaluated 77 IBS 
patients of  whom 55% would be considered as diarrhea 
predominant; none had a confirmed infectious origin for 
their IBS[32]. All had colonic biopsies taken for conventional 
histology and immunohistology. Thirty-eight had normal 
histology, 31 demonstrated microscopic inflammation and 
8 fulfilled the criteria for lymphocytic colitis. However, 
in the group with “normal” histology, immunohistology 
revealed increased intraepithelial lymphocytes as well as an 
increase in CD3+ and CD25+ cells in the lamina propria; 
all, therefore, showed evidence of  immune activation. 
These features were even more evident in the microscopic 
inflammation group who, in addition, revealed increased 
neutrophils, mast cells and natural killer cells. All of  
these aforementioned immunopathological abnormalities 
were most evident in the lymphocytic colitis group who, 
alone, also demonstrated HLA-DR staining in crypts and 
increased CD8+ cells in the lamina propria. Interestingly, 
taking the group of  IBS patients as a whole, CD3+ cell 
number was higher among those with diarrhea than among 
alternators or those with predominant constipation. In 
contrast, in the non-inflamed IBS group the presence of  
mast cells was a predictor of  constipation. Surprisingly, 
given the aforementioned description of  a direct 
relationship between symptoms and chronic inflammation 
among patients with post-infectious IBS, these authors did 
not find an association between either the nature of  disease 
onset or disease duration and immunological findings. 
In an accompanying editorial, Collins suggested that the 
increased presence of  CD25+ cells may have indicated 
“auto- or exogenous antigen challenge in these patients, 

and that the CD25+ cells are preventing the progression to 
a more florid inflammatory response”[33]. That IBS patients 
may be predisposed to an, albeit contained, inflammatory 
response to luminal triggers is also supported by the 
finding, of  Gonsalkorale and colleagues, of  a reduced 
frequency of  the high-producer phenotype for the anti-
inflammatory cytokine interleukin-10 (IL-10) among IBS 
patients[9]. A direct linkage between immune activation 
and symptoms has been provided by the work of  Barbara 
and colleagues who demonstrated, not only an increased 
prevalence of  mast cell degranulation in the colon in IBS, 
but also a direct correlation between the proximity of  mast 
cells to neuronal elements and pain severity[34].  
    While the inflammatory hypothesis in IBS is in its 
infancy, there is already some evidence for the extension 
of  the inflammatory process beyond the confines of  
the mucosal compartment. Tornblom and colleagues 
addressed this issue in ten patients with severe IBS by 
examining full-thickness jejunal biopsies obtained at 
laparoscopy[35]. In nine, they found low-grade infiltration 
of  lymphocytes in the myenteric plexus; four of  these had 
an associated increase in intraepithelial lymphocytes and 
six demonstrated evidence of  neuronal degeneration. Nine 
patients had longitudinal muscle hypertrophy and seven 
had abnormalities in the number and size of  interstitial 
cells of  Cajal. Interestingly, three of  their patients reported 
an acute onset of  their IBS; in two, possibly precipitated 
by gastroenter i t is. The f inding of  intraepithel ia l 
lymphocytosis is consistent with the reports of  Chadwick 
and colleagues[32], in the colon and of  Wahnschaffe and 
colleagues, in the duodenum[36]. Most recently, in a group 
of  78 unselected IBS patients, we demonstrated, in 
peripheral blood mononuclear cells, an alteration in the 
ratio between the cytokines IL10 and IL12 which became 
skewed towards a Th1, pro-inflammatory profile[37]. 
    With regard to the pathophysiology of  the mucosal 
inflammatory changes, Spiller proposed that these changes 
could represent a response to an initial bacterial infection 
among individuals who are rendered susceptible by a 
relative deficiency of  anti-inflammatory cytokines[38].  
Alternately, could this low-grade inflammation represent 
either an abnormal reaction to the normal flora or a 
contained response to qualitative or quantitative changes 
in the intrinsic flora? Whether IBS is accompanied by 
quantitative or qualitative changes in the bacterial flora 
of  the small or large intestine remains a contentious 
issue; while some have described bacterial overgrowth in 
the small intestine[39,40] and qualitative alterations in the 
fecal flora[41,43] and increased bacterial fermentation[44], 
in IBS, others have failed to replicate these findings[45]. 
The description of  efficacy for certain probiotics, and 
bifidobacterium, in particular, in IBS[37] could also support a 
role of  gut flora-mucosal interaction in IBS[46]. Bacterial 
overgrowth could also explain some of  the proposed 
overlap between IBS and celiac sprue[47].

MANAGEMENT
Many IBS patients relate the onset of  symptoms to  
intake of  food and often incriminate specific food items. 
However, the role of  food intolerance or food allergy in 
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IBS has remained undefined. While most would agree 
that there is scant evidence for classical food allergy in 
IBS, Whorwell and colleagues suggest that testing for 
food intolerance, utilizing IgG antibodies, can lead to a 
successful dietary modification regime[48]. 
   In recent years, much interest has been generated by 
serotonin and the potential role of  serotonergic drugs 
in IBS[49]. Tegaserod, a 5HT4 agonist, is effective in the 
therapy of  female patients with constipation-predominant 
IBS and has demonstrated efficacy against some previously 
“resistant” symptoms, such as bloating[50,51]. Alosetron, 
a 5HT3 agonist, is effective in females with diarrhea-
predominant IBS, but its prescription is now limited due 
to reports on ischemic colitis[52]. Cilansetron, a 5HT3 
agonist, is effective in both males and females with 
diarrhea-predominant IBS[53]; here the specter of  ischemic 
colitis has again become an issue with regulators, in the 
US. Indeed, ischemic colitis has become an issue for all 
of  these agents, though it appears that many reports of  
association probably reflect diagnostic confusion ab initio 
between IBS and ischemic colitis rather than an effect of  
serotonergic agents, per se[54]. 
  Given the exp los ion tha t has occurred in our 
understanding of the enteric nervous system, and of 
the pathways that link it to the CNS, it should come as 
no surprise that many agonists and antagonists of other 
putative neurotransmitters and neuromodulators are under 
study in IBS and related disorders.
      Given the potential role of  infection and inflammation 
in at least some instances of  IBS, efforts have been made 
to address this aspect of  pathophysiology in IBS. In this 
regard, a probiotic, bifidobacterium infantis has proved 
to be a very successful agent in unselected IBS patients[37]. 
Clearly, this is an area of  increasing interest. 

CONCLUSIONS
Our understanding of  IBS has come a long way. This 
is a global disease associated with significant symptoms 
and impairments in personal and social functioning for 
afflicted individuals. Advances in our understanding of  
gut flora-mucosal interactions, the enteric nervous system 
and the brain-gut axis have led to substantial progress in 
the pathogenesis of  symptoms in IBS and have provided 
some hints towards the basic etiology of  this disorder, in 
some subpopulations, at the very least. We look forward to 
a time when therapy will be addressed to pathophysiology 
and, perhaps, even to primary etiology. In the meantime, 
as illustrated in Figure 1, I would suggest that a model 
based on a primary role for intestinal inflammation serves 
to integrate the various strands which contribute to the 
presentation of  IBS.
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Abstract
Reports from countries with a high prevalence of 
Helicobacter pylori (H pylori)  infection do not show a 
proportionately high prevalence of duodenal ulceration, 
suggesting the possibility that H pylori cannot be a 
primary cause of duodenal ulceration. It has been 
mooted that this discrepancy might be explained 
by variations in the prevalence of virulence factors 
in different populations. The aim of this paper is to 
determine whether the published literature gives support 
to this possibility. The relevant literature was reviewed 
and analyzed separately for countries with a high and 
low prevalence of H pylori  infection and virulence 
factors. Although virulent strains of H pylori were 
significantly more often present in patients with duodenal 
ulcer than without the disease in countries with a low 
prevalence of H pylori infection in the population, there 
was no difference in the prevalence of virulence factors 
between duodenal ulcer, non - ulcer dyspepsia or normal 
subjects in many countries, where the prevalence of 
both H pylori infection and of virulence factors was high. 
In these countries, the presence of virulence factors 
was not predictive the clinical outcome. To explain the 
association between virulence factors and duodenal 
ulcer in countries where H pylori prevalence is low, 
only two papers were found that give little support to 
the usual model proposed, namely that organisms with 
the virulence factors are more likely than those without 
them to initiate a duodenal ulcer. We offer an alternative 
hypothesis that suggests virulence factors are more likely 
to interfere with the healing of a previously produced 
ulcer. The presence of virulence factors only correlates 
with the prevalence of duodenal ulcer in countries 
where the prevalence of H pylori is low. There is very 
little evidence that virulence factors initiate duodenal 
ulceration, but they may be related to failure of the ulcer 
to heal.
 
© 2006 The WJG Press. All rights reserved.
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HELICOBACTER PYLORI VIRULENCE 
FACTORS AND DUODENAL ULCERATION
Following Warren and Marshall ’s historic paper in 
1984[1], evidence for an association between duodenal 
ulceration and Helicobacter pylori (H pylori) infection has 
been strengthened. Earlier publications, however, were 
from developed countries, where the overall prevalence 
of  H pylori infection was between 40% and 60%. The 
difficult problem that remained was why everyone with H 
pylori infection did not develop duodenal ulceration. This 
problem was increased by the reporting of  the “African 
enigma” from the savannah regions of  the West Coast of  
Africa[2,3], where the prevalence of  H pylori infection was 
much higher ( > 90%), but the prevalence of  duodenal 
ulceration was relatively low. This was followed by an 
increasing number of  reports from other countries, where 
a high prevalence of  H pylori infection did not correlate 
with a high prevalence of  duodenal ulceration (Africa[4-8], 
India[9-11], China[12,13], Japan[14,15], Korea[16], Peru[17], Iran[18], 
Vietnam[4]). 

When it was later reported that some strains of  
H pylori were more virulent than others, this seemed 
a possible explanation of  the paradox. In the more 
developed countries, the virulent factors, cagA (cytotoxin 
associated antigen) and vacA (vacuolating factor), were 
present in between 40% and 60% of  H pylori strains, and 
it was suggested that these strains might prove to be the 
causal factors in duodenal ulceration and account for the 
discrepancies[19-24]. 

There is no doubt about the association of  these fac-
tors with duodenal ulceration in countries, where the 
overall prevalence of  H pylori infection and virulence fac-
tors is relatively low, compared with countries where it 
is high. However, an increasing number of  reports from 
countries, where H pylori infection is almost ubiquitous
(70-90+%) and 77%-88% of  the strains carry the viru-
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lence factors cagA and vacA, have shown no relationship 
between these factors and clinical outcome (South Africa[6], 
India[25,26], China[27-31], Japan[32-43], Korea[44-47], China Tai-
wan[48], Thailand[49], Sudan[50], Turkey[51-53], Nigeria[54,55], Sri 
Lanka[56], Bangladesh[57], Serbia Montenegro[58], Estonia[59], 
Brazil[60], Singapore[61,62], Mexico[63]). A few similar reports 
have also come from countries with a low prevalence 
(Germany[45,64], France[65,66], Finland[67], UK[68,69], USA[42]).

Most cagA positive strains also carry the vacA gene. 
When present, the cagA gene secretes the toxic CagA 
protein, but not all vacA strains secrete a toxigenic protein. 
There are different allelic types of  vacA, the types vacAs1 
and vacAs1m1 are toxic and strongly associated with 
duodenal ulceration, mostly in countries with a relatively 
low prevalence of  H pylori infection. Once again, however, 
reports from countries with a high prevalence of  these 
factors show no link between the presence of  vacAs1
[6,26,29,38,44,47-49,56,57,60,70] or vacAs1m1[25,26,29,41,44,52,55,59,65,70] and 
clinical outcome. 

Other virulence markers have been reported: ice-
A1gene [induced by contact with gastric epithelium] and 
babA2 gene (blood group antigen binding adhesin), which 
binds to Lewis B present on gastric epithelial cells, show 
an association with duodenal ulceration in countries, where 
the prevalence of  H pylori and these strains is low. How-
ever, reports from many countries with a high prevalence 
of  H pylori and these virulence markers again show that in 
these areas they are not predictive of  the clinical outcome 
(iceA1[6,26,31,41,45,48,52,55,57,61,62,71-73], babA2[6,32,39,41,42,47,61]).

Thus, there remains the anomaly that, although 
duodenal ulceration is strongly associated with H pylori 
infection and certain virulence factors in countries with 
a relatively low prevalence of  both H pylori infection and 
virulence factors, this association disappears in many 
countries[74] where these prevalences are high, and where 
H pylori infection and virulence factors do not predict 
clinical outcome. This casts doubt upon whether H pylori 
initiates duodenal ulcer. This doubt is strongly supported 
by the finding that most patients with a short history[75]  or 
all with less than 6 month`s history[76] of  duodenal ulcer 
symptoms were uninfected with H pylori.

Nonetheless the importance of  H pylori infection and 
virulence factors cannot be dismissed. There is no doubt 
that the eradication of  H pylori infection leads to healing 
of  duodenal ulceration and the risk of  recurrence is 
greatly reduced. There is also no doubt about the strong 
association of  H pylori and virulence factors with duodenal 
ulceration in countries where the overall prevalence of
H pylori infection is relatively low.

The tendency for H pylori to be absent in the early 
case suggests that the organism is not the primary cause 
producing duodenal ulcer. The evidence that the chronic 
course of  healing→recurrence→etc. of  the typical chronic 
duodenal ulcer is converted in most cases into stable 
healing by eradicating H pylori suggests that the organism, 
when present, interferes with the healing process.

There remains the question why the virulence factors 
are related to the presence of  duodenal ulceration in the 
countries with a low prevalence of  H pylori infection. It 
is possible that colonization of  nearby areas of  antral 
epithelium or of  gastric metaplasia in the duodenum by

H pylori leads to the local release of  toxins that produces 
the duodenal ulcer. However, this straightforward model 
has not been substantiated. The toxins concerned have 
been demonstrated and their toxic effects are determined 
mostly by their interaction with gastric epithelium[19] and 
there are only two papers reporting about the damage 
caused by toxins to duodenal mucosa. One paper[77] reports 
about the prevention of  healing of  mechanically abraded 
human duodenal epithelium in vitro by strains of  wild
H pylori, particularly those carrying the vacA gene, and also 
by supernatant fluid containing the vacA cytotoxin. The 
other paper[78] reports about increased duodenal mucosal 
permeability, when exposed to H pylori culture fluid in rats. 
It must be emphasized that neither paper reports about 
the initiation of  ulceration.

As an alternative explanation, we advance the following 
more complicated model which we have partly suggested 
before[11,76]. H pylori is killed by excess acid [79,80]. In 
countries, where the overall prevalence of  H pylori infection 
is low, duodenal ulcer patients initially may be free from 
H pylori infection because of  their high acid output. In the 
early stages of  ulceration, many subjects, prior to seeking 
definitive treatment, control their symptoms with antacids, 
some including H2 antagonists, which are available without 
prescription. This reduces the defense against infection 
with the organism in patients who have hitherto been 
resistant (since they start H pylori negative). This partial 
reduction in resistance can be overcome by virulent, but 
not by non - virulent strains, so there is an association 
between the virulent strains and the chronic ulcer patients, 
most of  whom have become H pylori - positive for the 
organism by 6 months time[75,76]. The high baseline of  
infection with virulent strains, in the countries with a high 
prevalence, obscures this effect.
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INTRODUCTION
Helicobacter pylori (H pylori), a Gram-negative bacillus 
discovered in 1983, is the most popular pathogenic 
bacteria in the world. Approximate-ly half  of  the popula-
tion has H pylori infection worldwide, and the prevalence is 
thought to be 80 - 90% in developing countries and 30 - 50%   
in developed countries[1]. Many studies clarified the implication 
of  the bacteria as the cause of  many gastroduodenal 
diseases, including histological chronic gastritis, peptic 
ulcer, and mucosal-associated lymphoid tissue (MALT) 
lymphoma[2,3].
    In particular, histological chronic atrophic gastritis is 
an important disease for gastric carcinogenesis. Two main 
causes for the promotion of  atroph-ic gastrit-is are (1)
H pylori and (2) autoimmune factors such as antiparietal cell 
antibody. Although these two factors work synergistically 
in the promotion of  atrophic gastritis[4,5], autoimmune 
gastritis is a rare disease and most atrophic gastritis is 
thought to be induced by H pylori infection in East-Asian 
countries such as in Japan, China, and Korea[6]. Therefore, 
it is likely that H pylori is the most important factor for 
mucosal atrophy and we have confirmed this hypothesis in 
the Japanese population[7].
    Gastric cancer is the second most common cancer 
(next to lung cancer) in the world and the number of  
newly diagnosed cases was calculated as 7 50 000 persons 
per year[8]. As previously demonstrated by Correa et al., 
atrophic gastritis and the following intestinal metaplasia 
are regarded as an essential status for intestinal type cancer 
development[9]. It has been widely accepted that there is 
a strong association between H pylori-associated gastritis 
and gastric cancer. Nomura et al. and Parsonnet et al. first 
reported the relationship between H pylori infection and 
gastric cancer in 1991[10,11]. In 1994, the International 
Center for Cancer Research officially recogniz-ed that 
H pylori was a definite carcinogen for gastric cancer on 
the basis of  several epidemiological reports[12]. Moreover, 
Huang et al. demonstrated the relationship between 
H pylori seropositivity and gastric cancer by meta-
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Abstract
Many epidemiological reports indicate that Helicobacter 
pylori  (H pylori ) infection plays an important role in 
gastric carcinogenesis. Several genetic and epigenetic 
alterations contribute to the initiation, promotion, and 
progression of the cancer cells in a multi-step manner. 
H pylori  is known to induce chronic inflammation in the 
gastric mucosa. Its products, including superoxides, 
participate in the DNA damage followed by initiation, and 
the inflammation-derived cytokines and growth factors 
contribute to the promotion of gastric carcinogenesis. 
By eradicating H pylori , gastric inflammation can be 
cured; the therapy diminishes the levels not only 
of inflammatory cell infiltration, but also atrophy/
intestinal metaplasia in part. A randomized controlled 
trial revealed that the eradication therapy diminished 
the gastric cancer prevalence in cases without pre-
cancerous conditions. In addition, recent epidemiological 
studies from Japanese groups demonstrated that 
the development of gastric cancer, especially of the 
intestinal type, was decreased by successful eradication 
therapy, although these were designed in a non-
randomized manner. However, it should be mentioned 
that endoscopic detection is the only way to evaluate the 
degree of gastric carcinogenesis. We have reported that 
the endoscopic and histological morphologies could be 
modified by eradication therapy and it might contribute 
to the prevalence of gastric cancer development. 
Considering the biological nature of cancer cel l 
proliferation, it is considered that a sufficiently long-term 
follow-up would be essential to discuss the anticancer 
effect of eradication therapy.

© 2006 The WJG Press. All rights reserved.
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analysis[13]. The odds ratios for gastric cancer were 
calculated as 1.92 (1.32 - 2.78; 95%CI), 2.24 (1.15 - 
4.4), and 1.81 (1.16 - 2.84) for all studies, cohort and 
case-control studies, respectively. In addition, many 
investigations showed the tight relationship between 
H pylori and not only intestinal type cancer, but also diffuse 
type cancer[13,14]. Even in gastric cancer at a younger 
age, we were able to detect a tight relationship between 
gastric cancer and H pylori[15]. In 2001, Uemura et al.[16] 
clearly demonstrated that gastric cancer developed only in 
patients with H pylori infection with a prospective study. 
They prospectively followed 1 246 Japanese people for 7.8 
years and found that gastric cancer had been detected in 
only 36 patients with H pylori infection. No gastric cancer 
was found in H pylori-negative patients in their study.
    These findings strongly suggest the implication 
of  H pylori in gastric carcinogenesis. Next, we should 
clarify the hypothesis as to whether we can control gastric 
carcinogenesis by the eradication of  H pylori. In the present 
study, we have summarized the recent clinical evidence in 
this field and have attempted to answer this question.

Gastric inflammation induced by Helicobacter pylori 
infection and its carcinogenic effects
Persistent infection of  H pylori induces the characteristic 
inflammation in the gastric mucosa with the histological 
finding of  mononuclear cell/neutrophil infiltration. In 
particular, the superoxides, such as nitric oxide, in the 
gastric mucosa play an important role in the initiation 
of  the carcinogenesis as a mediator of  carcinogenic 
nitrosamine formation, DNA damage and tissue injury. 
Studies have also revealed that H pylori infection in human 
beings is associated with the enhanced expression of  
iNOS by tissue neutrophils and mononuclear cells[17,18]. 
Previously, we have reported that the expression of  
inducible nitric oxide synthase and nitrotyrosine in chronic 
gastritis is a predictive marker for a high risk of  gastric 
cancer development[19]. The iNOS-producing gastritis, 
which is supposed to be strongly associated with gastric 
cancer, showed a characteristic cytokine profile and serum 
gastrin pattern[20].

 Chronic inflammation results in the destruction of  
parietal cells of  the oxyntic gland in the gastric corpus 
followed by the alteration of  the pathophysiological status, 
including gastric acid secretion[21]. The pH of  gastric 
juice is a major determinant of  the nitrite and vitamin C 
concentrations in gastric juice. Previous studies reported 
a close linkage between low acid output and an increased 
concentration of  nitrite and N-nitroso compounds in 
gastric juice[22]. Vitamin C was actively secreted into gastric 
juice and scavenges nitrite from the gastric juice and 
thereby acts to prevent the formation of  nitrosamines. 
Vitamin C concentrations in gastric juice were found to be 
low in patients with hypochlorhydria status[23]. In addition, 
we have reported that gastric juice nitrite concentrations 
are higher and vitamin C concentrations are lower in 
patients with gastric cancer than those in atrophic gastritis, 
despite similar intra-gastric pH and H pylori status[24].
   Fur ther more, inf lammation-der ived cytokines 
and growth factors are known to act as promotion/
proliferation factors for gastric cancer cells. Especially, 

hepatocyte growth factor has been reported to play a 
crucial role in epithelial/tumor cell proliferation, and its 
expression was promoted in H pylori-infected mucosa[25]. 
Churin et al. reported that H pylori activated c-Met (the 
receptor of  HGF) in AGS cells, suggesting the important 
role of  HGF in an autocrine manner[26]. In addition, the 
regulation of  apoptotic signals is another important factor 
for the promotion/proliferation of  cancer cells. H pylori 
was reported to be able to induce apoptosis of  the 
gastric epithelial cells directly[27]. Nagasako et al.[28] have 
demonstrated that the Smad-5, which contributes to the 
apoptosis of  gastric epithelial cells, is upregulated by 
H pylori infection.
    Many recent advances have revealed the detailed 
molecular mechanisms of  gastric inflammation induced 
by H pylori. The research on some virulent bacterial 
factors, VacA and CagA, were reported successively from 
Japanese groups. Fujikawa et al.[29] clarified that VacA binds 
to protein tyrosine phosphatase receptor type Z (Ptprz), 
which is a specific receptor on epithelial cells, and induces 
the intracellular pathway via G protein-coupled receptor 
kinase-interactor 1 (Git1) and pleiotrophin. On the other 
hand, the advantage of  CagA is the most sensational in 
this field. Previously, Huang et al.[30]demonstrated the 
strong association between anti-CagA seropositivity and 
gastric carcinogenesis, suggesting the importance of  CagA 
for gastric carcinogenesis. CagA protein produced in the 
bacterial cell is translocated into the host cell by a type 
IV secretory system[31], followed by translocation to the 
membrane[32], tyrosine phosphorylation of  the EPIYA 
motif  by src-family kinase and the activation of  SHP - 2 
phosphatase, which is the important second messenger 
from CagA (Figure 1)[33]. Recent studies by Hatakeyama et al.  
clarified that the CagA protein showed diversity and was 
subclassified into two types, the Western type and East-
Asian type, and the later type was reported to have a high 
affinity to SHP - 2 and was regarded as a more harmful 
form[34]. It is possible to explain the international diversity 
of  the prevalence of  gastric cancer; in Western countries, 
the prevalence of  gastric cancer is relatively low because 
Western type CagA (or Cag negative strain) is dominant. 
On the other hand in East-Asian countries, the more 
virulent strain (East-Asian type) is the major strain, and 
this is a reason for the higher prevalence of  gastric cancer. 
However, it is still unclear why some Japanese/Chinese 
people do not show corpus atrophy, even if  they carry 
the East-Asian type CagA. Mimuro et al.[35]suggested 
another signal pathway via growth factor receptor bound 
2(Grb2), which is independent of  CagA phosphorylation. 
Intragastric diversity or other bacterial factors must be 
examined to solve this question, as well as the host factors 
and environmental factors including a high intake of salt[36].
    After successful H pylori eradication therapy, these 
harmful conditions are dramatically improved. There 
is no doubt that the eradication therapy can diminish 
the risk of  the new development of  gastric cancer or 
progression from the pre-malignant status. However, 
it should be emphasized that it takes a long time from 
when one cell transforms into a cancer cell to when we 
can detect the cancer tissue by endoscopic examination. 
Although the growth rate of  gastric cancer cells differs 
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according to their biological or histological characteristics, 
Haruma et al.[37] reported that average doubling time of  
early gastric cancer is 16.6 mo in the polypoid type. From 
this fact, it is likely that when we detect the cancer lesion 
in the stomach by endoscopic examination, cancer cells 
must have already been present for many years, even if  it 
is not detectable. Cancer cells have progressed through the 
multi-step process of  genetic and epigenetic alteration of  
oncogenes[38]. These alterations must occur in the cancer 
cells in the initial stage, and it is unlikely that these could 
be always cancelled by eradication therapy alone.

Reversibility of pre-malignant status; atrophic gastritis 
and intestinal metaplasia
Many repor ts have ment ioned the improvement 
of  neutrophil/lymphocyte infiltration after H pylori 
eradication therapy. However, it is still controversial as 
to the improvement of  glandular atrophy or intestinal 
metaplasia after the eradication therapy. Annibale et al. 
have concluded that eradication therapy does not improve 
mucosal atrophy[39]. Sung et al.[40] reported the results of  a 
large-scale prospective randomized study and concluded 
that eradication therapy prevents the progression of  
atrophy, which was not reversible. However, some 
problems remain that the following period is relatively 
short in the former, and the basal grades of  atrophy were 
mild in the latter study. On the other hand, Ohkusa et al.[41] 
and Haruma et al.[42] enrolled patients with atrophic gastritis 
and reported the reversibility of  atrophy after H pylori 
eradication therapy,. Furthermore, we previously followed 
up 22 patients in whom H pylori was eradicated for 5 years 
and confirmed that glandular atrophy is reversible both in 
the gastric corpus and in the antrum[43]. It should be noted 
that the reversibility of  atrophy was found in the patients 
with moderate atrophy, and it took a long-time to confirm 
the reversibility. In cases with complete disappearance 
of  the gland, such as cases with gastric adenoma, 
reconstruction of  the gland may be unlikely. Recently, 
Sugiyama et al.[44] reported the regression of  corpus atrophy 
after eradication. They emphasized the importance of  the 
biopsy site, and demonstrated that the most suitable point 
is the lesser curvature of  the gastric corpus.
    Another major problem is the reversibility of  the 

intestinal metaplasia. Although some reports have refuted 
the improvement of  intestinal metaplasia[39,45], there 
has been a report suggesting the effect of  eradication 
therapy in the improvement of  intestinal metaplasia[41]. 
Correa et al.[46] reported that eradication therapy could 
regress not only the degree of  atrophy, but also the 
intestinal metaplasia in a randomized controlled trial. Leung 
et al.[47] demonstrated that the eradication therapy could 
prevent the progression of  intestinal metaplasia using 
a randomized controlled trial with a 5-year follow-up. 
However, to evaluate the status of  intestinal metaplasia, 
biopsy specimens for point-diagnosis seem to be not 
suitable. Therefore, we performed dye-endoscopy using 
methylene blue solution, which allowed us to evaluate the 
degree of  intestinal metaplasia as a “field”. Our overall 
results suggested the reversibility of  intestinal metaplasia 
by following up over long periods, even if  all patients 
did not show a regression of  the intestinal metaplasia[43]. 
At present, a large-scale prospective study (Japanese 
intervention trial of  H pylori) has been ongoing. In 
this study, the reversibility of  atrophic gastritis was 
examined by endoscopic and histological examinations, 
and its final result will be published in 2006. Although the 
improvement of  atrophic gastritis or intestinal metaplasia 
links to the regression of  gastric carcinogenesis at the 
extremely early stage, a long-term (more than 10 years) 
follow-up study will be necessary to confirm the effect of  
eradication therapy on gastric carcinogenesis.

Does eradication therapy truly diminish gastric cancer?
It is clinically important to clarify whether gastric 
carcinogenesis could be influenced by eradication therapy. 
Firstly, Uemura et al.[48] reported the reduced incidence of  
secondary developed gastric cancer by eradication therapy 
in patients with endoscopic resection of  the primary 
gastric cancer. Because of  the reason described above, 
their data did not suggest an anticarcinogenic effect of  
the eradication therapy, but instead an antiproliferative 
effect of  cancer cell growth. Indeed, we have previously 
reported that the Ki - 67 labeling index in cancer cells is 
lower in cancer lesions without H pylori infection than 
in those with H pylori[49]. Recently, Take et al.[50] reported 
that they followed up 1 120 peptic ulcer patients with 
eradication therapy prospectively (mean 3.4 years) and 
found that gastric cancer is more frequently detected in 
patients with failed eradication than those with successful 
eradication. They have also demonstrated that gastric 
cancer was never detected in duodenal ulcer patients, 
in whom atrophic gastritis should be absent. On the 
other hand, a Chinese group has demonstrated, with a 
randomized controlled trial, that there is a relative decrease 
in cancer incidence in patients with eradication therapy in 
the overall population, but this difference did not reach a 
level of  significance[51]. Only in a subgroup without pre-
cancerous lesions (without atrophy or intestinal metaplasia) 
they demonstrated the statistically reduced incidence of  
gastric cancer by eradication therapy. These results may 
be partially conflicting to each other and the reason for 
this is uncertain. However, we should pay attention to the 
difference in the clinical stage of  gastric cancer detected 
and in the diagnostic ability of  endoscopic examination 

Figure 1  Intracellular molecular pathway starting from H pylori infection.
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between both trials. Whereas, in the Japanese study, most 
gastric cancer lesions were detected in the early stage as an 
intramucosal cancer, lesions found in Chinese study were 
those in a more advanced stage. We could not conclude 
that these two studies were designed with the same method 
because the endpoints may be different.
   Recently, Kamada et al.[52] also prospectively followed 
up 1 787 patients with eradication therapy (median 4.5 
years) and demonstrated that gastric cancer could be 
detected in 20 patients (1.1%). Most cancer lesions were 
detected in the early stage as intramucosal cancer and its 
histology was intestinal type dominant (75%). We also 
prospectively examined 101 patients with atrophic gastritis 
prospectively for more than 60 mo (mean 63.2 months) 
and found gastric cancer incidence in 8 patients[53]. Most 
gastric cancers were detected in the early stage and their 
histologies were of  the intestinal type, and this is in 
complete agreement with previous studies. In addition, 
gastric cancer is more frequently found in elderly patients 
than in younger patients (P < 0.05). For the patients with 
atrophic gastritis, the age at the time of  eradication therapy 
is an important factor for the occurrence of  cancer after 
successful eradication. The long-term strict follow-ups 
after eradication seem to be necessary in elderly patients 
with atrophic gastritis.

Does alteration of the tumor appearance after eradication 
therapy modulate the incidence of cancer discovery?
As described above, the focus must be placed on the 
diagnostic abil ity of  gastric cancer by endoscopic 
examination when we discuss the cancer discovery rate 
determined clinically. One of  the difficulties of  this field 
seems to be based on the methodology used to evaluate 
gastric carcinogenesis. Researchers can evaluate the degree 
of  carcinogenesis only by the discovery rate of  gastric 
cancer by endoscopic examination. Due emphasis must be 
placed on the differences in the diagnostic ability of  each 
examination.
    Moreover, endoscopic morphology might be influenced 

directly by eradication therapy, thus affecting the 
discovery rate of gastric cancer. Previously, Gotoda et al.[51]  
reported the endoscopic regression of  gastric adenoma 
after successful eradication therapy. If  the eradication 
itself  influences the tumor morphology, this may affect 
the tumor discovery rate. Then, we investigated the 
morphological changes in the gastric neoplasm after 
H pylori eradication in Japanese patients. After a one-
month follow-up, endoscopic re-evaluation revealed 
that one-third of  the gastric tumor became indistinct 
and some tumors were difficult to discern with ordinary 
endoscopic observation[55]. All these altered lesions were 
of  the superficial-elevated type, which is the characteristic 
appearance of  intestinal type cancer, irrespective of  the 
grade of  histological appearance (adenoma or carcinoma) 
(Figure 2). The tumor appearance became flattened 
and the height of  the lesions decreased, then the tumor 
became indistinct after eradication, even after a short time. 
In the depressed type cancer, that is typical for diffuse 
type gastric cancer, we could not find any morphological 
changes after eradication[55]. These results suggest that 
the morphology of  the gastric neoplasm changes after 
eradication in the short-term, especially in the intestinal 
type gastric cancer, which were found characteristically 
in patients after eradication therapy. Even if  the true 
incidence of  cancer is not affected by eradication, the 
incidence of  cancer discovery would be influenced by 
successful eradication therapy in cases of  intestinal type 
cancer with elevated tumor features. Furthermore, we 
detected normal columnar epithelium over the neoplasm 
in some lesions (Figure 2). The appearance of  normal 
foveolar epithelium must make it more difficult to detect 
gastric cancer by endoscopic observation. We could not 
explain the origin of  this strange histological feature, but 
the most probable origin may be a regenerative change 
against the surface injury of  the mucosal tumor tissue 
induced by the improved acid output after successful 
eradication. This must also contribute to the reduction in 
the rate of  cancer discovery after successful eradication 
therapy and these overall alterations are quite rational for 
the explanation of  the results reported by the Japanese 
researchers.
    The mechanism of  the antitumor promoting effect 
of  H pylori eradication therapy is still unknown. In the in 
vitro studies, H pylori itself  has been found to modify the 
expressions of  several genes in gastric carcinoma cells[56]. 
Semino-Mora et al.[57] demonstrated the presence of H pylori-
derived toxic proteins and mRNAs in gastric tumor cells 
in vivo. However, their theory is still controversial, and, 
until now, it has been believed that H pylori cannot exist in 
the gastric carcinoma cells. Thus, it is likely that H pylori 
indirectly influences tumor cell growth by regulating the 
inflammatory reaction around the tumor tissue. Several 
cytokines have been induced by H pylori infection and 
some of  them may act as growth factors for tumor 
cells[25,58]. Suzuki et al [59] reported the decreased level of  
HGF in the gastric mucosa after eradication, which was 
linked to the decreased cell turnover. These indicate the 
importance of  gastric inflammation in the gastric mucosa 
rather than H pylori itself  on the luminal side. Gastrin is 
known to be an important gut-related hormone and a 

Figure 2  Dye-endoscopic features of gastric adenocarcinoma at pre- (A) and 
post-eradication therapy (B). Tumors became flattened and indistinct after 
eradication therapy. Histological features of gastric neoplasm at post-eradication 
are demonstrated in panel (C). Patient was a 67-year-old male.
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growth factor for gastric cancer cells, and gastric tumor 
cells have been shown to contain its receptor[60]. However, 
it is unlikely that our new findings of  the morphological 
changes were induced by a gastrin-related system[55].
    There are two ways in which gastric tumors may 
grow; one is invasive downward growth and the other is 
expansive growth in the upward (luminal) direction. The 
latter may include the reactive (non-neoplastic) factor, 
which may be regulated by the gastric inflammation 
induced by H pylori infection. Kamada et al.[52] analyzed the 
macroscopic features of  gastric cancers discovered after 
eradication therapy and demonstrated that most lesions 
are of  the depressed type. If  the eradication therapy 
mainly influences the expansive growth, the true biological 
behavior of  the gastric malignancies may not be improved 
by eradication therapy.

Clinical manifestations of H pylori  eradication therapy and 
what are the problems in the next step?
There is no doubt that eradication therapy diminishes the 
prevalence of  cancer development. In the animal model 
with Mongolian gerbils, Shimizu et al.[61] demonstrated 
that H pylori eradication therapy diminishes the prevalence 
of  gastric cancer incidence induced by H pylori infection 
and low-dose chemical carcinogen. Tatematsu et al.[62] also 
reported that H pylori eradication therapy regresses the 
heterotopic proliferative glands in the gastric mucosa of  
Mongolian gerbils, suggesting that the eradication reduces 
the promoting effect of  the bacterium.
    In human studies, we cannot discuss the anticarcino-
genic effect of  eradication therapy unless we follow up 
patients for a sufficiently long period (more than 10 years). 
As discussed above, it is very important that we distinguish 
the “development” of  gastric cancer from the “discovery” 
of  the tumor. In addition, it is clinically important to 
clarify whether eradication therapy can diminish the 
mortality rate for gastric cancer or not. It is very critical 
to know as to how we regress the biologically malignant 
gastric cancer, including diffuse-type cancer in younger 
patients. No reports have discussed this, and further study 
is necessary to answer this question.
    Another problem to be solved is the “point of  no 
return” of  gastric carcinogenesis by eradication therapy. 
In the animal model, earlier eradication was demonstrated 
to be more effective for preventing the development of  
gastric cancer[63]. Since gastric cancer after eradication was 
frequently found in patients who received eradication in 
older age, we should consider that younger people should 
receive eradication therapy as early as possible. For the 
effective eradication for cancer prevention to be practical 
and economical, the selection of  the population at higher 
risk should be clarified. It is especially necessary to identify 
the fundamental status of  gastric inflammation in the 
development of  diffuse type gastric cancer. Recent studies 
revealed that a high odds ratio for gastric cancer discovery 
was noticed in patients with nodular gastritis, which may 
be an important background for diffuse-type cancer[64,65]. 
This type of  gastritis should be an important target for 
earlier eradication therapy to reduce cancer death. In 
addition, we should determine useful biomarkers for 
gastric inflammation, which would be beneficial for real 
clinical practice[66].
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Abstract
Gastric cancer is one of the most frequent cancers in 
the world; almost two-thirds of gastric cancer cases 
and deaths occur in less developed regions. In China, 
based on two national mortality surveys conducted 
in 1970s and 1990s, there is an obvious clustering 
of geographical distribution of gastric cancer in the 
country, with the high mortality being mostly located in 
rural areas, especially in Gansu, Henan, Hebei, Shanxi 
and Shaanxi Provinces in the middle-western part of 
China. Despite a slight increase from the 1970s to early 
1990s, remarkable declines in gastric cancer mortality 
were noticed in almost the entire population during the 
last decade in China. These declines were largely due 
to the dramatic improvements in the social-economic 
environment, lifestyle, nutrition, education and health 
care system after economic reforms started two decades 
ago. Nevertheless, gastric cancer will remain a significant 
cancer burden currently and be one of the key issues 
in cancer prevention and control strategy in China. It 
was predicted that, in 2005, 0.3 million deaths and 
0.4 million new cases from gastric cancer would rank 
the third most common cancer. The essential package of 
the prevention and control strategy for gastric cancer in 
China would focus on controlling Helicobacter pylori (H 
pylori ) infection, improving educational levels, advocating 
healthy diet and anti-tobacco campaign, searching for 
cost-effective early detection, diagnosis and treatment 
programs including approaches for curable management 
and palliative care.

© 2006 The WJG Press. All rights reserved.
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GASTRIC CANCER IN THE WORLD
Gastric cancer is one of  the most frequent cancers in the 
world, in both men and women. In the year 2002, the age 
standardized incidence rate was 22.0 per 100 000 in men, 
and 10.4 per 100 000 in women, and mortality rate was 
16.3 per 100 000 in men, and 7.9 per 100 000 in women, 
according to the latest global estimation-GLOBOCAN 
2002[1]. Despite a marked decrease, especially in mortality 
rate in many countries, the absolute number of  gastric 
cancer cases and deaths is still a big burden of  the local 
health program, since the world population and life 
expectancy are increasing. In 2002, it was estimated that 
there were 0.9 million new gastric cancer cases (0.60 million 
in men and 0.33 million in women) and 0.7 million deaths 
(0.45 million in men and 0.25 in women) from gastric 
cancer in the world. In men, gastric cancer ranks the third 
among the commonest cancers in incidence rate (after 
cancers of  lung and prostate) and the second in mortality 
rate (after lung cancer), while in women, it is the fifth most 
common cancer in incidence and the fourth in mortality 
(after cancers of  breast, cervix, lung and/or colon-
rectum)[1]. 
     In terms of  geographic distribution, almost two-thirds 
of  gastric cancer cases and deaths occur in less developed 
regions. High rates apply to Japan, China, Korea, Central 
and South America, Eastern Europe, and parts of  the 
Middle East, and low rates to North America, Australia 
and New Zealand, Northern Europe, and India[1,2]. Five-
year relative survivals of  around 20% or less are frequently 
reported. The incidence ratios of  men to women generally 
range between 1.5 and 2.5, with higher ratios for intestinal 
than diffuse cancers and in high-risk populations[2].

NATIONAL GASTRIC CANCER MORTALITY 
PATTERN IN THE 1970s AND 1990s
In China, two national mortality surveys were conducted 
in 1973-1975 and 1990-1992, respectively, both organized 
by the National Office for Cancer Prevention of  Control, 
the Ministry of  Public Health, China. These two surveys 
showed the detail pattern and distribution of  mortality 
rates for cancers in China at that time[3-7]. The first 
mortality survey was a nation-wide study. An atlas was 
published based on the survey results[4], providing a visual 
geographic distribution of  gastric cancer profile in early 
1970s. A map of  the gastric cancer mortality distribution 
for males is shown in（Figure 1）as an example. An 
obvious clustering of  geographical distribution of  
gastric cancer appears in China, with the high mortality 
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being mostly located in the north (Liaodong Peninsula, 
Shandong Peninsula, Yangtze River Delta and middle-
western provinces along Taihang Mountain and ‘Hexi 
Zoulang”). 
    The second mortality survey covered 10% of  the 
whole population that proved as a representative sample 
to reflect national cancer profile[5-7]. The crude mortality 
rate of  gastric cancer in China was 25.2 per 100 000 
(32.8 per 100 000 in men and 17.0 per 100 000 in women), 
which accounted for 23.2% of  the total cancer deaths in 
1990-1992, making gastric cancer the first leading cause of  
cancer death[8]. The geographic variety in the distribution 
was similar to that in the first survey in the 1970s. Table 1 
shows the first 20 areas with high mortality rates for the 
gastric cancer (rates adjusted by the 1982 national census 
population). Most of  these high-risk areas are located in 
rural areas, especially in Gansu, Henan, Hebei, Shanxi and 
Shaanxi Provinces in the middle-western part of  China.
     By comparing the above two national mortality surveys, 
an increasing trend for the age-standardized mortality rates 
of  gastric cancer was shown in the entire population in 
China during the two decades. Nevertheless, the increase 
only appeared in rural areas, while a decreasing trend 
was noticed in urban population[9,10] (Table 2). In terms 
of  age-specific mortality rates, a decreasing trend was 
noticed among almost all age groups (except age group 
70-79 years) in urban residents, while an increasing trend 
was seen among most of  age groups (except age group 
30-44 years) in rural areas[10]. Nevertheless, with almost 
two-thirds of  the population reside in rural areas, gastric 
cancer was still the first most common cancer in the 
entire population in China during 1970s and early 1990s, 

Figure 1 Mortality rates of gastric cancer in men in China, 1973-1975[4].

Table 1 The first 20 areas with high mortality rate for 
gastric cancer in China - according to the second national 
mortality survey in 1990-1992 (rate per 100 000)

 
Wuwei town, Gansu         117.78    Jiyuan town, Henan            66.59
Yangcheng county, Shanxi  104.01    Zhangye town, Gansu          64.43
Pingshun county, Shanxi     96.95    Jiaxian county, Shaanxi        64.36
Changle county, Fujian        93.38    Tianchang county, Anhui    63.04
Shexian county, Hebei         85.64       Tianzhu Tibet Autho            59.18
                                                                 county, Gansu 
Lujiang county, Anhui         84.46    Putian county, Fujian            58.83
Zanghuang county, Hebei   77.67    Linxian county, Henan         58.56
Neixiang county, Henan      77.45    Wudu county, Gansu            58.54
Yuanqu county, Shanxi        74.22    Tianjian Dist.,                         57.52
                                                                 Fuzhou city, Fujian 
Linze county, Gansu         66.69    Xianju county, Zhejiang       53.99

Area                      Rate   Area                        Rate  

although it dropped to the third in urban areas.
      In addition to the above two national mortality surveys, 
there were a few publications on gastric cancer mortality 
trends at local levels, either in big cities such as Beijing, 
Shanghai, or in high-risk areas such as in Henan and Hebei 
Provinces[11-14]. Similarly, the mortality rates of  gastric 
cancer remain high although there was a slight decreasing 
trend during different time periods among those areas. 
Therefore, gastric cancer is still the major common cancer 
and a big burden for local health resources and facilities.

GASTRIC CANCER INCIDENCE AND 
M O R T A L I T Y P A T T E R N S A T T H E 
NATIONAL LEVEL IN RECENT YEARS
Based on a routine mortality reporting system, covering 
10% of  the Chinese population, from the Ministry of  
Public Health which was submitted to the World Health 
Organization[15], the gastric cancer mortality trends 
in China were analyzed from 1987 to 1999, using the 
joinpoint model. The trends were further combined with 
the ratio of  incidence to mortality from data in seven 
cancer registries in China that were published in the 8th 

edition of  Cancer Incidence in Five Continents[16], to 
estimate and project the mortality and incidence for gastric 
cancer in 2000 and 2005 (by site, age, sex and area) at the 
national level, using the log-linear regression model with 
Poisson distribution assumption. These results have been 
serially published recently[17-19]. 
    According to the data from the Center of  Health 
Information Statistics (CHIS) under the Ministry of  Public 
Health, gastric cancer mortality rates were higher in rural 
than urban areas, and in men than in women. During 
1987-1999, slight but significant declines in mortality 
were noticed in almost the entire subpopulation (except 
in urban men before 1991) and for most age groups 
(except age group 15-34) in rural areas (Figures 2 and 3). 
In 2000, 0.3 million deaths and 0.4 million new cases 
were estimated for gastric cancer, similar to what was 
projected in 2005, while the latter had a slight decrease in 
men but increase in women (Table 3). In 2005, in terms of  
incidence rates, gastric cancer would rank the third among 
the most common cancers in China (after cancers of  lung 

Table 2 Changes in the age-standardized mortality rates 
of gastric cancer between 1973 and 1975 and between 
1990 and1992 in China (rate per 100 000)

 

Whole    27.1     13.0       19.8      30.1     13.8       21.8      11.0       6.3        10.0
country  
Urban     27.3     13.3       20.1     21.2      9.8        15.3      -22.2     -26.7    -23.8
Rural      26.7     12.6       19.4      33.7     15.4       24.4      26.4       22.1      25.8

Area      Year 1973-1975       Year 1990-1992          Changes (%)
           Men  Women  Total  Men  Women  Total   Men  Women  Total
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Table 3 Gastric cancer incidence and mortality in China 
in 2000 and 2005

 

Mortality (per 100 000)    
rates         Age 45-54       45.5     43.3          20.5            19.0 
                   Age 55-64   109.4     89.4          46.6            40.1 
                   Age 65-74   229.4     198.3          104.6            91.3 
                   Age 75+   289.6     261.9          133.3            116.3 
                   ASR1               32.7     28.8          15.0            13.3 
Number of deaths   200 518     197 222          95 942            97 843 
Incidence (per 100 000)    
rates         Age 45-54   70    66.7         31.6           29.3
                   Age 55-64   145.7    119         62.1           53.4
                   Age 65-74   264.3    228.5         120.5           105.2
                   Age 75+   288.8    261.2         133           116
                   ASR1   41.9    37.1         19.5           17.4
Number of cases   256 256    253 110         121 485          123 883

                                        Men                             Women
             Year 2000   Year 2005     Year 2000   Year 2005

and liver in men and after cancers of  breast and lung in 
women)[19].

FACTORS INFLUENCING THE GASTRIC 
CANCER PATTERN IN CHINA
Despite a slight increase from 1970s to early 1990s, 
remarkable declines in gastric cancer mortality were shown 
during the last decade in China. These declines were largely 
due to the dramatic improvements in the social-economic 
environment, lifestyle, nutrition, education and health 
care system after economic reforms started two decades 
ago. These include better socio-economic circumstances, 
higher educational levels, better refrigeration, reduced 
consumption of  salted, smoked, and chemically preserved 
foods, eating more fruit and vegetables and remarkably 
improved sanitary conditions of  the house and living 
standards, supplement intake nutrients such as vitamin C, 
vitamin E, beta-carotene, selenium and decreased intake 
of  nitrosamine, which was strongly suspected as a major 

Figure 2 Time trends for age-standardized mortality rates (both observed and 
expected by model) of gastric cancer during 1987-1999 in China, by areas (rural 
and urban) and sex (per 100 000)

Figure 3 Time trends for age-specific mortality rates of gastric cancer during 1987-1999 in China, by areas (rural and urban) and sex, in CHIS data (rates per 100 000).

risk factor for gastric cancer[20-31]. H pylori infection, which 
is defined by the World Health Organization as a definite 
gastric carcinogen, is linked to crowded living conditions, 
family size, sharing a bedroom, low socio-economic status, 
low educational level and poor sanitation, and infrequent 
hand washing before meals. The prevalence of  H pylori 
infection has reduced dramatically due to the improved 
socio-economic status and lifestyle changes during last 
decades, especially among urban areas. In addition, 
widespread prescription of  antibiotics may be responsible 
for reducing H pylori infection. Finally, some locally 
popular customs, such as drinking green tea, consuming 
tofu, and ginger have been suggested to have a possible 
protective effect on gastric cancer[32-35].
    However, huge demographic changes in China make 
the total number of  incident cases and deaths from 
gastric cancer slightly declined in men between 2000 and 
2005, while the number increased in women, despite the 
significant declining trends in rates among all age groups 
(Table 2)[17-19].
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CONCLUSION
It is estimated that gastric cancer currently ranks the third 
among most common cancers, and will remain a significant 
cancer burden in China during the next decade. It will 
be, undoubtedly, one of  the keys in cancer prevention 
and control strategy in China. The essential package 
would focus on controlling H pylori infection, improving 
educational levels, advocating healthy diet and anti-tobacco 
campaign, searching for cost-effective early detection, 
diagnosis and treatment programs including approaches 
for curable management and palliative care[36].

REFERENCES
1 Ferlay J, Bray F, Pisani P, Parkin DM. GLOBOCAN 2002: 

Cancer incidence, mortality and prevalence worldwide. Lyon: 
IARC Press, Cited 2005-04-15; Available from: URL: http: //
www-dep.iarc.fr/

2 Roder DM. The epidemiology of gastric cancer. Gastric Cancer 
2002; 5 Suppl 1: 5-11 

3 National Office for Cancer Prevention and Control of 
the Chinese Ministry of Health (NOCPC). Investigate for 
malignant tumor mortality in China. Beijing: People’s Health 
Publishing House, 1979: 175-201

4 Editorial Committee for the Atlas of Cancer Mortality. Atlas 
of cancer mortality in the People’s Republic of China. Beijing: 
China Map Press, 1979: 23-30

5 Li L , Lu F, Zhang S. [Analysis of cancer modality and 
distribution in China from year 1990 through 1992--an 
epidemiologic study]. Zhonghua Zhongliu Zazhi 1996; 18: 403-407 

6 Li L, Zhang S, Lu F. [Research on characteristics of mortality 
spectrum and type composition of malignant tumors in 
China]. Zhonghua Zhongliu Zazhi 1997; 19: 323-328

7 Zhou YS, Zhang SW, Li LD. Analysis for death for all and 
malignant tumors for Chinese population. Bull Chin Cancer 
1997; 6: 9-11

8 Sun X, Mu R, Zhou Y, Dai X, Qiao Y, Zhang S, Huangfu X, Sun J, 
Li L, Lu F. [1990-1992 mortality of stomach cancer in China]. 
Zhonghua Zhongliu Zazhi 2002; 24: 4-8

9 Li L, Lu F, Zhang S. [Analyses of variation trend and short-
term detection of Chinese malignant tumor mortality during 
twenty years]. Zhonghua Zhongliu Zazhi 1997; 19: 3-9

10 Sun XD, Mu R, Zhou YS, Dai XD, Zhang SW, Huangfu XM, 
Sun J, Li LD, Lu FZ, Qiao YL. [Analysis of mortality rate 
of stomach cancer and its trend in twenty years in China]. 
Zhonghua Zhongliu Zazhi 2004; 26: 4-9 

11 Wang QJ, Zhu WX, Yuan GL. [Trend and prediction of cancer 
mortality in Beijing, China, during 1980-2001]. Zhonghua 
Liuxingbingxue Zazhi 1995; 16: 195-198 

12 Gao YT, Tu JT, Jin F, Gao RN. Cancer mortality in Shanghai 
during the period 1963-77. Br J Cancer 1981; 43: 183-195

13 Lu JB, Sun XB, Dai DX, Zhu SK, Chang QL, Liu SZ, Duan WJ. 
Epidemiology of gastroenterologic cancer in Henan Province, 
China. World J Gastroenterol 2003; 9: 2400-2403

14 Li M, Li ZS, Chen ZF, He YT, Zhao BS, Li ZY, Li YW, Hou 
J. Mortality report of malignant tumors in SheXian, Hebei 
Province, China, from the 1970’s to the present. Asian Pac J 
Cancer Prev 2004; 5: 414-418

15 World Health Organization (WHO). WHO Mortality 
Database as is WHO Statistical Information System (WHOSIS), 
cited 2005-04-15; Available from: URL: http: //www-depdb.
iarc.fr/ and http: //www.who.int/whosis/

16 Parkin DM, Whelan SL, Ferlay J, Teppo L, Thomas DB. Cancer 
incidence in five continents Vol VIII. Lyon: IARC Press, 2002: 
212-232

17 Yang L, Parkin DM, Li L, Chen Y. Time trends in cancer 
mortality in China: 1987-1999. Int J Cancer 2003; 106: 771-783 

18 Yang L, Parkin DM, Li LD, Chen YD, Bray F. Estimation and 

projection of the national profile of cancer mortality in China: 
1991-2005. Br J Cancer 2004; 90: 2157-2166 

19 Yang L, Parkin DM, Ferlay J, Li L, Chen Y. Estimates of cancer 
incidence in China for 2000 and projections for 2005. Cancer 
Epidemiol Biomarkers Prev 2005; 14: 243-250 

20 Kneller RW, Guo WD, Hsing AW, Chen JS, Blot WJ, Li JY, 
Forman D, Fraumeni JF. Risk factors for stomach cancer in 
sixty-five Chinese counties. Cancer Epidemiol Biomarkers Prev 
1992; 1: 113-118

21 Ma JL, You WC, Gail MH, Zhang L, Blot WJ, Chang YS, Jiang J, 
Liu WD, Hu YR, Brown LM, Xu GW, Fraumeni JF. Helicobacter 
pylori infection and mode of transmission in a population at 
high risk of stomach cancer. Int J Epidemiol 1998; 27: 570-573

22 You WC, Zhang L, Gail MH, Ma JL, Chang YS, Blot WJ, Li JY, 
Zhao CL, Liu WD, Li HQ, Hu YR, Bravo JC, Correa P, Xu GW, 
Fraumeni JF. Helicobacter pylori infection, garlic intake and 
precancerous lesions in a Chinese population at low risk of 
gastric cancer. Int J Epidemiol 1998; 27: 941-944 

23 Yuan JM , Yu MC, Xu WW, Cockburn M, Gao YT, Ross 
RK. Helicobacter pylori infection and risk of gastric cancer 
in Shanghai, China: updated results based upon a locally 
developed and validated assay and further follow-up of the 
cohort. Cancer Epidemiol Biomarkers Prev 1999; 8: 621-624

24 Muñoz N. Is Helicobacter pylori a cause of gastric cancer? 
An appraisal of the seroepidemiological evidence. Cancer 
Epidemiol Biomarkers Prev 1994; 3: 445-451 

25 Limburg P, Qiao Y, Mark S, Wang G, Perez-Perez G, Blaser 
M, Wu Y, Zou X, Dong Z, Taylor P, Dawsey S. Helicobacter 
pylori seropositivity and subsite-specific gastric cancer risks in 
Linxian, China. J Natl Cancer Inst 2001; 93: 226-233

26 Yang CS. Vitamin nutrition and gastroesophageal cancer. J 
Nutr 2000; 130: 338S-339S 

27 Guo W, Blot WJ, Li JY, Taylor PR, Liu BQ, Wang W, Wu YP, 
Zheng W, Dawsey SM, Li B. A nested case-control study of 
oesophageal and stomach cancers in the Linxian nutrition 
intervention trial. Int J Epidemiol 1994; 23: 444-450

28 Ji BT, Chow WH, Yang G, McLaughlin JK, Zheng W, Shu 
XO, Jin F, Gao RN, Gao YT, Fraumeni JF. Dietary habits and 
stomach cancer in Shanghai, China. Int J Cancer 1998; 76: 
659-664 

29 Blot WJ, Li JY, Taylor PR, Guo W, Dawsey SM, Li B. The 
Linxian trials: mortality rates by vitamin-mineral intervention 
group. Am J Clin Nutr 1995; 62: 1424S-1426S 

30 International Agency for Research on Cancer (IARC). IARC 
Monograph Vol. 83. Tobacco smoke and involuntary smoking. 
Lyon: IARC Press, Cited 2005-04-15; Available from: URL: 
http: //www-cie.iarc.fr/htdocs/monographs/vol83/01-
smoking.html

31 Ji BT, Chow WH, Yang G, McLaughlin JK, Gao RN, Zheng 
W, Shu XO, Jin F, Fraumeni JF, Gao YT. Body mass index and 
the risk of cancers of the gastric cardia and distal stomach in 
Shanghai, China. Cancer Epidemiol Biomarkers Prev 1997; 6: 481-485 

32 Setiawan VW, Zhang ZF, Yu GP, Lu QY, Li YL, Lu ML, Wang 
MR, Guo CH, Yu SZ, Kurtz RC, Hsieh CC. Protective effect of 
green tea on the risks of chronic gastritis and stomach cancer. 
Int J Cancer 2001; 92: 600-604 

33 Ji BT, Chow WH, Yang G, McLaughlin JK, Gao RN, Zheng W, 
Shu XO, Jin F, Fraumeni JF, Gao YT. The influence of cigarette 
smoking, alcohol, and green tea consumption on the risk 
of carcinoma of the cardia and distal stomach in Shanghai, 
China. Cancer 1996; 77: 2449-2457 

34 Wu AH, Yang D, Pike MC. A meta-analysis of soyfoods and 
risk of stomach cancer: the problem of potential confounders. 
Cancer Epidemiol Biomarkers Prev 2000; 9: 1051-1058

35 Mahady GB, Pendland SL, Yun GS, Lu ZZ, Stoia A. Ginger 
(Zingiber officinale Roscoe) and the gingerols inhibit the 
growth of Cag A+ strains of Helicobacter pylori. Anticancer 
Res 2003; 23: 3699-3702

36 World Health Organization (WHO). National cancer control 
programmes: policies and managerial guidelines. Second 
version. Geneva: World Health Organization, 2002

S- Editor  Guo SY    L- Editor  Elsevier HK    E- Editor  Wang J



PO Box 2345, Beijing 100023, China                                                                                                                            World J Gastroenterol  2006 January 7; 12(1): 21-28
www.wjgnet.com                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                       © 2006 The WJG Press. All rights reserved.

 GASTRIC CANCER

Berberine induces cell cycle arrest and apoptosis in human 
gastric carcinoma SNU-5 cell line

Jing-Pin Lin, Jai-Sing Yang, Jau-Hong Lee, Wen-Tsong Hsieh, Jing-Gung Chung

www.wjgnet.com

Jing-Pin Lin, School of Chinese Medicine, China Medical 
University, Taichung City 404, Taiwan, China 
Jai-Sing Yang, Department of Medical Technology, Yuan-Pei 
University of Science and Technology, Hsinchu City, 300, Taiwan, 
China
Jau-Hong Lee, Department of Surgery, China Medical University 
Hospital, Taichung City, 404, Taiwan, China
Wen-Tsong Hsieh, Department of Pharmacology, China Medical 
University, Taichung City 404, Taiwan, China
Jing-Gung Chung, Department of Microbiology, School of 
Biological Science and Technology, China Medical University, 
Taichung City 404, Taiwan, China
Supported by The Grant CMU92-CM-02 from China Medical 
University
Co-first-authors: Jing-Pin Lin and Jai-Sing Yang
Co-correspondent: Jing-Pin Lin
Correspondence to: Dr Jing-Gung Chung, Department of 
Microbiology, School of Biological Science and Technology, 
China Medical University, 91 Hsueh-Shih Road, Taichung 404, 
Taiwan. China. jgchung@mail.cmu.edu.tw
Telephone: +886-4-2205-3366      Fax: +886-4-2205-3764
Received: 2005-07-05                   Accepted: 2005-07-20

Abstract
AIM: To investigate the relationship between the 
inhibited growth (cytotoxic activity) of berberine and 
apoptotic pathway with its molecular mechanism of 
action.

METHODS: The in vitro cytotoxic techniques were 
complemented by cell cycle analysis and determination 
of sub-G1 for apoptosis in human gastric carcinoma 
SNU-5 cells. Percentage of viable cells, cell cycle, and 
sub-G1 group (apoptosis) were examined and determined 
by the flow cytometric methods. The associated proteins 
for cell cycle arrest and apoptosis were examined by 
Western blotting.

RESULTS: For SNU-5 cell line, the IC (50) was found to 
be 48 μmol/L of berberine. In SNU-5 cells treated with 
25-200 μmol/L berberine, G2/M cell cycle arrest was 
observed which was associated with a marked increment 
of the expression of p53, Wee1 and CDk1 proteins and 
decreased cyclin B. A concentration-dependent decrease 
of cells in G0/G1 phase and an increase in G2/M phase  
were detected. In addition, apoptosis detected as sub-G0 

cell population in cell cycle measurement was proved in 
25-200 μmol/L berberine-treated cells by monitoring the 
apoptotic pathway. Apoptosis was identified by sub-G0 
cell population, and upregulation of Bax, downregulation 

of Bcl-2, release of Ca2+, decreased the mitochondrial 
membrane potential and then led to the release of 
mitochondrial cytochrome C into the cytoplasm and 
caused the activation of caspase-3, and finally led to the 
occurrence of apoptosis.

CONCLUSION: Berberine induces p53 expression and 
leads to the decrease of the mitochondrial membrane 
potential, Cytochrome C release and activation of 
caspase-3 for the induction of apoptosis.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
The growth of  tumor cells not like normal cells is 
uncontrolled. It is a strategy to change biological 
properties of  cancer cells that lead to apoptosis of  killing 
cancer cells in order to reach chemotherapeutic function 
for anticancer drugs. Apoptosis is a physiological mode 
of  cell death, which can be selectively triggered by cells 
in response to the stimuli[1]. Therefore, the induction 
of  apoptosis is a key factor for anticancer drugs.
    Berberine (5,6-dihydro-9,10-dimethoxybenzo[g]-
1,3-benzodioxole[5,6-a]quinolizinium), a kind of  
alkaloid, was initially isolated from a Chinese herbal 
medicine and used as an antibiotic long ago; and it has 
effeets against many bacterial species[2,3]. In the past 
years, berberine has subsequently been examined for 
anticancer activity following evidence of  antineoplastic 
properties[3-5]. It has also been shown that berberine 
interacts with nucleic acids especially DNA[6] in vitro. 
Berberine exhibits the ability to induce apoptosis in 
human cancer cells [5,7] and promyelocytic leukemia 
HL-60 cells can form berberine complexes with DNA[8].
    Cell cycle studies showed that berberine induces rapid 
apoptosis in a subpopulation (S phase) of  the cells[8]. It is 
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also reported that berberine has dose-dependent effects 
of  berberine on G2/M phase and apoptosis in Balb/c 
3T3 cells[9]. However, the effects of  berberine on human 
gastric cells are still unclear. Therefore, the purpose of  the 
present study was to find out the molecular mechanism 
of  berberine underlying human gastric cancer cell line 
(SNU-5).

MATERIALS AND METHODS

Materials
Berberine, propidium iodide (PI), Tris-HCl, trypan blue, 
ribonuclease-A and Triton X-100 were obtained from 
Sigma Chemical Co. (St. Louis, MO, USA). Potassium 
phosphates, dimethyl sulfoxide (DMSO), and TE buffer 
were purchased from Merck Co. (Darmstadt, Germany). 
Iscove’s modified Dulbecco’s medium, glutamine, fetal 
bovine serum (FBS), and penicillin-streptomycin, trypsin-
EDTA were obtained from Gibco BRL (Grand Island, 
NY, USA). 

Human gastric carcinoma cell line (SNU-5)
SNU-5 cell line (human gastric carcinoma; 33 years, 
female) was obtained from the Food Industry Research 
and Development Institute (Hsinchu, Taiwan). Cells were 
immediately placed into 75 cm ×75 cm ×75 cm tissue 
culture flasks and grown at 37 ℃ under a humidified 
50 mL/L CO2 and 950 mL/L air in 800 mL/L Iscove's 
modified Dulbecco’s medium supplemented with 200 mL/
L FBS, 10 g/L penicillin-streptomycin (1 MU/L penicillin 
and 10 g/L streptomycin) and 10 g/L glutamine as 
described previously[10].

Measurement of cell viability after cells were co-treated 
with berberine determined by trypan blue exclusion and 
flow cytometry
SNU-5 cells were plated in 12-well plates at a density 
of  5×105 cel ls/wel l and g rown for 24 h. Var ious 
concentrations of  berberine were added to the cells for 
final concentrations of  0, 25, 50, 100, and 200 μmol/L, 
while only DMSO (solvent) was added for the control 
regivnen and grown for a different period of  time at 37      ℃, 
was added 50 mL/L CO2 and 950 mL/L. The trypan 
blue exclusion and flow cytometry protocols were used as 
previously described for determining cell viability[7].

Flow cytometry analysis of DNA content for cell cycle and 
apoptosis analysis in SNU-5 cells co-treated with different 
concentrations of berberine
About 5×105 SNU-5 cells/well in 12-well plates were 
incubated with berberine (0, 25, 50, 100, and 200 μmol/L) 
for different time periods before the cells were harvested 
by centrifugation. The cells were fixed gently (drop by 
drop) in 700 mL/L ethanol (in PBS) in ice overnight 
at -20 ℃ and then re-suspended in PBS containing 40 
g/L PI, 0.1 g/L RNase (Sigma) and 0/10 g/L Triton 
X-100. After 30 min at 37 ℃ in the dark, the cells were 
transferred to the tube, analyzed with flow cytometry 
(Becton-Dickinson, San Jose, CA, USA) equipped with an 
argon laser at 488 nm. Then cell cycle and apoptosis were 
determined and analyzed[7,10].

Inhibition of berberine-induced apoptosis by caspase 
inhibitor z-VAD-fmk in SNU-5 cells 
In order to further examine whether caspase-3 activation 
was involved in apoptosis triggered by berberine, SNU-5 
cells were pretreated with the cell permeable broad-
spectrum caspase inhibitor z-VAD-fmk 3 h prior to the 
treatment with 100 μmol/L berberine. Apoptosis and 
caspase-3 activity were then determined as described 
above.

Detection of reactive oxygen species (ROS) in SNU-5 cells 
co-treated with berberine by flow cytometry
The level of  ROS in the SNU-5 cells was examined and 
quantitated by flow cytometry (Becton Dickinson FACS 
Calibur), using 2,7-dichlorodihydrofluorescein diacetate 
(DCFH-DA, Sigma). SNU-5 cells were treated with or 
without berberine (100 mmol/L) for 0, 0.5, 1, 1.5, 2, 4, 
6, and 12 h to detect the changes of  ROS. The cells were 
harvested and washed twice, re-suspended in 500 mL of  
2,7-dichlorodihydrofluorescein diacetate  (10 µmol/L) 
and incubated at 37 ℃ for 30 min and analyzed by flow 
cytometry as described previously[11].

Detection of Ca2+ concentrations in SNU-5 cells co-treated 
with berberine by flow cytometry
The level of  Ca2+ in the SNU-5 cells was determined and 
quantitated by flow cytometry (Becton Dickinson FACS 
Calibur), using the Indo 1/AM (Calbiochem; La Jolla, CA, 
USA). Cells were treated with or without berberine (100 
mmol/L) for 0, 0.5, 1, 1.5, 2, 4, 6, and 12 h to detect the 
changes of  Ca2+ concentrations. The cells were harvested 
and washed twice, and re-suspended in Indo 1/AM (3 mg/
L) and incubated at 37 ℃ for 30 min and analyzed by flow 
cytometry as described previously[12].

Detection of mitochondrial membrane potential in SNU-5 
cells co-treated with berberine by flow cytometry
The level of  mitochondrial membrane potential in the 
SNU-5 cells was determined by flow cytometry (Becton 
Dickinson FACS Calibur), using DiOC6 (4 mol/L) 
(Calbiochem, Inc., La Jolla, CA, USA). Cells were treated 
with or without various concentrations (0, 25, 50, 100, and 
200 mmol/L) of  berberine for 1, 2, 4, 6, 12, 24 h to detect 
the changes of  mitochondrial membrane potential. The 
cells were harvested and washed twice, re-suspended in 
500 mL of  DiOC6 (4 mol/L) and incubated at 37 ℃ for 
30 min and analyzed by flow cytometry[11].

Detection of caspase-3 activity and apoptosis in SNU-5 
cells co-treated with berberine by flow cytometry
The caspase-3 activity and apoptosis in the SNU-5 cells 
were determined by flow cytometry (Becton Dickinson 
FACS Calibur), using PhiPhiLux-G2D2 (4×10-4 mmol/L) 
(OncoImmunin, Inc., MD, USA). Cells were treated with 
or without various concentrations (0, 25, 50, 100, and 
200 mmol/L) of  berberine and co-treated with or without 
caspase-3 inhibitor (z-VAD-fmk ) for 24 h to detect the 
changes of  caspase-3 activity and apoptosis. The cells 
were harvested and washed twice, re-suspended in 50 mL 
PhiPhiLux-G2D2 of  (4×10-4 mmol/L) and incubated at 
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3 7  ℃ for 30 min and analyzed by flow cytometry as 
described previously[11].

Effect of berberine on CDK1, Wee1, Cdc25, p53, JNK, 
Bcl-2, Bax, and cytochrome C of SNU-5 cells
The total protein was collected from SNU-5 cells treated 
with or without various concentrations of  berberine for 48 
h before CDK1, Wee1, Cdc25, p53, JNK, Bcl-2, Bax, and 
cytochrome C were measured by sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) and 
Western blot as described previously[12,13].

Statistical analysis
Student’s t-test was used in statistical analysis between 
berberine-treated and control groups. P<0.05 was 
considered statisticahy significant

RESULTS
Effects of berberine on growth of SNU-5 cells 
Percentage of  cell growth was significantly different 
between the berberine-treated group and control groap. 
The effects of  berberine on SNU-5 cells were dose-
dependent (Figure 1A). Increasing the time of  incubation 
led to the decrease of  percentage of  cel l g rowth 
(Figure 1B). Apparently the effects of  berberine on 
SNU-5 cells also were time dependent.

Figure 1 Percentage of viable SNU-5 cells treated with berberine with 24-h 
incubation. The SNU-5 cells (2×105 cells/well; 12-well plate) were plated in 80% 
Iscove’s modified Dulbecco’s medium+20% FBS with different concentrations of 
berberine for 24 h (Panel A) or 100 µmol/L berberine for 6, 12, 24, 48, and 72 h 
(Panel B). Then the cells were collected by centrifugation and the viable cells were 
determined by trypan blue exclusion and flow cytometry as described in Materials 
and Methods. Each point is mean ± SD of three experiments. 

Figure 2 Flow cytometric analysis of the effects of berberine on SNU-5 cell cycle 
and sub-G1 group. The SNU-5 cells were exposed to various concentrations of 
berberine for 48 h, and the cells were harvested and analyzed for cell cycle (Panel 
A: the percent of cells in phase) and sub-G1 group (Panel B: the percent of cells 
in apoptosis) were analyzed by flow cytometry as described in Materials and 
methods. Data represents mean ± SD of three experiments. 

Cell cycle arrest and apoptosis induced by berberine in 
SNU-5 cells 
First, we studied the cell cycle and occurrence of  apoptosis 
induced by berberine. Cell cycle and apoptosis were 
detected by PI staining and annexin V method after 48 
h of  continuous exposure to berberine before analyzed 
by flow cytometry (Figures 2A and 2B). As shown in 
Figure 2, berberine induced G2/M arrest and apoptosis in 
a concentration- and time-dependent manner.

Effect of berberine on cyclin B, CDK1, Wee1, and CDC25C 
of SNU-5 cells
Berberine increased the expression of  Wee1 and CDC25C 
(Figures 3A and 3B) but decreased the expression of  cyclin 
B and CDK1 (Figures 3C and 3D) as detected by western 
blotting.

Effects of berberine on the production of reactive oxygen 
species (ROS) in SNU-5 cell line
Percentage of  ROS was significantly different between the 
berberine-treated group and control group. The effects of  
berberine on taking up of  DCFH-DA dye by SNU-5 cells 
were dose-dependent (Table 1) and time dependent (Figure 
4A). 

Effects of berberine on the production of Ca2+ in SNU-5 
cells 
Percentage of  Ca2+ concentrations was significantly 
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different between the berberine-treated group and control 
groap. The effects of  berberine on taking up of  Indo-1/
AM dye by SNU-5 cells were dose and time-dependent 
(Table 1, Figure 4B).

Effects of berberine on the mitochondrial membrane 
potential in SNU-5 cells 
Percentage of  mitochondrial membrane potential (MMP) 
was significantly different between the berberine-treated 
group and control group. Apparently the effects of  
berberine on the levels of  MMP determined by the take 

Figure 3 Changes of levels of CDK1 (A), cyclin B1 (B), Wee1 (C), and Cdc2 (D) in SNU-5 cells after exposure to berberine. SNU-5 cells (5×1 0 9 / L ) were treated with 0, 
25, 50, 100, and, 200 μmol/L berberine for 24 h, then cytosolic fraction and total protein were determined as described in Materials and Methods. 

Figure 4 Flow cytometric analysis of reactive oxygen species (A) and Ca2+ concentration (B) in human gastric carcinoma SNU-5 cells with 100 µmol/L berberine for 
various  time periods. The SNU-5 cells (5×105 cells/mL) were treated with 100 μmol/L berberine for 0, 0.5, 1, 1.5, 2, 4, 6, and 12 h to detect the changes of ROS and Ca2+ 
cmcentration. The zero cancentration was defined as control. The percentage of cells stained with DCFH-DA dye was determined by flow cytometry as described in the 
Materials and Methods section. 

up of  the DiOL6 dye in SNU-5 cells were dose and time-
dependent (Table 1, Figure 5).

Inhibition of berberine-induced caspase-3 activity and 
apoptosis by z-VAD-fmk in SNU-5 cells
The results indicate the caspase inhibitor that berberine 
increased caspase-3 activity in a dose- and time-dependent 
manner (Figure 6A). The SNU-5 cells were pretreated 
with the cell permeable broad-spectrum caspase inhibitor 
(z-VAD-fmk) 3 h prior to the treatment with berberine. 
The z-VAD-fmk decreased the caspase-3 activity. After 
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treated with berberine and z-VAD-fmk in SNU-5 cells, 
inhibition of  berberine-mediated caspase-3 activation was 
accompanied with the marked attenuation of  berberine-
induced apoptotic cell death (Figure 6B).

Effect of berberine on p53, Bax, Bcl-2, and cytochrome C 
in SNU-5 cells
The results indicated that DADS increased the expression 
of  p53 (Figure 3A), JNK phosphorylation (Figure 3B) 
and cytochrome C (Figure 3D) release but decreased the 
expression of  Bcl-2 (Figure 3C) as detected by western 
blotting

DISCUSSION
Berberine (25-200 µmol/L) was cytotoxic to SNU-5 
cells in a dose- and time-dependent manner. The IC50 
for SNU-5 cells was 48 µmol/L (Figure 7). It is slightly 
different in HL-60 cells[8]. But the sensitivity of  murine 
leukemia L1210 cells to the berberine is higher than that 
of  HeLa cells[14]. Our results also showed that berberine 
induced ROS in a dose-dependent manner. It may be 
due to the cell death induced by ROS. Although it was 
demonstrated that berberine can decrease the intracellular 
ROS[5], such variable effects are not uncommon. However, 
cells after treated with berberine for 48 and 72 h slightly 
increased their viability. They therefore may lead to the 
resistance to berberine due to the expression of  multidrug-
resistant transporters (mdr) because berberine can 
modulate expression of  mdr1 gene product (pgp-170) that 
leads to reduced response to paclitaxel in digestive track 
cancer cells[15].
    Berberine arrests cells in S- and G2/M-phase of  the cell 
cycle, but the former effect is transient. However, G2/M 
arrest is obvious. Apparently this effect is dose-dependent. 
Although it was reported that berberine could induce 
G0/G1 cell cycle arrest in murine L1210 cells[14], it was also 
reported that berberine can induce G2/M cell cycle arrest 
in Balb/c 3T3 cells[4,16], suggesting that berberine induces 
cell cycle arrest depending on cell types. Therefore, 
the mechanism of  berberine is not the same in all cell 
types. Western blot results from the present studies also 
demonstrated that berberine inhibits the levels of  cyclin 

The SNU-5 cells (5×105 cells/mL) were treated with 0, 25, 50, 100, and 200 
μmol/L of berberine. The zero concentration was defined as control. The 
percentage of cells taking up DCFH-DA dye, was determined by flow 
cytometry as described in the Materials and Methods. aP < 0.05. vs control.

Table 1 Flow cytometric analysis of reactive oxygen 
species Ca2+ concentration and mitochondrial membrane 
potential in gastric carcinoma SNU-5 cells with treated 
various concentrations of berberine (mean±SD)

0                0.24  ±  0.06
25       10.47  ±  2.02a

50       28.18  ±  3.14a

100       62.28  ±  5.46a

200       79.49  ±  7.08a

Berberine       cells taking up          cells taking up           cells taking 
(μ mol/L)      DCFH-DA (%)         Indo-1/AM (%)        up DiOC6

  1.69 ± 0.22
28.78 ± 2.49a

42.47 ± 3.96a

74.62 ± 6.48a

91.38 ± 8.41a

94.20 ± 9.29 
74.14 ± 8.28a 
40.21 ± 5.08a 
17.40 ± 1.87a 
  8.16 ± 1.04a

B and CDK1 but increases the levels of  Wee1 and Cdc2, 
which may be the factors for G2/M arrest in SNU-5 cells. 
It has been reported that increases of  Cdc2 activity are in 
response to drug-induced G2/M arrest[16,17]. Formation of  
Cdc2-cyclin B complex is necessary for G2/M transition 
and cells to enter mitosis[16]. Our result demonstrated that 
berberine declined cyclin b levels in SNU-5 cells, and that 
G2/M arrest could be controlled by cyclin B rather than 
by Cdc2 activation. Cyclin-dependent kinases (Cdks) are 
the central regulators of  cell division cycle. Inhibitors 
of  Cdks ensure proper coordination of  cell cycle events 
and regulate cell proliferation in tissues and organs. Wee1 
homologs phosphorylate a conserved tyrosine to inhibit 
the mitotic cyclin-dependent kinase Cdk1[18]. It was also 
reported that the induction of  Cdc2 phosphorylation due 
to the increase of  Wee1 and Myt1 as well as the reduction 
of  Cdc2 and cyclin B1, is involved in 1,25 [OH] 2VD3-
induced G2/M arrest of  keratinocytes[16,19]. It has been 
shown that multisite phosphorylation of  either CDK, 
Cdc2, Wee1, or CDK-activating kinase is sufficient to 
generate dynamical behaviors including bistability and 
limited cycles[20,21]. Experimental depletion of  Wee1 by 
a small interfering RNA directed to Wee1 mRNA could 
alleviate Vpr-induced G(2) arrest and allow normal 
progression from M into G phase[16].
     Cell cycle analysis revealed the presence of  apoptotic 
cell death (sub-G1 group) following treatment with 
berberine. We also did morphological examination 
which showed cell shrinkage, loss of  cell-to-cell contact, 
membrane blebbing and chromatin condensation 
elicited by increasing berberine concentration and 
length of  exposure. These results were also confirmed 
by fluorescence microscopy and flow cytometry. So far, 
many signals and stimuli have been reported to join the 
induction of  apoptosis, therefore the survival of  specific 
cells is under the control of  a wide complex of  signals. 
Especially the caspase activities have been demonstrated to 
be the regulators of  apoptosis[22,23]. Most apoptosis models 
are involved in caspase activation and two main pathways: 
caspases-8 and -3 or activation of  caspases-9 and -3 
activation[24]. The caspases-9 and -3 are involved in the 

Figure 5  Flow cytometric analysis of mitochondrial membrane potential in human 
SNU-5 cells with 100 µmol/L berberine for various time periods. The SNU-5 cells 
(5×105 cells/L) were treated with various concentrations of berberine. The zero 
concentration was defined as control. The percentage of cells stained with DiOL6 
dye, was determined by flow cytometry as described in the Materials and Methods. 
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release of  cytochrome C from mitochondria which causes 
the decrease of  mitochondrial membrane potential. Our 
data demonstrated that berberine was able to induce the 
increase of  Ca2+ and mitochondrial membrane potential 
loss and cytochrome C release in cytosolic fraction of  
SNU-5 cells, which correlates well with the activation of  
caspases-9 and -3. Our result also showed that berberine 
decreased the levels of  Bcl-2 which control mitochondrial 
membrane potential and Bax was increased which 
promotes the cytochrome C release (Figure 8).
    Berberine can decrease apoptosis induced by paclitaxel 

Figure 6 Flow cytometric analysis of the effects of berberine induced caspase-3 activity (A) and  apoptosis (B). The SNU-5 cells were incubated with 100 µmol/L berberine  
with or without z-VAD-fmk treatment for determination of caspase-3 activity and apoptosis.

Figure 7 Changes of levels of p53(A), Bcl-2(B), Bax(C), and cytochrome C (D) in SNU-5 cells after exposure to berberine. SNU-5 cells (5×106/mL) were treated with 0, 25, 
50, 100, and 200 μmol/L berberine for 24 h, then cytosolic fraction and total protein were determined as described in Materials and Methods. The levels of p53, p21, Bcl-2, 
Bax, and cytochrome C were determind by Western blotting as described in Materials and Methods.

in human cancer cell lines including gastric cancer cells[25,26], 
whereas in the present study berberine induced cell cycle 
arrest and cell death (apoptosis) in SNU-5 cells in a dose- 
and time-dependent manner. Based on these findings, we 
suggest that berberine may contribute to the antineoplastic 
activity of  gastric cancer cells. However, the molecular 
basis of  such effects needs for further investigations. 
Although the exact binding sites or receptors of  berbarine 
on the SNU-5 cells are still unknown, the antineoplastic 
activity of  berberine may provide a basis for further 
studies.
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INTRODUCTION
The separation of  chromosomes and the division of  one 
cell into two daughter cells are the most dramatic events 
during the cell cycle. This process, known as mitosis, 
involves a series of  structural changes in cells, including 
centrosome duplication, spindle formation and cytokinesis. 
The cdc2 - cyclinB protein complex, a mitosis promoting 
factor , is known to trigger and promote the completion of  
this complex process[1], but the mechanism responsible for 
activating the cdc2 - cyclinB complex remained unknown 
until the conserved Polo-like kinase 1 (PLK1) was cloned 
by Golsteyn et al.[2]. PLK1 accumulates markedly during the 
G2/M phase in cells, where it phosphorylates and activates 
the cdc2 - cyclinB complex and other mitosis-involved 
substrates[3,4]. PLK1 is indispensable in some types of  cell 
division including tumor cells[5]. Besides, PLK1 expression 
increases in multiple types of  solid tumors such as non-
small-cell lung cancer, head and neck cancer, esophageal 
cancer, colorectal cancer-associated glioma[6-10]. PLK1 
is now considered as an oncogene, a potential target 
for cancer therapy. But to our knowledge, no previous 
work has examined the effect of  PLK1 knockdown in 
gastric cancer cells. Here, we have used RNA interference  
technology to block the expression of  PLK1 in gastric 
cancer cell line MKN45 and observed the changes in cell 
division phenotypes and cell viability.

MATERIALS AND METHODS

Cell culture
The gastric cancer cell line MKN45 was maintained in 
RPMI1640 medium containing 2 mmol/L glutamine and 
100ml/L fetal bovine serum (Invitrogen, CA, USA) and 
incubated at 37 °C in an atmosphere containing 50 mL/L 
of  CO2.

PLK1 siRNA
The Ambion software was used to design RNAi sequences 
targeting human PLK1 (accession no. NM 005030) and 
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Abstract
AIM: Polo-like kinase 1 (PLK1) serine/threonine kinase 
plays a vital role in multiple phases of mitosis in gastric 
cancer cells. To investigate the effect of PLK1 depletion 
on mitosis and apoptosis of gastric cancer cells.

METHODS: PLK1 expression was blocked by small 
RNA interference(siRNA). The expression levels of 
PLK1, cdc2, cyclin B and caspase 3 were detected by 
Western blotting. Then, PLK1 depletion, cdc2 activity, 
cell proliferation, cell cycle phase distribution, mitotic 
spindle structure, and the rate of apoptosis of the PLK1 
knockdown cells were observed.

RESULTS: PLK1 gene knockdown was associated with 
increased cyclin B expression, increased cdc2 activity (but 
not with the expression levels), accumulation of gastric 
cancer cells at G2/M, improper mitotic spindle formation, 
delayed chromosome separation and delayed or arrested 
cytokinesis. Moreover, PLK1 depletion in gastric cancer 
cells was associated with decreased proliferation, 
attenuated pro-caspase 3 levels and increased apoptosis.

CONCLUSION: Blockage of PLK1 expression may lead 
to decreased mitosis or even apoptosis in gastric cancer 
cells, indicating that PLK1 may be a valuable therapeutic 
target for gastric cancer.

© 2006 The WJG Press. All rights reserved.
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the siRNA sequence with the highest putative efficacy 
(5’CAACCAAAGTCGAATATGA 3’) was synthesized 
by Shanghai GeneChem Co., Ltd. (PLK– group). Small 
RNA interference with randomized sequence (5 ’
TTCTCCGAACGTGTCACGT3’) against no gene 
(scrambled siRNA group) and only liposome (liposome 
group) were transfected as internal control.
     For the experiments, cells transfected with the DOTAP 
liposomal transfection reagent (Roche, Germany) were 
seeded at 2 × 105 cells/well in six-well plates. After 24 h 
culture when cells were in the phase of  log growth, 250 μL 
Opti-MEM I was mixed with 7.5 μL of  20 µmol/L siRNA 
duplex, while another 250 μL Opti-MEM I was separately 
incubated with 11.88 μL of  DOTAP liposome. The two 
mixtures were gently mixed and incubated for about 30 
min at room temperature. For transfection, the entire 
mixture was added to each well in 1.5 mL of  fresh medium 
containing 100 ml/L FBS without antibiotics. The final 
transfected concentration of  siRNA was 75 nmol/L. Cells 
were collected for further assay at 24, 48, and 72 h after 
transfection.

Western blotting
Cells were lysed in AM1 lysis buffer (Active Motif, USA) 
and protein concentrations were measured with the BCA 
protein assay kit (Pierce, USA). Total protein (50 μg) was 
resolved by 125 g/L SDS-PAGE and transferred onto 
PVDF membranes. After being blocked in TBST (20 
mmol/L Tris, 137 mmol/L NaCl, 1 g/L Tween 20, pH 
7.6) with 50 ml/L skim milk for 2 h at room temperature, 
membranes were incubated with PLK1, cyclinB, cdc2, pro-
caspase 3, and β-actin primary antibodies (diluted 1:200; 
Santa Cruz Biotechnology, USA) for 2 h. Membranes 
were then washed thrice with TBST solution, followed by 
incubation for 1 h with HRP-linked secondary antibodies 
(1:1 000; Santa Cruz Biotechnology) at room temperature. 
Finally, membranes were visualized using the DAB reagent 
(Dako Corporation, Denmark). 

Kinase analysis
Cdc2 kinase activity was measured using the cdc2-cyclinB 
kinase assay kit (MBLTM International, Japan) according to 
the manufacturer’s instructions.

Fluorescence-activated cell sorting  analysis
Cells were harvested by trypsin, washed with cold PBS 
and resuspended in 750 ml/L ethanol at 4 °C for at least 
8 h. The fixed cells were collected by brief  centrifugation 
and resuspended in PBS containing 200 µg/mL RNase 
and 15 mg/L propidium iodide. After incubation at room 
temperature for 30 min, samples were subjected to flow 
cytometry (FCM) for Fluorescence-activated cell sorting   
assay and cell cycle phase analysis.

Immunofluorescence staining and confocal microscopy
Cells were grown on coversl ips, f ixed with 40g/L 
paraformaldehyde for 10 min and permeabilized with 
methanol for 2 min. After being washed thrice with 1 
Triton X-100 in PBS, the coverslips were blocked with 
20 ml/L FBS for 30 min, stained with 10 mg/L anti-α-

tubulin primary antibody for 2 h at room temperature and 
incubated with FITC-conjugated secondary antibody (Santa 
Cruz Biotechnology) for 30 min. Finally, the DNA was 
stained with TO - PRO - 3 iodide (Molecular Probes, USA) 
and confocal microscopy was performed to obtain detailed 
images of  the subcellular structures.

MTT assay
The MTT method was used to measure cell proliferation. 
Briefly, 4 × 103 cells/well were cultured in 96 - well plates. 
After 24 h, siRNA and liposome were added to transfect 
cells, and then at the designated time points (24, 48, 72, 
and 96 h after transfection), MTT (5 g/L) was added. Cells 
were incubated for 4 h and then the medium was removed 
and 100 μL DMSO solution was added for 5 min. The 
absorbance of  the reaction solution was measured at 570 
nm and the data from the various time points were used to 
generate cell proliferation curves.

Apoptosis detection
Apoptosis was assessed with an Annexin V kit (BD 
Corporation, USA). In brief, cells were harvested, washed 
in PBS and labeled with Annexin V antibody and PI 
according to the manufacturer’s protocol. Labeled cells 
were then subjected to FCM for the determination of  
apoptosis.

Statistical analysis 
All experiments were repeated thrice. Data were analyzed 
with SPSS software version 11.0. Student’s t-test was 
used to evaluate the difference in cell phase distribution 
between PLK– and scrambled siRNA groups. One-way 
analysis of  variance (ANOVA) was used to test the effects 
of  the three treatments on cdc2 activity and apoptosis rate. 
Two-way analysis of  variance was performed to detect the 
random effects of  the three treatments on cell proliferation 
(MTT assay), and Student-Newman-Keuls test was used 
to detect the difference between any two groups. The χ2 
test was employed to examine the difference in cell mitosis 
phenotypes under confocal microscope. Cell morphology 
was observed under inverted microscope between 
experimental and control groups. P < 0.05 was considered 
statistically significant.

RESULTS
Increase in cyclinB expression and cdc2 activity following 
PLK1 knockdown by siRNA 
To determine the effect of  siRNA on PLK1 depletion, we 
collected cell samples at 24, 48, and 72 h after transfection, 
extracted total cellular proteins and performed standard 
Western blotting of  experimental cultures and scrambled 
siRNA-treated and liposome-only controls. PLK1 protein 
levels were reduced by 38.4% and 60.7% compared with 
the scrambled siRNA-treated control groups at 48 and 72 
h, respectively, indicating that PLK1 gene expression was 
obviously blocked by the siRNAs (Figure 1A). We found 
that the cyclinB protein levels were 82.4% and 32.9% 
higher at 48 and 72 h, respectively in PLK1-depleted 
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cells than in scrambled siRNA-treated cells (Figure 1A), 
while the mean activity of  cdc2 kinase was increased in 
comparison to the controls (85.71% and 68% higher than 
scrambled siRNA-treated cells at 48 and 72 h, respectively, 
P < 0.05), but there was no apparent difference at the 
protein level (Figures 1A and 1B).

Tumor cell accumulation in G2/M phase caused by PLK1 
siRNA
Cell cycle phase distribution was measured by FCM at 
24, 48, and 72 h after siRNA transfection. The mean 
percentage of  cells with G2 DNA content in the PLK
– group was 40.15%, 36.58%, and 59.88%, while that in 
the scrambled siRNA control group was 14.59%, 10.11%, 
and 17.69% at 24, 48, and 72 h, respectively (P < 0.05, 
Figure 2A). Inverted microscopy was used to examine the 
morphological changes of  tumor cells under five randomly 
chosen inverted microscopic fields. The percentage of  
rounded cells was higher in the experimental group than 
in the scrambled siRNA control group (41% vs 13%, 
38.55% vs 13.21%, and 44.55% vs 18.2% at 24, 48, and 72 h, 
respectively) (P < 0.05, Figure 2B).

Decreased tumor cell proliferation caused by PLK1 siRNA
MTT assays were used to determine whether PLK1 gene 
depletion affected tumor cell proliferation. The resultant 
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proliferation curves indicated that the PLK1-depleted 
cells divided more slowly than cells in the two control 
groups (P < 0.05, Figure 3).

Spindle formation, chromosome separat ion and 
cytokinesis in gastric cancer cells delayed by PLK1 
siRNA
Changes in the mitotic phenotypes of  PLK1 knockdown 
and control cells were observed by immunofluorescence 
staining and confocal microscopy. The spindle structure 
lost its cohesiveness 48 h after siRNA transfection (Figure 
4A). Images of  the five different substages of  mitosis 
could be acquired (Figure 4B). There were substantial 
differences in the amounts and percentages of  cells 
between the experimental group and scrambled siRNA 
control group after 48 h (P < 0.05, Table 1) at the onset of  
mitosis. More PLK– cells (46% vs 20%) were at substage 
I (nuclear membrane breakdown and even chromosomal 
distribution in the cytoplasm) and fewer (1% vs 41%) 
were at substage II (chromosomal array along the equator 
plate) and III (2% vs 8%) (chromosomal segregation). 
Meanwhile, higher percentages of  cells with dumbbell-
shaped nuclei (33% vs 15%) and cytoplasmic bridges 
connecting two incompletely separated cells (8% vs 1%) 
were also shown in PLK– cells. These results collectively 
indicated that spindle formation, chromosome separation 
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Figure 1  Effect of PLK1 depletion on members of the MPF complex. A: 
Western blotting showed that PLK1 levels decreased and cyclinB level 
increased at 48 and 72 h after RNAi targeting PLK, whereas there was almost 
no change in cdc2 level at 24, 48, and 72 h. B: Cdc2 activity was substantially 
increased at 48 and 72 h after PLK1 expression knockdown.
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and cytokinesis were delayed during mitosis in MKN45 
cells transfected with PLK1-specific siRNA duplexes.

Increased apoptosis of MKN45 cells caused by PLK1 
knockdown
To evaluate the role of  PLK1 in tumor cell fate, PLK1-
depleted cells were labeled with Annexin V antibody and 
subjected to FCM. The results showed that the mean 
apoptosis rate (including early and late apoptosis) at 48 and 
72 h was higher in PLK1-depleted cells than in scrambled 

siRNA cells (42.4% vs 21.4%, 53.8% vs 32.9%, P < 0.05, 
Figure 5A). Furthermore, Western blotting revealed that 
caspase 3 level was lower in PLK1-depleted cells (Figure 
5B).

DISCUSSION
Gastric cancer is one of  the most common malignancies in 
the world. Uncontrolled cellular proliferation is commonly 
associated with the poor prognosis of  this disease. Human 
PLK1 plays a key role in some mitotic events[11,12]. Its 
expression is associated with tumor proliferation degree[13]. 
PLK1 depletion is associated with HeLa cell mitosis[5]. 
However, no previous work has examined the possible 
role of  PLK1 in gastric cancer cell mitosis and cell fate. 
In this experiment, we have used siRNA technology to 
knockdown PLK1 gene expression and observed the 
changes in mitotic phenotypes of  the gastric cancer cell 
line, MKN45.
    The protein level of  PLK1 was decreased by 38.4% 
and 60.7%, respectively at 48 and 72 h after the addition 
of  the PLK1-specif ic s iRNA, indicat ing that the 
interference is effective and this system is appropriate 
for the study of  mitotic events under PLK1 knockdown 
conditions. A previous study has demonstrated that the 
direct motivation of  driving cells from G2 to M phase is 
caused by the cyclinB-cdc2 complex (also known as the 
mitosis promoting factor or MPF). PLK1 is responsible 
for phosphorylating and activating MPF at the G2/M 
checkpoint[3] and mediates the degradation of  cyclinB by 
activating the anaphase-promoting complex at the end of  
mitosis[14,15], indicating that PLK1 can initiate and maintain 
mitosis. In our PLK1 knockdown cells, the cyclinB level 
increased probably due to the failure of  depleted PLK1 

A

Scrambled 
siRNA

PLK-

Figure 2  Changes in tumor cell cycle after PLK1 depletion. A: Fluorescence-activated cell sorting (FACS) analysis revealed that PLK– MKN45 cells had an increased G2 

DNA content and were accumulated at G2/M phase. B: Cells treated with siRNA became rounder in shape. 
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Table 1 Effect of PLK1-specific siRNA on MKN45 mitosis phenotype1 (%)

Scrambled siRNA 20 41 8 15 1 15  100
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Figure 3  Effect of PLK1 depletion on cell proliferation.
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to activate APC. In addition, the activity (but not the 

Figure 4  Tumor cell mitosis decreases following PLK1 depletion. A: Control cells showed clear mitotic frameworks, whereas the spindles of the PLK– depleted cells were 
unclear and broken when the sister chromosomes were separated. B: The five examined substages of mitosis (I-V) in both control and PLK– depleted cells.

quantity) of  cdc2 (a component of  MPF) was increased 
by 85.7% and 68.0% at 48 and 72 h, respectively in PLK1 
knockdown cells compared to scrambled siRNA controls. 
Previous reports indicate that PLK1 and its analogs seem 
to phosphorylate and activate cdc25[3,16], which then 
dephosphorylates and activates the cdc2/cyclinB complex 
in different organisms[17,18], suggesting that cdc2 may 
lose its activity under PLK1 knockdownconditions. Our 
observation of  cdc2 activation seems to indicate that cdc2 
is activated in a cdc25-independent manner. 
     Immunofluorescence and confocal microscopy revealed 
that the microtubule morphology was affected in PLK1-
depleted cells, becoming broken and unclear. We were 
able to identify cells in both PLK1-depleted and control 
cultures corresponding to the five substages of  mitosis: 
(I) nuclear membrane breakdown and even chromosomal 
distribution in cytoplasm; (II) chromosomal array along the 
equator plate; (III) chromosomal segregation; (IV) mitotic 
exit and nuclear membrane formation; (V) cytokinesis. 
These substages were observed at varying frequencies 
between the control and siRNA-treated cells. At the onset 
of  mitosis, more siRNA-treated cells (46% vs 20%) were 
at substage I and fewer were at substage II (1% vs 41%) or 
III (2% vs 8%). Recent studies showed that PLK1 affects 
chromosomal separation by controlling the formation 
of  mitotic spindle and phosphorylating cohesion to 
decrease the cohesion of  sister chromosomes[19-21]. Our 
results revealed that in PLK1-depleted tumor cells, the 
mitotic spindle was disrupted (Figure 4A), which may be 
the reason why many PLK1-depleted cells are stalled in 
substage I and unable to progress to the subsequent stages 
requiring intact mitotic spindles.
    In addition to its effect on chromosomal segregation, 
PLK1 is also closely associated with the exit from mitosis 
and subsequent cytokinesis. In the former, PLK1 appears 
to play a role in the activation of  APC by destroying 
the APC inhibitor, Emi1[15,22]. In cytokinesis, PLK1 is 
associated with the phosphorylation and activation of  
motor-like protein (MKlp) 2[23] and nuclear distribution 
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Figure 5  PLK1 siRNA induces MKN45 apoptosis. A: Annexin V staining and FCM 
revealed a higher percentage of apoptotic PLK1-depleted cells at 48 and 72 h; B: 
Western blotting showed reduced pro-caspase 3 levels in PLK– cells at 48 and 72 h. 
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gene C (NudC)[24,25]. In our study, 48 h after siRNA 
treatment, α-tubulin immunofluorescence and DNA 
staining revealed a higher percentage of  dumbbell-shaped 
cell nucleoli (33% vs 15%) and increased the number 
of  cytoplasmic bridges connecting two incompletely 
separated cells (8% vs 1%), indicating that PLK1-depleted 
cells cannot successfully exit mitosis and reform two new 
nuclear membranes at anaphase but arrest mitosis during 
cytokinesis. In our study, immunohistochemistry and 
FCM experiments showed that the expression of  PLK1-
specific RNAi affected mitotic processes, causing tumor 
cells to accumulate at the mitotic phase and blocking 
them from completing cell division. In addition, our MTT 
assays indicated that PLK1-depleted cells decreased their 
proliferation.
     We examined whether PLK1 depletion affected the fate 
of  MKN45 cells. We used Annexin V staining to identify 
early and late apoptosis. Our results revealed that apoptosis 
increased significantly 48 and 72 h after the addition of  
the PLK1-specific siRNA. There was no obvious change 
at 24 h, indicating a delay before the apoptotic mechanism 
is triggered. Further examination revealed a sharp decrease 
in pro-caspase 3 levels. PLK1 can bind to and suppress the 
pro-apoptotic molecule p53 in HeLa cells[26], while p53 is 
accumulated during PLK1-depletion-induced apoptosis[27]. 
Based on this, it may be interesting to clarify whether any 
other pathway is involved in PLK1 depletion-induced 
apoptosis.
    In conclusion, PLK1 is vital to gastric cancer cell 
division. Gene or drug therapy aimed at depleting PLK1 
level may have a potential value as a novel treatment for 
gastric cancer. 
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copies/g RNA. The expression levels of CD44v6mRNA in 
peripheral blood in gastric cancer patients after curative 
operation increased from 5.5 × 106 - 7.6 × 109 copies/g 
RNA and the average level was 2.4×108 copies/g RNA 
(Figure 3B) (P  = 0.00496). After curative operation, the 
expression level decreased markedly.

CONCLUSION: Semi-quantitative and quantitative RT-
PCR amplification for CD44v6mRNA is a sensitive and 
specific method for the detection of micro-metastasis in 
peripheral blood and bone marrow, which might be used 
as an indicator of tumor burden and therapeutic effect.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Micro-metastasis cannot be detected by a general clinical 
pathological method. Gastric cancer is one of  the most 
frequent malignant tumors. Tumor invasion, metastasis, 
and relapse are correlated with the prognoses of  gastric 
cancer. Tumors metastasize through lymph and blood 
circulation. Twenty percent of  patients have micro-
metastasis[1]. Tumor cell micro-metastasis in lymphocytes, 
peripheral blood, bone marrow, and abdominal cavity is 
the main reason of  metastasis and relapse[2,3]. Discovering 
gastric cancer in time is not only important for predicting 
relapse and prognoses, but also important for making 
decisions concerning therapy. With the development of  
molecular biology technology, the method of  inspecting 
micro-metastasis has become more reliable[4]. Semi-
quantitative RT-PCR can reveal gastric cancer cells in 
peripheral blood and bone marrow[5,6]. CD44v6, a highly 
glycosylated cell surface protein, is involved in cell-cell 
and cell-matrix interactions and takes part in cell motility, 
tumor growth, and invasion[7].
    CD44 is an integral membrane glycoprotein with 
an apparent molecular mass ranging 85-250 ku. It is 
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Abstract
AIM: To detect the expression of CD44 correlated with 
the ability of micro-metastasis in peripheral blood and 
bone marrow of patients with gastric cancer and to de-
duce its clinical significance.

METHODS: Preoperative peripheral blood and bone 
marrow specimens from 46 patients with gastric cancer 
and 6 controls were studied by semi-quantitative RT-
PCR amplification of CD44v6mRNA. Preoperative and 
postoperative peripheral blood specimens from 40 
patients with gastric cancer and 14 controls were studied 
by quantitative RT-PCR amplification of CD44v6mRNA in 
the corresponding period.

RESULTS: Semi-quantitative RT-PCR amplification 
showed that CD44v6mRNA expression of peripheral 
blood and bone marrow was positive in 39 (84.8%) 
and 40 (86.9%) of 46 patients with gastric cancer, 
respect ively. In per ipheral blood, CD44v6mRNA 
expression was positive for diffuse type in 30 (93.8%) 
of 32 patients and for intestinal type in 9 (64.3%) 
of 14 patients. On the other hand, in bone marrow, 
CD44v6mRNA expression was positive for diffuse type 
in 31 (96.9%) of 32 patients and for intestinal type 
in 10 (71.4%) of 14 patients. There was a significant 
difference between the diffuse type and intestinal type. 
Quantitative RT-PCR amplification demonstrated that 
CD44v6mRNA was not expressed in the peripheral blood 
of controls and CD44v6mRNA expression was positive 
for preoperative peripheral blood in 40 patients with 
gastric cancer, the expression levels being from 4.9 × 
108 - 3.2× 1011 copies/g RNA. The average expression 
level of CD44v6mRNA in peripheral blood was 3.9 × 1010 
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originally described as a lymphocyte homing receptor on 
circulating lymphocytes[8]. At least 20 variants (v) of  CD44 
have been reported[9,10] due to the alternative splicing of  
10 exons (v1-v10) that encode the membrane proximal 
portion of  the extracellular domain. It has been reported 
that the expression of  variant 6 of  CD44 is correlated 
with invasion and metastasis of  certain types of  human 
cancer[11]. The expression of  CD44v6 and CD44v5 
is correlated with tumor progression, metastasis, and 
prognosis of  colorectal cancer, breast cancer, and gastric 
cancer.
   In our study, we have also determined the expression 
of  CD44v6mRNA using semi-quantitative RT-PCR in 
peripheral blood and bone marrow from 46 patients with 
gastric cancer. We have also determined the quantitative 
expression of  CD44v6mRNA in peripheral blood 
specimens from 40 patients with gastric cancer and 14 
controls using quantitative RT-PCR to display the role of  
CD44v6mRNA in clinical stage and prognosis of  gastric 
cancer.

MATERIALS AND METHODS

Patients and serum samples
Eighty-six patients were randomly divided into gastric 
cancer group (52 male and 34 female patients with an 
average age of  58.6 years, ranging 32 - 81 years) and control 
group (14 male and 8 female patients with an average age 
of  53.8 years, ranging 40 - 65 years).
    Serum samples were obtained from 86 patients with 
primary gastric cancer prior to surgery at the Department 
of  Gastroenterology, the First Affil iated Hospital 

of  Yangzhou Medical University. The diagnosis was 
confirmed before surgery.

Extraction of total RNA
Before surgery, serum samples were obtained from 
peripheral blood and bone marrow 1 d before surgery and 
9 d after surgery. Single nucleated cells were separated and 
stored at -20 °C. Total RNA was extracted. After being 
centrifuged at 2 500 r/min for 10 min, 5 mL S-ACR was 
added and bathed on ice for 15 min, then the process was 
repeated and the samples were stored at -70 °C.

cDNA synthesis , cDNA ampl i f icat ion, and semi-
quantitative analysis
Primers sp1 and sp2 were from the cDNA sequence[12]. 
Primers p1, p2, and β-actin were from the cDNA 
sequence[13]. Primers were separately aimed at the 
standard and variant CD44s, CD44v6, and β-actin[14]. 
The three couples of  primers were synthesized by 
Sagon Co. , Canada and s tored a t -20 °C (sp1 : 5 ’
-GACACATATTGCTTCAATG CTTCAGC-3’; sp2: 5’
-GATGCCAAGATGATCAGCCATTCTGGAAT-3’; P1: 
5’-GACAGACACCTCAGTTTTTCTGGA-3’; P2: 5’-TTC
CTTCGTGTGTGGGTAATGAGA-3’; forward β-actin: 5’
-CTACAATGAGCTGCGTGTGGC-3’; backward β-actin: 
5’-CAGGTCCAGACGCA GGATGGC-3’). After cDNA 
was synthesized and amplified, the product was analyzed 
and the density was scanned (semi-quantitative analysis). 
When the value of  CD44v6mRNA/β-actin was less than 
0.30 and more than 0.70, it was expressed as (-), (+), and 
(+).

Real-time RT-PCR 
The point characterized the reactions during cycling, when 
the PCR product was first detected. The product was 
accumulated after a fixed number of  cycles. The higher 
the starting quantity of  the target molecule, the earlier 
the significant increase in fluorescence was observed. 
The parameter C+ (threshold cycle) was defined as the 
fractional cycle number at which the fluorescence was 
generated. CD44v6 target message in unknown samples 
was quantified by measuring C+ and using a calibration 
curve to determine the starting target message. The 
precise amount of  total RNA added into each reaction 
mix (based on absorbance) and its quality were difficult 
to assess. For each experimental sample, the amount of  
targets and endogenous reference were determined by the 
calibration curve. The target amount was then divided by 
the endogenous reference amount to obtain a normalized 
target value. The relative gene target expression was also 
normalized to healthy control serum sample. Each of  the 
normalized target values was divided by the calibrator-
normalized target value to generate the final relative 
expression.

Primers, probes, and PCR consumables
Primers and probes for the CD44v6 gene were chosen 
with the assistance of  the computer programs Oligo 4.0 
(National Bioscience) and Primer Express (Perkin-Elmer 
Applied Bio-systems). We conducted BLAST searches 
against dbEST and nr to confirm the total gene specificity 

Figure 1  Expression of CD44s (A) and CD44v (B) in gastric mucosa.T1, T5, 
T8, T9, T13:bone marrow from patients with gastric cancer; A2, A6, A10, A15:
peripheral blood from patients with gastric cancer; N7, N12, N15, N16:Controls.

 Table 1 Oligonucleotide primer and probe sequences used

 CD44v    Upper primer           5′-TCCAGGCAACTCCTAGTAGT-3′ 
                 Lower primer           5′-CAGCTGTCCCTGTTGTCGAA-3′          740
 β-Actin   Upper primer           5’-CTACAATGAGCTGCGTGTGGC-3’ 
                 Lower primer           5’-CAGGTCCAGACGCAGGATGGC-3’    206
 Probe             5’-TGAGATTGGGTTGAAGAAATC-3’

 Gene     Oligonucleotide     Location sequence PCR product              bp

T8         T9          T13       A6          A10        A15         N7          N12         N16

482 bp

 T1          T5            A2          A10 Marker

β-acc

N15

740 bp

A

B
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of  the nucleotide sequences chosen for the primers 
and probes, and the absence of  DNA polymorphisms. 
The primer for CD44v6 was selected and compared to 
the sequences of  the closely related CD44v6 gene. The 
sequences of  the oligonucleotide are shown in (Table 1). 
The primers and probes were designated by the nucleotide 
position corresponding to the 5’-position, followed by the 
letter U for upper (sense strand) or L for lower (antisense 
strand). To avoid amplification of  contaminating genome 
DNA, one of  the two primers or the probe was placed at 
the junction between two exons or in different exons.

RNA extraction
Total RNA was extracted from serum specimens of  gastric 
cancer by the acid-phenol quantum method[15]. The quality 
of  RNA samples was determined by electrophoresis 
through denaturation of  agarose gels and staining with 

thallium bromide. The 18s and 28s RNA bands were 
visualized under ultraviolet light.

Calibration curve 
Calibration curve was constructed with four fold serial 
dilutions of  total RNA from healthy human serum. The 
diluted human total RNA was liquored and stored at -80 °C 
until use.

cDNA synthesis
Reverse transcription of  RNA was performed in a 
final volume of  20 µL containing 1× RT-PCR buffer 
[500 mmol/L each dNTP, 3 mmol/L MgCl 2, 75 
mmol/L KCl, 50 mmol/L Tris-HCl, pH 8.3, 10 µL of  
RNasinTM ribonuclease inhibitor (Promega), 10 mmol/L 
dithiothreitol, 50 µL of  superscript RNase H– reverse 
transcripts (Life Technologies), 1.5 mmol/L random 
hexanes and 1 µg of  total RNA (calibration curve points 
and patient samples)]. The samples were incubated at 20 °C 
for 10 min and at 42 °C for 30 min. Reverse transcripts 
were inactivated by heating at 99 °C for 5 min and cooling 
at 5 °C for 5 min.

PCR amplification
All PCR reactions were performed on an ABI PRISM 
7700 Sequence Detection System. For each PCR, a 
master mixture was prepared on ice with 1 × TaqMan 
buffer; 5 mmol/L MgCl2; 200 mmol/L dATP, dCTP, and 
dGTP; 400 mmol/L dUTP; 300 mmol/L each primer; 
150 mmol/L probe; 1.25 µL of  Ampli Taq gold DNA. 
Polymers and 10 µL of  each appropriately dilated reverse 
transcription sample were added to 40 µL of  the PCR 
master mixture. The thermal cycling conditions were: an 
initial demodulation step at 95 °C for 10 min and 50 cycles 
at 95 °C for 15 s, at 65 °C for 1 min. Experiments were 
performed in duplicate for each data point. Each PCR 
run included five points of  the calibration curve (fourfold 
serially diluted human normal gastric cDNA), a non-
template control, cDNA calibrator. All patient samples 
with a cv of  the number of  CD44v6mRNA copies > 10% 
were retested. 

Statistical analysis
The association of  factors was evaluated by the χ2 test. 
The significance of  difference among the means was 

 Table 2 Relation between CD44v6mRNA expression in bone marrow and biologic
 behavior of gastric cancer

  Lymph node metastasis           (+) Positive 38   3 2     4 29   

                                                       (-) Negative   8   4 1     1   3 0.0161

  Clinicopathology  I-II 12   5 2     2   3    

   III-IV 34   1 2     3 28 0.0007

  Tissue type  D 32   1 2     4 25 

   I 14   5 2     4   3 0.0003

  Tumor size  >5 cm 24   3 2     6  13 

   ≤5 cm 22   3 3     4 12 0.4547

     Number of cases (n ) CD44v6mRNA/β-actin  P  value
       – +   + + 

Figure 2  CD44v6mRNA expression in bone marrow (A) and peripheral blood (B) 
from patients with gastric cancer.
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determined by the Student’s t test and one-way analysis of  
variance. SPSS 11.0 for Windows 2000 was used. P < 0.05 
was considered statistically significant.

RESULTS
Semi-quantitative analysis
Proliferation of  CD44s in peripheral blood and bone 
marrow from patients with gastric cancer and controls is 
shown in Figure 1A.
   CD44v6mRNA expression in bone marrow and 
peripheral blood was positive in 40 (86.9%) and 39 (84.8%) 
of  46 patients with gastric cancer. The positive CD44v 
expression was slightly higher in bone marrow than in 
peripheral blood (P > 0.05). The value of  CD44v6mRNA 
expression was 64.6% ± 21.66% (Figure 1B).
    In 46 patients with gastric cancer, diffuse type was 
found in 32 cases and intestinal type in 14 cases. Positive 
CD44v6mRNA expression in bone marrow was found 
in 31 (96.9%) of  32 diffuse type patients and 10 (71.4%) 
of  14 intestinal type patients (Figure 2A). On the other 
hand, positive CD44v6mRNA expression in peripheral 
blood was found in 30 (93.8%) of  32 diffuse type patients 
and 9 (64.3%) of  14 intestinal type patients (Figure 2B). 
There was a significant difference between the diffuse and 
intestinal types.
    The relation between CD44v6mRNA expression 
and pathological type, lymph node metastasis, clinical 
pathology, and the size of  tumor is presented in Tables 2 
and 3.

Calibration curve and dynamic range of real-time RT-PCR
The calibration curve was constructed from the total 
RNA extracted from healthy human gastric serum diluted 
fourfold in mouse total RNA. The primer chosen to 
analyze the CD44v6 gene did not amplify human genomic 
DNA or mouse cDNA. The dynamic range was at least 
three orders of  magnitude in samples containing 50 µg or 
0.2 ng equivalent to total cDNA. A strong linear relation 
between Ct and log of  the starting copy number was 
demonstrated (r2 

≥ 0.99). The efficiency of  the reaction (E) 
was 90 % - 100% calculated by the formula: E = 101/[m] - 1, 
where m is the slope of  calibration curve.
    To determine the cut-off  value for altered CD44v6 gene 
expression at the RNA level in gastric cancer serum, the 
CD44v6 value (ratio of  CD44v6mRNA to β-actin) was 
determined for four normal gastric serum RNAs. Because 
this value fluctuated between 0.5 and 1.7, values of  3 or 
more were considered as overexpression of  the CD44v6 
gene in tumor RNA samples.

CD44v6mRNA status and clinical and pathological 
factors
We sought for links between CD44v6mRNA status and 
standard clinical, pathological and biological factors 
in gastric cancer. Significant association was found 
between the overexpression of  CD44v6mRNA gene and 
standard histopathological grade (P < 0.05) and negative 
progesterone receptor status (P < 0.001). A trend toward 
a link between the overexpression of  CD44v6 gene and 

 Table 3 Relation between CD44v6mRNA expression in    
 bone marrow and biologic behavior of gastric cancer

  Lymph node metastasis       (+)                  38   3    2      4       29                           

                                                   (-)                     8   4    1      1         2       0.0131

  Clinicopathology                   I–II             12   5    2      2         3      

                                                   III–IV             34   2    2      3       27       0.0005

  Tissue type                             D             32   2    2      4       25 

                                I             14   5    2      4         3       0.0003

  Tumor size                             >5 cm            24   3    2      6       13 

                     ≤5 cm            22   4    3      4       11       0.4240
  

                   Number of cases (n )   CD44v6m              P  value
                                                              RNA/actin
    –   +    +      + 

Figure 3  CD44v6mRNA expression in 20 peripheral blood samples from gastric 
cancer patients before (A) and after (B) surgery.
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estrogen receptor negativity was also observed (P = 0.09).

CD44v6mRNA amplification (patients for CD44v6mRNA 
expression)
As shown in Table 4, all the 20 peripheral blood samples 
of  gastric cancer had the expression of  CD44v6mRNA. 
The expression level ranged 4.9×108 - 3.2×1011 copies/g 
RNA and the average levels of  peripheral blood was 
3.9×1010 copies/g RNA (Figure 3A). The expression level 
of  gastric cancer was 5.5 × 106 - 7.6×109 copies/g RNA and 
the average level was 2.4×108 copies/g RNA (Figure 3B) 
(P  = 0.00496) after curative surgery.

DISCUSSION
Gastric cancer is one of  the most frequent malignant 
tumors. The survival rate of  patients after radical surgery 

of  gastric cancer is 40% and patients always die because 
of  metastasis and relapse[16]. Some patients have already 
existed micro-metastasis which is not detectable by general 
clinical pathology during the treatment. The detection 
of  micro-metastasis is correlated with the prognosis of  
gastric cancer patients[17,18]. It was reported that micro-
metastasis could be detected in lymph nodes of  patients 
with intestinal cancer with negative pathology[19]. Micro-
metastasis has been considered as an indicator of  
prognosis and the value of  micro-metastasis is superior 
to the Duke’s stage and tumor grade. Zhang et  al. [20] 
demonstrated that tumor cells in metastatic lymph 
nodes of  colorectal carcinoma possess cell proliferation 
activity and metastatic ability of  tumor cells. Series slice 
examination has been used in inspecting tumor micro-
metastasis since 1920s, but it is difficult to popularize[21]. 
RT-PCR is a sensitive and specific method which can find 

   1 M 56 D + T III 3 100              300
   2 M 52 I – F II     4.9               2.0
   3 W 60 D + T IV    580                66
   4 W 69 D + T III    696                72
   5 W 41 D + T IV 3 200              460
   6 M 39 D + T IV 2 650              244
   7 M 61 I – F II      26               9.0
   8 W 42 D + T IV    360                48
   9 M 71 I – F II    590                72
 10 M 61 I – F II    430                58
 11 M 41 D + T II 1 230              142
 12 W 47 D + T IV 1 670              186
 13 M 32 D + T IV 1 340              166
 14 M 49 I + T III    280                36
 15 W 61 D + T II 1 080              128
 16 M 76 I + F I    480                68
 17 M 81 I – F II      36               6.9
 18 W 60 I + F III    290                42
 19 M 37 D + T III    980              112
 20 W 40 D + T IV 1 880              218
 21 W 46 D + T III 1 896              122
 22 W 68 I – T IV 2 208              342
 23 M 72 I – T III 1 960              140
 24 M 64 I + F II    868                22
 25 W 51 D + T III 1 020              100
 26 M 32 D + T IV 4 100              289
 27 W 26 D + T IV 3 908              432
 28 M 72 I – F II    680              107
 29 W 74 I – T III 1 024              210
 30 M 61 D + T IV 1 468              134
 31 M 61 I  F II    430              101
 32 M 41 D + T II 1 230                11
 33 W 47 D + T III 1 670                25
 34 M 32 D + T IV 1 340                40
 35 M 49 I + T I    280                11
 36 W 61 D + T II 1 080              120
 37 M 76 I + F I    480                91
 38 M 81 I – F I      36              137
 39 W 60 I + F II    290                43
 40 M 37 D + T III    980                69

 Id Sex Yr Path Metas >5 Histop Real-time RT-PCR (×102 copies/μg RNA)
    tasis  cm atholo before surgery      after surgery
      gy

Table 4 Quantitative expression of CD44v6mRNA in peripheral blood of patients with gastric 
cancer before and after surgery



Wang DR  et al. Micro-metastasis of CD44v6 in gastric cancer                                           41

www.wjgnet.com

a tumor cell from 1×106 peripheral blood monocytes[22].   
Positive CD44v6mRNA expression was found in 39 of  46 
patients with gastric cancer and negative CD44v6mRNA 
expression in patients with remote metastasis. The latter 
may be caused by sampling error[23].
     In our research, the peripheral blood and bone marrow 
specimens from 46 patients with gastric cancer and 6 
controls were compared. The positive CD44v6mRNA 
expression rate was 84.4% and 86.9%, respectively 
in patients with gastric cancer. The CD44v6mRNA 
expression rate of  diffuse type cancers was higher than that 
of  intestinal type cancers, suggesting that the expression 
of  CD44v6mRNA is correlated with the malignant 
phenotype of  gastric cancer and CD44v6mRNA can be 
used as an indicator of  the degree of  tumor invasion and 
lymph node metastasis[24]. The positive rate of  CD44v6 
is high in gastric cancer and may serve as a marker for 
diagnosing gastric cancer[25-27].
    The CD44v6mRNA expression rate in patients with 
lymph node or remote metastasis was higher than that 
in those without lymph node metastasis. The positive 
micro-metastasis rate of  grades III-IV gastric cancer 
was significantly higher than that of  grades I-II gastric 
cancer, suggesting that the expression of  CD44v6mRNA 
can be used as an indicator of  relapse and metastasis. 
CD44v6 expression is a significant risk factor for lymph 
node metastasis in patients with advanced carcinoma. 
Expression of  CD44v6 plays an important role in tumor 
progression and may be a useful predictor of  lymph node 
metastasis[28-32].
    The quantitative expression of  CD44v6mRNA in 
40 patients with gastric cancer before and after surgery 
showed that CD44v6mRNA was an indicator of  tumor 
burden and therapeutic effect. The results showed that the 
expression level of  CD44v6mRNA in peripheral blood 
of  terminal gastric cancer patients (grades III-IV) was 
obviously higher than that in early gastric cancer patients 
(grades I-II). The expression level of  CD44v6mRNA 
in gastric cancer patients with remote metastasis was 
obviously higher than that in those without metastasis. The 
expression level of  CD44v6mRNA obviously decreased 
after curative surgery. The findings indicate that the 
expression level of  CD44v6mRNA in peripheral blood is 
correlated with tumor burden.
    Animal experiments indicate that 0.01% of  tumor 
cells in circulation may lead to positive metastasis[31,33,34]. 
Gulmann et al[35] showed that CD44v6 expression is a late 
phenomenon in the transformation of  intestinal metaplasia 
to dysplasia/cancer. Gene expression of  severe gastric 
mucosal dysplasia displays an obviously latent malignant 
tendency and gastric carcinoma with the expression 
of  CD44v6 protein has a stronger ability to infiltrate 
and to metastasize via lymph nodes[36]. Serum level of  
sCD44v6 could be taken as the criterion for evaluating the 
development and prognosis of  gastric cancer, as well as the 
therapeutic target for anti-metastasis[37]. Therefore, micro-
metastasis should be routinely detected to afford evidence 
for establishing individual therapy scheme[38]. Quantitative 
RT-PCR can improve the diagnostic sensitivity and 
specificity. Semi-quantitative RT-PCR is restricted because 
it cannot generate accurate gene quantification[15]. In 

our study, we have validated a RT-PCR method recently 
developed for the quantification of  gene expression based 
on real-time analysis of  PCR amplification and TaqMan 
methodology, which has several advantages over other 
RT-PCR-based quantitative assays such as competitive 
quantitative RT-PCR[39].
   Xin et  al[40,41] discovered that patients with positive 
CD44v6 have a lower 3- and 5-year survival rate (P = 
0.0002). Immunohistochemical detection of  CD44v6 
could now be used as an indicator of  tumor progression 
in patients with gastric carcinoma. Tumor cells in the 
bone marrow indicate that patients have blood micro-
metastasis[42]. The probability of  relapse and remote 
metastasis is great for patients who have postoperative 
bone marrow micro-metastasis and dynamic observation 
of  micro-metastasis in these patients can predict the 
therapeutic effect and establish individual therapy scheme. 
Yamaguchi et al.[43] found that CD44v6-positive cancers are 
more frequently associated with hematogenous metastasis. 
Therefore, blood is another metastatic route of  gastric 
cancer. Detecting peripheral blood micro-metastasis of  
early gastric cancer patients is of  great importance in 
predicting the prognosis and deciding the rational therapy 
of  gastric cancer patients.
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Misdiagnosing of the metastatic lymph nodes was related 
to the difficulty of distinguishing inflammatory lymph 
nodes from malignant lymph nodes, which imitate similar 
echo features. Predominant location and distribution of 
tumors in the stomach were in the antrum (20 patients), 
and the lesser curvature (17 patients), respectively. 
Three cases were found as surgically unresectable (T4 N+), 
and included as being correctly diagnosed by EUS.
 
CONCLUSION: EUS is a useful diagnostic method 
for preoperative staging of gastric cancer for T and N 
criteria. However, EUS evaluation of malignant lymph 
nodes is still unsatisfactory. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
The incidence of  gastric cancer is declining worldwide.
However, it still remains the second most common 
cause of  cancer-related death in the world[1,2]. Typically, 
gastric cancer is asymptomatic when cancer is at early 
stage of  disease; therefore, majority of  patients present 
in advanced stage, and the mortality rate of  this disease 
is still very high. The diagnosis of  gastric cancer is based 
on esophagogastroduodenoscopy with biopsy following 
double-contrast x-ray examination. Presently, endoscopic 
ultrasonography is the most reliable nonsurgical method 
obtainable for assessing the primary tumor with high 
diagnostic rate of  staging gastric cancer and lymph node 
involvement. EUS is also becoming a promising diagnostic 
modality for the evaluation of  gastrointestinal submucosal 
tumors and large gastric folds[3-7].
    The complete treatment of  gastric cancer is surgery, 
only tumor resection with involved lymph nodes associated 
with satisfactory prognosis. Survival after surgery is highly 
dependent on the stage of  gastric cancer or anatomical 
extent of  disease at the time of  operation. Therefore, the 
accurate preoperative staging of  gastric cancer is the most 
significant prognostic factor that predicts surgical outcome 
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Abstract
AIM: To evaluate the value of endoscopic ultrasono-
graphy (EUS) in the preoperative TNM staging of gastric 
cancer.

METHODS : Forty-one patients with gastric cancer 
(12 ear ly stage and 29 advanced stage) proved 
by esophagogast roduodenoscopy and b iops ies 
preoperatively evaluated with EUS according to TNM 
(1997) classification of International Union Contrele 
Cancer (UICC). Pentax EG-3630U/Hitachi EUB-525 echo 
endoscope with real-time ultrasound imaging linear 
scanning transducers (7.5 and 5.0 MHz) and Doppler 
information was used in the current study. EUS staging 
procedures for tumor depth of invasion (T stage) were 
performed according to the widely accepted five-layer 
structure of the gastric wall. All patients underwent 
surgery. Diagnostic accuracy of EUS for TNM staging 
of gastr ic cancer was determined by comparing 
preoperative EUS with subsequent postoperative 
histopathologic findings.

RESULTS: The overall diagnostic accuracy of EUS in 
preoperative determination of cancer depth of invasion 
was 68.3% (41/28) and 83.3% (12/10), 60% (20/12), 
100% (5/5), 25% (4/1) for T1, T2, T3, and T4, 
respectively. The rates for overstaging and understaging 
were 24.4% (41/10), and 7.3% (41/3), respectively. EUS 
tended to overstage T criteria, and main reasons for 
overstaging were thickening of the gastric wall due to 
perifocal inflammatory change, and absence of serosal 
layer in certain areas of the stomach. The diagnostic 
accuracy of metastatic lymph node involvement or N 
staging of EUS was 100% (17/17) for N0 and 41.7% 
(24/10) for N+, respectively, and 66% (41/27) overall. 
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and 5 years of  survival and is essential for well-informed 
decisions on stage depending patient management to 
plan appropriate treatment. Such precise stage depending 
management will limit the occurrence of  unnecessary 
exploratory surgical interventions[8].
    The aim of  the present study was to evaluate the us-
efulness of  EUS in TNM staging of  stomach cancer 
comparing with postoperative histopathological findings.

MATERIALS AND METHODS
Patients
Between April 2001 and April 2004, 41 patients (29 men 
and 12 women; age range, 28 - 80 years; mean age 57 years) 
with gastric cancer diagnosed by EGD and confirmed 
with biopsy specimen, underwent EUS examination prior 
to surgery for tumor depth of  invasion and lymph node 
involvement at our Department of  Endoscopy. Twelve 
of  them were in early gastric cancer stage and 29 were in 
advanced stage. All patients underwent surgery.

Apparatus and EUS examination procedures
The Pentax EG - 3630U/Hitachi EUB - 525 echo 
endoscope with real-time ultrasound imaging linear 
scanning transducers (7.5 and 5.0 MHz) and Doppler 
information was used in the present study. This echo 
endoscope also provides the instrument channel for 
performing fine-needle aspiration biopsy. On the tip of  the 
endoscope, a balloon is placed which is filled by deaerated 
water for improved coupling of  the ultrasound waves to 
the gastrointestinal wall by producing a fluid interface and 
displacing intraluminal air. Prior to each EUS, examination 
was performed by EGD with biopsy to confirm gastric 
cancer. After oropharyngeal local anesthesia, patients were 
examined in a left lateral position. The echo endoscope 
was advanced into the stomach, and the lesions were first 
examined endoscopically. Next the stomach was insufflated 

with 200 - 500 mL deaerated water and observed from the 
pylorus to the cardia by moving the tip of  the endoscope 
for revealing cancer abnormalities and lymph nodes 
involvement. The findings were recorded at the computer 
database of  our department and interpreted following a 
standard protocol with regard to tumor invasion according 
to the widely accepted five-layer structure of  the gastric 
wall (Table 1).
    The assessment of  tumor invasion depth or T stage was  
defined as a hypoechoic structure alternating five-layer 
ultrasonographic structure of  gastric wall. Tumors were 
staged according to TNM (1997) classification criteria of  
International Union contrele Cancer (UICC). T1 lesion 
was seen as a disruption of  the first three layers (tumor 
invades the mucosa or submucosa). T2 lesion was seen 
as an invasion of  the fourth layer (tumor invades the 
muscularis propria). T3 lesion was seen as a penetration 
through the fifth layer (tumor invasion of  the serosa). 
T4 lesion was seen as an invasion of  the adjacent organs 
and structures (Table 2). T1 stage showed EUS images of  
early gastric cancer, T2-T4 stages showed EUS images of  
advanced gastric cancer. Lymph nodes had round border 
and hypoechoic structures were considered as malignant. 
Stage N0 referred to no sign of  metastasis. N+ referred to 
metastases in perigastric lymph nodes.

RESULTS
Findings of  the 41 patients at preoperative EUS were 
postoperatively compared with histopathologic findings 
for T and N staging.

Surgical findings 
Tumors were located in the fundus and cardia region 
(n = 4 )  , in the body (n = 11), in the body and antrum 
(n = 2), in the antrum (n = 20) of  the stomach, diffusely 
located (n=2) and residual stomach (n = 2). Distribution of  
tumors was in the anterior wall (n = 5), posterior wall (n = 
5), greater curvature (n = 5), and the lesser curvature (n = 
17) of  the stomach and 9 were circumferential. Three cases 

 Table 2 Correlation of UICC/AJCC classification for  
 depth of primary esophageal or gastric cancer invasi-    
 on (T) with EUS imaging for clinical staging[9]

 T1-mucosa/submucosa             1st three layers
 T2-muscularis propria              4th layer
 T3-through adventitia/serosa             5th layer
 T4-adjacent organ              Adjacent organ

 Stage            EUS (abnormal)

 Table 1 Relationship between EUS and anatomic layers  
 of normal gastric wall

 1st hypoechoic layer  Water interface and superficial mucosa
 2nd hypoechoic layer  Deeper mucosa
 3rd hyperechoic layer  Submucosa
 4th hypoechoic layer  Muscularis propria
 5th hyperechoic layer  Serosa and subserosal fat

EUS   Histology

  PT1              12      T1 10/83.3            T2 2/16.7           –
  PT2              20      T2 12/60               T3 8/40           –
  PT3                5      T3 5/100                –            –
  PT4                4 (3)     T4 1/25                –            T2 2 (2)/50
               T3 1 (1)/25
  Total              41 (3)    28/68.3                10/24.4           3 (3)/7.3

 Histopathological   n           EUS              EUS over-        EUS under-
       T stage    correct n /%        staging n/%         staging n/%

Table 3 Accuracy of EUS in preoperative stage 
determination of 41 patients with gastric cancer

Three cases of unresectable T4 N+ tumors were  correctly diagnosed.

  PN0                    17            N 17/100                      –
  PN+                    24 (3)      N+ 10 (3)/41.7         N0 14/58.3 false negative
  All cases                    41 (3)      27 (3)/66         14/34

 Histopathological        n          EUS       EUS         
       N stage            correct n /%          incorrect n /%         

Table 4 Accuracy of EUS in  preoperative determination 
of N stage in 41 patients with gastric cancer
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were found as surgically unresectable (T4 N+).

Pathohistologic findings
T staging:  The diagnostic accuracy of  EUS was 83.3% in 
T1 staging, 60.0% in T2 staging, 100% in T3 staging, and 
25% in T4 staging, respectively. Twenty-eight of  forty-one 
cancers were staged correctly and the overall diagnostic 
accuracy of  T stage was 68.3%. Ten cases were overstaged 
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(24.4%) and 3 cases were understaged (7.3%) (Table 3). 
Echoendoscopic features of  early and advanced gastric 
cancer are presented in (Figures 1A-1D). 
N staging: EUS correctly determined 27 of  41 patients 
with the overall accuracy of  66.0%. The accuracy of  EUS 
in N0 staging was high, all 17 patients without malignant 
lymph node metastasis were diagnosed correctly. However, 
EUS findings of  preoperative positive metastatic lymph 
nodes in 10 patients were not confirmed histopathologically, 
and the accuracy of  EUS in N+ staging was 41.7% (Table 4). 
The endosonographic features of  advanced gastric cancer 
with malignant lymph nodes are shown in Figure 2.

DISCUSSION
The accurate staging of  gastric cancer is the most 
important prognostic factor for patient management and 
EUS is the most reliable method in T and N staging of  
gastric cancer with high diagnostic rates. Such an accurate 
staging will apply the stage-depending correct management 
of  the patients (radical surgery or palliative treatment) 
and will provide a great benefit avoiding unnecessary 
laparotomy on patients with unresectable disease. EUS is 
considered as the most accurate modality for T staging of  
gastric cancer in comparison with CT and intraoperative 
assessment[10,11].
    The accuracy of  EUS for gastric cancer from different 
authors ranges 64.8% - 92% in T staging and 50% - 90% 
in N staging (Table 5). These studies demonstrated that 
EUS is the most accurate staging method for gastric cancer 
with a few incidences of  overstaging and understaging. 
The excellent results of  accuracy of  both T and N staging 
are shown in a study by Botet et al.[12] to be 92% and 78%, 
respectively. The high accuracy of  EUS in preoperative 
staging of  gastric cancer is proved by our results. In the 
current study, EUS had a diagnostic accuracy of  68.3% 
for tumor invasion. EUS had 24.4% overstaging in T 
staging, 2 of  the 12 T1 tumors overstaged as T2, 3 of  
the 20 T2 tumors overstaged as T3. The main reason of  

Figure 1 Early and advanced gastric cancer cases. A: 
Endoscopic view of superficial depressed type of early gastric 
cancer; B: EUS image shows cancer invasion of 1st and 
2nd (mucosal) layers of gastric wall, while 3rd (submucosal) 
layer is clear (T1 category). Histopathological findings of the 
surgically resected specimen corresponded with the EUS 
findings; C: Endoscopic view of advanced Borrmann II type 
of gastric cancer; D: EUS images show disruption of 1-4 
layers of the gastric wall with hypoechoic cancer tissue, but 
5th (serosal) layer is not involved (T2 category).

Figure 2  A case of advanced gastric cancer. A: Endoscopic view of Borrmann 
III type of gastric cancer; B: EUS image demonstrates T3 cancer with malignant 
lymph node. Note the hypoechoic structure and sharp margin of the lymph node 
(1.0 cm×0.6 cm).

A                                                    B

C                                                    D

A             

B
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overstaging in T1 cancer is the thickening of  gastric wall 
due to perifocal inflammatory reaction, which is difficult 
to distinguish from cancer tissue and  imitates the presence 
of  T2 cancer. Absence of  serosal layer in certain regions 
of  the stomach, the lesser curvature, the posterior wall of  
fundus and the anterior wall of  antrum is the reason for 
overstaging T2 cancer. Cancers of  these areas are classified 
histopathologically as T2 cancer, even carcinoma infiltrates 
through the whole gastric wall, because no serosal 
infiltration can be found.
    EUS accuracy of  metastatic lymph node involvement 
was 66% in the present study. Such sl ightly lower 
accuracy is related to the absence of  standard differential 
echoendoscopic criteria for benign and malignant lymph 
nodes. Echoendoscopic features of  metastatic lymph 
nodes from different authors include size > 10 mm, 
rounded structure, sharp demarcation of  borders, and 
hypoechoic (dark) structure[25,26]. However, endoscopic 
ultrasonographic detection of  metastatic lymph nodes 
is complicated, due to the difficulty of  differentiation 
between malignant and inflammatory lymph nodes. 
Francois et  al.[15] described that hypoechoic lymph nodes 
with well-defined margins and largest diameter/smallest 
diameter ratio less than 2 are considered to be malignant. 
Dittler and Siewert[14] noticed that, if  EUS does not 
diagnose malignant lymph nodes in T1 or T2 stage, stage 
N0 can be assumed; if  lymph nodes are visualized in 
stages T3 and T4, then they tend to be malignant. Results 
of  certain studies[27] demonstrated that the EUS-guided 
fine-needle aspiration biopsy would be very useful to 
distinguish between benign and malignant lymph nodes.
    Other reasons for inaccuracy of  evaluation of  tumor 
lymph nodes are related to the limited depth of  transducer, 
and unsatisfactory visualization of  distant lymph node  by 
EUS. EUS cannot permit the assessment of  tissue beyond 
the depth of  about 5 - 6 cm.
   The presence of  ascites in gastric cancer patients is 
a poor prognostic sign and implies the presence of  
peritoneal metastasis. EUS-guided fine-needle aspiration 
biopsy also has been successfully used to detect malignant 
ascites[28-30].EUS detection of  distant metastatic lymph 
nodes and distant metastasis or M staging of  gastric cancer 

is insufficient due to limited penetration depth of  this 
method as mentioned above. Therefore, combined use 
of  EUS and CT, which is superior to EUS for gaining 
information about distant metastasis, should be effective 
for the management of  gastric cancer patients for 
appropriate treatment options.
    In conclusion, EUS is a useful diagnostic method 
for accurate preoperative staging for T and N criteria 
for gastric cancer. The accurate preoperative staging is 
extremely essential for proper stage-depending patient 
management, which improves the 5-year survival rate of  
this dismal prognostic disease. However, EUS evaluation 
of  malignant lymph nodes is still unsatisfactory. Therefore, 
great effort should be taken to study differential criteria of  
malignant lymph nodes from benign lymph nodes.
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positive rate for HBsAg was significantly lower in the 
extremely elderly group and the proportion of patients 
negative for HBsAg and HCVAb obviously increased in 
the extremely elderly group (P  < 0.001). There were 
no significant differences in the following parameters: 
diameter and number of tumors, Child-Pugh grading, 
tumor staging, presence of portal thrombosis or ascites, 
and positive rate for HCVAb. Extremely elderly patients 
did not often receive surgical treatment (P  < 0.001) and 
they were more likely to receive conservative treatment 
(P  < 0.01). There were no significant differences in 
survival curves based on the Kaplan-Meier methods in 
comparison with the overall patients between the two 
groups. However, the survival curves were significantly 
worse in the extremely elderly patients with stage I/II, 
stage I/II and Child-Pugh grade A cirrhosis in comparison 
with the non-elderly group. The causes of death did not 
differ among the patients, and most cases died of liver-
related diseases even in the extremely elderly patients. 

CONCLUSION: In the patients with good liver functions 
and good performance status, aggressive treatment for 
HCC might improve the survival rate, even in extremely 
elderly patients.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION

With the arrival of  the aging society, an increasing 
number of  elderly patients with cancer is predicted in the 
future. Hepatocellular carcinoma (HCC) is one of  the 
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Abstract
AIM: To identify the clinical and prognostic features of 
patients with hepatocellular carcinoma (HCC) aged 80 
years or more.

METHODS: A total of 1310 patients with HCC were 
included in this study. Ninety-one patients aged 80 years 
or more at the time of diagnosis of HCC were defined as 
the extremely elderly group. Two hundred and thirty-four 
patients aged ≥ 50 years but less than 60 years were 
regarded as the non-elderly group.

RESULTS: The sex rat io (male to female) was 
significantly lower in the extremely elderly group (0.90:1) 
than in the non-elderly group (3.9:1, P  < 0.001). The 
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most common cancers and the age distribution of  HCC 
patients has steadily increased because of  the improved 
management of  chronic liver diseases[1-5]. As a result, 
we sometimes encounter patients with HCC aged 80 
years or more. However, the clinical characteristics and 
the long-term prognosis of  these patients still remain 
obscure because they often have concomitant diseases and 
therefore long-term follow-up for such patients remains 
difficult. In recent studies, “the elderly” have usually been 
defined as to be at the ages of  60, 65, or 70 years and 
above[1-4]. The average life expectancy of  Japanese males 
is 78.36 years, while that of  females is 85.33 years[6]. With 
the increase in the average lifetime, the age at which a 
person is considered elderly is rising. Clarifying the optimal 
treatment strategy for extremely elderly patients with HCC 
has thus become an urgent necessity. However, to our 
knowledge, there have been so far few reports evaluating 
extremely elderly patients with HCC aged 80 years or 
more[5]. Hence, in this study, we aimed to clarify the age-
specific clinical characteristics of  HCC, and to evaluate 
the survival and characteristics of  extremely elderly 
patients. We, therefore, undertook a retrospective study of  
91  extremely elderly patients with HCC aged 80 years or 
more in comparison to the non-elderly patients from 1 310 
consecutive HCC patients.

MATERIALS AND METHODS
A total of  1 310 consecutive patients were enrolled in this 
study. The patients were newly diagnosed with HCC and 
observed from January 1992 to December 2003 at the 
Department of  Medicine and Molecular Science, Gunma 
University Graduate School of  Medicine and nine affiliated 
hospitals, namely, Maebashi Red Cross Hospital, Isesaki 
Municipal Hospital, Kiryu Kousei General Hospital, Tone 
Chuo Hospital, National Nishigunma Hospital, Saiseikai 
Maebashi Hospital, Public Tomioka General Hospital, 
Fuji Heavy Industries Ltd, Health Insurance Society 
General Ota Hospital, and Shimada Memorial Hospital. A 
diagnosis of  HCC was confirmed histopathologically or 
clinicopathologically from biopsy specimens or combined 
examinations of  ultrasonography, computed tomography, 
and selective angiography. For each patient, the following 
data were recorded: age, sex, hepat i t is B surface 
antigen (HBsAg), hepatitis C virus antibody (HCVAb), 
biochemical analysis (total bilirubin, albumin, prothrombin 
t ime, platelet count, and ICG R15), serum alpha-
fetoprotein (AFP), protein induced by vitamin K absence 

or antagonist II (PIVKA-II), diameter and number of  
tumors, Child-Pugh grading, tumor staging, presence of  
portal thrombosis or ascites, initial therapy, and survival. 
The AFP level was divided into two categories: 20 μg/L 
or less, and more than 20 μg/L. PIVKA-II level was also 
divided into two categories: < 40 and ≥ 40 AU/L. The 
diameter of  the largest tumor was measured in its greatest 
dimension if  the patient had two or more tumors. The 
number of  HCCs was divided into two groups: solitary 
and non-solitary tumors. Portal thrombosis was defined 
as a protrusion of  the tumor into the first and/or second 
branch, or into the main trunk of  the portal vein. The 
presence of  concomitant disease with a strong impact on 
the prognosis (e.g., malignant neoplasm, cardiovascular 
disease, and cerebrovascular disease) was recorded. The 
types of  initial treatment for HCC were categorized into 
five categories: (1) transcatheter arterial embolization (TAE) 
or transcatheter arterial infusion (TAI); (2) percutaneous 
injection or ablation [percutaneous ethanol injection 
(PEI), microwave ablation (MA), or radiofrequency 
ablation (RFA)]; (3) surgical resection, including liver 
transplantation; (4) systemic or reservoir chemotherapy; 
and (5) supportive care. According to their age at the initial 
diagnosis, the patients were categorized into two groups:  
an extremely elderly group consisting of  91 HCC patients 
aged ≥ 80 years and a non-elderly group comprising 234 
HCC patients aged ≥ 50 years but < 60 years.

Statistical analysis
Differences in the proportions were evaluated by Fisher’s 
exact probability test. Differences in the means were 
evaluated by the Student’s t-test. The survival curves 
according to the Kaplan-Meier method were compared 
using the log-rank test. Using Cox’s proportional hazard 
model, a multivariate analysis was performed to evaluate 
the prognostic factors. P  < 0.05 was considered statistically 
significant.

RESULTS
Characteristics of extremely elderly and non-elderly 
groups
The age distribution of  1 310 patients with HCC is shown 
in Table 1. The mean age of  the 1 310 patients with HCC 
was 66.7 ± 9.3 years (range, 20 - 94 years; median, 68 years). 
There were 91 patients who were older than 80 years, and 
234 patients aged ≥ 50 years but less than 60 years. The 
characteristics of  the extremely elderly group and the non-
elderly group are summarized in Table 2. The sex ratio, 
with a comparable male to female ratio was 0.90:1 in the 
extremely elderly group and 3.9:1 in the non-elderly group, 
showing that women were more prevalent in the extremely 
elderly group (P < 0.001). The positive rate for HBsAg 
was significantly lower in the extremely elderly group 
(P < 0.001). The proportion of  the patients negative for 
HBsAg and HCVAb markedly increased in the extremely 
elderly group (P < 0.001). The prothrombin time and 
platelet count were significantly higher in the extremely 
elderly group (P < 0.001 and P < 0.01, respectively), 
while ICGR15 was significantly lower in the extremely 
elderly group (P < 0.001) than in the non-elderly group. 

Table 1  Age distribution of the 1 310 patients                 
with hepatocellular carcinoma

< 30          3
30 - 40          4
40 - 50        41
50 - 60      234
60 - 70      485
70 - 80      452
80 <        91
Total                     1 310

  Age (yr)                              Number of HCC patients
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There were no statistical differences in the prevalence of  
HCVAb, total bilirubin, albumin, AFP, PIVKAII, diameter 
and number of  tumors, Child-Pugh grading, tumor stage, 
and presence of  portal thrombosis or ascites. Table 3 
shows the type of  initial treatment. None of  the patients 
underwent a surgical resection in the extremely elderly 

uk; unknown

Table 2  Profile of 91 extremely elderly patients and 34 non-erlderly patients with 
hepatocellular carcinoma

  Sex (M/F)    43/48   186/48   P < 0.001 
  Mean age (range)   82.3 ± 2.7 (80-94)  55.3 ± 2.9 (50-59)  P < 0.001 
  HBsAg (+/-)   3/88   36/198   P< 0.001 
  HCV (+/-)   67/24   182/52   NS          
  non B, nonC/B or C   21/70   16/218   P < 0.001 
  Diameter of HCC (mm)  39.5± 24.3    36.8± 27.0    NS 
  Number of HCC (1/2 or more)  47/44   110/124   NS 
  Child-Pugh grading (A/B/C/uk)  62/22/3/4   144/67/18/6  NS 
  Stage (I/II/III/IVA/IVB/uk)  11/37/25/11/3/4  44/85/53/36/10/5  NS 
  Portal thrombus (-/+)   77/14   189/45   NS 
  Ascites (-/+)   69/22   191/43   NS 
  T-Bil (μmol/L)   1.23 ± 1.29   1.5± 1.82    NS 
  Alb (g/dL)   3.55 ± 0.53                    3.58 ± 0.6   NS 
  PT（％）    83.3 ± 15.9                    73.6 ± 18.4    P < 0.001
  Plt (ｘ104/μL)   13.5 ± 7.7                     10.7 ± 5.8    P < 0.01
  ICGR15（％）   22.6 ± 11.8                    31.5 ± 18.7    P < 0.001
  AFP (-/+/uk)   33/53/5   75/150/9   NS
  PIVKA II (-/+/uk)   35/51/5   116/109/9   NS

    Extremely elderly                Non-elderly                  P -value 
    (80 yr or more)   (50-60 yr old) 

Figure 1 Survival curves of extremely elderly group and non-elderly group. A: All 
patients; B: Child–Pugh grade A patients; C: stage I/II patients.

group. The incidence of  TAE or TAI, the percutaneous 
injection or ablation and chemotherapy were similar in 
both groups. Extremely elderly patients with HCC were 
more likely to receive conservative treatment than non-
elderly patients (P < 0.01). The performance status (PS) 
of  the patients who received treatment for HCC in the 
extremely elderly group ranged from PS0 to PS1.

Cumulative survival rates
Figure 1A shows the cumulative survival curves of  the 
extremely elderly group and the non-elderly group. The 
1-, 3-, and 5-year survival rates were 75.5%, 32.1%, and 
6.4%, respectively, for the extremely elderly group and 
79.3%, 43.8%, and 26.5%, respectively, for the non-elderly 
group. The difference in the survival rates between the two 
groups was not  statistically significant (P = 0.114). Figure 
1B shows the cumulative survival curves of  the patients 
with Child-Pugh grade A in the two groups. Although 
the survival tended to be worse in the extremely elderly 
patients, it did not reach statistical significance (P = 0.111). 
There were also no significant differences in survival 
curves regarding the ChildPugh grade B/C patients 
(P  = 0.386). Due to the small number of  patients with stage 
I tumors in the extremely elderly group, we compared 
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number of  tumors, and presence of  portal thrombosis or 
ascites were not found to be prognostic factors, based on 
Cox’s proportional hazard model. In the overall patients 
with HCC, the Child-Pugh grading (P < 0.05), tumor 
staging (P < 0.05) and diameter of  tumors (P < 0.01) were 
found to be prognostic factors. The age was not found to 
be associated with the prognosis of  the overall patients 
with HCC.

Cause of death of extremely elderly patients with HCC 
Of  the 91 patients aged ≥ 80 years, 55 (60.4%) patients 
died during the observation period table 4. The causes of  
death among the 55 patients were HCC-related or hepatic 
failure in 44 patients (80.0%), gastrointestinal bleeding, 
including the rupture of  esophageal varices in 4 patients 
(7.3%), and other diseases not related to HCC or liver 
cirrhosis in 7 patients (12.7%), such as pneumonia, renal 
failure and brain bleeding. In the non-elderly group, 123 
(52.6%) patients died during the observation period. The 
causes of  death among the 123 patients were HCC-related 
or hepatic failure in 102 patients (82.9%), gastrointestinal 
bleeding, including rupture of  esophageal varices in six 
patients (5.0%), and other diseases not related to HCC or 
liver cirrhosis in nine (7.3%) and no records in six patients 
(5.0%).

Concomitant diseases of the patients with HCC 
Of  the 91 patients, 71 (78.0%) patients had concomitant 
diseases with liver disease in the extremely elderly group. 
As shown in Table 5, a variety of  concomitant diseases 
were observed in the extremely elderly patients . “Others” 
in malignant neoplasms included: one ureteral carcinoma, 
one skin cancer, and one malignant lymphoma. “Other 
diseases” included: three benign prostatic hypertrophy, 
one idiopathic thrombocytopenia, one lichen planus, one 
ovarian cyst, one adrenal adenoma, and six others. On the 
other hand, 89 of  234 patients (38.0%) had concomitant 
diseases with liver disease in the non-elderly group. 
The ratio of  patients having concomitant diseases was 
significantly higher in the extremely elderly group (P < 0.001).

DISCUSSION
Although the survival of  the patients with an early stage 
and a good liver function was better in the non-elderly 
group, we could not find any significant difference in 
overall survival curves or causes of  death between the 
extremely elderly and non-elderly groups with HCC. 
Even though the extremely elderly patients had various 
concomitant diseases, most of  the patients demonstrating 
HCC died from HCC-related causes. As a result, HCC 
was a life-limiting factor even though the patients were 
extremely elder. In Japan, based on data from 2003[6], 

the average life expectancies at birth are 78.36 years for 
males and 85.33 years for females. In addition, an 80-year-
old male has an average life expectancy of  8.26 years, 
while a female aged 80 years can expect to live another 
11.04 years[6]. The 5-year survival rate in the extremely 
elderly group with HCC was only 6.4% in this study. We, 
therefore, have to treat HCC even though such patients are 
over 80 years of  age and have concomitant diseases.
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the patients with stage I/II tumors between both groups. 
Figure 1C shows the cumulative survival curves of  the 
stage I/II patients in both groups. The survival curves 
were significantly worse in the extremely elderly patients 
with stage I tumors in the extremely elderly group, we 
compared the patients with stage I/II tumors between 
both groups. Figure 1C shows the cumulative survival 
curves of  the stage I/II patients for both groups. The 
survival curves were significantly worse in the extremely 
elderly patients with stage I/II tumors (P = 0.005). 
However, there were no significant differences in survival 
curves regarding stage III/IV (P = 0.479) or stage IV (P 
= 0.794) disease. In stage I/II and Child-Pugh grade A 
patients, the survival curves were significantly worse in the 
extremely elderly patients (P = 0.005). Survivals adjusted 
for the etiology of  liver disease were also calculated. No 
significant differences were observed in the survival curves 
regarding HCV-related disease between the extremely 
elderly and non-elderly groups (P = 0.142). There were 
also no significant differences in the survival curves of  the 
patients negative for HBsAg and HCVAb between the two 
groups (P = 0.447). Due to the small number of  patients 
positive for HBsAg in the extremely elderly group, we 
could not compare those patients between both groups. 
    To evaluate the prognostic factors for the extremely 
elderly HCC patients and non-elderly patients, we 
performed a multivariate analysis using Cox’s proportional 
hazard model, which showed that the Child-Pugh grading 
(P < 0.05), tumor staging (P < 0.01), albumin (P < 0.01), 
and platelet count (P < 0.05) were prognostic factors 
for extremely elderly patients with HCC. The Child-
Pugh grading (P < 0.05), tumor staging (P < 0.05), and 
diameter of  tumors (P < 0.01) were found to be prognostic 
factors for the non-elderly patients with HCC. The age, 
sex, HBsAg, HCVAb, total bilirubin, prothrombin time, 

Table 3  Types of initial treatment for  patients with  
hepatocellular carcinoma.

 TAE or TAI    59                      128                NS
 PEI or RFA or MA    18                        62                             NS
 Surgery (liver trans-      0                        28 (3)                P < 0.001
 plantation)   
 Chemotherapy      2                          7                NS
 Supportive care    12                          9                P < 0.01

 Treatment           Extremely elderly         Non-elderly             P -value
           (80 yr or more)          (50-60 yr old)  

TAE, Transcatheter arterial embolization; TAI, Intranscatheter arterial infusion; PEI, 
percutaneous ethanol injection; MA, Microwave ablation; RFA, Radiofrequency 
ablation; NS, not significant.

 Table 4  Causes of death in extremely elderly pa-
 tients with HCC

  HCC  27               77             NS
  Hepatic failure 17               25 
  Gastrointestinal-   4                 6 
  Bleeding            
  Others    7                 9  
  Unknown    0                 6  

 Cause of death    Extremely elderly     Non-elderly       P -value
           (80 yr or more)      (50-60 yr old)  
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 Table 5 Concomitant diseases in extremely elderly patients    
 with hepatocellular carcinoma. 

  Malignant 
  neoplasm                     Gastric cancer             2                 2 
  Colon cancer             3                 4 
  Prostatic cancer             2                 0 
  Others              3                 1 

  Cardiovascular 
  disease        Ischemic heart disease             9                 3 
  Hypertension           36               32 
  Arrhythmia             7                 2 
  Congestive heart failure           2                 0 
  Valvular heart disease             2                 0 
  Aortic aneurysma             2                 0 

  Respiratory 
  disease        Chronic bronchitis             3                 0 
  Interstitial pneumonia             2                 1
  Pneumonia              2                 0
  Others              3                 1

  Gastrointestinal 
  disease       Gall stone              4                 3
  Chronic pancreatitis             1                 4
  Peptic ulcer             2                 5
  Reflux esophagitis             3                 1

  Endocrinal disease Diabetes mellitus           23               47
  Gout              2                 6
  Others              0                 2

  Neurological and   Cerebral infarction
  cerebrovascular or hemorrhage             7                 2
 
       Dimentia              3                 0
  Others              0                 2

  Renal disease Chronic renal failure 
  or nephritis             3                 2

  Other disease             13                 5  
   
  No concominant disease            20             145 

 Concominant         Extremely elderly     Non-elderly 
 disease        (80 yr or more)     (50-60 yr old)

    Dohmen et  al.[5] analyzed 36 patients aged ≥  80 years 
and concluded that the survival rates are not significantly 
different from the non-elderly group, and that the 
advanced stage of  HCC, not an advanced age, has the 
greatest influence on the survival rate in extremely elderly 
patients[5]. Hoshida et  al.[8] evaluated 135 patients with 
chronic liver disease aged ≥  80 years and found that most 
patients (63.5%) would die of  diseases other than liver 
diseases, such as pneumonia, especially in the non-cirrhosis 
group. It is reasonable that the extremely elderly patients 
without HCC die of  diseases other than liver diseases. 
However, in their study, 18 patients with HCC at the start 
of  observations had a poor prognosis.
    Although there was no difference in the Child-
Pugh grading, the extremely elderly group had good 
liver function as indicated by the prothrombin time or 
ICGR15 level. We speculated that patients with a poor 
liver function might die of  liver failure and will not be 
able to live until 80 years of  age when complicated with 
HCC. Otherwise, not only the liver function, but also 
other genetic or environmental factors may contribute to 
the development of  HCC in extremely elderly patients. 
In this study, extremely elderly patients with HCC had a 
relatively good PS. The 10 hospitals included in this study 

are core hospitals for each area. The patients with a poor 
PS or poor liver function might have been excluded by the 
primary physician for aggressive treatment of  HCC and 
thus might not have been introduced to these 10 hospitals. 
    Females were more prevalent in the extremely elderly 
group (P < 0.001). The proportion of  females in the 
general population is known to gradually increase with 
increasing age[6]. Males are usually dominant in non-elderly 
patients with HCC and their prognosis of  HCC is quite 
poor. We speculated that males with HCC might die of  
liver-related diseases before 80 years of  age. However, 
we could not determine the reason why the female ratio 
significantly increased in the extremely elderly group of  
HCC. Previous studies reported that HBV-associated 
HCC is common in younger patients in Japan[11-13]. Our 
results were compatible with our expectation because only 
3.3% of  the HBV-associated HCC was identified in the 
extremely elderly group in contrast to 15.3% in the non-
elderly group (P < 0.001). The ratio of  non B and non C 
hepatitis patients significantly increased in the extremely 
elderly group. Other factors except for hepatitis virus 
infection such as alcohol or genetic disturbance may thus 
contribute to the development of  HCC in the extremely 
elderly group.
     Regarding the initial treatment, Collier et al.[10] reported 
in 1994 that elderly patients (≥  65 years) with HCC are 
more likely to receive conservative treatment than younger 
patients (< 65 years), despite a similar disease stage. 
Conversely, Poon et al.[3] concluded that a hepatic resection 
and TAE for HCC in elderly patients (≥  70 years) are 
well tolerated and show an improved survival rate. 
Percutaneous localized therapies or TAE were similarly 
performed in both the extremely elderly and non-elderly 
groups in this study and there were no obvious differences 
regarding adverse effects. However, no surgical resections 
were performed in the extremely elderly group. The oldest 
patient receiving a surgical resection as the initial treatment 
among these 1 310 patients was 77 years. The extremely 
elderly patients with HCC were more likely to receive 
conservative treatment than the non-elderly patients. 
Non-invasive treatments may have been selected due to 
the patient age or quality of  life. Indeed, post-operative 
complications, such as pneumonia, show an incremental 
risk with age[14]. The elderly patients are more liable to 
succumb to post-operative organ failure and complications, 
especially infections[14]. The PS and physiological age 
are therefore considered to be more important than the 
chronological age in elderly patients with HCC.
    In conclusion, there is no statistical difference in the 
overall survival rate between the extremely elderly and 
non-elderly groups after the diagnosis of  HCC. HCC is  
considered to be a life-limiting factor even in extremely 
elderly patients. Therefore, in patients with good liver 
functions and good PS, aggressive treatment of  HCC 
might improve the survival rate, even in extremely elderly 
patients.
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Abstract
AIM: To assess subcellular localization of KL - 6 mucin 
and its clinicopathological significance in colorectal 
carcinoma as well as metastatic lymph node and liver 
tissues.

METHODS: Colorectal carcinoma tissues as wel l 
as metastatic lymph node and l iver t issues were 
collected from 82 patients who underwent colorectomy 
o r h e p a t e c t o my. T i s s u e s w e r e s u b j e c t e d t o 
immunohistochemical analysis using KL - 6 antibody.

RESULTS: Of the 82 colorectal carcinoma patients, 6 
showed no staining, 29 showed positive staining only in 
the apical membrane, and 47 showed positive staining 
in the circumferential membrane and/or cytoplasm. 
Positive staining was not observed in non - cancerous 
colorectal epithelial cells surrounding the tumor tissues. 
The five - year survival rate was significantly lower in 
cases showing positive staining in the circumferential 
membrane and/or cytoplasm (63.0%) than those 
showing positive staining only in the apical membrane 
(85.7%) and those showing no staining (100%). 
Statistical analysis between clinicopathological factors 
and subcellular localization of KL - 6 mucin showed that 
KL - 6 localization in the circumferential membrane and/or 

cytoplasm was significantly associated with the presence 
of venous invasion (P = 0.0003), lymphatic invasion 
(P  <  0.0001), lymph node metastasis (P < 0.0001), 
liver metastasis (P = 0.058), and advanced histological 
stage (P < 0.0001). Positive staining was observed in 
all metastatic lesions tested as well as in the primary 
colorectal carcinoma tissues.

CONCLUSION: The subcellular staining pattern of 
KL - 6 in colorectal adenocarcinoma may be an important 
indicator for unfavorable behaviors such as lymph node 
and liver metastasis, as well as for the prognosis of 
patients.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
MUC1, a transmembrane glycoprotein[1, 2], has been 
detected in various cancer cell l ines and secretory 
epithelial cells lining the respiratory, reproductive, and 
gastrointestinal tracts[3-6]. It has been suggested that MUC1 
may influence cell - to - cell adhesion, diminish the immune 
response, and be involved in intracellular signaling[7, 8]. In 
carcinoma cells, it has been reported that high levels of  
MUC1 expression correlate with the invasive characteristic 
of  tumors[9-13]. Our latest study has also shown that 
aberrant expression of  MUC1, which was detected by 
KL - 6 antibody, is associated with cancer progression in 
the carcinoma of  the ampulla of  Vater[14].

In normal epithelium, MUC1 is predominantly present 
on the apical surface of  the epithelial cells[15,16]. Recently, 
it has been reported that, in breast carcinoma, MUC1 
is expressed not only on the apical surface but also on 
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circumferential and basal membranes and in the cytoplasm 
of  the carcinoma cells[15,16]. Furthermore, this aberrant 
localization of  MUC1 has been reported to be associated 
with worse prognosis for the patient[17]. These findings 
suggest that subcellular observation of  MUC1 expression 
in carcinoma cells is likely important for understanding 
the function of  MUC1 and improving the prediction of  
prognosis. However, little is known about the clinical 
significance of  subcellular localization of  KL - 6 mucin in 
other carcinomas.

In this study, we focused on subcellular localization of  
MUC1 in colorectal carcinoma as well as in the metastatic 
lymph nodes and liver tissue. MUC1 expression was 
immunohistochemically detected using KL - 6 antibody, 
which recognizes the sialylated oligosaccharide moiety of  
MUC1 as a part of  an epitope[18]. In colorectal carcinoma 
tissues, it has been suggested that the expression of  
KL - 6 mucin is associated with tumor aggressiveness[10,19]. 
However, the subcellular localization and physiological 
function of  KL - 6 mucin in colorectal carcinoma 
have remained unknown. In this paper, we report that 
aberrant subcellular expression of  KL - 6 mucin in the 
circumferential membrane and/or cytoplasm is associated 
with lymph node and liver metastases and worse prognosis 
in colorectal carcinoma.

MATERIALS AND METHODS
Patients
Colorectal carcinoma tissues were collected from 82 
consecutive patients (55 males and 27 females; 64.5 ± 11.4 
years, mean ± SD) with a single primary colorectal 
adenocarcinoma who underwent surgical resection at the 
Department of  Surgery, Graduate School of  Medicine, 
the University of  Tokyo, between January 1991 and 
December 1992. For all cases with lymph node and liver 
metastasis, whole specimens of  resected lymph nodes 
and metastatic liver tissues were collected from 36 and 7 
patients, respectively, in the study group. All specimens 
were classified according to Japanese Classification of  
Colorectal Carcinoma by the Japanese Society for Cancer 
of  the Colon and Rectum[20], including the status of  
lymph node and liver metastasis at the time of  surgical 
intervention and the depth of  invasion (m, invasion 
of  mucosa; sm, invasion of  submucosa; mp, invasion 
of  muscularis propria; ss, invasion of  subserosa or 
subadventitia; se, invasion of  serosa or adventitia; and si, 
invasion of  adjacent structures).

Immunohistochemical staining
The immunohistochemical staining approach matched that 
of  previous studies[14]. Briefly, 4  µm - thick sections were 
cut from archival formalin-fixed paraffin - embedded tissue 
blocks, deparaffinized, and dehydrated using a graded 
series of  ethanol solutions. Endogenous peroxidase activity 
was halted through administration of  3 mL/L hydrogen 
peroxide/methanol for 30 min. The slides were rinsed 
with phosphate - buffered saline and then blocked with 
normal goat serum for 30 min at room temperature. The 
sections were then incubated with a KL - 6 monoclonal 
antibody solution (1:200 dilution; Eisai, Tokyo, Japan) 

for 60 min at room temperature. After the sections were 
incubated with biotinylated secondary antibody for 60 
min, bound biotinylated antibody was then tested by the 
biotin - streptavidin - peroxidase complex method following 
the manufacturer's instructions (Histofine SAB - PO kit; 
Nichirei, Tokyo, Japan). 3,3' - Diaminobenzidine was 
used as the chromogen, and hematoxylin was used as a 
counterstain. The negative control sections were treated 
by omitting the primary antibody to monitor background 
staining.

Evaluation of immunohistochemically stained carcinomas
Overall staining was evaluated in carcinoma cells observed 
in 10 random microscopic fields, or in the entire area if  
the tissue sample comprised less than 10 fields. Subcellular 
staining patterns were recorded by judging the apical 
membrane, circumferential membrane, and cytoplasm as 
described elsewhere[17]. Three investigators (Q.G., W.T., and 
N.K.) separately judged the staining characteristics, and the 
discrepancies were resolved through mutual observation 
and discussion of  the microscopic f  ields.

Statistical analysis
The χ2 - test was used to evaluate the relationship between 
staining pattern and clinicopathological parameters. 
Survival curves were calculated using the Kaplan - Meier 
method and compared with the results of  the log-rank test. 
Two patients (one in the no - staining group, another in 
the apical membrane staining group) were excluded from 
the data analysis for survival because the cause of  death 
for these patients was not colorectal cancer. P < 0.05 was 
considered statistically significant. Statview 5.0J (Abacus 
Concepts, Berkeley, CA, USA) statistical software was used 
for data analyses.

RESULTS
Subcellular localization of KL - 6 mucin
Among the 82 cases of  colorectal carcinoma, 76 cases 
showed positive staining of  KL - 6 mucin. As shown in 
Figure 1, there was a considerable heterogeneity in the 
subcellular localization of  KL - 6 mucin. Staining was 
observed in either the apical or circumferential membrane 
(Figures 1A and 1B). Some cases showed positive staining 
in the cytoplasm in addition to the membranous region 
(Figures 1C and 1D). The number of  cases showing the 
respective subcellular staining patterns are summarized in 
Table 1. It is notable that cytoplasmic staining tended to 
be accompanied by positive staining in the circumferential 
membrane (37/45, 82%) rather than in the apical 
membrane (8/45, 18%). Positive staining was not observed 
in non - cancerous colorectal epithelial cells in any case of  
this study (data not shown).

Relationship between survival and subcellular localization 
of KL - 6 mucin
The f ive -  year sur v iva l ra te was 85 .7% for cases 
showing positive staining only in the apical membrane
(n = 28), 61.5% for cases showing positive staining in the 
circumferential membrane (n = 39), and 64.4% for cases 
showing positive staining in cytoplasm (n = 45) (data 
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not shown). There were significant differences between 
the cases showing positive staining only in the apical 
membrane and the cases showing positive staining in 
the circumferential membrane (P = 0.021), and between 
the cases showing positive staining only in the apical 
membrane and the cases showing positive staining in 
cytoplasm (P = 0.033). On the other hand, the five - year 
survival rate was 100% for the cases showing no staining 
(n = 5). These results suggested that a subcellular KL - 6 
expression profile was associated with survival, and that 
cases showing positive staining in the circumferential 
membrane and/or cytoplasm showed worse prognosis.

As described above, cytoplasmic staining tended to be 
accompanied with positive staining of  the circumferential 
membrane. Therefore, we classified the cases into the 
following three groups according to their subcellular 
staining profile: group N, negative (n = 6); group A, 

positive only in the apical membrane (n = 29); and group 
C, positive in the circumferential membrane and/or 
cytoplasm (n = 47) (Table 1). As shown in Figure 2, the 
five - year survival rate was significantly lower in group C 
(63.8%) than that in group A (85.7%; P = 0.029). On the 
other hand, group N showed the highest five - year survival 
rate (100%).

Relationship between clinicopathological factors and 
subcellular localization of KL - 6 mucin
The relationship between clinicopathological factors 
and subcellular KL - 6 mucin staining of  the colorectal 
adenocarcinomas is summarized in Table 2. Positive 
staining in the circumferential membrane and/or 
cytoplasm was significantly associated with the presence 
of  venous invasion, lymphatic invasion, and lymph node 
metastasis. This subcellular staining characteristic was also 
associated with the progression of  the depth of  invasion 
and histological stage (Table 2). Notably, all cases having 
lymph node (n = 36) or liver metastasis (n = 7) showed 
positive staining in the circumferential membrane and/
or cytoplasm. This suggested that aberrant subcellular 
expression of  KL - 6 mucin in the circumferential 

Figure 1 Immunohistochemical staining of colorectal 
adenocarcinoma tissues using KL - 6 antibody (×
200). A: Positive staining in the apical membrane; 
B: positive staining in the circumferential membrane; 
C: positive staining in the apical membrane and 
cytoplasm; D: positive staining in the circumferential 
membrane and cytoplasm.

Figure 2 Kaplan - Meier curves for overall survival rates of patients with colorectal 
adenocarcinoma. Patients with KL - 6 expression in the circumferential membrane 
and/or cytoplasm (solid line, group C, n = 46), in the apical membrane (dashed 
line, group A, n = 29) and without KL - 6 staining (dotted line, group N, n = 5) were 
followed up for more than 70 mo. Two of 82 patients were excluded from the data 
analysis as described in Materials and Methods.

           KL-6 mucin staining

Group1            Apical             Circumferential        Cytoplasm           n
               membrane        membrane                    

N                  Negative             Negative                     Negative                 6
A                  Positive               Negative                     Negative               29
C                  Positive               Negative                     Positive                   8
C                  Negative             Positive                       Negative                 2
C                  Negative             Positive                       Positive                 37

Table 1 Summary of subcellular staining of KL - 6 mucin 
in colorectal adenocarcinoma

1Patient groups N, A, and C were categorized according to the subcellular 
expression profile of KL - 6 mucin (see text).
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membrane and/or cytoplasm might participate in the 
metastasis of  tumor.

Expression of KL - 6 mucin in metastatic lesions
We next examined the expression of  KL - 6 mucin in 
lymph node and liver metastatic lesions (Figure 3). For 
all the 36 cases with lymph node metastasis and all seven 
cases with liver metastasis, positive staining was observed 
in metastatic lesions as well as in the primary colorectal 
carcinoma tissues.

DISCUSSION
MUC1 is abundantly expressed at the surface of  epithelial 
cells in many tissues[3-6]. MUC1 expression is also observed 
in carcinomas that arise in several parts of  the body, such 
as the colon, breast, lung, pancreas, papillary thyroid, 
and gallbladder[9-13]. The deduced amino acid sequence 
of  MUC1 mucin reveals four distinct domains: the 

NH2 - terminal domain consisting of  a hydrophobic signal 
sequence; a highly O - glycosylated tandem - repeat domain; 
a transmembrane domain; and a cytoplasmic domain[1,2,6]. 
Previous studies on MUC1 expression in colorectal 
carcinoma have primarily focused on the tandem - repeat 
domain, and suggested that tumor cells expressing 
high levels of  MUC1 may have increased invasive and 
metastatic potential[10]. However, little is known about the 
detailed clinicopathological relationship among expression 
profile of  MUC1, metastatic potentiality, and the prognosis 
for colorectal adenocarcinoma. On the other hand, 
although the processing of  the full length MUC1 core 
proteins is similar in both normal and tumor cells, they 
have a remarkable diversity in oligosaccharide moieties[21,22]. 
Therefore, we targeted KL - 6 mucin, a type of  MUC1 
bearing sialylated oligosaccharide recognized by KL - 6 
antibody[18]. Since sialylation of  tumor cell glycoconjugates 
is thought to contribute to tumor progression and 
metastasis[23-26], targeting KL - 6 mucin bearing sialylated 
oligosaccharide seems to be a reasonable strategy.

In our preliminary study, KL - 6 mucin was observed 
in carcinoma cells but not in the surrounding normal 
cells. However, classification of  KL - 6 staining evaluated 
by overall expression level did not show significant 
relationships between the expression level of  KL - 6 
mucin, metastasis, and patient’s prognosis (data not 
shown). Recently, some reports on breast carcinoma have 
suggested a significant relationship between metastasis 
and subcellular location of  MUC1 rather than its overall 
expression level, which led us to focus on the subcellular 
location of  KL - 6 mucin in colorectal carcinoma.

In the present study, the circumferential and/or 
cytoplasmic expression of  KL - 6 mucin was significantly 
correlated with lymph node metastasis in colorectal 
adenocarcinomas (Table 2). In addition, this aberrant 
localization of  KL - 6 mucin was likely to participate also 
in liver metastasis, since all cases having liver metastasis 
(n = 7) showed positive staining in the circumferential 
membrane and/or cytoplasm (Table 2). It is known that 
normal epithelial cells release a tailless, soluble form of  
MUC1 which targets exclusively the apical membrane 
in tissues[21]. However, in carcinoma cells with aberrant 
overexpression of  MUC1, this apical polarization is lost, 
resulting in aberrant localization of  MUC1 over the 
entire cell membrane and in the cytoplasm[15,16]. It has
been proposed that MUC1 mediates anti - adhesion 
activity by interfering with cell - to - cell and/or cell-
to - extracellular matrix interactions, thereby facilitating 
detachment of  tumor cells from the primary growth[6, 27-29].
This i s l ike ly t r ue of  KL -  6 mucin in co lorecta l 
adenocarcinoma, since a high frequency of  metastasis 
was observed in cases showing any aberrant localization 
of  KL - 6 mucin (Table 2). This aberrant subcellular 
expression of  KL - 6 mucin might facilitate detachment 
of  tumor cells from the primary growth, resulting in an 
increased ability of  the tumor cells to metastasize.

It is notable that all the cases tested showed positive 
staining in metastatic lesions as well as the primary 
colorectal carcinoma tissues. Interestingly, in some cases 
presenting lymph node or liver metastasis, aberrant 
subcellular localization of  KL - 6 was observed in only 

Table 2 Relationship between clinicopathological 
factors and sbcellular staining profile of KL - 6 mucin in 
colorectal adenocarcinoma  n (%)

Factors                  n    Subcellular staining profile of KL - 6 mucin     P  

                                   No              Apical      Circumferential
                                 staining       membrane   membrane and/or
                                          cytoplasm

Age (yr)                                 0.449

≤ 60                             29      2 (6.9)            12 (41.4)    15 (51.7)
> 60                             53      4 (7.5)            17 (32.1)    32 (60.4)
Sex	 	 	 							0.469
Male                           55      4 (7.3)            21 (38.2)         30 (54.5)
Female                        27     2 (7.4)              8 (29.6)         17 (63.0)
Differentiation	 	 							0.055
Well                            50     6 (12.0)          21 (42.0)         23 (46.0)
Moderate                   29     0 (0)                 8 (27.6)         21 (72.4)
Poor                              3     0 (0)                 0 (0)                3 (100)
Venous	invasion        0.0003
(+)                             40     0 (0)                 9 (22.5)          31 (77.5)
(-)                                42     6 (14.3)          20 (47.6)          16 (38.1)
Lymphatic
invasion	                                     <0.0001
(+)                               24      0 (0)                 2 (8.3)            22 (91.7)
(-)                                58     6 (10.3)           27 (46.6)          25 (43.1)
Depth	of
invasion         0.009
m                                  3      3 (100)             0 (0)                  0 (0)
sm, mp                       14     2 (14.3)             8 (57.1)             4 (28.6)
ss, se                           59     1 (1.7)            20 (33.9)          38 (64.4)
si                                   6      0 (0)                 1 (16.7)         5 (83.3)
Histological
stage                                     <0.0001
0                                     3    3 (100)             0 (0)                 0 (0)
I                                   12     2 (16.7)            8 (66.6)            2 (16.7)
II                                  29    1 (3.4)            20 (69.0)             8 (27.6)
IIIa                               29    0 (0)                 1 (3.4)            28 (96.6)
IIIb                                6     0 (0)                 0 (0)                 6 (100)
IV                                  3     0 (0)                 0 (0)                 3 (100)
Lymph	node
metastasis                      <0.0001
(+)                                    36     0 (0)                 0 (0)               36 (100)
(-)                                46     6 (13.0)          29 (63.0)          11 (24.0)
Liver	metastasis        0.058
(+)                              7      0 (0)                 0 (0)                 7 (100)
(-)                                75     6 (8.0)            29 (38.7)          40 (53.3)
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a few tumor cells (less than 5%) in the primary lesions 
(data not shown). This suggests that the significant factor 
is the subcellular location rather than the level of  KL - 6 
expression, and is coincident with a report that breast 
carcinomas with the cytoplasmic staining pattern, even 
in a minor focus, are associated with a higher incidence 
of  lymph node metastasis[17]. However, a considerable 
number of  cases showing positive membranous and/or 
cytoplasmic staining did not present with metastases. 
Further investigation is needed to understand the role 
of  KL - 6 expression in metastatic events of  colorectal 
adenocarcinoma.

Some studies have reported that, in breast carcinoma, 
patients expressing MUC1 in the non - apical membranes 
show worse prognosis than those expressing MUC1 
in the apical membrane[17,30]. Our observation also 
showed that there was a significant relationship between 
subcellular location of  KL - 6 and prognosis in colorectal 
adenocarcinoma (Figure 2; P = 0.029). The five - year 
survival rates for the cases with apical membrane staining 
and those with circumferential and/or cytoplasmic staining 
of  KL - 6 mucin were 85.7% and 63.0%, respectively (Figure 
2). Moreover, our data also showed that cases without 
KL - 6 staining had a better prognosis than those with the 
apical staining of  KL - 6 mucin. These data suggest that the 
expression characteristics of  KL - 6 mucin would be useful 
for the prediction of  a patient’s prognosis in colorectal 
adenocarcinoma.

In conclusion, subcellular localization of  KL - 6 
mucin plays a crucial role in determining disease outcome 
and expression of  KL - 6 mucin in the circumferential 

membrane and/or cytoplasm is an important indicator for 
lymph node and liver metastases as well as the prognosis 
of  patients with colorectal adenocarcinoma.
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Abstract
AIM: To examine whether antithrombin (AT) could 
prevent hepatic ischemia/reperfusion (I/R)-induced 
hepatic metastasis by inhibiting tumor necrosis factor 
(TNF)-α-induced expression of E-selectin in rats.

METHODS: Hepatic I/R was induced in rats and mice 
by clamping the left branches of the portal vein and the 
hepatic artery. Cancer cells were injected intrasplenically. 
The number of metastatic nodules was counted on day 7 
after I/R. TNF-α and E-selectin mRNA in hepatic tissue, 
serum fibrinogen degradation products and hepatic 
tissue levels of 6-keto-PGF1α, a stable metabolite of PGI2, 
were measured.

RESULTS: AT inhibited increases in hepatic metastasis 
of tumor cells and hepatic tissue mRNA levels of TNF-α 
and E-selectin in animals subjected to hepatic I/R. 
Argatroban, a thrombin inhibitor, did not suppress any 
of these changes. Both AT and argatroban inhibited 
I/R-induced coagulation abnormalities. I/R-induced 
increases of hepatic tissue levels of 6-keto-PGF1α 
were significantly enhanced by AT. Pretreatment with 
indomethacin completely reversed the effects of AT. 
Administration of OP-2507, a stable PGI2 analog, showed 
effects similar to those of AT in this model. Hepatic 
metastasis in congenital AT-deficient mice subjected 
to hepatic I/R was significantly increased compared to 
that observed in wild-type mice. Administration of AT 
significantly reduced the number of hepatic metastases 
in congenital AT-deficient mice.

CONCLUSION: AT might reduce I/R-induced hepatic 
metastasis of colon cancer cells by inhibiting TNF-α-

induced expression of E-selectin through an increase 
in the endothelial production of PGI2. These findings 
also raise the possibility that AT might prevent hepatic 
metastasis of tumor cells if administered during the 
resection of liver tumors.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatic ischemia/reperfusion (I/R) is sometimes induced 
by temporary clamping of  the portal triad during resection 
of  a liver tumor and a portal vein for advanced pancreatic 
head cancer[1, 2]. Hepatic I/R may promote hematogenous 
liver metastases of  cancer cells that detach during the 
surgical procedure[3]. Endothelial leukocyte adhesion 
molecules such as E-selectin and intercellular adhesion 
molecule-1 have been demonstrated to be critically 
involved in the adhesion of  tumor cells to endothelial 
cells, thereby promoting the metastasis of  tumor cells[4-8].
Expression of  these adhesion molecules in endothelial 
cells is markedly enhanced by pro-inflammatory cytokines 
such as tumor necrosis factor (TNF)-α, which plays a 
critical role in the development of  I/R-induced liver 
injury[9, 10].
   Antithrombin (AT), a physiological serine protease 
inhibitor, plays a critical role in the regulation of  the 
coagulation cascade[11]. In addition to such regulatory 
role in the coagulation system, AT exerts an anti-
inflammatory activity by increasing the endothelial 
production of  prostacyclin (PGI2), which is capable 
of  inhibiting TNF-α production by monocytes[12-14]. 
According to this anti-inflammatory property, AT reduces 
I/R-induced liver injury by inhibiting TNF-α production 
in rats[15, 16]. These observations suggest that AT might 
reduce I/R-induced hepatic metastasis of  cancer cells 
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by decreasing the expression of  leukocyte adhesion 
molecules such as E-selectin through an increase in the 
endothelial production of  PGI2. In the present study, we 
have examined whether AT could reduce the metastasis of  
cancer cells injected intrasplenically in rats and congenital 
AT-deficient mice subjected to hepatic I/R.

MATERIALS AND METHODS
Reagents
AT and a rg a t roban ( ( 2R ,4R)4 -me thy l -{ N 2- [ ( 3 -
methyl-1,2,3,4, tetrahydro-8-quinolyl) sulfonyl]-L-arginyl}-
2-piperidinecarboxylic acid monohydrate) were obtained 
from the Mitsubishi-Welpharma Co., Ltd. (Osaka, Japan). 
OP-2507 (15 cis-(4-n-propylcyclohexyl)-16,17,18,19,20-
pentanor-9-deoxy-6,9-α-nitrilo-prostaglandin F1 methyl 
ester), a prostacyclin analog, was obtained from the Ono 
Pharmaceutical Co., Ltd. (Osaka, Japan). Indomethacin 
(IM), xylazine and RPMI 1640 were purchased from Sigma 
(St. Louis, MO, USA). Penicillin G, streptomycin, and 
fetal bovine serum (FBS) were obtained from Invitrogen 
(Gaithersburg, MD, USA). Ketamine hydrochloride was 
purchased from Parke-Davis (Morris Plains, NJ, USA). All 
other reagents were of  analytical grade.

Animals
Pathogen-free male Fisher 344 (F344) rats, weighing
180-210 g, and C57BL/6 mice, weighing 18-22 g, were 
obtained from Clea Japan (Tsukuba, Japan). Congenital 
AT-deficient mice (AT+/-) were kindly provided by Dr. 
Kojima, Nagoya University. Plasma levels of  AT in AT+/- 
mice were about 50% of  that in wild type[17]. Care and 
handling of  the animals were in accordance with the 
National Institute of  Health guidelines and the animals 
were fed standard animal chow and water. All the animal 
experiments were carried out in a humane manner after 
receiving permission from the Animal Experiment 
Committee of  the university and in accordance with 
the Regulation of  Animal Experiment and Japanese 
Governmental Law.

Cell lines
RCN-H4 cells, derived from hepatic metastasis of  a F344 
rat colon adenocarcinoma cell line, were provided by 
RIKEN Cell Bank (Tsukuba, Japan)[18, 19]. RCN-H4 cells 
were maintained in RPMI 1640 supplemented with 100 
mL/L heat inactivated FBS, 100 kU/L penicillin G and 
100 mg/L streptomycin in a humidified 950mL/L air-50 
mL/L CO2 at 37 ℃. B16-F10 melanoma cells, which 
are syngeneic to C57BL/6 mice, were gifted from Cell 
Resource Center of  Tohoku University (Sendai, Japan). 
B16-F10 cells were maintained in the same medium that 
was used for RCN-H4 cell culture.

Rat hepatic metastasis model
Under anesthesia with diethyl ether, F344 rats underwent 
laparotomy. Warm ischemia of  the median and left 
hepatic lobes was induced by clamping the left branches 
of  the portal vein and the hepatic artery. The right lobe 
was perfused to prevent intestinal congestion. During 
the period of  hepatic ischemia, the rat’s abdomen was 

covered with a plastic wrap to prevent dehydration. AT
(500 U/kg) and OP-2507 (3 µg/kg) were dissolved in double
distilled water, and administered intravenously 20 min after 
ischemia. Argatroban (1 mg/kg) and IM (5 mg/kg) were 
administered subcutaneously 30 min prior to ischemia. 
After 30 min of  ischemia, the clamp was removed and 
the right lobe and caudate lobe were resected to prevent 
shunting to them after reperfusion with 4-0 silk. After 
resection of  the right and caudate lobes, RCN-H4 cells
(2×106 cells/rat) were intrasplenically administrated using 
a 30-gauge needle and the wound was closed with 3-0 silk. 
Sham-operated animals underwent the same operation but 
without clamping. During the surgical operation, the rat’
s body temperature was kept between 35.5 ℃ and 36.5 ℃ 
by using a heating pad. The rates of  breathing and heart 
beating were stable during the operation. None of  the 
animals died until the 7th day after the operation.

Mouse hepatic metastasis model
The same surgical procedure as for F344 rats was 
performed for every mouse except for the anesthesia 
method (ketamine, 75 mg/kg body weight plus xylazine, 
25 mg/kg body weight) and ischemia time (60 min). After 
resection of  the right and the caudate lobes, B16-F10 cells 
(2×105 cells/mouse) were intrasplenically administrated. 
AT (500 U/kg) was adminis tered 10 min before 
reperfusion. None of  the animals died until the 7th day 
after the operation.

Calculation of hepatic metastatic nodules
Animals were killed on the 7th day after the operation. 
The liver was removed, fixed with 10% buffered formalin 
for a few days, and cut into slices, each about 4 mm thick 
serially. These slices were stained with hematoxylin-eosin. 
The number of  metastatic nodules was counted under 
a dissecting microscope (Olympus, Tokyo, Japan) at a 
magnification of  ×100. The liver slice area was calculated 
with IP Lab software (Solution Systems Co., Ltd.) on a 
Macintosh computer. The number of  metastatic nodules 
was normalized by the slice area (nodule number/cm2 ).

Measurement of serum concentration of fibrin and 
fibrinogen degradation products 
Ninety minutes after reperfusion, blood samples were 
collected in tubes containing 0.1 volume of  38g/L sodium 
citrate. Blood was centrifuged at 2 000 r/min for 10 min. 
Serum levels of  fibrinogen degradation products (FDP (E)) 
were measured by a latex agglutination assay, as previously 
described[20].

Assay for 6-keto-PGF1α in liver
Levels of  6-keto-PGF1α, a stable metabolite of  PGI2, in 
liver tissue were measured as described previously[15, 21]. 
In brief, tissue samples were weighed and homogenized 
in 0.1 mol/L phosphate buffer (pH 7.4) containing
0.5 g/L sodium azide. The homogenate was centrifuged
(2 000 r/min, at 4 ℃ for 10 min) and the supernatant was 
stored at -80 ℃ until measurement. The concentration 
of  6-keto-PGF1α was determined with a specific enzyme 
immunoassay kit (Amersham, Buckinghamshire, UK). The 
results were expressed as nanograms of  6-keto-PGF1α per 
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gram tissue.

RNA extraction and cDNA synthesis
Total RNA was isolated after homogenization of  the tissue 
samples in TRIzol reagent according to the manufacturer,s 
instructions. RNA was reverse transcribed into cDNA in 
a 20-µL reaction volume containing 2 µL RNA (1 µg) in 
RNase-free water, 2 µL of  10× RT buffer, 4.4 µL of  25 
mmol/L MgCl2, 4 µL deoxy NTPs mixture, 1 µL random 
hexamers, 0.4 µL RNase inhibitor, and 0.5 µL multiscribe 
reverse transcriptase (50 MU/L). Reverse transcription was 
performed at 25 ℃ for 10 min, at 37 ℃ for 60 min, and 
at 95 ℃ for 5 min, followed by quick chilling on ice and 
storage at 4 ℃ until subsequent amplification.

Real-time quantitative reverse transcription-polymerase 
chain reaction (RT-PCR)
Real-time quantitative RT-PCR analysis was performed in 
triplicate using the ABI PRISM 7700 Sequence Detection 
System instrument and software (Applied Biosystems, 
Foster City, CA, USA). The primers and probes for the 
TaqMan system were designed using Primer Express 
software (Applied Biosystems) and synthesized using PE 
ABI (Weiterstadt, Germany). The 5,-end nucleotide of  
the probe was labeled with a reporter dye (FAM). The 
sequences of  the PCR primer sets and probes used for 
each gene were purchased from TaqMan Gene Expression 
Assays (Applied Biosystems). The reaction conditions 
and PCR cycles were set according to the manufacturer’s 
directions.

Statistical analysis
All data were expressed as mean±SD. The results were 
compared using an analysis of  variance (ANOVA) 
followed by Scheffe’s test. An associated probability of  
P<0.05 was considered to be statistically significant.

RESULTS
Effects of AT and argatroban on I/R-induced increase of 
hepatic metastasis in rats

When intrasplenically injected, colon cancer cells formed 
a significant number of  metastatic nodules in the liver of  
rats subjected to hepatic I/R on d 7 after the injection of  
cancer cells. The number of  metastatic nodules in animals 
subjected to hepatic I/R was 13.6-fold than that observed 
in sham-operated animals (Figure 1). AT significantly 
inhibited the increase in the number of  metastatic nodules 
in animals subjected to hepatic I/R (Figure 1). In contrast, 
argatroban, a synthetic selective inhibitor for thrombin, 
had no effect on this increase (Figure 1).

Effects of AT and argatroban on hepatic I/R-induced 
increase of TNF-α mRNA in hepatic tissue
Hepat i c t i s sue l eve l s o f  TNF-α mRNA d id not 
significantly increase in sham-operated animals, while 
these significantly increased 30 min after hepatic I/R and 
decreased thereafter to pre-ischemia levels (Figure 2A). 
AT significantly inhibited the I/R-induced increases in the 
hepatic tissue TNF-α mRNA levels, whereas argatroban 
did not inhibit these increases (Figure 2B).

Effects of AT and argatroban on hepatic I/R-induced 
increase of E-selectin mRNA in hepatic tissue
Although hepatic tissue levels of  E-selectin mRNA did 
not increase in sham-operated animals, these levels began 

Figure 1 Effects of antithrombin (AT) and various agents on the number of hepatic 
metastatic nodules in rats after ischemia/reperfusion (I/R). bP<0.01 vs sham; 
cP<0.05, dP<0.01 vs I/R+saline.

A

Figure 2 Changes in hepatic tumor necrosis factor (TNF)-α mRNA levels (A) and 
effects of antithrombin (AT) and various agents on TNF-α mRNA levels (B) in rats 
subjected to hepatic ischemia/reperfusion (I/R). bP<0.01 vs pre-ischemia.  dP<0.01 
vs sham and I/R+saline.
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to increase 60 min after reperfusion, peaking at 120
min after reperfusion in animals subjected to hepatic I/R
(Figure 3A). AT significantly inhibited the I/R-induced 
increases of  E-selectin mRNA levels observed in hepatic 
tissue 120 min after reperfusion, whereas argatroban did 
not inhibit these increases (Figure 3B).

Effects of AT and argatroban on I/R-induced increase of 
serum FDP(E)
Serum levels of  FDP(E) significantly increased after 
reperfusion, peaking 90 min after reperfusion in animals 
subjected to hepatic I/R, while these levels did not 
increase in sham-operated animals (Figure 4A). Both AT 
and argatroban inhibited the hepatic I/R-induced increases 
of  serum FDP(E) observed 90 min after reperfusion 
(Figure 4B).

Effect of AT on hepatic tissue levels of 6-keto-PGF1α

To examine whether AT reduced the hepatic I/R-induced 
increase in the number of  metastatic nodules by promoting 
the endothelial release of  PGI2, we have analyzed the 
effect of  AT on the hepatic tissue levels of  6-keto-
PGF1α after reperfusion. Hepatic tissue levels of  6-keto-
PGF1α increased after reperfusion, peaking 90 min after 
reperfusion (Figure 5A). These levels were significantly 
higher in the I/R group than in sham-operated animals 
(Figure 5B). Administration of  AT significantly enhanced 

the I/R-induced increases in hepatic levels of  6-keto-
PGF1α 90 min after reperfusion, whereas argatroban did 
not (Figure 5B).

Effect of IM on anti-metastatic effect of AT observed in our 
experimental model
The anti-metastatic effect of  AT was not observed in 
animals pretreated with IM which is known to inhibit 
cyclooxygenases (Figure 1). AT did not inhibit hepatic 
I/R-induced increases of  TNF-α and E-selectin mRNA 
in hepatic tissue from animals pretreated with IM (Figures 
2B and 3B). Hepatic I/R-induced increases in serum levels 
of  FDP(E) were inhibited by AT in animals pretreated 
with IM (Figure 4B). Pretreatment of  animals with IM 
significantly inhibited increases in hepatic tissue levels of  
6-keto-PGF1α in animals given AT 90 min after reperfusion 
(Figure 5B). 

Effect of OP-2507 on hepatic I/R-induced increase in the 
number of metastatic nodules and hepatic tissue levels of 
TNF-α and E-selectin mRNA
To determine whether PGI2 inhibited I/R-induced increase 
in the number of  hepatic metastases, we have examined 
the effect of  OP-2507 on the I/R-induced increase in the 
number of  hepatic metastatic nodules. As shown in Figure 1
, the increase in the number of  metastatic nodules in 
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animals subjected to hepatic I/R was significantly inhibited 
by OP-2507. OP-2507 inhibited the I/R-induced increases 
in hepatic tissue levels of  TNF-α and E-selectin mRNA 
observed 30 and 120 min after reperfusion, respectively 
(Figure 2B and 3B).

Hepatic I/R-induced metastasis of B16-F10 cells in 
congenital AT-deficient mice
To know whether endogenous AT also inhibited hepatic 
metastasis of  B16-F10 cells injected intrasplenically, we 
have compared the number of  hepatic metastatic nodules 
observed after I/R in congenital AT-deficient mice (AT+/-)
with that observed in wild-type C57BL/6J mice. The 
hepatic I/R-induced increase in the number of  hepatic 
metastatic nodules observed 7 d after reperfusion was 
significantly higher in congenital AT+/- mice than in wild 
type mice (Figure 6). AT decreased the number of  hepatic 
metastatic nodules in AT+/ mice subjected to hepatic I/R 
(Figure 6).

DISCUSSION
In the present study, AT reduced the hepatic I/R-induced 
increase of  hepatic metastasis in rats to which colon 
cancer cells were intrasplenically injected. TNF-α is a 
pro-inflammatory cytokine that increases the expression 

of  leukocyte adhesion molecules such as E-selectin, 
thereby contributing to the lodgment of  cancer cells 
on the sinusoidal surface, leading to metastatic nodule 
formation[22]. AT inhibited hepatic I/R-induced increases 
in hepatic tissue levels of  TNF-α and E-selectin mRNA, 
suggesting that AT might inhibit the hepatic I/R-induced 
increase of  colon cancer cells metastases in our rat model 
by inhibiting TNF-α production. TNF-α plays a critical 
role in microthrombus formation in hepatic I/R[23]. 
Since thrombin increases the expression of  E-selectin by 
activating protease-activated receptor-1 on endothelial 
cells[24], AT might inhibit the hepatic metastasis of  colon 
cancer cells by inhibiting thrombin activity. However, this 
possibility seemed less likely, since argatroban, a selective 
inhibitor of  thrombin that inhibited hepatic I/R-induced 
increases of  serum FDP (E) to the same extent as AT, 
did not inhibit the development of  hepatic metastases in 
the present study. We have previously reported that AT 
inhibits hepatic I/R-induced increases in hepatic tissue 
levels of  TNF-α by promoting the I/R-induced increase 
in endothelial production of  PGI2

[16]. Consistent with this 
report is the present observation demonstrating that AT 
enhanced the hepatic I/R-induced increases in hepatic 
tissue levels of  6-keto-PGF1α. Pretreatment with IM 
reversed the effects of  AT, including the inhibition of  
metastasis and increases in hepatic tissue levels of  both 
TNF-α and E-selectin mRNA, suggesting that AT might 
inhibit hepatic I/R-induced increase in the metastasis of  
colon cancer cells by increasing endothelial production of  
PGI2. Furthermore, OP-2507, a stable derivative of  PGI2, 
showed effects similar to those of  AT, supporting the 
hypothesis described above.
    Hepatic metastasis of  intrasplenically injected cancer 
cells was significantly increased in heterozygous congenital 
AT-deficient mice whose plasma AT level is about half  
that of  wild type mice [17] and replacement of  AT in 
congenital AT-deficient mice reversed this increase in 
hepatic metastasis in the present study. These observations 
sug gest that endogenous AT as wel l as AT given 
intravenously might be critically involved in the inhibition 
of  hepatic I/R-induced increase of  hepatic metastases in 
our experimental model.

Although the findings of  the present study strongly 

Figure 6 The number of hepatic metastatic nodules in congenital antithrombin 
(AT)-deficient mice. bP<0.01 vs AT+/+. dP<0.01 vs AT+/-
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suggest that AT might inhibit the metastasis of  colon 
cancer cells via the promotion of  endothelial production 
of  PGI2, it is possible that a direct inhibition of  tumor cell 
growth by AT also contribute to the inhibition of  hepatic 
I/R-induced increase of  colon cancer cell metastases. 
Our preliminary experiments using the monotetrazolium 
assay demonstrated that AT (5 kU/L) significantly inhibits 
the growth of  RCN-H4 cells after incubation for 48 h[25]. 
Therefore, although IM pretreatment abrogated the anti-
metastatic effect of  AT in the present study, a direct effect 
of  AT on cancer cell growth might contribute, at least in 
part, to the anti-metastatic effect of  AT. This possibility 
should be further examined in future experiments.

AT concentrates are currently available for the 
treatment of  disseminated intravascular coagulation and 
thrombosis in the clinical setting[26-28]. The findings of  the 
present study raise the possibility that AT concentrates 
can effectively prevent hepatic metastasis of  cancer cells 
during hepatectomy. These possibilities should be further 
examined in the clinical setting in the near future.
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INTRODUCTION
It is now accepted that infection of  the gastric mucosa with 
Helicobacter pylori (H pylori) causes chronic gastritis. More 
than 90% of  peptic ulcer patients are infected with H pylori 
and it has been shown that successful treatment prevents 
ulcer relapse[1-3]. National and international guidelines have 
been published on the management of  H pylori, and it 
is tacitly assumed that these guidelines are adhered to in 
clinical practice[4-7]. But, there seems to be a discrepancy 
between current testing and treatment guidelines and 
clinical practice[8,9]. In particular, the approaches used in 
primary practice may differ markedly from those used 
in referral hospitals[10-13]. Patients commonly visit both 
primary care physicians and gastroenterologists because 
of  upper gastrointestinal symptoms. Variable H pylori 
detection methods, including serologic assays and the urea 
breath test, are currently used. Although most physicians 
do not believe that H pylori causes non-ulcer dyspepsia, the 
majority often prescribe antibiotics for H pylori eradication. 
The extent to which research findings regarding H pylori 
have modified physicians’ practice in general has not been 
well studied. We conducted the present study to determine 
whether current guidelines regarding H pylori infection 
have influenced diagnostic and therapeutic primary care 
practice.

MATERIALS AND METHODS
From January to March 2003, we conducted an observatio-
nal , transverse study by using a self-administered 
questionnaire. Primary care physicians in the metropoli-
tan area of  Seoul were random-ly select-ed from the  
membership database of  the Seoul Medical Association. 
Questionnaires were distributed by post, and non-
respondents were sent reminders and then contacted 
by telephone. One hundred and thirty-five doctors 
participated in the study.

PO Box 2345, Beijing 100023, China                                                                                                                             World J Gastroenterol  2006 January 7; 12(1): 66-69
www.wjgnet.com                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                           © 2006 The WJG Press . All rights reserved.

 Helicobacter pylori

Discrepancies between primary physician practice and 
treatment guidelines for Helicobacter pylori  infection in Korea

Byeong Gwan Kim, Ji Won Kim, Ji Bong Jeong, Young Jin Jung, Kook Lae Lee, Young Soo Park, Jin Huk Hwang, 
Jin Uk Kim, Na Young Kim, Dong Ho Lee, Hyun Chae Jung, In Sung Song

www.wjgnet.com

Byeong Gwan Kim, Ji Won Kim, Ji Bong Jeong, Young 
Jin Jung, Kook Lae Lee, Seoul National University Boramae 
Hospital; Department of Internal Medicine, Seoul National 
University College of Medicine, Seoul, Korea 
Young Soo Park, Jin Huk Hwang, Jin Uk Kim, Na Young Kim, 
Dong Ho Lee, Seoul National University Bundang Hospital; 
Seoul National University College of Medicine, Seoul, Korea
Hyun Chae Jung, In Sung Song, Seoul National University 
College of Medicine, Seoul, Korea
Correspondence to: Dr Dong Ho Lee, MD, Seoul National 
University Bundang Hospital; Department of Internal Medicine, 
Seoul National University College of Medicine, 300 Gumi-dong, 
Bundang-gu, 463-707 Seoul,  Korea. dhljohn@snubh.org
Telephone: +82-31-787-7006    Fax: +82-31-787-4051
Received: 2005-06-08                Accepted: 2005-07-17

Abstract
AIM: To evaluate the attitude of primary care physicians 
in the diagnosis and treatment of Helicobacter pylori
(H pylori)  infection.

METHODS: Primary care physicians in the Seoul 
metropo l i tan area answered se l f-admin is tered 
questionnaire from January to March 2003.

RESULTS: One hundred and eight doctors responded to 
the questionnaire. The most frequent reasons for test-
ing H pylori  infection were gastric and duodenal ulcers 
(93.5% and 88.9%, respectively). For patients with
H pylori  positive dyspepsia, 28.7% of doctors always 
tried to eradicate the worm and 34.4% treated selective-
ly. A large proportion (28.7%) of primary care physicians 
treated H pylori  on a patient’s request basis. Only 9.3% 
of primary care physicians always conducted follow-up 
testing after treating H pylori  infection. When H pylori  
was not cleared by the first treatment, 40.7% of doctors 
reused the same regimen, 16.7% changed to another 
triple regimen and 25% to a quadruple regimen.

CONCLUSION: It has been well documented that the 
issuance of guidelines alone has little impact on practice. 
Communication between primary care physicians and 
gastroenterologists in the form of continuous medical 
education is required.

© 2006 The WJG Press. All rights reserved.
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RESULTS
One hundred and eight doctors (80%) responded to the 
survey. We itemized below the physicians’ responses to the 
questions given in the questionnaire.

When do you test for H pylori?
Primary care physicians widely used the H pylori test in 
cases of  gastric ulcer and duodenal ulcer (88.9% and 
93.5%, respectively, Figure 1). But they conducted tests for 
H pylori only in 26.9% and 13% of  patients, after surgery 

for early gastric cancer or Maltoma (Figure 1). Frequently 
physicians tested for H pylori in cases of  gastritis and due to
a patient’s request (25.0% and 58.3%, respectively, Figure 1).

Which test do you prefer? 
More than half  of  the primary care physicians stated that 
they used the rapid urease test and biopsy, (55.6% and 
54.6%, respectively, Figure 2), and a minority used the urea 
breath test and serology (8.3% and 22.2%, respectively, Figure 2).

How do you eradicate H pylori infection?
An 88% of  physicians responded that they prescribed 
a proton pump inhibitor (PPI)-based triple regimen 
according to Korean guidelines (Table 1, Figure 3), and 
only small numbers were found to prescribed dual and 
quadruple regimens (2.8% and 2.8%, respectively, Figure 3).

How long do you treat H pylori infection?
The majority of  physicians responded that they prescribe 
medication for 7,14 d (90.7%), according to Korean 
guidelines (Figure 4). A small number responded that they 
prescribed for less than 7, 21 or 28 d, accounting for 4.6%, 
1.9%, 2.8%, respectively (Figure 4).

Do you perform follow-up testing after treating H pylori 
infection?
Only 9.3% replied that they always conducted follow-
up testing after treating H pylori infection (Figure 5). 
The majority of  primary care physicians stated that they 
selectively apply follow-up tests (Figure 5).

What kind of method do you prefer as follow-up test?
The majority percent of  physicians stated that they used 
the rapid urease test or biopsy, accounting for 35.2% and 
25.9%, respectively (Figure 6), while a minority favored 
urea breath testing or serology, accounting for 21.3% and 
6.5%, respectively (Figure 6).

Treatment plan after failure to eradicate H pylori
Surprisingly, a large proportion (40.7%) of  primary care 
physicians prescribed the original regimen after failure 
to eradicate H pylori (Figure 7). Only 25.0% physicians 

Table 1 Korean guidelines for H pylori  treatment (Korean H pylori  Study Group, 1998)

  Indication for H pylori eradication Peptic ulcer
      Regardless of the stage of ulcer
    Low-grade MALT associated lymphoma
        Stage IE1
    After endoscopic mucosal resection (EMR) of early gastric cancer (EGC)
  Recommended first line therapy  PPI-based triple therapy for 1-2 wk
     - PPI (omeprazole 20 mg or lansoprazole 30 mg or pantoprazole 40 mg) b.i.d.
     - Amoxicillin (not ampicillin) 1 000 mg b.i.d.
     - Clarithromycin (or metronidazole) 500 mg b.i.d.
  Follow-up after eradication therapy Urea breath test: test of choice, if available
    Or both biopsy urease test and histology
    At least 4 wk after completion of therapy
    Serology: not useful to confirm the eradication
  Recommended second-line therapy Quadruple therapy for 1 wk
    (PPI+conventional bismuth-based triple therapy)
    - PPI (omeprazole 20 mg or lansoprazole 30 mg or pantoprazole 40 mg) b.i.d.
    - Denol 120 mg b.i.d.
    - Metronidazole 400-500 mg t.i.d.
    - Tetracycline 500 mg q.i.d.

Figure 1  When do you test for H pylori?

Figure 2  Which test do you prefer? 
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prescribed regimens complying with Korean guidelines 
(Figure 7).

Do you treat H pylori infection in dyspepsia patients 
without peptic ulcer?
Physicians (31.5%) responded that they always eradicate H 
pylori (Figure 8), while 10.2% treated H pylori on patient’s 
request without testing (Figure 8).

Do you medicate for H pylori eradication by patient’s 
request?
A large number (28.7%) of  physicians responded positively 
(Figure 9).

DISCUSSION
The prevalence of  H pylori among Korean adults is 
60% - 80%[14], and gastric cancer remains the most 
common malignancy in Korea[15]. Most Korean primary 
care physicians are interested in H pylori , and more 
frequently prescribe medication for the treatment of  
H pylori than gastroenterologist. The indications for H 
pylori eradication in Korea (Korean H pylori Study Group, 
1998) are peptic ulcer, low-grade MALT-associated 
lymphoma, and post-endoscopic mucosal resection of  
early gastric cancer (Table 1). The recommended first-line 
therapy in Korea is the PPI-based triple therapy for 1 to 

2 weeks. PPI would be the omeprazole, lansoprazole, or 
pantoprazole (Table 1). The treatment of  choice in terms 
of  antibiotics is the amoxicillin+clarithromycin (Table 
1). The recommended second-line therapy according to 
the Korean guidelines is quadruple therapy for a week 
(Table 1), based on PPI, Denol, metronidazole, and 
tetracycline (Table 1). The issued Korean guidelines are 
similar to those issued by the Asia Pacific Consensus 
Conference on the management of  H pylori infection[6]. 
The survey conducted for the present study involved 
mailing a questionnaire to primary physicians in Seoul, 
Korea. The questions primarily addressed physician 
decisions concerning the evaluation and treatment of
H pylori infection in patients with gastroenterologic disease. 
Alternative treatment regimens were also examined. 
The survey results indicate that primary care physicians 
widely adopt H pylori testing in cases of  gastric ulcer 
and duodenal ulcer according to Korean guidelines. 
However, physicians only conduct H pylori testing in 
26.9% and 13.0% of  postoperative early gastric cancer 
and Maltoma patients. In addition, they frequently test for 
H pylori in cases of  gastritis and due to a patient’s request, 
accounting for 25.0% and 58.3%, respectively, but many 
do not perform follow-up testing after H pylori treatment. 
Only 9.3% of  primary care physicians always conduct 
follow-up testing after H pylori treatment. The majority 
of  primary care physicians prefer the rapid urease test 

Figure 3  How do you eradicate H pylori infection?

Figure 5  Do you perform follow-up testing after treating H pylori infection? Figure 6  What kind of method do you prefer as follow-up test?
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or biopsy, accounting for 35.2%, 25.9%, respectively, as 
follow-up tests, because generally in Korea primary care 
physicians have an endoscopic unit, but not urea breath 
test equipment; 6.5% physicians use a serology-based 
follow-up test. Only 25.0% prescribe a quadruple regimen 
as second line therapy, contrary to the Korean guidelines 
and a large number (40.7%) of  physicians prescribe the 
same regimen after failing to eradicate H pylori. In addition, 
they frequently treat H pylori in cases of  non-ulcer 

dyspepsia and patient’s request. This finding is at odds 
with the current guideline and primary care practice for 
the diagnosis and treatment of  H pylori infetion in Korea. 
Moreover, the finding of  the present study compare well 
with data published in other countries[10-13]. Thus, the 
issuance of  guidelines has little impact on practice. Our 
findings suggest that communication programs, such 
as continuous medical education, between primary care 
physicians and gastroenterologists are needed. Moreover, 
schemes designed to ensure guideline implementation 
should be preceded by a detailed analysis of  likely primary 
care physician response.
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 Figure 7  Treatment plan after failure to eradicate H pylori.

Figure 9  Do you medicate for H pylori eradication by patient’s request?
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Abstract
AIM: To further elucidate the pathogenesis and 
mechanisms of the high risk of gallstone formation in 
Crohn’s disease.

METHODS: Gallbladder bile was obtained from patients 
with Crohn’s disease who were admitted for elective 
surgery (17 with ileal/ileocolonic disease and 7 with 
Crohn’s colitis). Fourteen gallstone patients served 
as controls. Duodenal bile was obtained from ten 
healthy subjects before and after the treatment with 
ursodeoxycholic acid. Bile was analyzed for biliary lipids, 
bile acids, bilirubin, crystals, and crystal detection time 
(CDT). Cholesterol saturation index was calculated.

RESULTS: The biliary concentration of bilirubin was 
about 50% higher in patients with Crohn’s disease than 
in patients with cholesterol gallstones. Ten of the patients 
with Crohn’s disease involving ileum and three of those 
with Crohn’s colitis had cholesterol saturated bile. Four 
patients with ileal disease and one of those with colonic 
disease displayed cholesterol crystals in their bile. About 
1/3 of the patients with Crohn’s disease had a short 
CDT. Treatment of healthy subjects with ursodeoxycholic 
acid did not increase the concentration of bilirubin in 
duodenal bile. Several patients with Crohn’s disease, 
with or without ileal resection/disease had gallbladder 
bile supersaturated with cholesterol and short CDT and 
contained cholesterol crystals. The biliary concentration 
of bilirubin was also increased in patients with Crohn’s 
colitis probably not due to bile acid malabsorption.

CONCLUSION: Several factors may be of importance for 
the high risk of developing gallstones of both cholesterol 
and pigment types in patients with Crohn’s disease.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
The prevalence of  gallstone disease in patients with Crohn’
s disease is about two-fold higher than that in general 
population[1-8]. This is true not only for patients with ileal 
disease/resection but also for patients with Crohn’s colitis. 
No large studies of  gallstone composition are available in 
patients with Crohn’s disease but in two small series, while 
both pigment stones and cholesterol-rich stones have been 
reported[9,10]. The pathogenesis of  gallstones in patients 
with Crohn’s disease still remains to be elucidated.
    One hypothesis for the increased prevalence of  gallstone 
disease in patients with Crohn’s disease is that the bile 
acid malabsorption in patients with diseased or resected 
ileum may lead to cholesterol supersaturated bile. In fact, 
supersaturated bile has been reported in some[11-14] but not 
all studies of  patients with ileal disease or resection[8-10,15-19].
    Another hypothesis for gallstone formation in patients 
with Crohn’s disease is that patients with ileal disease or 
resection develop pigment stones as a consequence of  
increased spillage of  malabsorbed bile acids into the colon 
where they solubilize unconjugated bilirubin and promote 
its absorption and thereby increase the rate of  bilirubin 
secretion into the bile. In support of  this hypothesis, 
an increased concentration of  bilirubin in gallbladder 
bile or duodenal bile of  patients with chronic ileitis or 
previous ileectomy has been reported[10,14,17,18]. Brink et al. [20] 
demonstrated that bile acid malabsorption after ileectomy 
of  rats induces enterohepatic circulation of  bilirubin 
and doubles the secretion rate of  bilirubin into the bile. 
The same research group has also shown that adding 
ursodeoxycholic acid to the diet of  mice and rats can 
increase the cecal bile acid levels and bilirubin secretion 
rates into the bile probably by inducing enterohepatic 
cycling of  bilirubin[21].
    The aims of  the present study were to determine 
the biliary lipid composition, occurrence of  cholesterol 
crystals, crystallization time, and bilirubin concentration 
in gallbladder bile of  patients with ileal Crohn’s disease 
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with or without the involvement of  colon and especially 
patients with Crohn’s colitis in comparison to patients with 
cholesterol gallstone disease undergoing cholecystectomy 
served as control group and to study the influence of  
treatment with ursodeoxycholic acid on the duodenal 
concentration of  bilirubin in human subjects.

MATERIALS AND METHODS
Patients and healthy subjects
Twenty-four patients with Crohn’s disease admitted 
for elective surgery were included in the study. Clinical 
details are given in (Table 1). One patient had slightly 
elevated serum alkaline phosphatase level and three had 
slightly elevated transaminase and/or gamma glutamyl 
transpeptidase (GGT)-level. All other patients had normal 
laboratory tests of  liver function including serum bilirubin. 
Seventeen patients had ileal or ileocolonic disease and 7 
patients had Crohn’s disease confined solely to the colon. 
Two patients with gallstones were cholecystectomized, one 
of  them simultaneously underwent colectomy. All other 
patients were admitted for ileal, ileocolonic or colonic 
resection due to the failure of  pharmacological treatment.
    Fourteen consecutive patients with cholesterol gallstones 
admitted for cholecystectomy served as controls (Table 1).
    In another experiment, 10 healthy subjects (6 men and 4 
women, mean age 44 years) were studied before and after 
the treatment with ursodeoxycholic acid.
    Informed consent was obtained from all the participants. 
The ethical aspect of  the study was approved by the 
Ethical Committee of  Karolinska Hospital Huddinge.

Experimental procedures
After the abdomen was opened, bile from the gallbladder 
was obtained by needle aspiration. The bile was collected in 
sterile tubes surrounded by foil and sent to the laboratory 
for analysis.
     The healthy subjects were treated with ursodeoxycholic 
acid (Ursofalk® in 250 mg capsules, obtained from Dr Falk 
Pharma, Freiburg, Germany) at a daily dose of  15 mg/kg 
for 3 wk. Before and after the treatment, the bile was 
collected with an oroduodenal tube in the morning after an 
overnight fast. Gallbladder contraction was stimulated by 
an intravenous injection of  cholecystokinin and 5-10 mL 
of  the concentrated bile was obtained through the tube. 
The bile was collected in a test tube surrounded by a foil 
and was sent to the laboratory for analysis. Serum samples 

were also collected for analysis of  bilirubin.

Biliary bilirubin concentration
An aliquot of  the bile was immediately diluted with 
saline and the bilirubin concentration was determined by 
a similar procedure as for serum bilirubin as described 
previously[18]. The biliary concentration was expressed as 
mmol/L in gallbladder bile and as micromoles of  bilirubin 
per millimole bile acid in duodenal bile.

Biliary lipids and bile acid composition
A portion of  the gallbladder bile was immediately 
extracted with 20 volumes of  chloroform–methanol 2:1 
(vol/vol) and analyzed for cholesterol and phospholipids. 
Cholesterol was determined by an enzymatic method[22] 

and phospholipids by the method of  Rouser et al.[23] The 
total bile acid concentration in one aliquot of  the bile 
sample was determined using 3-alpha-hydroxy steroid 
dehydrogenase assay[24]. The relative concentration of  
cholesterol bile acids and phospholipids was expressed 
as molar percentage of  the total biliary lipids. The 
cholesterol saturation was calculated according to Carey[25]. 
Bile acid composition was determined using gas-liquid 
chromatography[26].

Analysis of cholesterol crystals and crystallization time 
(CDT)
Gallbladder bile samples were examined for typical 
rhomboid monohydrate cholesterol crystals by polarizing 
l ight microscopy on pre-heated s l ides. CDT was 
determined by the method of  Holan et al.[27] with minor 
modifications[28]. After centrifugation of  about 6 mL bile 
at 100 000 g for 2 h, 3 mL from the middle phase was 
transferred into a sterile glass vial and sealed with a cap 
equipped with permeable silicon membrane. The vial was 
stored in darkness in an incubator at 37 ℃. About 3 μL 
from the top, middle and bottom portions was aspirated 
each day, mixed and placed on a pre-heated slide and 
viewed thoroughly by polarizing light microscopy. CDT 
was defined as the number of  days until the appearance of  
typical rhomboid monohydrate cholesterol crystals.

Statistical analysis
Data were given as mean ± SE. Comparisons of  the data 
between patients and healthy subjects were calculated using 
Mann-Whitney’s rank sum test and Wilcoxon’s sum of  
rank test. P < 0.05 was considered statistically significant.

Table 1 Characteristics of patients with Crohn’s disease and controls with gallstone disease

 
Crohn’s disease      
Ileitis or ileocolitis  17             8/9                   38 (23-70)                       Ileal or ileocolonic Ileal,       Colonic or ileocolonic                 Steroids (n = 11)  
                                                                                                                             resection (n = 12)                   resection (n = 15)                         Azathioprine (n = 4)
                                                                                                                                                                              Cholecystectomy (n = 2)            Nitromidazole (n = 6)               
                                                                                                                                                                                                                                     5-ASA (n = 2) 
Colitis                               7               5/2                   42 (28-57)                       Partial colonic                        Partial colonic resection or        Steroids (n = 5)  
                                                                                                                             resection (n = 3)                     colectomy (n = 7)                        Azathioprine (n = 1)
                                                                                                                                                                                                                                                                                              Nitromidazole (n = 3) 
Gallstone disease  14             1/13    47 (27-57)                                                                        Cholecystectomy (n = 14) 

Patient group   n       Sex (M/F)      Mean age (range) (yr)  Previous surgery               Present surgery                  Medical treatment 
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RESULTS
Gall bladder bile composition
Data on biliary lipid composition are given in (Table 2). 
The cholesterol saturation of  bile was significantly lower 
in patients with Crohn’s disease confined to the colon 
than in patients with the gallstone. In contrast, 10 out of  
17 patients with Crohn’s disease involving the ileum had 
cholesterol-saturated bile. Nevertheless, all patients with 
CD as a group tended to have lower cholesterol saturation 
compared to patients with gallstone (P = 0.055).
   Bile acid composition is shown in (Table 3). Cholic acid, 
chenodeoxycholic acid and deoxycholic acid were the 
dominant bile acids both in patients with Crohn’s disease 
and in patients with gallstone. The patients with Crohn’s 
disease had significantly lower proportions of  deoxycholic 
acid and lithocholic acid than the patients with gallstone. 
The proportions of  cholic acid and chenodeoxycholic acid 
were concomitantly increased.
    The biliary bilirubin concentration was about 50% 
higher in patients with Crohn’s disease than in patients with 
gallstone (Table 4). No difference was obtained between 
patients with Crohn’s disease confined to the colon and 
those with ileal involvement. The bilirubin concentration 
tended to be higher in patients with Crohn’s disease 

Table 2 Biliary lipid composition and cholesterol saturation (mean ± SE)

 

Cholesterol (molar%)                     7.4± 0.7                     6.4 ± 0.9                     7.1 ± 0.6                         9.8 ± 1.2
Phospholipids (molar%)               22.3 ± 1.2                   25.0 ± 1.8                   23.1 ± 1.0                       25.1 ± 1.8
Bile acids (molar%)                  70.3 ± 1.6                   68.6 ± 2.4                   69.8 ± 1.3                       65.1 ± 3.0
Cholesterol saturation (%)             103 ± 9                      83 ± 9a                      97 ± 7                        138 ± 18

                                   Crohn’s disease ileitis         Crohn’s disease           Crohn’s disease           Gallstone disease
                                   or ileocolitis (n = 17)        colitis (n = 7)        all patients (n = 24)            (n = 14)               

1P<0.05 vs patients with gallstone diseaseTable 3 Biliary bile acid composition (mean ± SE)

 

Cholic acid (%)                44.5 ± 3.3                    43.2 ± 2.2                      44.1 ± 2.4a                            35.4 ± 2.7
Chenodeoxycholic acid (%)        43.0 ± 2.9b                    45.3 ± 3.8b                      43.7 ± 2.3b                            31.2 ± 2.4
Deoxycholic acid (%)                  8.4 ± 2.3c                    10.7 ± 3.2c                        9.1 ± 1.8c                            30.7 ± 4.3
Lithocholic acid (%)                0.10 ± 0.09c                    0.01 ± 0.01c                      0.07 ± 0.07c                              1.5 ± 0.2
Ursodeoxycholic acid (%)             3.6 ± 1.8                      0.7 ± 0.5                        2.7 ± 1.3                              1.2 ± 0.3

                                   Crohn’s disease ileitis           Crohn’s disease            Crohn’s disease             Gallstone disease         
                                   or ileocolitis (n = 17)          colitis (n = 7)        all patients (n = 24)           (n = 14)          

P < 0.05, 2P < 0.01, 3P < 0.001 vs patients with gallstone disease.

Table 4 Bilirubin concentrations in bile (mean ± SE)

 

Bilirubin (mmol/L)   4.6 ± 0.7a  5.9 ± 1.6        5.0 ± 0.7          2.6 ± 0.2

                           Crohn’s          Crohn’s          Crohn’s        Gallstone
                         disease ileitis      disease          diseaseall       disease
                       or ileocolitis    colitis (n = 6)   patients       (n = 14)
                           (n = 15)               (n = 21)  

* Significantly different from corresponding value of patients with gallstone 
disease. aP < 0.05 vs patients with gallstone disease.

confined to the colon in patients with ileal involvement but 
the difference did not reach statistical significance.

Cholesterol crystals and CDT
Cholesterol crystals were present in four gallbladder 
samples of  the 17 patients with Crohn’s disease involving 
the ileum. One of  the patients with cholesterol crystals 
also had gallstones and was cholecystectomized. The 
gallbladder bile was saturated with cholesterol. Only one 
of  the patients with Crohn’s colitis displayed cholesterol 
crystals. Also this patient had gallstones in saturated bile 
and was cholecystectomized. Most of  the patients (9 out 
of  14) with cholesterol gallstones displayed cholesterol 
crystals.
    CDT was measured only in patients with Crohn’s 
disease. Six out of  sixteen patients with ileal involvement 
had a short CDT (mean 4 d, range 1-7 d). Two of  six 
patients with Crohn’s colitis also had a short CDT 
(4 and 5 d, respectively).

Treatment with ursodeoxycholic acid
The results are summarized in (Table 5). Ursodeoxycholic 
acid accounted for (0.5 ± 0.5)% of  the total biliary bile 
acids before the treatment. Treatment with ursodeoxycholic 
acid increased the bile acid to (54.8 ± 3.8)%. Cholic 
acid, chenodeoxycholic acid, and deoxycholic acid were 
concomitantly decreased. Treatment with ursodeoxycholic 
acid decreased the cholesterol saturation from (101 ± 10)% 
to (52 ± 5)%. The biliary bilirubin concentration expressed 
as mmol/mol bile acid did not change after the treatment 
with ursodeoxycholic acid. The serum concentration of  
bilirubin also did not change after the treatment with 
ursodeoxycholic acid.

DISCUSSION
Several studies have shown that patients with ileal Crohn’

aP < 0.05 vs patients with gallstone disease.
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s disease and/or previous ileal resection have elevated 
bilirubin levels in the bile[10,14,17,18]. Animal experiments 
showed that ileectomy-induced bile acid malabsorption 
increases bilirubin secretion into the bile[20], suggesting that 
the increased bilirubin levels in patients with ileal disease 
and/or resection may be due to induced enterohepatic 
cycling of  bilirubin because of  bile acid malabsorption. 
Orally given ursodeoxycholic acid can compete with ileal 
absorption of  endogenous bile acids and cause bile acid 
malabsorption in rodents as well as in human subjects[29-31]. 
Meéndez-Saánchez e t a l [21] a lso showed that oral 
administration of  ursodeoxycholic acid to rodents induces 
biliary secretion of  bilirubin and increases cecal bile acid 
levels as well as bilirubin concentrations. In the present 
study however, oral administration of  ursodeoxycholic 
to healthy subjects did not increase the bi l ir ubin 
concentration in bile, which makes it unlikely that bile acid 
malabsorption increases bilirubin secretion into the bile 
in human beings. This is further confirmed by our finding 
in the present study that patients with Crohn’s colitis but 
without the involvement of  the distal ileum and apparent 
bile acid malabsorption also had elevated bilirubin levels 
in the bile. In fact, bilirubin concentrations tended to be 
higher in patients with Crohn’s disease confined to the 
colon than in those with ileal involvement. In contrast to 
our results, Brink et al [10] and Pereira et al [14] have shown 
that bilirubin level is normal in the gallbladder bile of  
patients with Crohn’s colitis.
   If  the increased bilirubin concentration in the bile of  
patients with Crohn’s disease is not due to an enhanced 
enterohepatic circulation of  bilirubin because of  bile 
acid malabsorption, what could then be the explanation? 
Theoretically increased bilirubin content can be explained 
by an increased formation and excretion into the bile and/
or a decreased metabolism of  bilirubin in the intestine 
with subsequent absorption and enterohepatic circulation 
of  bilirubin. An increased formation of  bilirubin may 
originate from hemolysis. However, none of  the patients 
in the present study had hemolysis or hyperbilirubinemia. 
Therefore, the most likely explanation for the increased 
biliary content of  bilirubin in the patients is an increased 

Table 5 Data on healthy subjects treated with ursodeoxycholic acid (UDCA)

      

                                                          A           B              A          B               A          B           A        B           A            B             A          B             A  B
1              F        39         22.2          103          31     6.6         1.7           74.5      82.8       0.0      49.9     57.1       100.9       490         1 058       8.6 10.5
2              F      40         24.4           74           38     4.8         2.4           75.8      79.2       0.0      65.3     92.8       95.6         1 466      571          15.8  6.0
3              F      30         26.8           116         46     9.1         3.4           65.8      72.7       0.0      –     75.4       65.8         1 031      798          13.7 12.1
4              F      58         26.3           32           42     2.4         2.8           71.7      76.1       0.0      55.8     117.8     73.6         1 265      667          10.7  9.1
5             M       33         29.4           125         51           7.4        3.8           76.2       71.4       5.2      55.1     52.1       117.4       1 045      1 111    20.0  9.5
6             M       30         24.0           104         60     6.1         3.7           77.6      78.2       0.0      66.5     97.9       32.1         1 301      418    13.3 13.0
7             M       34         24.9           128         38           8.9        2.5           70.5       76.7       0.0      54.3     52.3       26.3         993         375    19.0 14.3
8             M      73         26.2           118         55           8.9        4.3           67.5       68.6       0.0      35.7     31.0       61.9         1 168      1 497    37.7 24.2
9             M      49         23.2           77           79           5.6        4.9           71.3       77.7       0.0      41.3     33.5       12.8         662         365    19.8 28.5
10           M      55         24.3           135         77     9.8        4.9           68.6       76.7       0.0      69.7     16.4       8.5           568         197    34.5 23.3
             
Mean               44         25.2           101         52b          7.0         3.4b         72.0       76.0a     0.5      54.8b       62.6      59.5         999         706    19.3 15.1
SE                    4.5         0.7            10            5     0.7         0.3          1.26       1.3         0.5      3.8         10.3       12.1         104         130    3.1 2.4

Patient  Sex   Age     BMI       Cholesterol         Cholesterol      Bile acids        UDCA i         Bile acids           Bilirubin            Bilirubin/bile
   s    (yr)            saturation (%)     (molar %)       (molar %)        (%)           (mmol/mL)         (mmol/L)         acids (mmol/mol)  

A = before UDCA feeding; B = after UDCA feeding; aP < 0.05, bP < 0.01 vs before UDCA feeding.

intestinal absorption. Normally, bilirubin is deconjugated 
and degraded to urobilinogen and other products in the 
colon[32]. In Crohn’s disease, an altered colonic bacterial 
flora may enhance the deconjugation with a subsequently 
increased absorption of  unconjugated bilirubin from the 
intestine and an increased excretion of  bilirubin into the 
bile[33].
     Two patients with Crohn’s disease, one with the 
disease involving the ileum and the other one with Crohn’
s colitis were cholecystectomized. The gallbladder bile 
in both of  them was supersaturated with cholesterol 
and contained cholesterol crystals, indicating that the 
stones are cholesterol type. Another three patients with 
ileal involvement but with out Crohn’s colitis displayed 
cholesterol crystals in the gallbladder bile. About 1/3 of  
the patients with Crohn’s disease with but without the 
ileal disease had a short CDT. Half  of  these patients had 
unsaturated gallbladder bile. This finding is in agreement 
with a recent report by Keulemans et al [19] who showed that 
patients with Crohn’s disease have an increased tendency 
to form cholesterol crystals. They have also found that 
the crystallization behavior is the same in patients with 
ileal disease as in those with the disease confined to the 
colon and is caused by increased cholesterol crystallization 
promoting activity.
    Several of  the patients with ileal disease but without 
gallstones displayed cholesterol saturated gallbladder bile 
(Table 5). However, the mean value of  the cholesterol 
saturation in this group of  patients was the same as that 
obtained in the healthy subjects, which is in agreement 
with our previous finding that patients with ileal resection 
due to Crohn’s disease have a normal saturation of  the 
bile[16,18].
    In conclusion, patients with Crohn’s disease involving 
the ileum and those with Crohn’s colitis have elevated 
concentration of  bilirubin in the gallbladder bile. Oral 
administration of  ursodeoxycholic acid to healthy subjects 
does not increase the biliary concentration of  bilirubin. 
These results speak against the previously described 
hypothesis that the increased concentration of  bilirubin 
in the bile samples from patients with Crohn’s ileitis 
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or previous ileal resection is due to malabsorption of  
bile acids that spill into the colon where they solubilize 
unconjugated bilirubin and increase its absorption and 
enterohepatic circulation. In some patients with ileal 
disease/resection, the gallbladder bile is supersaturated 
with cholesterol and contains cholesterol crystals. About 
1/3 of  the patients with Crohn’s disease with but without 
the ileal involvement have a short CDT probably because 
of  increased cholesterol crystallization promoting activity 
in the gallbladder bile. Thus, several factors including 
cholesterol supersaturated bile, short CDT and increased 
bilirubin concentration, may be of  importance for the 
high risk of  developing gallstones of  both cholesterol and 
pigment types in Crohn’s disease.
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Abstract
AIM: To further assess of the incidence and localization 
of Crohn’s disease (CD) in a well-defined population 
during the 1990s and to evaluate the prevalence of CD 
on the 1st of January 2002.

METHODS: In a retrospective populat ion based 
study, all 16-90 years old citizens of Stockholm County 
diagnosed as having CD according to Lennard Jones’ 
cr i ter ia between 1990 and 2001 were included. 
Case identification was made by using computerized 
inpatient and outpatient registers. Moreover private 
gastroenterologists were asked for possible cases. The 
extent of the disease and the frequency of anorectal 
fistulae were determined as were the ages at diagnosis. 
Further, the prevalence of CD on the 1st of January 2002 
was assessed.

RESULTS: All the 1 389 patients, 689 men and 700 
women, fulfilled the criteria for CD. The mean incidence 
rate for the whole period was 8.3 per 105 (95%CI 7.9 
-8.8). There was no difference between the genders. 
The mean annual incidence of the whole study period for 
colorectal disease and ileocecal disease, was 4.4 (95%CI 
4.0-4.7) and 2.4 (95%CI 2.1-2.6) per 105, respectively. 
Perianal disease occurred in 13.7% (95%CI 11.9-15.7 %) 
of the patients. The prevalence of CD was 213 per 100 
000 inhabitants.

CONCLUSION: The incidence of CD has markedly 
increased during the last decade in Stockholm County 
and 0.2% of the population suffers from CD. The 
increase is attributed to a further increase of colorectal 
disease, while the incidence of ileocecal disease has 
remained stable.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Crohn’s disease (CD) is one of  the major inflammatory bowel 
diseases (IBD) that challenges many gastroenterologists in 
their everyday work. Although CD has been recognized 
for over 70 years[1], its etiology still remains unclear. An 
explanatory factor for the unsolved etiology may be the 
heterogeneous appearance of  the disease.
      Although descriptive epidemiological studies can hardly 
prove the etiology of  the disease, they are very important 
in the pursuit of  risk factors that can be further assessed in 
etiological epidemiological studies. Furthermore, they are 
useful for planning the health care system, development of  
new pharmaceuticals and therapeutic endeavors.
    The former increasing incidence of  CD in countries 
located in the north[2-5] seems to have leveled off  during 
the eighties. Nevertheless, the incidence continued to 
increase in Scotland and Iceland during the eighties and 
early nineties [6,7]. An increasing incidence of  CD has 
also been assessed in former low-incidence countries in 
southern Europe, Asia, and Japan[8-10]. Although numerous 
epidemiological studies of  CD have been performed since 
the 1960s, there are only few population-based studies 
that have explored the incidence of  CD during the last 
decade[11-14]. 
    When Burrill B Crohn and his colleagues first described 
CD in 1932[1], the most common site of  the disease was 
the ileocecal area. It was not until 1960 that CD localized 
to the colon and/or rectum was regarded as an entity 
of  its own[15], unrelated to ulcerative colitis (UC). Pure 
colorectal disease has become more common over the 
years. In a previous survey of  patients diagnosed with CD 
in Stockholm between 1955 and 1989, the proportion of  
colorectal disease doubled from 14% to 32% during the 
study period[16]. This phenomenon has been reported from 
other areas as well[6,7,17].
    As the mortality due to CD is low[18], an increasing 
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number of  patients will suffer from CD. There are scarce 
current prevalence rates available[13,19,20]. 
    The primary aim of  this study was to further assess 
the incidence and localization of  CD in a well-defined 
population during the 1990s and to evaluate the prevalence 
of  CD on the 1st of  January 2002.

MATERIALS AND METHODS
Study area and population
Stockholm County covers an area of  6 519 km2 with both 
urban and rural parts. The population increased from 1.64 
to 1.84 million inhabitants between 1990 and 2001[21]. The 
number of  individuals aged 16-90 years increased from 
1.33 to 1.47 million during the same period and attributed 
to approximately 80% of  the total population. The 
distribution between the genders was constant during the 
study period with a share of  49% men. The proportion of  
aliens was 9.4% in 2001.
     There were 9 major hospitals and further 13 established 
gastroenterologists in private practice taking care of  
patients with IBD during the study period. The number 
of  lower GI endoscopies (i.e, sigmoidoscopies and 
colonoscopies) performed in Stockholm County increased 
from 4 787 to 19 778 per year between 1993 and 2001[22].

Case identification
In Stockholm County, there has been a computerized 
central registration of  all diagnoses for inpatients since 
1969. Since 1993, diagnoses have also been successively 
registered for outpatients and all patients attending the 
outpatient clinic at the hospitals. The general practitioners 
have got their diagnoses registered since 1996. Diagnoses 
were registered according to the International Statistical 
Classification of  Disease (ICD-9 1987-1996, ICD-10 1997 
and onwards). 
    A survey of  possible cases was made from the records 
registered as CD (ICD code 555 and K.50) in the inpatient 
register between 1990 and 2002 and the outpatient register 
between 1993 and 2002.
    Gastroenterologists in private practice were asked 
about possible cases and their colonoscopy and histology 
reports were assessed. All records (paper, microfilmed, 
and electronic) were retrospectively scrutinized. Patients 
with an established probable or definite diagnosis of  CD 
according to Lennard Jones’ criteria[23] were included in the 
study. Included patients should be citizens of  Stockholm 
County and were diagnosed as having CD between 1st 

January 1990 and 31st December 2001. Patients younger 
than 16 years at diagnosis were not included in the study.

Definitions
The diagnosis of  CD and extent of  the disease at 
diagnosis were based on radiological and/or endoscopical 
reports including macroscopic and microscopic findings as 
previously described in detail[16].
     Date of  diagnosis was defined as the first examination 
revealing signs of  CD. If  the diagnosis was changed from 
UC to CD, the first diagnosis date of  IBD was considered. 
Date of  presentation of  symptoms which are consistent 
with IBD was approximated to months with a certainty 

expressed as either the first or the 15th day of  the month. 
In cases, where only the year could be estimated, the date 
of  onset was set as the 1st of  July. 
    The type of  diagnostic examination(s) performed at 
the time for diagnosis was noted. The localization of  CD 
was determined based on these diagnostic examinations 
and classified into five groups: oro-jejunal disease, small 
bowel disease (inflammation of  the small bowel excluding 
the distal 30 cm of  the terminal ileum), ileocecal disease 
(inflammation including the distal 30 cm of  the ileum with 
or without isolated involvement of  the cecum), ileocolonic 
disease (continuous or discontinuous inflammation of  the 
ileum and colon) and colorectal disease (inflammation in 
the colon only and/or rectum). The group of  oro-jejunal 
disease consisted of  patients with solely oro-jejunal disease 
and patients with mainly oro-jejunal disease but also 
inflammation in a more distal part of  the intestine.
    The extent of  colorectal disease was further classified 
into three groups. For assessment of  the disease extent, the 
colon was schematically divided into four areas consisting 
of  the ascending, transverse, descending, and sigmoid 
respectively. Colonic disease could either be segmental 
disease with the involvement of  one, two or three of  
the four schematic areas, left-sided disease extending 
proximally from the rectum but not beyond the splenic 
flexure, or total colonic disease with inflammation in all the 
four areas. Patients with segmental or total colonic disease 
could have either rectal involvement or rectal sparing. 
Anorectal fistulae included fistulas and abscesses in the 
rectum, anal canal or perianal area that appeared before the 
diagnosis of  CD, at the time of  diagnosis or at any time 
during the follow-up period.
    If  data concerning the parameters mentioned above 
were uncertain to assess, the data were labeled as unreliable 
and excluded from actual analysis.

Data management and statistical methods
The cases of  CD as well as the population were grouped 
into 15-year age specific groups: 16-30 years, 31-45 years, 
46-60, 61-75, and 75-90. Information about the population 
in Stockholm County was obtained from the National 
Central Statistical Register[21]. 
    Incidence rates were calculated for 2-year periods 
and expressed as annual incidence rates. For each 2-year 
period, the age specific incidence was calculated by 
dividing the number of  cases by the number of  person 
years in each age group. The population was not adjusted 
(i.e, subtracted) for previous incidence cases. Calculations 
were made separately for men and women. The annual 
incidence was adjusted for sex and age by using the 
population in Stockholm County in 1995 as a standard 
population. Incidence rates were expressed as cases per 
105 inhabitants with a 95% confidence interval (CI) based 
on the assumption that the number of  cases follows a 
Poisson distribution. A Poisson model (Breslow) was 
used to study the relationship between sex, calendar 
year, age and the risk of  CD. The hazard function of  
individuals aged 16-88 years was assumed to be exp 
[β0+β1 ∙ minimum (age, 45)+β2 ∙ maximum (0, minimum 
(age-45, 70-45)+β3 ∙ maximum (0, age-70)+β4 ∙ minimum 
(calendar year-1990, 6)+β5 ∙ maximum (0, calendar year-
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1996)+β6 ∙ sex]. The coefficients β1, β2, β3, β4, β5, and β6 
reflected the trends of  the risk, β1 = β2 = β3 = β4 = β5 = 
β6 = 0 corresponded to no change of  risk[24].
    Time between the onset of  symptoms and diagnosis 
was calculated as the median.
    The extent of  disease at diagnosis was assessed as 
incidence rates as well as proportions, i.e. percentages of  
the total number of  cases. Comparison between men and 
women with respect to the localization of  disease was 
performed by χ2 test. The Kruskal-Wallis test was applied 
for comparison of  age at onset and calendar time at onset 
between localization of  disease. If  a significant importance 
of  localization was obtained, each localization was 
compared to all the others by use of  Fisher’s permutation 
test. 
    The probability of  anorectal fistulae and rectal 
involvement, depending on age, sex, and localization of  
the disease, was estimated by the use of  logistic regression.
The two-tailed tests were used.
     The Ethics Committee at Huddinge University Hospital 
approved the study.

RESULTS
Basic data are shown in Table 1.
     Altogether 1 389 patients fulfilled the inclusion criteria. 
A total of  569 patients (41%) had a definite diagnosis of  
CD and 820 patients (59%) had a possible diagnosis of  
CD according to Lennard Jones’ criteria.
     Information regarding the onset of  symptoms, methods 
of  diagnosis, occurrence of  anorectal fistulae and rectal 
involvement was not available in 26, 9, 96, and 31 patients 
respectively. Twenty-eight percent of  the patients were 
prescribed azathioprine or equivalent immunosuppressive 
medicine at any time during the follow-up.

Time between onset of symptoms and diagnosis
The median time between the onset of  symptoms and 

Table 1 New cases of Crohn’s disease in Stockholm 
County during 1990–2001 grouped by 2-year 
intervals, in relation to gender, age and localization of 
disease at diagnosis

Total      174        219         234           286          235           241        1 389
Gender       
Male        74        114         112           143          127          119            689
Female      100        105         122           143      108          122            700
Age at diagnosis      
16-30       60           86           89           121            87            88            531
31-45       49           52           62            66             57            56            342
46-60       27           44           40            47             51            61            270
61-75       29           27           33            40        32            26            187
76-90                   9           10           10            12               8            10              59
Localization of disease at diagnosis    
Oro-jejunal         2             4             5             7          7              5              30
Small bowel       8           14             9             9          5              4              49
Ileocecal       58           55           61            85        61            73            393
Ileocolonic       15           28           38            35        32            41            189
Colorectal       91         118         121          150           130          118            728

                  1990-  1992-  1994-   1996-   1998-    2000-   1990-
                  1991   1993   1995    1997    1999     2001     2001

diagnosis was 6.5 mo (range 0-376 mo) for the whole study 
period. Patients with small bowel disease and ileocecal 
disease had a longer median time to diagnosis (12.8 and 
10.9 mo, respectively) than patients with ileocolonic and 
colorectal disease (6.1 and 5.9 mo, respectively) (P < 0.005).

Diagnostic procedures
The diagnostic procedures performed between the first-
time visit and the diagnosis of  CD are shown in Table 2.
     If  a colonoscopy/ileocolonoscopy was performed, the 
examination was considered as the “main examination”. 
Otherwise, the examinat ion that provided most 
information for diagnosing and evaluation of  the extent 
of  disease was labeled as “main examination”. The total 
number of  procedures reflected how many patients 
underwent each specific examination.
    Altogether 70.2% of  the patients underwent an 
endoscopic examination of  the colon and the terminal 
ileum was inspected in 29.2% of  these patients. An 
enteroclysis was performed in 43% of  all patients. Six 
percent of  the patients were diagnosed by surgery. 
The remaining patients underwent only flexible/rigid 
sigmoidoscopy or miscellaneous examinations.

Incidence
The mean annual incidence rate for the entire study period 
was 8.3% (95%CI 7.9%-8.8%) per 100 000 inhabitants. 
The mean annual incidence rate was 7.7% (95%CI 
7.1-8.3%) and 8.9 % (95%CI 8.3-9.6%), respectively, during 
the first and second half  of  the study period (Figure 1).
    The mean increase in incidence per year was estimated 
to be 7.6% (95%CI 4.3-11.1%) between 1990 and 1996 
with the highest increase (21.0%) between 1990 and 1992 
(95%CI 5.4-38.8%) and (14.1%) between 1994 and 1996 
(95%CI 1.8-27.8%). The maximum incidence rate was 
found in 1996-1997 with an annual mean of  10.3% (95%CI 
9.1-11.5%) per 100 000 inhabitants. After 1996, the annual 
incidence decreased with a mean of  4.6% per year (95%CI 
1.0-8.0%).
    No statistical difference in incidence rates was found 
between men and women [8.6% (95%CI 7.9-9.2%) vs 8.1% 
(95%CI 7.5-8.7%) ] for the entire study period.

Age at diagnosis
The highest age specific incidence was found among those 
aged 16-30 years at diagnosis with a mean incidence rate 

Table 2 Diagnostic procedures performed at the time of 
diagnosis (n = 1 389)

Colonoscopy           690 (49.7)          690 (49.7)
Ileocolonoscopy           285 (20.5)          285 (20.5)
Large bowel barium enema   138 (9.9)          250 (18.0)
Enteroclysis              62(4.5)          602 (43.3)
Surgery                                  82 (5.9)          141 (10.2)
Rigid sigmoidoscopy             20 (1.4)          NA
Sigmoidoscopy             12 (0.9)          46 (3.3)
Miscellaneous             45 (3.2) 
Unknown                                 55 (4.0) 

                           Main examination, n  (%)    Total number, n  (%)

NA, not assessed.
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of  12.3 per 105 (95%CI 10.1-14.6) for the entire study 
period. A maximum incidence rate was observed during 
1996-1997 with 17.1 per 105.
    The relationship between age and the risk of  CD by 
using a Poisson model, with the calendar year fixed to 
1995, allowed the curve to bend at the arbitrary ages 
30, 45, 60, and 75 years (Figure 2). With increasing age, 
the incidence decreased on an average of  1.7% per 
year between 16 and 30 years (P < 0.05) and 3.9% per 
year between 30 and 45 years (P < 0.001). Thereafter, 
the incidence increased again on a yearly average of  
2.2% (P < 0.05) resulting in a second peak at the age 
of  60 years. In the elderly, the incidence rate decreased 
with an average of  1.2% and 3.9% per year between 60 
and 75 years and over 75 years, respectively. Although 
the crude number of  cases was lower in the older age 
groups, the bimodal peak in incidence was attributed to 
fewer person-years of  follow-up in the older age groups 
compared with the younger age groups. 
   The proportion of  patients older than 60 years at 
diagnosis was 17.7% and the proportion of  all patients 
older than 75 years at diagnosis was 4.2%.

Extent of disease at diagnosis
The incidence of  CD by the extent of  disease at diagnosis 
is shown in Figure 3. 

Figure 1  Annual incidence rate (mean per two-year periods x 10-5) of Crohn´s 
disease in Stockholm County (1990-2001).

    The mean annual incidence in the whole study period 
for colorectal and ileocecal disease was 4.4% (95%CI 
4.0-4.7%) and 2.4% (95%CI 2.1-2.6%), respectively. 
Corresponding figures for ileocolonic disease, small 
bowel disease and oro-jejunal disease were 1.1% (95%CI 
1.0-1.3 %), 0.3% (95%CI 0.2-0.4%) and 0.2% (95%CI 
0.1-0.2%), respectively. The only significant change over 
time was a decreasing incidence of  small bowel disease 
throughout the study period (P < 0.05).
    The overall proportion of  colorectal and ileocecal 
disease was 52.3% (95%CI 49.7-55.0%) and 28.3% (95%CI 
26.0-30.7%), respectively (Figure 4).
    Age influenced the localization of  CD at diagnosis. By 
comparing each disease localization to the others, patients 
with colorectal (P < 0.005) and small bowel disease 
(P < 0.005) were found to be older at diagnosis. In contrary, 
patients with ileocolonic (P < 0.001) and proximal disease 
(P = 0.055) were younger.
   In pure colorectal disease, 36.3% of  the patients 
had total colonic involvement, 40.2% had segmental 
disease and 23.5% had distal colorectal disease. Rectal 
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inflammation at diagnosis was found in 67.8% of  the 
patients with colorectal disease.
    Distal colorectal disease was associated with a higher age 
at diagnosis (P < 0.005) and inversely total colonic disease 
was associated with a lower age at diagnosis compared to 
the rest of  the patients (P < 0.001). Age did not influence 
the risk of  segmental colorectal disease.
    Gender had no influence on either disease localization 
or extent of  colorectal disease at diagnosis.

Anorectal fistulae
Anorectal fistulae occurred before or after the diagnosis of  
CD in 13.7% (95%CI 11.9-15.7%) of  the patients whose 
data were assessable (n = 1 293). Gender as well as age had 
a significant impact on the occurrence of  fistulae. Men 
were more likely to develop this kind of  perianal disease 
than women (15.8% vs 11.6%, P < 0.05). The impact of  
age on anorectal fistulae is shown in Figure 5. The disease 
localization did not influence the frequency of  fistulae.

Prevalence
Calculations were based on all adult patients ( > 16 years) 
with CD living in Stockholm County on the 1st of  January 
2002. Of  the 1 389 patients diagnosed between 1990 and 
2001, 71 patients were dead and 76 patients had moved out 
from the area. From the earlier cohort of  1 936 patients 
diagnosed during 1955-1989[16], 368 patients were dead and 
239 patients had moved out. Twelve patients diagnosed in 
Stockholm before 1955 were still living in the area.
    The present case identification survey revealed 327 
patients diagnosed outside the Stockholm County, 128 
patients diagnosed as UC before 1990 and later got 
the diagnosis changed from UC to CD and 97 patients 
diagnosed as CD during 1955-1989 but not included in the 
previous study[16] for unknown reasons. The prevalence 
was calculated by dividing the total number of  patients 
with CD (3 135) by the adult population ( > 16 years) in 
Stockholm County (1 469 048). Accordingly, the prevalence 
of  CD among the adults in Stockholm County on the 
1st of  January 2002 was estimated to be 213 per 100 000 
inhabitants.

Figure 5 Percentage of patients with Crohn´s disease (n = 1293) having perianal 
fistulae/abscesses in Stockholm County during 1990-2001 by age specific groups 
(P < 0.05).

DISCUSSION
Including a former published study[16], the development 
of  CD has now been documented for 45 years in 
Stockholm County. Thereby, one of  the largest population 
based cohort of  patients with CD in the world has been 
collected.
    There are pros and cons regarding study designs. A 
prospective study may be considered more faultless but 
is unfeasible in a large study area with many hospitals 
and gastroenterologists. Shortcoming of  a retrospective 
study can be lack of  uniform diagnostic criteria or 
incomplete data collection. Patients in Stockholm are 
handled by a limited number of  gastroenterologists and 
the diagnosis is therefore uniform. However, endoscopy 
has been escalating during the last years. A potential aim 
to retrospectively assess smoking habits in this study was 
abandoned due to the lack of  reliable data, else sufficient 
data regarding different parameters were available. The 
pro of  the present retrospective study is a long follow-up 
period when case ascertainment can be accomplished in 
the meantime.
    The number of  patients having a definite diagnosis 
of  CD according to Lennard Jones’ criteria [23] in this 
study was lower (41%) than that in our previous study 
of  CD in Stockholm (73%)[16]. One explanation could 
be that fewer patients underwent surgery. Specimens for 
histopathological examination were less available and 
thereby granulomas and submucosal signs of  CD might 
be undetected. Some uncertainty may arise about the 
“probable” cases of  CD according to Lennard Jones’ 
criteria. Case ascertainment was assured by scrutinizing the 
records retrospectively. By following the clinical course of  
CD, the diagnosis was further ascertained and all included 
cases were bonafide cases of  CD.
    Long-term incidence data are scarce in the literature 
from the late 1990s and onwards[12-14,25-27]. The incidence of  
CD among the adults in the present study was 70% higher 
than that in Stockholm during 1985-1989, with the highest 
incidence rate in 1996-1997. The registry of  outpatients 
begun in 1993 and theoretically, the lower incidence 
found in 1990-1993 may represent an incomplete case 
ascertainment. Similarly, the drop-off  in incidence during 
the last 4 years of  the study could represent decreased 
ascertainment. However, all patients with CD in Stockholm 
are regularly followed up and should be identified sooner 
or later. Diagnoses are registered continuously and a 
marked delay of  identification is unlikely, thus the case 
ascertainment is reliable.
    A 55% increase of  the incidence rate was also seen in 
Denmark where the incidence rate reached a maximum 
with approximately 10 per 105 in 1998-2002[12]. In 
Northern France, the incidence of  CD increased 23% 
during a similar time period[14]. Still, the overall incidence 
rate is lower in France than in Stockholm. The highest 
incidence rates have previously been reported from North 
Eastern Scotland[7] and Manitoba in Canada[19] and now 
also from Sweden. This may illustrate a north-south 
gradient of  CD that still exists although less pronounced 
than believed earlier[10]. The proportion of  immigrants in 
Stockholm has not changed during the last decade and 
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should therefore not affect the results[21].
    CD is in general believed to affect women more 
frequently than men[14,17,28] although several studies have 
not found any difference[4,10]. This study confirmed earlier 
observations from Stockholm that gender does not 
influence the risk for CD[16].
    CD mostly occurs in young adults, but can present 
itself  at any time in life[29]. The age specific distribution in 
this study is consistent with some former studies with the 
highest incidence found among young adults and thereafter 
decreasing incidence rates with increasing age and a 
second peak in the elderly[7,16,17,30]. Nevertheless, the overall 
incidence among the elderly was substantially higher in this 
study compared with other studies[31,32].
    Pure colorectal disease and small bowel disease are 
associated with a high age in contrast to our previous study 
where only small bowel disease was related to a high age at 
diagnosis. It has been suggested that smoking CD patients 
are more likely to develop small bowel disease than non-
smoking patients[33]. Smoking habits were not evaluated 
in this retrospective study. However, one can speculate 
whether smoking was more tolerable in the society 
previously with an ensuing larger group of  smokers among 
the older population. This assumption is strengthened 
by the fact that this entity of  CD was the only one that 
decreased throughout the study period. Colorectal CD may 
be misclassified as ischemic colitis as well as diverticulosis. 
Both conditions are common in this age group. CD 
patients with concomitant diverticular disease are more 
likely to have granulomas but the misclassification should 
be limited by finding granulomas in other parts of  the 
intestine[31]. Focal inflammation is one of  the criteria of  
CD and distinguishes colorectal CD from UC.
    This study focused on CD in adults since a study 
of  children with IBD in northern Stockholm has been 
recently performed[27]. That study showed an increasing 
incidence of  pediatric CD during the latter 1990s with an 
incidence of  8.4 per 105 in 1999-2001, thus identical rates 
were found in adults in the present study.
    Anorectal fistulae, strongly associated with CD, have 
been reported in almost 40% of  the patients, preferably 
in those with colorectal involvement[34]. Though patients 
with colorectal disease accounted for a huge proportion, 
the frequency of  anorectal fistulae was low in the present 
study and on the whole, no relation was found between 
the frequency of  fistulae and the disease localization. 
Inclusion of  patients with mild colorectal disease might 
cause a dilution effect and a false low frequency of  fistulae. 
A short follow-up period may be an alternative explanation 
and moreover, a general increased use of  azathioprine may 
theoretically have prevented the development of  fistulae.
    The increasing incidence of  CD is found in patients 
with solely colorectal disease. This entity of  CD was 
first described in 1960 but an increasing proportion of  
colorectal CD was not reported before the late eighties[15].
    The increase of  colorectal disease can be attributed 
to a factual increase, a switch from UC to CD or more 
accurate diagnostic procedures. Unfortunately, there are no 
contemporary data regarding the development of  UC in 
Stockholm County. However, Jacobsen et al [12] have shown 
a concomitant substantial increase of  both UC and CD 

in North Jutland in Denmark between 1988 and 2002, 
which supports a factual increase of  CD and contradicts a 
diagnostic shift from UC to CD. In contrast, the incidence 
of  UC decreased by 17% in Northern France during a 
comparable time period[14]. If  hypothetically, the decreasing 
incidence of  UC should represent a corresponding 
increase of  CD, still there would be a 50% increase of  CD 
not due to a reclassification from UC to CD in Stockholm 
during the 1990s. The diagnosis of  CD is partly based 
on histopathology and may vary between different 
pathologists[35]. In this study one single pathologist did 
most of  the histopathological examinations.
    The number of  lower GI endoscopies performed in 
the area has increased fourfold[22]. This escalating access to 
medical service may have led to an examination of  more 
patients with only mild symptoms. Patients with minor 
colonic inflammation that might have been overlooked 
with previously used barium enemas could therefore have   
attributed to the increased incidence of  CD.
    The median time between presentation of  symptoms 
and d iagnos i s i s ra ther s imi l a r to tha t found in 
1955-1989[16]. The shortest time is found in patients 
with disease in the colon, while patients with small 
bowel disease have a longer period of  symptoms before 
the diagnosis. This fact may illustrate the advantage of  
endoscopic technique in the diagnosis of  IBD. Recently, 
the capsule endoscopy has been introduced in Sweden and 
is used to a limited extent[36]. With a more widespread use 
of  this new technique, disease in the ileum may be more 
frequently detected[37]. Consequently an increased number 
of  patients with small bowel CD will be diagnosed and 
thereby the incidence of  CD will probably further increase 
in the future.
     In conclusion, this follow-up study of  CD in Stockholm 
County shows that the incidence increases by 80% from 
the 1980s to the 1990s. As much as 0.2% of  the adult 
population in Stockholm County suffers from CD. The 
disease appears at any age and there is no predominance 
regarding gender. Colorectal CD is the most common 
localization and the frequency of  anorectal fistulae is less 
evident than that in the past.
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Abstract
AIM: To compare two d i f fe rent da i l y doses o f 
lansoprazole given for 12 weeks and to assess the role 
of gastrointestinal (GI) investigations as criteria for 
selecting patients.

METHODS: Out of 45 patients referred for unexplained 
chronic persistent cough, 36 had at least one of the 
GI investigations (endoscopy, 24-h esophageal pH-
metry and a 4-week trial of proton pump inhibitor (PPI) 
therapy) positive and were randomly assigned to receive 
either 30 mg lansoprazole o.d. or 30 mg lansoprazole 
b.i.d. for 12 weeks. Symptoms were evaluated at 
baseline (visit 1) after the PPI test (visit 2) and after the 
12-week lansoprazole treatment period (visit 3).

RESULTS: Thirty-five patients completed the study 
protocol. Twenty-one patients (60.0%) reported 
complete relief from their cough with no difference 
between the two treatment groups (58.8% and 61.1% 
had no cough in 30 mg lansoprazole and 60 mg 
lansoprazole groups, respectively). More than 80% of 
the patients who had complete relief from their cough at 
the end of the treatment showed a positive response to 
the PPI test. 

CONCLUSION: Twelve weeks of lansoprazole treatment 
even at a standard daily dose, is effective in patients 
with chronic persistent cough. A positive response to an 
initial PPI test seems to be the best criterion for selecting 
patients who respond to therapy. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
There is increasing evidence that many otolaryngologic or 
pulmonary conditions, ranging from very mild symptoms 
such as hoarseness to very severe diseases such as cancer, 
may be caused by gastroesophageal reflux (GER)[1]. 
In particular, GER seems to account for a relevant 
proportion of  patients with asthma, cough, and laryngitis. 
Chronic persistent cough is a very common and disabling 
complaint for which patients seek medical care. It has 
been shown that in non-smoking patients with a normal 
chest X-ray and not taking angiotensin-converting enzyme 
(ACE) inhibitors the four most common causes of  cough 
are post-nasal drip syndrome (PNDS), asthma, GER and 
chronic bronchitis[2]. These four conditions may account 
for as many as 90% of  the cases of  chronic cough. 
Moreover, GER by itself  has been found to be responsible 
for 10%-40% of  them even in the absence of  reflux 
symptoms[3]. For these reasons, antisecretory drugs have 
been proposed for the treatment of  patients with chronic 
cough possibly due to GER. Most studies on this topic 
have been performed with proton pump inhibitors (PPIs) 
at higher daily doses and for generally longer periods than 
those usually employed for typical GER disease. These 
studies have shown better results in terms of  symptom 
resolution and improvement of  laryngeal signs for PPIs 
vs placebo, but the success rate has been relatively low 
and quite variable, ranging from 35% to 60%[4-6]. This 
variability in response may be due to the differences either 
in selection criteria or in treatment regimens. Since the 
poorest outcomes[4] have been obtained in the study in 
which PPIs were given at the highest daily dose and for the 
longest period, patient selection may be the critical factor.
    Thus, published studies suggest that antiref lux 
treatment of  patients with GER-related respiratory 
symptoms, particularly chronic cough, must be carried 
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out with profound and prolonged acid inhibition in order 
to achieve satisfactory results in about two-thirds of  the 
cases. However, the optimal treatment regimen and the 
criteria for patient selection need to be better defined. 
    The aim of  our study was to evaluate the relative efficacy 
of  two different daily doses of  lansoprazole given for 12 
weeks to patients with chronic persistent cough that could 
be reasonably ascribed to GER, and to assess the role 
of  gastrointestinal ( GI ) investigations ( endoscopy, 24-h 
esophageal pH-metry and a 4-week trial of  empiric PPI 
treatment ) as criteria for selecting patients with chronic 
cough who could benefit from antireflux treatment.

MATERIALS AND METHODS
Patients
The study protocol was approved by the Ethics Committee 
of  the S. Orsola-Malpighi Hospital, Bologna, Italy and all 
participants gave their written informed consent. A pretrial 
analysis determined that 15 patients were required in each 
treatment to demonstrate equivalence between 30 and 
60 mg/d lansoprazole treatment groups in terms of  cough 
severity and frequency with 80% power at an alfa level of  
0.05.
    Patients aged 18-70 years with unexplained chronic 
persistent cough ( i.e. for at least 3 days per week for a 
minimum of  3 months ) were enrolled in the study over 
a period of  1 year (from June 2002 to June 2003). All 
patients were consecutively referred by otolaryngologists 
and pulmonologists after the exclusion of  oropharyngeal 
or respiratory diseases potentially responsible for the 
cough (particularly asthma and PNDS) by means of  a 
diagnostic evaluation which included medical history, 
physical examination, methacholine challenge test, 
chest X-ray and fiber-optic laryngoscopy. Patients were 
excluded if  they were pregnant or breastfeeding; had 
systemic diseases, cardiac and pulmonary disorders, viral 
and bacterial or fungal infections, neoplasia or Zollinger
–Ellison syndrome; or received previous treatment with 
drugs that interfered with their gastric acid secretion (H2-
antagonists, PPIs) and chronic treatment with NSAIDs, 
phenytoin, warfarin, tricyclic antidepressants, reserpine, 
beta-agonists, anticholinergics, antihistamines, inhaled 
steroids, or ACE inhibitors. Patients with chronic alcohol 
or drug abuse were also excluded, as were smokers.
     After an initial clinical evaluation aimed at assessing the 
presence of  associated typical reflux symptoms (heartburn 
and regurgitation) and the severity of  cough, all patients 
underwent a diagnostic work-up which included upper 
GI endoscopy, 24 h esophageal pH-metry and a trial of  
empiric PPI therapy (PPI test, 30 mg lansoprazole b.i.d. 
for 4 weeks). The investigations were always performed 
in the same sequence, i.e. in the order of  endoscopy, pH-
metry and the PPI test.
    A patient was considered eligible for 12 wk of  
lansoprazole treatment i f  at least one of  the GI 
investigations was positive.

Symptom assessment
The severity of  cough was evaluated according to a visual 
analog scale (VAS) graded from 0 to 10 and to a four-level 

scoring system, regarding the previous week, calculated as 
follows:
● Overall frequency: 0 = absent, 1 = occasional (<3 d/wk), 2 
= often (3-6 d/wk), 3 = every day
● Daily frequency: 0 = absent, 1 = 1 episode, 2 = 2-3 
episodes, 3 = >3 episodes
● Severity: 0 = absent, 1 = mild (not interfering with daily 
activities), 2 = moderate (sometimes interfering with 
daily activities), 3 = severe (regularly interfering with daily 
activities and/or sleep).
    Symptoms were evaluated at baseline (visit 1), after 
a 4-wk PPI trial (visit 2) and a 12-week lansoprazole 
treatment period (visit 3). 

Upper GI endoscopy
All patients underwent upper GI endoscopy performed by 
the same gastroenterologist. The presence of  esophagitis 
was noted and graded according to the Savary-Miller 
classification: grade I = single erosive or exudative 
lesion, oval or linear, on only one longitudinal fold; grade 
II = non-circular multiple erosions or exudative lesions 
on more than one longitudinal fold with or without 
confluence; grade III = circular erosive or exudative 
lesions; grade IV = chronic lesions, ulcers, strictures, 
or short esophagus, isolated or associated with grade 
I-III lesions; grade V = Barrett’s epithelium, isolated 
or associated with grade I-III lesions[7]. Grades I-IV 
were considered diagnostic of  erosive esophagitis and 
endoscopy was considered positive for the purpose of  this 
study. 

Twenty-four h esophageal pH-metry
After an overnight fast, two glass electrodes previously 
calibrated with buffer solutions at pH 7.0 and 1.0, were 
assembled with the sensors 15 cm apart and introduced 
into the stomach by the nasopharyngeal route. The distal 
electrode was positioned 5 cm above the lower esophageal 
sphincter (LES) so that the proximal one was located 
distal to the upper esophageal sphincter (UES). The 
location of  the LES was determined by a combination 
of  pH step-up technique, manometry (always performed 
in patients with hiatus hernia; 8 cases) and visualization 
under fluoroscopy if  needed. The probe was connected 
to a digital portable recording unit (pH-day, Menfis, Italy) 
with a sampling frequency of  one signal every second. 
Patients were asked to maintain their usual lifestyle and 
diet. They were provided with a diary card to record 
timing of  meals, duration of  nocturnal rest, time of  
cough occurrence and type of  symptoms. Moreover, they 
were instructed to push an event marker button on the 
recording unit at the time of  occurrence of  their major 
complaint (cough). The pH-metry was stopped after 23-24 
h. After being extracted, the electrodes were calibrated 
again with buffer solutions at pH 7.0 and 1.0. GER was 
evaluated as acid exposure fraction time (percent of  time 
with pH <4). For the purpose of  this study, pH-metry 
was considered positive if  the percentage of  total time 
with pH <4 was >4.73%[8] at the distal recording site or 
>1.00% at the proximal site (these values exceeded the 95th 
percentile of  those previously obtained in normal subjects 
in our laboratory). In patients with normal values at both 
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recording sites, we calculated the symptom index (SI), i.e., 
the number of  cough episodes associated with acid reflux 
(that was simultaneous with or occurring within 5  min 
before or after the reflux episode) divided by the total 
number of  cough episodes multiplied by 100, together 
with the symptom sensitivity index (SSI), i.e., the number 
of  cough episodes associated with acid reflux, divided by 
the total number of  reflux episodes multiplied by 100. We 
considered the investigation positive, if  the SI was >50% 
with a SSI >20%[9].

PPI test
After endoscopy and 24-h pH -metry, all patients received 
a 4-week open-label course of  30 mg lansoprazole 
administered before breakfast and dinner. Before PPI trial 
(visit 1) was started and at the end of  the treatment course 
(visit 2) the patients were interviewed regarding their main 
symptom, i.e., cough, and asked to rate symptom severity 
during the previous week on a VAS graded 0-10[10]. The 
test was considered positive, if  the post-treatment value 
was 0 or if  the difference between the pre- and post-
treatment values was ≥5.

Intervention
Patients with a positive finding in at least one of  the 
three assessments (endoscopy, pH-metry and symptom 
relief  during a 4-week PPI trial) were randomized to 
either 30 mg lansoprazole oral capsules in the morning 
and identical placebo capsules in the evening or 30 mg 
lansoprazole in the morning and 30 mg lansoprazole in the 
evening before meals for 12 wk. Active drug and placebo 
were both supplied by Takeda Italia Pharmaceuticals (Rome, 
Italy). Both patients and investigators were blinded to the 
treatment status. Patients were interviewed and VAS was 
assessed at the end of  treatment, and pill counting was 
performed to check for compliance with treatment.
    Symptomatic response was defined as complete (VAS 
and score values = 0), partial (VAS value ≥ 1 but ≤ 50% 
of  the baseline value and score value <5) or absent.

Statistical analysis
Data were analyzed by the Student’s t test for independent 
data of  continuous variables, by the Mann-Whitney’s non-
parametric test for discrete variables and by the χ2 test 
for nominal variables reported as contingency tables[11]. 
The Wilcoxon’s rank-sum test or the Friedman test was 

used for the comparison of  symptom scores. A two-sided 
significance level of  0.05 was chosen.
    Equivalence between the two treatment regimens was 
determined using the Schuirman one-sided test procedure. 
Mean VAS values recorded at visit 3 (after 12 wk of  
double-blind therapy) in the reference group (60 mg/day 
lansoprazole) were transformed to 100, and then the 
same transformation equation was applied to the mean 
VAS values at visit 3 in the 30 mg/d lansoprazole group. 
Equivalence was demonstrated if  the 90% confidence 
intervals (CIs) for the difference between the transformed 
mean VAS values in each group were within the standard 
deviation (± 20).

RESULTS
Patient selection
Forty-five patients (7 men, mean age 54.5 ± 11.1 years, 
age range 29-70 years) referred for unexplained chronic 
persistent cough underwent the GI investigations aimed 
at the detection of  GER disease (Table 1). Most of  the 
patients were middle-aged females and 25 (55.5%) also 
reported typical reflux symptoms (heartburn and/or 
regurgitation occurring at least once per week). Thirty-
six (80%) patients were positive for at least one test. Only 
a few patients (n = 7, 15.5%) had endoscopy-proven 
esophagitis, while about 50% had pathological GER and a 
positive PPI test. Twenty-four patients (53.3%) were found 
to have pathological reflux, 12 at both recording sites, 10 at 
the distal site only and just 2 at the proximal site only. Two 
out of  21 patients with negative pH-metry were found 
to have a positive SI and considered as positive for pH-
metry. Twenty-three patients had a positive PPI test, five 
of  them reported complete disappearance of  cough, while 
the remaining 18 had a reduction in cough symptoms of  
76.8% ± 10.1%. There was no association between an 
abnormal result of  any of  the aforementioned tests and 
the presence or absence of  associated GER symptoms. 
There was a lack of  concordance between the results of  
pH-metry and those of  the PPI test (Table 2). In fact, 12 
patients were positive for both tests and 8 were negative 
for both tests (44.4%), while in the other 25 cases the tests 
provided opposite results.
    Of  the 36 patients who satisfied the criteria for 
admission to the 12-week lansoprazole treatment, 12 had 
positive PPI test and pH-metry, 11 had a positive PPI test 
only and 13 had positive pH-metry only. Esophagitis was 
not the only pathological finding in any of  the patients. 
One of  the patients did not continue the study due to 

Table 1 Demographics, clinical details and outcome 
of investigations performed in the 45 patients with 
chronic cough

Subjects                                    45                          25            20
Age (mean±SD)               54.5 ± 11.1     54.6 ± 12.8       54.4 ± 8.6
Gender, male (%)               7 (15.5)     3 (12.0)            4 (20.0)
Upper endoscopy positive (%)  7 (15.5)     3 (12.0)            4 (20.0)
pH-metry positive (%)               26 (57.8)     13 (52.0)            13 (65.0)
PPI test positive (%)               23 (51.1)     13 (52.0)            10 (50.0)   

                                       All patients       GERD symptoms
                                                                  Present         Absent

No statistical differences between the groups in any of the parameters.

Table 2 Analysis of concordance between 24 h pH-
metry and PPI test

PPI test positive      12                        11                 23
PPI test negative      14                          8                 22
Total                           26                        19 

                                            24 h pH-metry 
                                   Positive                  Negative              Total

Youden’s index = -0.1174 K (measure of reliability) = -0.115 (no reliability).
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unwillingness, while the remaining 35 completed the 
study protocol (17 on 30 mg/d lansoprazole and 18 on 
6 0 m g / d lansoprazole) and were considered for our 
efficacy analysis. There was no statistically significant 
difference between the two treatment groups with regard 
to age, gender, presence of  esophagitis, or 24-h pH-metry 
and PPI trial outcome (Table 3). 

Effect of treatment
Patients’ symptoms as assessed with both the subjective 
(VAS) and the objective (score) system, improved 
significantly at the end of  the 12-wk treatment period vs 
baseline in both treatment groups, with no statistically 
significant difference either between the two groups or 
between the values at visits 2 and 3 (Table 4). The 90%CIs 
of  the difference in the transformed mean VAS scores 
at 12 wk were within the standard deviation, thereby 
demonstrating equivalence of  the two regimens.
     At the end of  the 12-wk treatment period 21 patients 
(60.0%) reported complete relief  of  their cough with no 
difference between the two treatment groups (10/17 and 
11/18 had no cough in the 30 mg/d lansoprazole and 
60 mg/d lansoprazole groups, respectively, Figure 1). In 
patients selected for the 12-wk course of  lansoprazole 
a PPI was actually taken for 16 wk (including the 4-wk 
PPI test). At the end of  the PPI test, 10 (28.6%) of  the 
35 patients who continued to complete 12 wk of  therapy 
showed complete relief  of  their cough. During the 
following course of  PPI the percentage of  symptom-free 
patients increased up to about 60% at the end of  the 3-mo 
period, independently of  the daily dose of  the drug. 

Table 3 Characteristics of the patients entering the 
randomized double-blind phase of the study 

Age (mean±SD)              57.5 ± 11.9                       52.4 ± 10.0
Gender, male (% )              3 (17.6)                       2 (11.1)
Upper endoscopy positive (%) 4 (23.5)                       3 (16.7)
pH-metry positive (%)              13 (76.5)                       10 (55.5)
PPI test positive (%)              11 (64.7)                       11 (61.1)

                       Lansoprazole (30 mg/d)        Lansoprazole (60 mg/d)
                                       (n = 17)                         (n = 18)

No statistical differences between the groups in any of the parameters.

Table 4 Patient symptoms evaluated at baseline (visit 
1), after the PPI test (visit 2) and at the end of the 
12-week lansoprazole treatment period (visit 3)

Lansoprazole   8 (7.5-9.5)  9 (8-9)   2 (1.5-5.5)b  4 (3-7)a    1 (0-4.5)b  3 (0-6.5)b

(30 mg/d)
(n = 17)
Lansoprazole    9 (8-9)       8 (7-9)   2 (1-6.5)b     3.5 (3-7)a  1 (0-5)b     3 (0-6.25)b 
(60 mg/d)
(n = 18) 

                          Visit 1       Visit 2                  Visit 3
                    VAS        Score      VAS       Score      VAS       Score

Lanso 30 mg/d

Lanso 60 mg/d

Complete
response
 (21 pts)

 Partial
response
 (5 pts)

No response

    (9 pts)

100

 80

 60

 40

 20

  0

%

Patient characteristics and outcome of treatment
In order to determine the factors that may have influenced 
the treatment outcome, we compared the characteristics 
of  patients who achieved complete relief  of  their 
symptoms with those who showed only partial relief  
or no symptomatic response (Table 5). As shown in 
the table, the positivity of  the PPI test was significantly 
different between the two groups. In fact, more than 80% 
of  patients who had complete relief  of  their cough at 
the end of  treatment had a positive response to the PPI 
trial in comparison to only 28.6% of  those who did not 
satisfactorily respond. None of  the other factors, including 
the daily lansoprazole dose, was significantly correlated 
with the positive outcome of  the treatment. Moreover, the 
rate of  complete symptom relief  at the end of  the 12-wk 
course in patients classified as PPI test-positive was 81.8% 
in comparison to only 23.1% in those with a negative test 
(Figure 2).

DISCUSSION
The correlation between respiratory or otolaryngologic 
symptoms and GER is usually ascertained in patients 
with unexplained chronic cough by the exclusion of  
other common causes such as asthma and PNDS, and 
the finding of  pathognomonic signs such as posterior 
laryngitis, also called “reflux laryngitis”, as well as the 
demonstration of  pathological reflux[4-6].
    In our study, the pathogenetic role of  reflux was 
suspected after the exclusion of  common otolaryngologic 
or pneumological causes and after a careful work-up 
aimed at the detection of  GER disease. The presence of  
posterior laryngitis was not included in our criteria because 
the sensitivity of  this finding is generally thought to be 
low, while its specificity is ill-defined[12]. About 50% of  our 
patients complained of  typical reflux symptoms, such as 
heartburn and regurgitation, but this finding seemed to 
be of  little relevance, since it was not correlated with the 
presence of  esophagitis, pathological reflux or specifically, 
a positive response to the PPI trial (Table 1).
    As expected, only a few patients had endoscopically 
proven esophagitis. This is in agreement with the 
previous observations in patients with so-called extra-
esophageal manifestations of  GER disease, showing that 

Data expressed as median (25%-75% quartiles). bP < 0.001 vs visit 1; aP < 0.005 
vs visit 1. 

Figure 1 Percentage of patients showing symptomatic response at the end of 
12-wk treatment with 30 mg/d (n = 17) or 60 mg/d (n = 18) lansoprazole.
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endoscopic evidence of  esophagitis is found in 25%-40% 
of  patients with asthma[13-14] and in only 10%-25% of  
patients with otolaryngologic disorders[6,15]. Therefore, 
upper GI endoscopy has a very low sensitivity in patients 
with atypical GER symptoms and, in the absence of  
other clinical indications, should not be included in the 
diagnostic work-up of  these patients.
    Ambulatory 24-h esophageal pH-metry is considered the 
gold standard for GER detection, with a high sensitivity 
in patients with typical symptoms[16]. Studies performed 
in patients with extra-esophageal symptoms showed that  
diagnostic sensitivity ranges 50%-80% in patients with 
asthma[17,18] and otolaryngologic manifestations, such as 
laryngitis or cough[4,6,19]. Moreover, the use of  a double 
esophageal probe has been proposed in the latter patient 
group[19]. However, the usefulness of  proximal pH-metry 
has been questioned since its sensitivity and reproducibility 
are too low[14,20]. Our results have confirmed the findings 
of  others, showing that the diagnostic gain provided by         
dual-channel pH-metry is very low[4]. 
    Since the presence of  “physiological” reflux does not 
necessarily imply the absence of  a casual link between 
reflux and symptoms, the diagnostic sensitivity of  24-h 
pH-metry may be improved by including the evaluation 
of  a symptom/reflux correlation (SI), especially in 
patients with atypical symptoms, such as non-cardiac chest 
pain[21]. On the other hand, the SI has two major potential 
limitations: (1) it is feasible only in patients with symptoms 
during the recording period and this is not always the case 
(in our patient group 77.7% reported cough episodes 
during pH-metry), and (2) its value may be questioned if  
patients have only few symptomatic episodes during the 
recording period. For this reason, as suggested by previous 
studies[22], we considered a correlation between a given 
symptom and a reflux event to be present for SI values 
> 50% together with a SSI > 20%. We performed this 
evaluation as part of  the analysis of  our 24 h pH-metry 
tracings and found that 17 of  the 21 patients with negative 
pH-metry reported cough during the recording period, 
with 2 of  them showing a positive SI, thus increasing the 
diagnostic value of  this investigation.
     An empirical trial with PPIs (the so called “omeprazole 
or PPI test”) has been recently proposed for the 
diagnosis of  GER disease in patients with various 
clinical presentations, especially those with atypical or 
extra-esophageal symptoms. The diagnostic sensitivity 

Table 5 Comparison between patients with symptomatic 
response and non-responders

GER symptoms    14 (66.7)                               5 (35.7)
Treatment with                 11 (52.4)                               7 (50.0)
60 mg/d lansoprazole 
Erosive esophagitis    5 (23.8)                               2 (14.3)
pH-metry positive    10 (47.6)                               13 (92.8)
PPI test positive    18 (85.7)                               4 (28.6)b

                    Responders [n = 21 (%)]  Non-responders [n = 14 (%)]

Responders  =  pat ients  wi th  VAS and score  va lues  o f  0 ;  non-
responders = patients  with VAS and score values ≥1; bP < 0.01 vs 
responders.
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Figure 2 Percentage of patients showing symptomatic response at the end of 
12-wk treatment with 30 or 60 mg/d lansoprazole (n = 35), subdivided according to 
the outcome of PPI test. P<0.05 vs negative PPI test. 

of  this test is generally validated vs 24-h pH-metry as a 
gold standard. The variability of  results reported thus 
far depends on the differences in treatment schedules 
(daily doses, duration) and the outcomes chosen (cut-off  
point for symptom improvement, VAS, questionnaires, 
etc.). Doses used in clinical studies range 40-80 mg of  
omeprazole or 60 mg of  lansoprazole daily from 1 to 14 d 
in patients with symptoms suggestive of  GER disease or 
non-cardiac chest pain[23–29] and from 7 to 90 d in patients 
with extra-esophageal manifestations[4,30,31]. In patients 
with laryngeal symptoms, in which a longer duration and 
a high daily dosage are considered necessary for obtaining 
a significant symptom improvement, the test is in general 
fairly sensitive, with values ranging 62.5%-81%[4,30,31]. 
Thus, our PPI test consisted of  4-week administration of  
60 mg/d lansoprazole. According to a similar study[28] we 
used a VAS graded 0-10 to assess as objectively as possible 
the severity of  symptoms perceived by our patients and we 
considered the PPI test positive if  symptoms disappeared 
(grade 0) or were reduced by at least 50% in comparison 
to the pre-administration value. In our study the test was 
positive in 63.9% of  patients with a sensitivity similar to 
that previously reported.
     In our study there was a lack of  concordance between 
the results of  the 24 h esophageal pH-metry and those 
of  the PPI test (Table 2). In fact there was agreement 
in only 20 patients (44.4%). It was reported that there 
is a significant direct correlation between pH-metry and 
response to the omeprazole test in patients with typical 
reflux symptoms (65.8% of  patients with concordant 
results, P = 0.04)[23]. In contrast, a study[4] performed in 
patients with chronic cough showed concordance between 
the two tests in only half  the cases (52.2%). This lack of  
concordance is not surprising and may depend on the 
intrinsic limitations of  both pH-metry (i.e. absence of  
symptoms during the recording period in patients with 
“physiological” reflux) and the PPI test (inadequacy of  
treatment dose or duration). It may also depend on the 
simultaneous and independent existence of  two conditions, 
GER and cough, not causally linked.
    For all these reasons in our study, we proposed that at 
least one of  the GI investigations (endoscopy, pH-metry, 
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PPI test) had to be positive in order to select the cough 
patients in whom a 12-wk lansoprazole course could be 
reasonably proposed as a treatment choice.
   The efficacy of  PPI treatment in patients with 
extra-esophageal manifestations has been previously 
established[4-6]. Our study showed that both lansoprazole 
regimens significantly reduced symptom scores in 
comparison to baseline values (Table 4). There was a 
further reduction of  the values recorded at visit 3 in 
comparison to those at visit 2, but the difference was not 
statistically significant. Moreover, it is interesting to note 
that there was a good concordance between the subjective 
(VAS) and objective (score) analysis, suggesting that they 
can be used interchangeably for symptom assessment. 
The success rate was also evaluated on an individual basis 
in terms of  symptom resolution (Figure 1) which was 
graded on three levels according to the complete, partial 
or poor improvement of  the symptoms. At the end of  
the 12-week treatment course about 60% of  the patients 
reported complete relief  of  their cough (58.8% and 61.1% 
had no cough in the 30 mg/d lansoprazole and 60 mg/d 
lansoprazole groups, respectively). We did not find 
significant differences between the two treatment regimens 
but our study was only powered to show equivalence 
rather than efficacy. Studies performed in patients with 
chronic cough treated with PPIs have reported a complete 
relief  of  the symptom in a percentage of  patients ranging 
26%-43%[4,5] but the comparison among the studies is 
difficult because of  different patient selection criteria and 
treatment regimens. A study that used the same drug and 
treatment duration as the present study[6] has reported a 
complete resolution of  symptoms in 50% of  patients with 
idiopathic laryngitis, which is very similar to our results.
    In our study, the patients selected for the 12-wk course 
of  PPI after the test period actually took lansoprazole 
for 16 weeks, and some of  these patients experienced 
symptom relief  at the end of  the first 4 weeks, 10 of  
them showing complete resolution of  their cough. This 
suggests that 1-month PPI administration at a double 
daily dose may be an effective therapy in about one-third 
of  these cases. The percentage of  symptom-free patients 
increased up to about 60% at the end of  the 12-wk period, 
independently of  the daily dose of  the drug. 
    The analysis of  factors that could have influenced the 
outcome (Table 5) clearly showed that the positivity of  
the PPI test was significantly different between complete 
and incomplete responders to PPI treatment. None 
of  the other factors, particularly the presence of  GER 
symptoms ,seemed to be associated with the positive 
outcome of  treatment. This is in agreement with previous 
studies in patients with cough[4-6] and laryngitis[6]. Indeed, 
the response to an initial treatment with a PPI has been 
suggested as the best method for identifying patients 
with GER-related chronic cough[4]. Our results show that 
PPI test may predict response to a longer course of  PPI 
treatment in patients with atypical reflux symptoms. The 
rate of  complete symptom relief  at the end of  the 12-week 
course in our patients classified as PPI test-positive was 
81.8% (the highest, to our knowledge, among those 
reported in similar studies) in comparison to only 23.1% 
of  those with a negative test (Figure 2). 

    In conclusion, a 12-wk course of  lansoprazole 
is effective in relieving symptoms of  patients with 
unexplained chronic persistent cough. A posit ive 
response to an initial 4-wk administration of  PPI at a 
double daily dose seems to be an effective criterion for 
selecting patients who obtain the best results from the PPI 
treatment.
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Abstract
AIM: To study whether early postoperative enteral 
nutrition reduces the incidence of complications and/or 
improves nutritional status following duodenohemipancre
atectomy (DHP).

METHODS: We studied 39 patients who underwent 
DHP for a peri-ampullary mass. Twenty-three patients 
received total parental nutrition and then started to 
have an oral intake of nutrition between postoperative 
day (POD) 7 and 14 [late postoperative enteral nutrition 
(LPEN) group]. Sixteen patients started to have enteral 
feeding through a jejunostomy catheter the day after the 
operation [early postoperative enteral nutrition (EPEN) 
group]. The incidence of complications and laboratory 
data at the early postoperative stage were studied in 
comparison between LPEN and EPEN groups.

RESULTS: Serum levels of albumin and total protein 
in the EPEN group were significantly higher than those 
in the LPEN group. The loss of body mass index was 
significantly suppressed in the EPEN group as compared 
to the LPEN group. The lymphocyte count decreased 
immediately after the operation was restored significantly 
faster in the EPEN group than in the LPEN group. The 
EPEN group showed significantly fewer incidences of 
postoperative pancreatic fistulas, as well as a significantly 
shorter length of hospitalization than the LPEN group. 
There were no significant differences in the incidences 
of other postoperative complications between the two 
groups, such as delayed gastric emptying, surgical site 
infection, cholangitis, and small bowel obstruction.

CONCLUSION: EPEN i s a sa fe and bene f i c i a l 

opportunity for patients who have undergone DHP for a 
peri-ampullary mass.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Postoperative nutritional support was shown to reduce 
the incidence of  complications and/or to shorten the 
hospitalization period[1,2]. Recently, early postoperative 
enteral nutrition (EPEN) has been proposed as the 
novel method for nutritional support after surgery, 
especially after gastric and colorectal resection[3-9]. Several 
studies suggested that EPEN possibly improves also the 
postoperative outcome of  patients after duodenohemi
pancreatectomy (DHP)[10-13], which is one of  the most 
invasive operations in the upper abdominal surgery with 
a high incidence of  postoperative complications[14-19]. 
Whereas, EPEN has been introduced with complications 
such as troubles of  jejunal feeding tube and delayed gastric 
emptying[10-13,20,21]. Taken together, the overall benefit of  
EPEN after DHP remains controversial. 
    The purpose of  the present study was to evaluate the 
influence of  EPEN on the incidence of  postoperative 
complications. Moreover, by analyzing a variety of  clinical 
parameters including laboratory data, body mass index 
(BMI), and the duration of  hospitalization, we attempted to
determine which method of  postoperative nutritional 
support, enteral or non-enteral, was more advantageous in 
the total management of  patients who had undergone DHP.

MATERIALS AND METHODS
Materials
We investigated a total of  39 patients who had undergone 
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DHP for a peri-ampullary mass from 2000 to 2005 
at Kochi Medical School, including 24 men and 15 
women (mean age of  67.5 years; 43-82 years). Among 
these 39 patients, there were 14 cases of  pancreatic 
invasive ductal carcinoma, 11 of  cholangiocarcinoma, 
7 of  intraductal papillary mucinous neoplasms, 4 of  
carcinoma of  the papilla of  Vater, 1 of  gastrointestinal 
stromal tumor, 1 of  primary sclerosing cholangitis, and 1 
of  metastatic renal cell carcinoma (Table 1). All patients 
underwent a complete perioperative physical examination 
and laboratory investigations. Moreover, a variety of  
relevant parameters regarding the operative procedure and 
anesthesia were recorded in all cases.

Operative procedure 
In all patients, the reconstructive technique was used to 
anastomose the pancreas first, followed by the hepatic 
duct and the duodenum with a Braun anastomosis. 
The pancreatic-enteric anastomosis was performed as 
a pancreaticojejunostomy in an end-to-side fashion. In 
patients of  the EPEN group, a feeding jejunostomy 
catheter was placed at the end of  surgery and before 
closing the wound through the anterior wall of  the stomach 
using a modified Witzel technique. Furthermore, in all 
cases of  pylorus-preserving pancreaticoduodenectomy 
(PpPD), the gastrostomy tube was inserted from the 
afferent loop of  the jejunum into the stomach for the 
purpose to prevent delayed gastric emptying.

Postoperative nutrition 
We determined the amount of  calories required for 
postoperative nutrition according to the Harris-Benedict 
equation[22]. Some patients received total parenteral 
nutrition and then started to have oral intake of  nutrition 
usually between POD 7 and 14, as determined late 
postoperative enteral nutrition (LPEN) group. The 
second group of  patients started to have EPEN through a 
catheter-feeding jejunostomy on POD 1 (within 24 h after 
surgery), as determined EPEN group. Enteral feeding was 
started at a rate of  20 mL/h and gradually increased by 10 
mL/h a day up to the final rate (70 mL/h). 

Laboratory and clinical investigations 
The operation time, blood loss volume, and amount 

Table 1 Patient profiles

Demographics 
Age (range)   67.2 yrs (42-82)         68.0 yrs (54-81)            0.8137
Gender: male   65.2%                  56.3%               0.8168
Underlying disease (%)                 0.6206
Cholangiocarcinoma   9 (39.1)                  2 (12.5)
Pancreatic carcinoma   6 (26.1)                  8 (50.0)
IPMN    4 (17.4)                  3 (18.8)
CPV    3 (13.1)                  1 (6.2)
Others    1 (4.3)                  2 (12.5)

                               LPEN group           EPEN group             P value
                                 (n = 23)              (n = 16)   

IPMN: Intraductal papillary mucinous neoplasm; CPV: Carcinoma of the 
papilla of Vater; Other diseases: Gastrointestinal stromal tumor, primary 
sclerosing cholangitis, and pancreatic metastasis of renal cell carcinpma   

Table 2 Operative characteristics

Operative procedure (%)                                                                     0.0371
PpPD           12 (52.2)  14 (87.5)
PD           11 (47.8)  2 (12.5)
Demographics (range)
Operative time (min)         516 (360-765)           509 (370-605)      0.5417
Blood loss volume (mL)       1 014 (400-1 650)     908 (400-1 600)   0.0593
Transfused patients (%)       17 (73.9)  8 (53.3)          0.3384
RC-MAP (U)         1.9 (0-10)  1.1 (0-6)               0.0599
FFP (U)          9.2 (0-40)  5.3 (0-10)             0.1220
IOR (%)          2 (8.7)   7 (43.8)                0.0190

                    LPEN group            EPEN            
GroupCharacteristics         (n = 23)            (n = 16)          P value

P D :  P a n c r e a t i c o d u o d e n e c t o m y ;  P p P D :  P y l o r u s - p r e s e r v i n g 
pancreaticoduodenectomy; RC-MAP: Red cells in mannitol-adenine-
phosphate solution; FFP: Fresh frozen plasma; IOR: intra-operative 
radiotherapy.

of  blood transfusion during and after the surgery were 
carefully recorded. Samples for laboratory investigations 
were taken on POD 1, 4, 6, and 14. The laboratory 
parameters included serum levels of  total protein, albumin, 
total bilirubin, cholinesterase, alanine transaminase, 
aspartate transaminase, lactate dehydrogenase, alkaline 
phosphatase, gamma-glutamyl transpeptidase, amylase, 
urea nitrogen, and creatinine. The BMI was measured 
before surgery and on POD 6 and 14. Postoperative 
complications, including surgical site infection, leakage 
from anastomosis, pancreatic fistula, cholangitis, small 
bowel obstruct ion and delayed gastr ic emptying, 
were carefully monitored every day. The duration of  
hospitalization was defined as the time from the day of  
the surgery to the day of  discharge. The progress of  all 
patients, following their discharge from hospital, was 
monitored by our hospital. 

Pancreatic fistula 
We determined the occurrence of  pancreatic fistula based 
on the following criteria: the concentrations of  amylase 
and lipase in the drainage fluid being three times higher 
than that in the serum on consecutive PODs, and the 
drainage volume being more than 10 mL/d. Amylase and/
or lipase concentrations in the serum and drainage fluid 
were checked on POD 1, 3, 4, 5, and 7, and twice a week 
thereafter[23-25]. 

Statistical analysis  
We tested for statistical significance using the χ2 test, the 
Fisher’s exact test and the t test. P < 0.05 was considered 
statistically significant. Where appropriate, values were 
expressed as mean ± SD.

RESULTS
We retrospectively reviewed 39 patients who had 
undergone DHP between 2000 and 2004 at Kochi Medical 
School, and subdivided them into two groups, 23 patients 
in the LPEN group and 16 patients in the EPEN group 
(Table 1). Hospital mortality was 2.6%. There were no 
significant differences between the two groups in age, 
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Table 3 Postoperative outcome of patients with 
pancreatic surgery

BMI
Baseline        21.75 ± 3.16              22.58 ± 2.60             0.8044
POD 6        20.43 ± 2.67                2.40 ± 2.59             0.0305
POD 14        20.14 ± 2.50              22.38 ± 2.55             0.0111
Postoperative complications (%)
Anastomotic leakage            0 (0.0)      0 (0.0)             NS
Surgical site infection            2 (8.7)                        2 (12.5)             0.8797
Pancreatic fistula            9 (39.1)                      1 (6.3)             0.0279
Ventral hernia            0 (0.0)      1 (6.3)             0.4103
Cholangitis             6 (26.1)                      5 (31.3)             0.9926
Small bowel obstruction         1 (4.3)      1 (6.3)             0.6362
Delayed gastric emptying      1 (4.3)      2 (12.5)             0.5571
Length of hospitalization     44.3 ± 19.0                31.7 ± 8.8             0.0011
(days)      

                                  LPEN group          EPEN group
Characteristics     (n = 23)             (n = 16)            P value

Figure 1 Peripheral lymphocyte coun. aP<0.05 vs LPEN.

Figure 2 Serum albumin level. aP<0.05 vs LPEN.

thereafter. The serum levels of  albumin (Figure 2) and the 
total protein (data not shown) decreased immediately after 
the operation in both groups. However, albumin levels 
at POD 4, 6, and 14 (Figure 2) and total protein levels at 
POD 6 and 14 (data not shown) in the EPEN group were 
significantly higher than those in the LPEN group. These 
findings in the restoration of  nutritional parameters were 
consistent with the alteration in BMI. Loss of  BMI was 
significantly suppressed in the EPEN group as compared 
to the LPEN group (Table 3).
     None of  the cases had a complication of  anastomotic 
leakage. The EPEN group had a significantly lower 
incidence of  pancreatic fistula than the LPEN group 
(P < 0.05). There was no significant difference between 
the two groups in the incidence of  other postoperative 
complications, including surgical site infection, ventral 
hernia, cholangitis, small bowel obstruction, and delayed 
gastric emptying (Table 3). Finally, the EPEN group also 
required a significantly shorter length of  hospital stay than 
the LPEN group (P < 0.01).

DISCUSSION
In the present study, we employed 39 patients who 
underwent DHP and subdivided them into two groups 
according to the procedures of  the postoperative 
nutritional support: the EPEN and LEPN groups. There 
was no significant difference in baseline profiles between 
the two groups except for the following two parameters, 
which should be considered in the analysis of  the results. 
First, the number of  patients with PD was greater in 
the LPEN group than in the EPEN group. EPEN after 
DHP was introduced in our department in 2002, in 
order to assess its utility. Until then, almost all patients 
who underwent PD for a peri-ampullary mass were 
postoperatively administered with total parenteral nutrition. 
However, we believed that there were no significant 
differences in the surgical procedure because two surgeons 
performed the pancreatic surgery in this study period. 
Second, the number of  patients with IOR was much 
greater in the EPEN group than the LPEN group. The 
difference was caused by the fact that we started IOR for 
all patients with pancreatic carcinoma in 2002[26-28]. 
     Although the serum levels of  albumin and total protein 

NS: not significant

gender, and the incidence of  underlying diseases. 
    PpPD was carried out in 26 cases and PD in 13 cases. 
The frequencies of  PpPD and intra-operative radiotherapy 
(IOR) were significantly higher in the EPEN group than in 
the LPEN group, because we started IOR for all patients 
with pancreatic carcinoma in 2002 (P < 0.05). There were 
no significant differences between the two groups in other 
parameters (Table 2) including operation time, blood loss 
volume, and the proportion of  patients who received 
blood transfusion including red blood cells in mannitol-
adenine-phosphate solution (RC-MAP) and fresh frozen 
plasma (FFP). 
    The baseline preoperative values of  all laboratory 
parameters were comparable between the two groups. 
In the postoperative course, however, several parameters 
showed a significant difference. The lymphocyte count 
decreased immediately after the operation (at POD 1) in 
both groups (Figure 1), which was more obviously seen in 
the EPEN group compared to the LPEN group (P < 0.05), 
probably due to the higher incidence of  IOR (Table 2). 
However, during POD 1 and 4, lymphocyte count in the 
LPEN group continuously decreased, but increased in the 
EPEN group. There was no significant difference between 
the two groups in lymphocyte count at POD 4 and 
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dropped remarkably in all the patients after the operation, 
they recovered quickly in the EPEN group, and were 
significantly higher than those in the LPEN group at the 
early postoperative stage. Consistent with these findings, 
loss of  BMI was significantly suppressed in the EPEN 
group as compared to the LPEN group. These findings 
indicate that EPEN modulates a metabolic response, 
favoring the synthesis of  proteins. We believe that 
nutritional improvement observed in the EPEN group 
was not influenced by a large proportion of  patients with 
PpPD (87.5%), since PpPD has been reported to provide a 
long-term nutritional support for operated patients but has 
not any benefit for nutritional status in early postoperative 
stage[29].
    Furthermore, the lymphocyte count fell immediately 
after surgery in the EPEN group probably due to the IOR, 
resulting in the significantly lower level as compared to the 
LPEN group (P < 0.05). However, the lymphocyte count 
in the EPEN group increased thereafter, and reached at 
the similar level observed in the LPEN group at POD 14. 
These findings suggest that the administration of  EPEN  
not only improves the nutritional status but also improves 
whole-body protein kinetics. 
    There was no significant difference between two 
groups in the incidence of  infectious complications, 
such as surgical site infection and cholangitis, and also 
noninfectious complications, such as ventral hernia and 
small bowel obstruction. Although the EPEN group 
contained a significantly greater number of  patients with 
PpPD than the LPEN group, there were no significant 
differences in the occurrence of  delayed gastric emptying 
between the two groups. The incidence of  delayed gastric 
emptying has been reported in 7-36% of  patients with 
DHP[18,30-34]. Usually, the delayed gastric emptying is more 
frequently seen in patients with PpPD than in patients 
with PD, and is typically associated with prolonged 
hospitalization. In our study, tube gastrostomy was created 
in all patients who underwent PpPD, and thus patients 
with delayed gastric emptying had no vomiting.
    Pancreatic fistula is considered as a major postoperative 
complication of  DHP and has been reported in 5-24% 
of  patients with DHP[23,35-38]. In our study, surprisingly, 
the incidence of  pancreatic fistula was significantly lower 
in the EPEN group (6.3%) than in the LPEN group 
(39.1%). There have been some concerns that EPEN 
could increase the possibility of  pancreatic fistulae because 
of  its stimulatory effect on exocrine pancreatic secretion. 
Our data show that EPEN has no bad influence upon 
the occurrence of  pancreatic fistula but rather works to 
prevent it. 
   In conclusion, EPEN is a safe and beneficial procedure 
for patients who have undergone DHP. EPEN improves 
early postoperative outcomes, including nutritional status 
and whole-body protein kinetics. Furthermore, EPEN 
contributes to a significantly lower incidence of  pancreatic 
fistula, resulting in a shorter duration of  hospitalization 
compared to the LPEN group. Based on these findings, 
EPEN can provide regular postoperative nutritional 
support following DHP.
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Abstract
AIM: To determine the expression of L1 in pancreatic 
neuroendocrine tumor and to correlate it with WHO clas-
sification of this tumor.

METHODS: We retrospectively analyzed L1 expres-
sion in 63 cases of pancreatic neuroendocrine tumor by 
immunohistochemistry on paraffin sections of primary 
tumors or metastases. Staining was performed by per-
oxidase technique with monoclonal antibody UJ127.11 
against human L1. All tumors were classified according 
to WHO classification as well-differentiated neuroendo-
crine tumors and carcinomas or poorly-differentiated 
neuroendocrine carcinomas. 

RESULTS: L1 was detected in 5 (7.9%) of 63 pancre-
atic neuroendocrine tumors. Four (44.4%) of 9 poorly-
differentiated carcinomas expressed L1. In contrast, only 
1 (1.9%) of 54 well-differentiated tumors or carcinomas 
was positive for L1. No expression was found in Langer-
hans islet cells of normal pancreatic tissue. Cross table 
analysis showed a significant association between L1 ex-
pression and classification of neuroendocrine tumors of 
the pancreas (P<0.01).

CONCLUSION: L1 is specifically expressed in poorly-
differentiated pancreatic neuroendocrine carcinomas 
that are known to have the worst prognosis. L1 might be 
a marker for risk prediction of patients diagnosed with 

pancreatic neuroendocrine carcinomas.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Neuroendocrine tumors of  the gastroenteropancreatic axis 
are rare and characterized by significant phenotypic dif-
ferences. They can present themselves as benign or highly 
malignant and their clinical behavior is very heterogene-
ous. They are considered to originate from cells of  the dis-
seminated neuroendocrine cell system[1]. Most endocrine 
tumors of  the pancreas are well-differentiated neuroen-
docrine tumors or carcinomas. Frequently, they appear to 
be malignant with the exception of  insulinoma [2]. Fifty 
percent to sixty percent of  these tumors are functionally 
active and secrete insulin, gastrin, vasoactive intestinal 
polypeptide (VIP), glucagon or other rare hormones and 
consequently cause characteristic syndromes. The most 
important criteria of  malignancy include a tumor size of  
more than 2 cm, angioinvasion and proliferative activity of  
more than 2% of  the tumor cells apart from metastases to 
the regional lymph nodes and the liver or invasion of  ad-
jacent organs [3,4]. Neuroendocrine tumors of  the pancreas 
are classified according to the WHO classification into 
well-differentiated tumors and carcinomas or poorly-dif-
ferentiated carcinomas[4,5]. Poorly-differentiated neuroen-
docrine carcinomas of  the pancreas are highly malignant 
with a bad prognosis[3].

Neoplastic cells frequently re-express adhesion mole-
cules involved in cell migration during tissue morphogene-
sis and fetal development[6]. The L1 cell adhesion molecule 
(CD171) is a 200-220 ku type I glycoprotein of  the immu-
noglobulin superfamily and plays a role in development of  
the nervous system by regulating cell interactions, includ-
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ing neuronal migration[7,8]. L1 also mediates neuron-neuron 
adhesion, neurite outgrowth on Schwann cells, neurite 
fasciculation and myelination[7]. L1 undergoes homophilic 
L1-L1 binding and heterophilic interactions with several 
ligands such as integrins[9,10]. L1 is expressed also in hemat-
opoietic and certain epithelial cells as well as in a variety 
of  tumors, such as of  neuroblastomas, melanomas, small 
cell lung cancer and breast carcinomas[11-15]. Metalloprotei-
nase (ADAM10) also triggers cell migration and cleaves L1 
from the tumor cell surface[8,12,16-18]. Recently, it was report-
ed that expression of  L1 has a prognostic significance in 
ovarian and uterine carcinomas and is associated with me-
tastasis of  melanomas[19,20]. Furthermore, L1 is expressed 
in neuroendocrine tumors of  the skin[21]. Up-regulation of  
L1 expression has also been observed in malignant pleural 
mesotheliomas and malignant peripheral nerve sheath tu-
mors by microarray expression profiling[22,23]. 

The aim of  this study was to determine the expression 
of  L1 in neuroendocrine tumors of  the pancreas and its 
relation to tumor stage of  this heterogeneous cancer type. 
We detected the expression of  L1 in 4 (44.4%) of  9 poorly 
differentiated pancreatic neuroendocrine carcinomas. 
However, only 1 (1.9%) of  54 well-differentiated tumors 
or carcinomas was positive for L1. Cross table analysis 
showed a significant correlation between L1 expression 
and poorly-differentiated neuroendocrine carcinomas. Our 
data indicate that L1 is a specific marker for malignant 
phenotype of  pancreatic neuroendocrine carcinomas.

MATERIALS AND METHODS
Study design and patients
The study was approved by the Ethics Committee of  the 
Chamber of  Physicians in Hamburg, Germany. Written in-
formed consent was obtained from all patients for use of  
the resected samples. For this study, 63 patients with pan-
creatic neuroendocrine tumors were chosen retrospectively. 
We selected patients on the basis of  availability of  tissues 
and did not stratify them due to rare occurrence and dif-
ferent treatment strategies. Forty-seven primary tumors 
of  the pancreas and 38 metastases (21 from liver, 16 from 
lymph nodes and 1 from spleen) were available. All tumors 
were categorized into 3 groups according to WHO classi-
fication of  2 000 into well-differentiated tumors (grade 1a) 
and carcinomas (grade 1b) or poorly-differentiated neu-
roendocrine carcinomas (grade 2)[4]. Briefly, this classifica-
tion was based on tumor size, angioinvasion, proliferating 
activity, histological differentiation and hormonal activity. 
All data including sex, histology, depth of  tumor invasion, 
lymph node metastasis, tumor type and disease stage were 
obtained from the clinical and pathological records. 

Immunohistochemical staining and evaluation of 
expression
Immunohistochemical staining was performed for 5-µm 
thick sections of  formalin-fixed and paraffin-embedded 
tissues placed on pre-coated slides with 3-triethoxysilyl-
propylamin (Merck, Darmstadt, Germany). After depar-
affinization with Rotihistole (Merck) and rehydration in 
ethanol and TBS (0.05mol/L, pH 7.6) containing 10 g/L 
Tween 20 (Sigma, Deisenhofen, Germany), tissue sections 

were pre-treated for 30 min in 10 g/L ammonium chloride 
(NH4Cl) in TBS, for 15 min in 0.05 mol/L glycine/TBS 
and then boiled with ChemMate® target retrieval solution 
(Dako, Hamburg, Germany) in a microwave oven accord-
ing to the manufacturer´s instructions. Staining was per-
formed with the peroxidase method (HRP-AEC System, 
Cell and Tissue Staining Kit; R&D Systems, Minneapolis, 
MN, USA). The primary antibody, a murine anti-human 
L1 monoclonal antibody (IgG1, clone UJ127) (NeoMarkers, 
Fremont, CA, USA) binding to the extracellular domain 
of  this molecule, was diluted at 1:50 in antibody diluent 
(Dako) and slides were incubated overnight in a humidity 
chamber at 4 °C [24]. For each sample one slide, a control 
section was incubated with irrelevant murine monoclonal 
IgG1 (MOPC21; Sigma) as a negative control to determine 
the unspecific binding. All washing steps were done with 
TBS containing 10 g/L Tween 20. Counterstaining was 
performed with Haemalaun Mayer (Merck) for 30 s fol-
lowed by Mayer´s haematoxylin solution (Merck) for 7 
min. At last, slides were covered with coverslips with aque-
ous mounting medium (Aquatex®; Merck). Specimens were 
considered immunopositive for L1 when >20% of  the 
tumor cells had clear evidence of  immunostaining. Periph-
eral nerves present in almost all sections served as internal 
positive controls. Langerhans islet cells were negative for 
L1 in normal pancreatic tissue. Immunohistochemical 
analysis and scoring of  the sections were performed by 
two independent investigators and one pathologist in a 
blinded fashion. Two sections were scored differently and 
in these cases the opinion of  the pathologist was decisive. 

Statistical analysis
We used SPSS for Windows (SPSS Inc., Chicago, IL USA) 
for statistical analysis. The immunostaining results of  L1 
and WHO classification of  neuroendocrine tumors of  the 
pancreas were calculated using a cross table and statistical 
analysis was performed with F-test. P<0.05 was considered 
statistically significant. 

RESULTS
Characteristics of the patients
Sixty-three patients suffering from pancreatic neuroen-
docrine tumor were included in the study. Characteristics 
of  the patients are listed in Table 1. Briefly, the median 
age of  the study population was 57 years, 32 (50.8%) 
patients were male and 31 (49.2%) female. According to 
WHO classification for neuroendocrine tumors of  the
gastroenteropancreatic axis, 50 (79.4%) were classified as 
well-differentiated neuroendocrine tumors (grade 1a), 4 
(6.3%) as well-differentiated carcinomas (grade 1b) and 
9 (14.3%) as poorly-differentiated neuroendocrine car-
cinomas (grade 2), being the most malignant phenotype. 
Eleven (17.5%) tumors showed hormone production and 
6 (9.5%) of  63 patients suffered from endocrine neoplasia 
(MEN) type I. 

Immunohistochemical analysis of L1 in pancreatic neu-
roendocrine tumors
L1 expression was determined by immunohistochemical 
analysis in samples from 63 pancreatic neuroendocrine tu-

Kaifi JT et al.  L1 and neuroendocrine pancreatic tumor                                                                  95



www.wjgnet.com

mor patients. Forty-seven primary tumors of  the pancreas 
and 38 metastases (21 from liver, 16 from lymph nodes 
and 1 from spleen) were available and immunostained. In 
18 patients, both primary tumor and metastases (12 from 
lymph nodes, 3 from liver, 2 from both lymph nodes and 
liver, 1 from liver and spleen) were investigated. In 16 pa-
tients, only metastases were available (14 from liver, 1 from 
lymph nodes, 1 from both lymph nodes and liver). No dif-
ferences in terms of  positivity or negativity of  L1 expres-
sion were detected between primary tumor and metastases 
in any patient. Figure 1 shows the representative negative 
and positive staining patterns for L1 of  pancreatic neu-
roendocrine tumors. Staining was not detected in normal 
pancreatic islet cells. 

Five (7.9%) of  63 cases were L1-positive (Table 1). 
were stained. The remaining 58 (92.1%) patients were 
negative for L1. According to the WHO classification, 4 
(44.4%) of  9 poorly-differentiated neuroendocrine car-
cinomas (grade 2) were L1-positive. Only 1 (1.9%) of  54 
well-differentiated neuroendocrine tumor samples (grade 
1a) was L1-positive. None of  the 4 well-differentiated 
neuroendocrine carcinomas (grade 1b) was positive for L1. 
Although only 9 poorly-differentiated pancreatic neuroen-
docrine carcinomas (grade 2) were available, these results 
showed that L1 was specifically expressed in poorly- dif-

ferentiated tumors. Forty-four point four percent of  these 
most highly malignant tumors were positive for L1 com-
pared to 1.9% in the group of  well-differentiated neuroen-
docrine tumors or carcinomas (grade 1a and 1b).

Correlation between L1 expression and WHO classifica-
tion of tumor
A significant correlation between L1 expression and well-
differentiated neuroendocrine tumor (grade 1a) and (grade 
1b) or poorly-differentiated neuroendocrine carcinoma 
(grade 2) was found by Fisher's exact test (P<0.01, Table 2). 

DISCUSSION
Pancreatic neuroendocrine tumors or carcinomas are rare 
and clinically very heterogeneous. Neuroendocrine-specific 
molecules are positive markers of  endocrine differentia-
tion in tumor cells[1]. Little is known about the molecular 
differences between benign and malignant phenotypes of  
neuroendocrine tumors of  the pancreas. Cell adhesion 
molecules, such as L1, have been repeatedly implicated 
in tumor progression and metastasis. In this study, we 
determined L1 expression in 7.9% of  63 cases of  pancre-
atic neuroendocrine tumor. Since L1 is not expressed in 
normal Langerhans islet cells, which are believed to be the 
precursor cells of  pancreatic neuroendocrine tumors, an 
up-regulation of  L1 expression in tumor cells may be as-
sociated with tumorigenesis in this tumor type.

We used immunohistochemical analysis for detection 
of  L1 in tumor cells. Because the optimal cutpoint ap-
proach has some limitations in statistical evaluation of  
prognostic factors, we chose a cutpoint of  20% L1-posi-
tive tumor cells in the analysed cell population, achieving 
an easy discrimination of  immunostained tumor tissue as 
proposed by Altman and colleagues[25].

In our study, there were 9 patients with poorly-differen-
tiated neuroendocrine carcinoma according to WHO clas-
sification (grade 2). Out of  these, 4(44.4%) had positive 
L1 expression. L1 In contrast, only 1 (1.9%) of  54 well-
differentiated tumors and carcinomas (grade 1a and 1b) 
was positive for L1. Statistical analysis showed a significant 
correlation between L1 expression and poor differentia-
tion of  pancreatic neuroendocrine tumors (grade 2), sug-
gesting that L1 is a marker for poorly differentiated  and 
highly malignant pancreatic neuroendocrine carcinomas. 
Although the number of  L1-positive tumors in our study 
was too low for a final conclusion, the number of  L1-
negative tumors supports our notion that L1 is a marker 
for malignancy of  this tumor entity. 

These observations are in agreement with previous 
studies correlating expression of  L1 in different tumors 
of  neuroectodermal origin, such as melanomas or uterine 
and ovarian carcinomas, with malignancy and poor prog-
nosis[15,19-21,26]. Our results prove that expression of  L1 can 
also be found in another neuroendocrine tumor, namely 
the neuroendocrine tumor of  the pancreas. 

Further studies are needed to determine the potential 
prognostic value of  L1 expression in patients suffering 
from pancreatic neuroendocrine carcinomas. Our data also 
indicate that downregulation of  L1 expression by anti-
sense technologies may be used as a therapeutic method.

Variable Patients L1-positive tumors 
        

Total    63          5 (7.9)
Male    32 (50.8)          4 (12.5)
Female    31 (49.2)          1 (3.2)
WHO classification of neuroendocrine 
pancreatic tumour
Well-differentiated neuroendocrine 
tumour (grade 1a)

   50 (79.4)          1 (2.0)

Well-differentiated neuroendocrine 
carcinoma (grade 1b)

     4 (6.3)          0 

Poorly-differentiated neuroendocrine 
carcinoma (grade 2)

     9 (14.3)          4 (44.4)

Hormone production
Yes    11 (17.5)          0 
No    52 (82.5)          5 (9.6)
Multiple endocrine neoplasia (MEN)-I
MEN-I      6 (9.5)          0
No MEN-I    57 (90.5)          5 (8.8)

Table 1 Characteristics of the patients and levels of L1 
expression  n (%)

P<0.01 by Fisher's test (two-sided)

                                 L1-negative   L1-positive   Total

Well-differentiated neuroendocrine           53                 1                     54
tumors and 
Well-differentiated neuroendocrine
carcinomas (grade 1a and 1b)  
Poorly-differentiated neuroendocrine          5                    4                      9
carcinomas (grade 2)    
Total                58                 5                   63

Table 2 Correlation of L1 expression with WHO 
classification

WHO classification
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tumor size > 6.5 cm, and microvascular invasion. The 
high risk patients with two or more risk factors should be 
the candidates for various adjuvant clinical trials.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the common 
causes of  cancer death among Koreans, and it is also 
one of  the frequently occurring cancers worldwide. 
Surgical resection of  the liver has been one of  the 
mainstays in the curative treatment of  this cancer. 
Recent advances in anatomical knowledge of  liver, 
surgical skills and instruments, intra- and post-operative 
management techniques have led to a marked reduction 
in post-operative mortality rates. However, recurrence 
after curative partial hepatectomy for HCC occurs in 
approximately 70% of  patients[1-3], and even after careful 
selection of  relatively early disease patients for liver 
transplantation (OLT) according to the Milan selection 
criteria. It has been reported that the recurrence rate is 
about 20%[4]. This finding is considered to be the most 
significant risk factor for the survival of  the patient. 
    The pattern of  recurrence after curative surgery 
for HCC is variable. Among these diverse patterns of  
recurrence, diffuse intra-hepatic recurrence and multiple 
systemic recurrences are thought to be fatal not only 
because there is no effective treatment strategy, but 
also these recurrence patterns inevitably mean a short 
remaining survival time. Moreover, the development of  
such fatal recurrences soon after surgical resection may 
indicate the presence of  multiple intra-hepatic micro-
metastases or systemic dissemination and colonization 
of  HCC cells at the time of  surgery. But present clinical 
technology does not allow pre-operative determination 
of  micro-metastatic lesions, and therefore the available 
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Abstract
AIM: To invest igate the cl inicopathological r isk 
factors for immediate post-operative fatal recurrence 
of hepatocellular carcinoma (HCC), which may have 
practical implication and contribute to establishing 
high risk patients for pre- or post-operative preventive 
measures against HCC recurrence.

METHODS: From June 1994 to May 2004, 269 patients 
who received curative resection for HCC were reviewed. 
Of these patients, those who demonstrated diffuse intra-
hepatic or multiple systemic recurrent lesions within 6 
mo after surgery were investigated (fatal recurrence 
group). The remaining patients were designated as the 
control group, and the two groups were compared for 
clinicopathologic risk factors.

RESULTS: Among the 269 patients reviewed, 30 
patients were enrolled in the fatal recurrence group. 
Among the latter, 20 patients showed diffuse intra-
hepatic recurrence type and 10 showed multiple systemic 
recurrence type. Multivariate analysis between the fatal 
recurrence group and control group showed that pre-
operative serum alpha-fetoprotein (AFP) level was 
greater than 1 000 μg/L (P = 0.02; odds ratio = 2.98), 
tumor size greater than 6.5 cm (P = 0.03; OR = 2.98), 
and presence of microvascular invasion (P = 0.01; 
OR = 4.89) were the risk factors in the fatal recurrence 
group. The 48.1% of the patients who had all the three 
risk factors and the 22% of those who had two risk 
factors experienced fatal recurrence within 6 mo after 
surgery.

CONCLUSION: Three distinct risk factors for immediate 
post-operative fatal recurrence of HCC after curative 
resection are pre-operative serum AFP level > 1 000 μg/L, 
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approach at present is the determination of  risk factors for 
immediate post-operative fatal recurrence.
   Numerous studies have investigated the recurrence 
of  HCC after partial hepatectomy and have reported a 
number of  risk factors for recurrence. But the application 
of  such risk factors in the practical field for surgeons is 
difficult, which may be due to the fact that the limitation 
of  application of  these risk factors is confusing, and 
sometimes too broad in perspective. In this study, we 
attempted to elucidate the risk factors involved in the 
recurrence of  HCC soon after partial hepatectomy, which 
entail more practical implications for the liver surgeon.

MATERIALS AND METHODS
Patients
 From June 1994 to May 2004 for a period of  10 years, 
the medical records of  322 HCC patients who received 
partial hepatectomy at the Department of  Surgery, Ajou 
University Hospital were reviewed. These patients were 
divided into the fatal recurrence group and the control 
group. The inclusion criteria of  the fatal recurrence group 
were the patients who had diffuse intra-hepatic recurrence 
or multiple systemic recurrence within 6 mo after curative 
surgical resection of  HCC. The rest were designated as 
the control group, and risk factors for the fatal recurrence 
group were analyzed.
    Among the total 322 patients, the following were 
excluded from this study: patients who died within 6 
mo after surgery due to reasons other than recurrence; 
patients who were lost to follow-up within 6 mo after 
surgery; patients whose histopathologic examination 
showed fibrolamellar or combined cholangiohepatocellular 
carcinoma pathologies; and patients who received non-
curative resection.

Methods 
The criteria for curative liver resection followed by the 
authors were the General Rules for the Study of  Primary 
Liver Cancer Guidelines set up by the Korean Liver 
Cancer Study Group[5]. In these guidelines, the definition 
of  curative surgery for HCC is classified as A1, A2, and 
B: “A1 = tumor size < 2 cm and no residual tumor after 
resection, without vascular or ductal invasion; A2 - tumor 
size 2 - 5 cm and no residual tumor after resection, without 
vascular or ductal invasion; and B = no residual tumor after 
resection, but not included in A1 or A2”. Those who were 
regarded as non-curative resection were the patients with 
gross evidence of  residual tumor, tumor invasion into the 
1st order branch of  the portal vein or main portal vein, 
tumor invasion of  the left, right, middle, and inferior right 
or short hepatic vein and tumor invasion into 2nd or 1st 
order branches of  the intra-hepatic bile duct or common 
hepatic duct.
    Pre-operative radiological evaluation included  
abdominal ultrasonography, abdominal computerized 
tomography (CT) scans and hepatic angiography. Magnetic 
resonance imaging (MRI) and/or positron emission 
tomography (PET) scan were also conducted when 
deemed necessary by the physician in charge. To evaluate 
the residual liver function, all patients received the dye 

retention test using indocyanine green (ICG) in addition to 
the general chemistry tests. Also, to accurately assess the 
degree of  curative surgery, all patients underwent intra-
operative ultrasonography evaluation.
    Post-operative follow-up consisted of  monthly 
serum alpha-fetoprotein (AFP) level examination, and 
abdominal ultrasonography and plain chest films at every 
3 mo. Abdominal CT was performed every 6 mo. The 
follow-up continued until the patient died of  disease. If  
the serum AFP level did not decrease to normal level 
or abnormally increased or if  one or more suspicious 
recurrent lesions were detected on ultrasonography during 
the post-operative follow-up, the results were then further 
confirmed by abdominal CT and/or chest CT and/or PET 
scan and hepatic angiography. 
    Diffuse intra-hepatic recurrence was defined as 
five or more recurrent lesions in the remnant liver as 
demonstrated by hepatic angiography[6], and multiple 
systemic recurrence was defined as two or more systemic 
recurrent lesions without evidence of  intra-hepatic 
recurrence, as shown by imaging studies.
     Twenty-four variables were compared between the fatal 
recurrence group and control group. The patient factors 
were: age, sex, presence of  symptoms, hepatitis B antigen 
status, hepatitis C antibody status, Child’s classification, 
pre-operative serum AST and ALT levels, pre-operative 
ICG R-15 and serum AFP levels, the grade of  hepatitis, 
and stage of  cirrhosis in non-tumor liver tissues. The 
tumor factors that were investigated were: size of  tumor, 
single or multiple lesions, tumor growth patterns, presence 
of  tumor capsule and invasion of  tumor capsule, gross 
evidence of  vascular or bile duct tumor involvement, 
formation of  intra-tumor septum, tumor invasion of  the 
Glisson’s capsule, presence of  microvascular invasion 
and the Edmond-Steiner grade of  tumor cells. Successful 
anatomic resection and tumor margins of  more than 
1 cm were defined as surgical factors. The anatomical 
resection was defined as complete segmental resection of  
the Couinaud’s segment system. The pathological review 
was performed by an experienced pathologist (Kim) in the 
Department of  Pathology in our institute.

Statistical analysis
Univariate statistical analysis was performed using χ2 test 
and Student’s t-test, and multivariate analysis was carried 
out using logistic regression analysis.

RESULTS
Among the 322 patients, 53 patients were excluded from 
this study: 7 patients who died within 6 mo after surgery 
due to reasons other than recurrence (3 of  7 patients were 
post-operative in-hospital mortality); 3 patients who were 
lost to follow-up within 6 mo after surgery; 10 patients 
whose histopathologic examination showed fibrolamellar 
or combined cholangiohepatocel lu lar carc inoma 
pathologies; and 33 patients who were regarded as non-
curative resection.
    Among the 269 patients who were included in this study, 
the mean follow-up period was 32.2 ± 25.6 mo (range, 
4 - 107 mo). Of  the 269 patients, 42 (15.6%) experienced 
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tumor recurrence within 6 mo after curative resection. 
Among these 42 patients, 20 (47%) patients demonstrated 
diffuse intra-hepatic recurrence and 10 (24%) patients 
showed multiple systemic recurrence without evidence of  
intra-hepatic recurrence. Thus, the fatal recurrence group 
included 30 patients (11.2%, 30/269).
    The mean disease-free survival time until recurrence 

Table 1 Univariate analysis of host factors for immediate post-operative diffuse intra-
hepatic recurrence or multiple distant recurrence after curative resection for HCC

Sex, male (%)   76   74             NS
Mean age(yr)   49.2 ± 9.9   52.1 ± 10.4                        NS
HCC-related symptom   50   31             0.04
Child’s classification A/B/C  90/10/0   90/9/1             NS
ICG R-15 (%)   14.6  ±  11.3   13.4  ±  8.6             NS
Serum ALT (nkat/L)   1185  ± 1285   1034  ±  944             NS
Serum AST (nkat/L)   1649  ±  1259   1125 ± 1539             NS
HBs Ag positivity   77   74             NS
HCV Ab positivity   13   8.4             NS
Serum AFP level (μg/L)  10 447.4 ± 12 931.9  23045  ± 6 660            0.00

Histologic grade of hepatitis 0, 1, 2/3, 41 86.7/13.3   92.8/7.2             NS
Histologic stage of cirrhosis 0, 1, 2/3, 41 15.8/84.2   19.2/80.8             NS

       Patients (%) or (mean ± SD)
                          
Host factor    Fatal recurrence group  Control group          P

1Data in each parameter showed less than 2% missing rate, but histologic grade of hepatitis and histologic stage of cirrhosis 
showed 9% and 10.5% data missing rate, respectively. 

Table 2 Univariate analysis of tumor and surgical factors 
for immediate post-operative diffuse intra-hepatic 
recurrence or multiple distant recurrence after curative 
resection of HCC

Tumor factors
Tumor size (cm)  10.1 ± 6.2           4.8 ± 3.2 0.00
Tumor growth pattern, Eg1/Ig2 36.7/63.3           7.9/92.1 0.00
Multiple tumors  60.0           28.5   0.01
Tumor capsule formation 66.7           81.4  NS
Tumor capsule infiltration 45.0           29.6  NS
Intra-tumor septum formation   6.7             6.7  NS
Gross vascular or duct invasion 23.3             6.2  0.01
Microvascular invasion 86.6           33.9  0.00
Glisson’s capsule invasion 70.0           29.8  0.00
Edmond–Steiner grade3 47.4/52.6           40.7/59.3 NS
I, II/III, IV
Surgical factors   
Anatomical resection  93.3           87.8  NS
Resection margin ≥ 1 cm 66.7           42.3  0.02

    Patients(%) or (mean ± SD)

  Fatal recurrence group      Control group   P

1Expanding growth pattern; 2Infiltrative growth pattern; 3Data in each parameter 
showed less than 2% missing data rate, but there was 11.5% missing rate in the 
Edmond-Steiner grade.

Table 3 Multivariate analysis of significant risk factors 
for immediate postoperative diffuse intrahepatic 
recurrence or multiple distant recurrence after curative 
resection of HCC

Microvascular invasion          4.89     0.62             0.01
AFP ≥ 1 000 ng/mL           2.98     0.46             0.02
Tumor size ≥ 6.5 cm           2.98     0.50             0.03

Risk factors     Odds ratio           Standard error          P

of  HCC of  the patients in the fatal recurr-ence group 
was 3.9 ± 1.7 mo, and the mean survival time after 
recurrence was 6.7 ± 6.1 mo. The remaining 12 patients 
who were not in the fatal recurrence group but had tumor 
recurrence or recurrences within 6 mo after resection had 
the mean disease-free survival time until recurrence at 3.4 
± 1.8 months after surgery; however, the mean survival 
time after recurrence was 25.4 ± 29 mo, and this was 
significantly longer when compared to the fatal recurrence 
group (P < 0.05).
    Of  the 269 patients, 41 (15%) patients died within 
1 year of  surgery. Among these 41 patients, 35 (13%, 
35/269) patients died of  recurrence.
    The fatal recurrence group consisted of  23 males and 
7 females with the mean age of  49.2 ± 9.9 years. In the 
239 control group patients, there were 178 males and 61 
females with the mean age of  52.1 ± 10.4 years, showing no 
significant difference of  gender and age between the two 
groups.
    Univariate analysis of  patient factors between the two 
groups showed that there were significant differences with 
regard to the presence of  pre-operative tumor-related 
symptoms (P = 0.042) and serum AFP levels (P = 0.00) 
(Table 1). The tumor-related symptoms included right 
upper quadrant pain, radiating shoulder pain, weight loss, 
and palpable abdominal mass. Univariate analysis showed 
that significant tumor and surgical risk factors between the 
two groups were tumor size, infiltrative growth pattern, 
multiple tumors, gross vascular or ductal invasion, micro-
vascular invasion, Glisson’s capsule invasion, and less than 
1 cm resection margin (Table 2).
    Multivariate analysis showed that there were three 
major risk factors for early post-operative fatal recurrence: 
microvascular invasion (P = 0.01, OR = 4.89); tumor 
size > 6.5 cm (P = 0.03, OR = 2.98); and pre-operative serum 
AFP levels > 1 000 μg/L (P = 0.02, OR = 2.98) (Table 3).
    Among the 269 patients, 27 patients had all the three 
risk factors, and of  them 13 (48.1%) patients experienced 
actually fatal recurrence within 6 mo after curative surgery. 
There were 50 patients who had two risk factors, among 
them 11 (22%) patients experienced fatal recurrence. In 
addition, 71 patients were found to have only one risk 
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factor, among whom 5 (7%) patients experienced fatal 
recurrence within 6 mo after surgery.Table 4 illustrates the 
statistical difference of  positive predictive value between 
the different numbers of  risk factors. 

DISCUSSION
It has been known that risk factors which affect the 
pattern and timing of  recurrence are different. In general, 
tumor factors have been considered as significant risk 
factors in early recurrence, while liver function factors 
have been reported more significant in late recurrent 
disease[7-9]. Recurrence of  HCC is the major risk factor for 
the survival of  the patient after surgery. Previous studies 
have showed that early death within 1 year of  surgery due 
to recurrence of  the disease was approximately 10%[7], 
which was in consistent with our study.
     Curative treatment modalities for HCC are composed by 
surgical resection, liver transplantation, and percutaneous 
ablation[10]. Among these modalities, surgical resection has 
been traditionally known to be the most effective mode 
of  therapy for HCC[11,12], but some serious problems, such 
as post-operative liver failure due to underlying cirrhosis 
and post-operative recurrence, still remain. To overcome 
these problems, alternative curative methods, such as local 
ablation therapy and liver transplantation, are being widely 
employed[4,13].
    Local cauterization therapies for HCC include injection 
of  chemical agents, such as alcohol, and the use of  heat 
energy, such as radiofrequency or microwave techniques. 
These are applicable for early HCC patients even with 
poor hepatic functional reserve who are not suitable for 
surgery. Among these alternatives, radiofrequency ablation 
is considered to be more efficacious compared to alcohol 
injection methods in terms of  cellular necrosis at the 
tumor margins or destruction of  intra-tumoral septum. 
But, complete response rates have been reported to be 
very low for tumors that are more than 5 cm in diameter, 
and the tumor may not be easily accessible due to its 
difficult location in the liver in some instances[14,15].
    Liver transplantation has been shown to result in 
a favorable outcome in selected HCC patients with 
uncompensated or compensated liver function[4,16]. But, 

in patients with advanced HCC, high rate of  recurrence 
after OLT is a major problem of  this mode of  treatment. 
Possibly, accompanying immunosuppression may 
contribute to accelerating recurrence after OLT. Also, even 
if  liver transplantation is indicated, the lack of  donors and 
high cost of  the procedure limits the wide employment of  
this modality.
     According to a series reported by Llovet et al [10], surgical 
resection can be a more effective modality, rather than 
OLT or local ablative treatment, especially in early stage 
HCC with good hepatic functional reserve. However, 
because of  the limitations of  the aforementioned local 
therapy and liver transplantation, it is a common practice 
to perform partial hepatectomy with curative intention 
in patients even with intermediate or advanced HCC, if  
surgery can completely remove the tumor and as long as 
the functional liver reserve allows the procedure in hopes 
of  long-term survival[11]. Recent advances in pre-operative 
liver function reserve assessment, surgical techniques and 
intra- and post-operative management have contributed 
to lowering the post-operative mortality rate after partial 
hepatectomy to below 5%. Subsequently, it is thought that 
hepatectomy has become safer than before and therefore, 
the indications for resection have been accordingly 
broadened. Therefore, in the practical field, it is thought 
that the efficacy of  treatment is higher in advanced HCC 
than local ablation therapy or OLT.
     When recurrent HCC appears immediately after partial 
hepatectomy for HCC, it is thought that metastases of  
occult cancer cells that were not detected either grossly 
or by imaging techniques were already present at the time 
of  surgery. If  it is possible to detect these occult micro-
metastases in the pre-operative evaluation stage, then 
surgical resection of  main tumor may be contraindicated. 
And it has been shown in previous studies that the liver 
regeneration process after partial hepatectomy may 
enhance the growth of  occult metastases which rapidly 
develops into overt metastasis[17-19]. Therefore, the effort to 
predict these micro-metastasis and systemic dissemination 
of  cancer cells should not be indolent.
    In this study, using multivariate analysis, we were able 
to observe that the characteristic risk factors in the fatal 
recurrence group were tumor size > 6.5 cm, serum AFP 

 Table 4 Predictive values of risk factors for fatal recurrence after curative resection of HCC

 All three risk factors present     27 13  48.1 92.9           88.5                       0.023
 Only two risk factors present     50 11  22.0 91.3           78.4                       0.023

 Microvascular invasion and tumor size ≥ 6.5 cm    26   6  23.1 90.1           83.6                        0.027
 Microvascular invasion and AFP ≥ 1 000 ng/mL   21   4  19.0 89.5           84.0  0.027
 Tumor size ≥ 6.5 cm and AFP ≥ 1 000 ng/mL      3   1  33.3 89.1           88.5                        0.027 
 Only one risk factor present     71   5    7.0 87.4           66.2                        0.027
 Micro-vascular invasion     33   3    9.1 88.6           78.8                        0.027 
 Tumor size ≥ 6.5 cm      15   1    6.7 88.6           84.0  0.027
 AFP ≥ 1 000 μg/L      23   1    4.3 88.2           81.1                        0.027 
 No risk factor present    121   1    0.8 80.4           44.6                        0.027
 Number of total patients   269 30    

                       n            Number of fatal  PPV          NPV                Test efficiency       P 2

                                recurrence1 (%)  (%)        (%)

PPV: positive predictive value; NPV: negative predictive value; 1Number of patients with fatal recurrence within 6 mo of surgery; 2Statistical difference of PPV between 
patients with fatal recurrence within 6 months of surgery according to number of risk factors in each group.
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levels > 1 000 μg/L and microvascular invasion. It has been 
well documented that large tumors are a risk factor for 
recurrence after surgery, and that larger the tumor size is 
the earlier the recurrences is after curative resection. One 
of  the reasons for this has been postulated as the frequent 
presence of  micro-metastases of  tumor cells beyond the 
resection margins at the time of  surgery. Lai e t   a l [ 2 0 ] 
reported that intra-hepatic micro-satellite lesions are 
found at a greater distance from the primary tumors > 4 
cm in size. In addition, intra-hepatic micro-satellites at 
greater distances from the primary tumor are observed 
frequently in HCC with multiple tumors, presence of  
vascular invasion, and microvascular invasion, thus 
making low-actual curability by partial hepatectomy . The 
mechanism for such intra-hepatic microscopic metastasis 
is due to vascular invasion, which is considered to be a risk 
factor for early post-operative recurrence. This has been 
confirmed by reports that have identified microvascular 
invasion or gross portal vein invasion as significant risk 
factors for recurrence after liver transplantation or partial 
hepatectomy for HCC[9,21-23]. In previous studies, vascular 
invasion by the tumor has been regarded as microscopic 
intra-hepatic metastasis[6,24].
    The rate of  recurrence is high after OLT for HCC 
that is above the Milan criteria. The only mechanism 
of  the recur rence a f te r OLT i s due to vascu la r 
invasion of  HCC cells that leads to extensive systemic 
dissemination and circulation of  the cancer cells at the 
time of  transplantation. This has been suggested as the 
mechanism responsible for early post-operative intra-
hepatic recurrence or distant metastasis after partial 
hepatectomy[25].
    Previous studies have demonstrated that there is no 
significant difference in post-transplantation recurrence 
between the patients with solitary lesion of  up to 6.5 cm in 
size and the patients with lesions of  less than 5 cm (Milan 
criteria)[16]. Interestingly, although the presence of  HCC 
lesions of  more than 5 cm is traditionally considered as 
advanced disease, our results could not show the tumor 
size > 5 cm to be a significant risk factor of  the fatal 
recurrence group in the multivariate analysis. The statistical 
difference appeared when the lesion size of  6.5 cm was 
compared, indicating it as a significant risk factor. This 
result was in agreement with the previous data by Yao 
et  al  [16] who reported that the upper limit of  HCC lesion 
size for transplantation was 6.5 cm, since the greater sized 
lesions led to significantly high rates of  recurrence. These 
observations not only imply that when the size of  tumor 
is greater than 6.5 cm, there is a greater possibility of  
systemic dissemination, but also that tumor greater than 
6.5 cm may require strict control with adjuvant therapy 
against early post-operative recurrence as a consequence 
of  circulating cancer cells or micro-metastatic lesion after 
partial hepatectomy for HCC.
    Systemic adjuvant chemotherapy is the mainstay 
treatment modality for controlling systemic dissemination 
of  cancer cells after surgical resection of  HCC. Although 
many studies have failed to show clear benefits of  adjuvant 
systemic chemotherapy for HCC in randomized control 
trials, Yamamoto et  al  [26] Suggested that post-operative 
adjuvant oral 5-fluorouracil may be beneficial for stage II 

HCC patients with relatively favorable liver function and 
there are randomized control trials of  immunotherapy and 
interferon therapy with positive results for the prevention 
of  recurrence after resection of  HCC[27,28]. Needless to 
say, further more in-depth studies are required to clarify 
efficacy of  adjuvant therapy, because advanced HCC 
may be potentially curable surgically, tumor recurrence 
from systemic dissemination of  cancer cells is a frequent 
outcome of  the disease. Therefore, in order to enhance 
surgical curability theoretically, it is essential to initially 
remove all gross disease while implementing pre- or post-
operative chemotherapy or immunotherapy to control 
disseminated cancer cells or micro-metastasis.
     Previous data have shown that high pre-operative AFP 
level is a significant risk factor for early post-operative 
recurrence[29-31]. In this study, we also observed the similar 
result that serum AFP level > 1 000 μg/L is one of  the 
significant risk factors. Also, the pre-operative serum 
AFP level is thought to be closely correlated with vascular 
invasion of  tumor and dissemination of  HCC cells[25], and 
thus it may provide valuable prognostic information for 
the pre-operative evaluation.
    In conclusion, the high risk patients who have two 
or three risk factors mentioned in this study (serum 
A F P  > 1 000 μg/L,  m i c r o va s c u l a r i n va s i o n , t u m o r 
s   i  z  e    >   6.5 cm) should be the candidates of  various adjuvant 
clinical trials against early post-operative fatal recurrence. 
Furthermore, our results may provide a control for 
comparing effectiveness of  adjuvant clinical trial against 
early post-operative fatal recurrence after curative resection 
of  high risk HCC patients.
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Abstract
AIM: To determine the proteolyt ic act iv i ty and 
expression of gelatinase B in serum of gastric cancer 
patients and their correlation with the stage of the 
tumor.

METHODS: Sera from 23 patients who underwent 
surgery for primary gastric cancer as the experimental 
group and from 11 as the control group were used to 
determine the proteolytic activity and its inhibition by 
EDTA and 1,10-phenanthroline. Gelatinase B activity 
was detected by SDS polyacrylamide gel electrophoresis 
(SDS-PAGE) and SDS-PAGE zymography. 

RESULTS: Proteolytic enzyme activity was increased in 
gastric cancer patients when compared to the control 
group (P<0.05). The proteinases were determined to 
be metalloproteinases upon inhibition test with specific 
metalloproteinase inhibitors 1,10-phenanthroline 
(P<0.05) and EDTA (P<0.01). SDS-PAGE and SDS-PAGE 
zymography revealed gelatinase B (proMMP-9) activity 
and its molecular mass of 92 ku.

CONCLUSION: Proteinase activity is overexpressed 
in serum of gastric cancer patients. Gelatinase B in 
serum plays an important role in the progression of 
gastric cancer. ProMMP-9 can be used as a marker for 
invasiveness of gastric cancer.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Proteolysis occurs in normal tissue but is limited in 
duration. A general aspect of  malignant neoplasms may be 
an unbalance of  proteolysis, which favors invasion[1].

Tumor progression is a step-wise process. Multiple 
alterations in normal cells can lead to a localized tumor that 
can finally invade the surrounding tissues and metastasize. 
Tumor cell invasion involves attachment of  tumor cells 
to the underlying basement membrane, local proteolysis 
and migration of  tumor cells through the proteolytically 
modified region[2]. Local proteolysis is facilitated by 
proteinases outside the tumor cells, perhaps bound to the 
cell surface and/or secreted from the tumor cells. Recent 
data suggest that proteinases inside the tumor cells also 
participate in local proteolysis by digesting phagocytic 
extracellular matrix. In order to metastasize, cells must 
be able to move into the vasculature (intravasation), 
survive in the circulation, move out of  the vasculature 
(extravasation), invade the surrounding tissues and grow. 
All these steps involve interactions among tumor cells, 
stromal cells, invading lymphocytic cells, endothelial cells, 
and extracellular matrix. Proteinases expressed in these 
cells are believed to participate in many of  these steps[3-7].

Matrix metalloproteinases (MMPs) are extracellular 
enzymes capable of  degrading many extracellular matrix 
proteins. They are classified into five groups according 
to their structure and substrate specificity: collagenases, 
gelatinases, stromelysins, matrilysins and membrane-type 
MMPs. There is considerable evidence that MMPs play a 
major role in diverse physiologic processes and pathologic 
processes, including aspects of  embryonic development, 
tissue morphogenesis, wound repair, inflammatory diseases 
and cancer. Overexpression and activation of  MMPs have 
been linked with a variety of  diseases[8-10].

I n t h e m a t r i x m e t a l l o p r o t e i n a s e o f  M M P 
family, including a 72 ku enzyme resembling matrix 
metalloproteinase-2 (MMP-2) known as gelatinase A and 
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a 92 ku enzyme resembling matrix metalloproteinase-9 
(MMP-9) known as gelatinase B, have been demonstrated 
to be closely associated with several tumor systems and to 
invasive potential of  tumor cells[11-13]. Type IV collagenase 
can degrade not only interstitial matrix but also the 
basement membrane. Malignant ascites[14] is the direct and 
prominent manifestation of  advanced malignant diseases 
associated with invasion and metastasis of  peritoneal 
cavity by tumor cells. In the present study, we detected the 
gelatinase B activity in the sera from patients with gastric 
cancer by gelatin zymography in order to provide the 
scientific basis for clinical diagnosis of  gastric cancer.

MATERIALS AND METHODS
Reagents
N α-benzoyl-arginine p-nitroanil ide hydrochloride 
(BAPNA), EDTA and 1 ,10-phenanthrol ine were 
purchased from Sigma-Aldrich Chemie GmbH (Steinheim, 
Germany). The chemicals used for electrophoresis 
were from Merck (Darmstadt, Germany). Gelatin was 
purchased from Difco (Detroit, MN, USA). The mini 
gel electrophoresis equipment SE260 was from Hoefer 
Scientific Instruments (San Francisco, CA, USA).

Clinical specimens 
In this study, we used 23 patients with gastric cancer as the 
experimental group and 11 patients as the control group. 
All patients with gastric cancer underwent surgery in the 
Institute for Digestive Diseases, Clinical Center of  Serbia, 
from June 2002 to January 2004 and received neither che-
motherapy nor radiation therapy before surgery. Of  these 
patients, 15 (65%) were men and 8 (35%) were women 
with a mean age of  58 years (range: 38-75 years).

We had preoperative pathological diagnoses for all pa-
tients. Eleven patients underwent abdominal exploration 
or feeding jejunostomy because of  liver metastases, peri-
toneal dissemination or malignant ascites. Twelve patients 
underwent radical surgery. In these patients, pathologi-
cal examinations including depth of  the tumor invasion, 
vascular invasion, lymphatic permeation, and lymph node 
metastasis were made according to the general rules of  
gastric cancer outlined by the Japanese Research Society 
for Gastric Cancer. In the control group, all the 11 patients 
were diagnosed to have groin hernia.

According to the TNM Classification System of  the 
UICC, there were 2 stage 1, 3 stage 2, 5 stage 3, and 2 stage 
4 tumors. According to their histological differentiation, 
there were 3 well, 4 moderately, and 5 poorly differentiated 
tumors. The clinicopathological features were found by 
reviewing all HE stained tissue sections. 

Proteolytic activity
Proteolytic activity was determined using the method 
described by Ebeling et al [15].

Metalloproteinase inhibition test 
The effect of  EDTA and 1,10-phenanthroline (in 
concentration of  5 mmol/L) on proteolytic activity of  the 
serum was examined. The serum was incubated at 37 ℃
for 30 min and the remaining proteolytic activity was 

determined under standard conditions. 

SDS-PAGE
SDS-PAGE was performed with 75 g/L polyacrylamide 
gel[16] under no reduction conditions using a solution 
mixture of  protein markers containing ovalbumin (45 ku), 
bovine serum albumin (BSA, 67 ku), β-galactosidase (116 
ku) and myosin (200 ku). Serum was diluted in 200 g/L 
sucrose to prepare the samples. The samples were analyzed 
by SDS-PAGE to determine the molecular mass.

SDS-PAGE zymography
Samples were analyzed by SDS-PAGE zymography 
according to the method of  Kleiner and Stet ler-
Stevenson[17] to determine the molecular mass and relative 
abundance of  the gelatinases present. Samples were 
incubated for 40 min at 37 ℃ and electrophoreses were 
performed without reduction of  75 g/L polyacrylamide 
gels copolymerized with 0.01 g/L gelatin at 4 ℃ at a 
constant current of  15 mA. When the tracking dye at the 
front reached the bottom of  the gel, the gel was removed 
and shaken gently for 45 min in 0.25 g/L Triton x-100 to 
remove SDS. Then the gel slabs were transferred to a bath 
(without Triton x-100) and washed for 20 min to remove 
Triton x-100. The above procedure was repeated twice at 
4 °C. Then the gels were incubated and shaken for 60 h 
in 0.1 mol/L glycine, 50 mmol/L Tris-HCl, 5 mmol/L 
CaCl2, 1 µmol/L ZnCl2, 0.5 mol/L NaCl, pH 8.3, at 37℃. 
Regions of  proteolytic activity were visualized as clear 
zones against a blue background after 3-h staining with 
Coomassie brilliant blue.

MMP inhibition test on zymography 

In order to verify that the clear zones resembling matrix 
metalloproteinase, 5 mmol/L EDTA was added into the 
samples before incubation to inhibit MMP activities on 
gelatin zymography.

Statistical analysis
Mann-Whitney test and Wilcoxon signed rank test were 
used for statistical analysis. P<0.05 was considered 
statistically significant.

RESULTS
Proteolytic activity
Proteolytic activity was increased (P<0.05) in gastric cancer 
patients compared to the control group (Tables 1 and 2). 
On the other hand, there was no significant correlation in 
proteolytic activity among the patients after radical or palli-
ative surgery.

Metalloproteinase inhibition test
EDTA and 1,10-phenanthroline inhibited proteolytic ac-
tivity on BAPNA superstrate in the sera of  patients with 
gastric cancer. 1,10-phenanthroline (P<0.05) showed less 
inhibition on proteolytic activity than EDTA (P<0.01) 
(Table 1). 

Detection of gelatinase B in serum
The samples of  gastric cancer patients were shown on 
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SDS-PAGE Coomassie brilliant blue staining bands at the 
mass position of  92 ku. The protein molecular mass of  
92 ku was detected in 82% of  patients with gastric cancer. 
Molecular mass of  92 ku indicated MMP-9 protein (Figure 
1). In the control group, MMP-9 protein was not detected.

The gelatinase B activity was detected by SDS-
PAGE zymography as the clear bands against the blue 
background (Figure 1) in the sera of  gastric cancer 
patients. There were no clear bands in the control group. 
The clear bands detected by gelatin zymography were 
characterized by the activity of  gelatinases A (72 ku) and 
B (92 ku). The reaction was positive for band migrating 
at approximately 220 and 92 ku and for bands at 200 and 
116 ku in some samples. The 220-ku band was strongly 
positive for gelatinase B, suggestive of  homodimer. The 
200- and 116-ku bands were interpreted as proMMP-9/
TIMP-1 complexes.

Metalloproteinase inhibition test by zymography
Gelatinase B activity in the serum of  gastric cancer 
patients was inhibited by EDTA.

DISCUSSION
Proteolytic activity in the sera of  patients with gastric 
cancer was higher than that in the control group, indicating 
that proteolysis can be degraded by ECM[18-20]. For the 
occurrence of  metastasis, tumor cells must repeatedly cross 
over the basement membrane barrier, a process for which 

proteolysis of  ECM components is required[21,22]. Some of  
the proteins associated with invasion and metastases of  
tumors are produced by tumor cells. Then, the proteins 
(whole or fragments) may accumulate in blood or urine of  
patients.

According to the inhibition test with EDTA and 
1,10-phenanthroline, proteinases are found to be 
metalloproteinases and the inhibition is an additional 
biochemical parameter for correlation of  proteolytic 
ac t iv i t y and g as t r i c cancer. Increased l eve l s o f  
metalloproteinase have been implicated in the invasive 
potential of  tumors[23-26]. These results suggest that 
overexpression of  metalloproteinases in the serum plays 
an important role in the progression of  gastric cancer. 

Overexpression of  type IV collagenase has been 
demonstrated in a variety of  cancers including colorectal 
cancer[27], gastric cancer[28], and breast cancer. There is 
evidence that type IV collagenase activity or concentration 
is increased in the plasma of  patients with advanced 
carcinoma[29-33]. It was reported that type IV collagenase 
activity is increased in urine[34] and ascites[14] of  cancer 
patients. 

In the present study, we initially measured the gelatinase 
B activities in the serum of  gastric cancer patients. The 

1 8.6 1.4 83.7 0.9 89.5 –
21 3.1 1.7 45.2 1.6 51.6 II
31 9.0 2.3 74.4 1.7 81.1 IV
41 4.0 2.8 30.0 4.2 – III
51 8.8 0.0 100.0 2.2 75.0 IV
6 4.5 5.2 – 1.4 68.9 –
7 0.7 2.1 – 3.5 – –
8 4.9 5.3 – 8.0 – –
91 7.0 3.3 52.9 5.7 18.6 III
10 6.2 0.0 100.0 3.8 38.7 –
111 2.8 5.6 – 4.2 – II
121 1.7 1.5 11.8 6.1 – II
13 6.9 0.6 91.3 0.7 89.9 –
14 8.0 0.3 96.2 1.9 76.2 –
151 5.2 0.1 98.1 1.5 71.2 III
161 1.8 0.7 61.1 2.5 – I
17 0.8 0.7 12.5 2.3 – –
18 8.8 1.1 87.5 5.0 43.2 –
191 4.7 1.9 59.6 3.6 23.4 III
201 4.8 1.5 68.8 1.9 60.4 III
21 5.3 0.0 100.0 2.4 54.7 –
22 4.1 0.6 88.7 2.4 41.7 –
231 1.3 0.5 61.5 1.1 15.4 I

Tab le 1 Proteo ly t i c ac t i v i ty and inh ib i t ion of 
metalloproteinase activity in serum of patients with 
gastric cancer

 1Radical surgery.

Sample   BAPNA   EDTA   Inhibition in   1,10-Phen  Inhibition in   TNM
             (mU)      (mU)    presence of      (mU)      presence of    stage
                                       EDTA (%)                1,10-phen (%)

Tab le 2 Proteo ly t i c ac t iv i ty and inh ib i t ion of 
metalloproteinase activity in serum of control group

Control BAPNA     EDTA   Inhibition in    1,10-Phen    Inhibition in
                 (mU) (mU)    presence of        (mU)      presence of   
                                      EDTA (%)       EDTA (%)

1 1.3 4.3 - 0.4 69.2

2 0.7 3.2 - 4.3 -

3 0.4 2.3 - 1.7 -

4 4.4 6.8 - 0.9 79.5

5 0.3 1.3 - 1.7 -

6 2.2 0.9 59.1 - -

7 0.9 1.6 - 2.5 -

8 1.0 0.0 100.0 3.2 -

9 0.3 0.9 - 2.6 -

10 0.3 1.1 - 2.7 -

11 1.7 0.0 100.0 0.0 100.0

Figure 1 Results of SDS-PAGE and SDS-PAGE zymography. 1: Serum of gastric 
cancer patients with EDTA inhibitor; 2: serum of control group; 3: molecular mass 
determination; 4: Protein marker mixture.

 200 ku

116 ku

  67 ku

  45 ku

220 ku

  92 ku

→

→

1         2           3            4
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results demonstrated that proteolytically active proMMP-9 
was significantly associated with cancer. Proteolytic activity 
was shown in tumor patients. On the basis of  molecular 
size and inhibition by EDTA, the bands were respectively 
interpreted as proMMP-9 (92 ku) and its putative dimmer 
220 ku and proMMP-9/TIMP-1 complexes (200 and 116 
ku). The activated form of  gelatinase B (83 ku) was not 
detected in the serum of  cancer patients. Gelatinase A 
activity was not detected in the serum of  gastric cancer 
patients. The gelatinases, particularly gelatinase A, seem 
to be important in the initial stage of  tumor invasion[12] as 
they degrade the components of  the basement membrane, 
while other MMPs contribute to the later stages of  tumor 
invasion[35]. In some reports[36], gelatinase B in gastric 
carcinoma is positively correlated with the existence of  
vessel permeation, lymph node metastasis or the depth of  
tumor invasion. 

In conclusion, gelatinase B protein may serve as 
a marker for invasiveness and metastasis of  gastric 
cancer[37-39]. ProMMP-9 can be used for the detection of  
primary or recurrent cancer and for the estimation of  
tumor extent.
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Abstract
AIM: To determine the plasma carnitine ester profile in 
adult patients with ulcerative culitis (UC) and compared 
with healthy control subjects.

METHOD: Using ESI triple quadrupole tandem mass 
spectrometry, the carnitine ester profile was measured 
in 44 patients with UC and 44 age- and sex-matched 
healthy controls.

RESULTS: There was no significant difference in the 
fasting free carnitine level between the patients with 
UC and the healthy controls. The fasting propionyl- 
(0.331 ± 0.019 vs 0.392 ± 0.017 μm o l / L), butyryl- 
(0.219 ± 0.014 vs  0.265 ± 0.012), and isovalerylcarnitine 
(0 .111 ± 0.008 vs  0 .134 ± 0.008) leve ls were 
decreased in the UC patients. By contrast, the level 
of octanoyl- (0.147 ± 0.009 vs  0.114 ± 0.008), 
decanoyl- (0.180 ± 0.012 vs  0.137 ± 0.008), myristoyl- 
(0.048 ± 0.003 vs 0.039 ± 0.003), palmitoyl- (0.128 ± 0.006 
v s  0 . 109 ± 0 . 004 ) , p a lm i t o l e y l - ( 0.042 ± 0.003 
vs  0.031 ± 0.002) and oleylcarnitine (0.183 ± 0.007 
vs  0.163 ± 0.007; P < 0.05 in all comparisons) were 
increased in the patients with UC.

CONCLUSION: Our data suggest selective involvement 
of the carnitine esters in UC patients, probably due to 
their altered metabolism.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Ulcerative colitis (UC) is a disorder of  the idiopathic 
and chronic inflammation of  the colonic mucosa. The 
etiology and the pathogenesis of  the disease are yet 
unknown; a classic study on isolated colonic epithelial cells 
demonstrated decreased utilization of  n-butyrate. Since 
the major energy sources of  the epithelial cells of  the 
distal colon are the short-chain fatty acids (SCFAs), these 
cells are able to metabolize other fuels, such as glucose 
and glutamine, only at a much lower rate[1]. SCFAs are 
generated from carbohydrates by bacterial degradation 
and they are readily absorbed by the colon and represent 
energy fuels for the colonocytes and other tissues, such 
as the skeletal muscle[2,3]. Patients with distal UC may 
have increased or moderately decreased stool SCFA 
concentrations, reflecting their altered absorption[4,5]. 
UC can, therefore, be regarded essentially as an SCFA 
oxidation failure-associated disease, where the energy 
deficiency is a primary event in the development of  the 
disease[1].
    L-carnitine plays an essential role in the energy 
metabolism, since it enables the transport of  activated 
long-chain fatty acids (LCFA) as carnitine esters across 
the inner mitochondrial membrane. Moreover, it is able 
to form esters with several medium- and SCFAs of  both 
endogenous and exogenous origins[6,7]. The impact of  
altered SCFA metabolism in UC prompted us to study the 
circulating carnitine ester profile in the UC patients.

MATERIALS AND METHODS
Patients
We examined 44 patients with UC (25 males, 19 females, 
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mean age: 39.7 years, range: 17-65 years), and 44 carefully 
selected clinically healthy age-, sex-, weight-, and height-
matched control subjects (20 males, 24 females, mean age: 
37.0 years, range: 23-60 years). The control subjects did not 
receive any drug medication, while the UC patients were 
treated with either sulfasalazine or 5-aminosalicylic acid. 
We assumed that these drugs do not have any influence on 
the carnitine status since there were no such data available 
in the literature.
     Diagnosis of  the disease relied upon the history of  the 
patients, clinical symptoms, negative stool examination for 
bacteria and parasites, and histologic results of  rectal and/
or colonic biopsy. Exclusion criteria in both groups were 
as follows: secondary causes of  colonic disease, systemic 
diseases, any malformations, evidence of  intestinal 
bacterial infection, history or evidence of  any inherited 
metabolic disease, hepatic or renal disease, and pregnancy. 
(Table 1) shows the clinical parameters of  the UC patients.
    The clinical and laboratory data were the results of  
measurements performed from sample aliquots of  blood 
collected after an overnight fasting precisely between 08:00 
a.m. and 08:30 a.m., both in the UC patients and in the 
healthy control subjects. This strict post-alimental time 
scheduling was introduced to prevent the diet or fasting 
time-induced dynamic changes of  carnitine esters in the 
circulation[8].
    Informed consent was obtained from each participant 
of  the study and the study design was approved by the 
Departmental Ethics Committee.

Methods
Plasma albumin, iron, and C-reactive protein levels were 
determined by routine methods. The hemoglobin (Hb), 
mean corpuscular volume (MCV), white blood cells (WBC) 
and platelet (PLT) were measured by automated analysis 
(sysmex XE 2100, Japan). The body mass index (BMI) was 
calculated as body weight/height2 (in kg/m2).
    Acylcarnitines were measured after derivatization as 
butyl esters using isotope dilution mass spectrometry 
method in a Micromass Quattro Ultima ESI triple-
quadrupole mass spectrometer. The procedure was 
principally the method described previously[9]. Essentially, 

10 μL of  plasma was spotted and dried onto a filter 
paper and prepared by extraction with 200 μL of  
methanol containing internal deuterium-labeled standards 
(0.76 μmol/L [2H3] -free carnitine, 0.04 μmol/L [2H3] 
-propionylcarnitine, 0.04 μmol/L [2H3] -octanoylcarnitine 
and 0.08 μmol/L [2H3] -palmitoylcarnitine). After 20 min 
of  agitation, the supernatant was evaporated to dryness 
under nitrogen at 40 ℃ and then 100 μL of  3 mol/L 
butanolic HCl was added. The solution was incubated 
at 65 ℃ for 15 min and evaporated to dryness again 
under nitrogen at 40 ℃ and re-dissolved in 100 μL of  
the mobile phase (acetonitrile:water 80:20). A total of  10 
μL of  sample aliquots were introduced to the ESI cone 
by using Waters 2795 HPLC system. The free carnitine 
and all acylcarnitines were determined by ESI-MS/MS 
analysis using positive precursor ion scan of  m/z 85; scan 
range was 200-550 m/z. The capillary voltage was 2.50 kV, 
while the cone voltage was 55 V, and the collision energy 
was 25 eV. The flow rate was 100 μL/min and the total 
analysis time was 4 min per sample. Each sample was 
measured in triplicates starting with the injection step, and 
the results were the means of  the three determinations.

Statistical analysis
Student’s t test for unpaired samples was used for 
the statistical analysis. The values were expressed as 
mean ±  SE, in three decimals for the carnitine esters 
with respect to the low levels in the case of  the long-
chain carnitine esters. P < 0.05 was considered statistically 
significant.

RESULTS
The plasma circulating carnitine ester profiles are shown 
in Table 2. The plasma level of  free carnitine and acetyl 
carnitine did not differ between the UC patients and the 
controls. By contrast, significant decreases were observed 
in fasting propionyl-, butyryl-, and isovalerylcarnitine ester 
levels in UC patients as compared with the controls. The 
level of  total short-chain carnitine esters was markedly 
lower in the patients with UC (9.855 ± 0.094 μmol/L) than 
in the healthy controls (11.003 ± 0.100 μmol/L, P < 0.01).
    The levels of  octanoyl-, and decanoylcarnitine were 
decreased in the healthy subjects. The levels of  total 
medium-chain acylcarnitines were obviously higher in the 
UC patients (0.629 ± 0.007 μmol/L) than in the control 
subjects (0.548 ± 0.007 μmol/L, P < 0.01).
     In the long-chain acylcarnitine group, the plasma levels 
of  myristoyl-, palmitoyl-, palmitoleyl- and oleylcarnitine 
were significantly decreased in the healthy group. The 
levels of  total long-chain carnitine esters were markedly 
higher in the patients with UC (0.596 ± 0.005 μmol/L) than 
in the controls (0.515 ± 0.009 μmol/L, P < 0.01).
    In addition, the level of  total carnitine esters was 
significantly decreased in the UC patients (11.080 ± 0.035 
μmol/L) as compared wi th the hea l thy contro ls 
(12.066 ± 0.037 μmol/L, P < 0.01).
 

DISCUSSION
Carnitine [β-hydroxy-γ(trimethylamino) butyric acid] 

Table 1 Some major clinical and laboratory parameters 
in patients with ulcerative colitis and control subjects 
(mean ± SE)

 
Females/males                    19/25                     24/20
CRP (mg/L)                    12.2 ± 4.5                     2.6 ± 0.5
Albumin (g/L)                    44.6 ± 0.7                   50.2 ± 0.8
Iron (µmol/L)                    16.1 ± 1.2                   23.7 ± 1.6
Hb (g/dL)                                       131.3 ± 2.5                    159 ± 1.2
MCV (L)                                         86.2 ± 1.2                   94.8 ± 2.5
WBC (G/L )                      7.6 ± 0.4                     9.2 ± 0.6
BMI (kg/m2)                    24.6 ± 0.6                   24.1 ± 0.5
PLT (G/L)                                        298.5 ± 13.5                 228.3 ± 10.4
Both ileum and colon localization 5/44 (11.4%) 
Rectosigmoid
localization only                     8/44 (18.2%) 
Colon localization                    31/44 (70.4%) 

Parameters                  UC patients, n  = 44          Controls, n  = 44
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is known as a carrier for transporting activated LCFA 
into the mitochondrial matrix for β-oxidation. With this 
function the L-carnitine plays an essential role in the 
energy metabolism[6]. Moreover, the carnitine molecule is 
able to form esters with several medium- and short-chain 
fatty acids of  both endogenous and exogenous origins[6,7]. 
The circulating carnitine ester spectrum can reflect 
affected cellular metabolism of  the short-, medium-, and 
long-chain fatty acids. Therefore, the monitoring of  the 
carnitine ester composition is a widespread tool for the 
diagnosis of  several inborn errors of  metabolism. Besides 
the complete metabolic blockage caused by the inherited 
lack of  enzyme activities, influences on carnitine ester 
spectra may be the consequence of  only partially affected 
flux of  metabolites via the carnitine acyltransferases.
   In the present study, significant decrease was found 
in the fasting plasma levels of  propionyl-, butyryl-, and 
isovalerylcarnitine esters, leading to the decrease of  
SCFA carnitine esters. Although the pathogenesis of  UC 
is still unknown, a widely accepted hypothesis focuses 
on the pivotal role of  the diminished availability of  
SCFAs for the enteral cells. Normally, SCFAs are rapidly 
absorbed from the colon and have many properties, as 
they represent an energy source for colonocytes and if  
they are exported to other tissues. Moreover, they affect 
lipid metabolism, colonic mucosal blood flow, motility, 
and mucus secretion[2]. In the normal case, the major 
energy source of  the epithelial cells of  the distal colon 
derives from the metabolism of  the SCFAs[10], which is 
impaired in UC[1]. In addition to the SCFA metabolism, the 
influenced coenzyme A esterification has been reported 
to be associated with UC[11]. In the cells, the fatty acyl 

Table 2 Plasma carnitine ester profiles in ulcerative colitis 
patients and controls (μmol/L, mean ± SE)

 
Free carnitine (C0)                                31.595 ± 1.454         31.431 ± 1.042
Short-chain acylcarnitines   
Acetylcarnitine (C2)                                9.164 ± 0.426           10.179 ± 0.461
Propionylcarnitine (C3)                              0.331 ± 0.019a    0.392 ± 0.017
Butyrylcarnitine (C4)                                0.219 ± 0.014a    0.265 ± 0.012
Isovalerylcarnitine (C5)                               0.111 ± 0.008a    0.134 ± 0.008
Tiglylcarnitine (C5:1)                                0.030 ± 0.004    0.033 ± 0.002
Medium-chain acylcarnitines  
Hexanoylcarnitine (C6)                               0.071 ± 0.006    0.081 ± 0.005
Octenoylcarnitine (C8)                                0.147 ± 0.009a    0.114 ± 0.008
Octenoylcarnitine (C8:1)                             0.064 ± 0.005    0.062 ± 0.007
Decanoylcarnitine (C10)                             0.180 ± 0.012a    0.137 ± 0.008
Cecenoylcarnitine (C10:1)                           0.113 ± 0.006    0.104 ± 0.008
Lauroylcarnitine (C12)                                0.054 ± 0.003    0.050 ± 0.003
Long-chain acylcarnitines  
Myristoylcarnitine (C14)                             0.026 ± 0.001    0.024 ± 0.001
Myristoleylcarnitine (C14:1)                       0.048 ± 0.003a    0.039 ± 0.003
Palmitoylcarnitine (C16)                             0.128 ± 0.006a    0.109 ± 0.004
Palmitoylcarnitine (C16:1)                          0.042 ± 0.003a    0.031 ± 0.002
Stearoylcarnitine (C18)                                0.085 ± 0.003    0.079 ±0.003
Oleylcarnitine (C18:1)                                0.183 ± 0.007a    0.163 ± 0.007
Hydroxymyristoylcarnitine (C14OH)      0.007 ± 0.001    0.006 ± 0.001
Hydroxypalmitoylcarnitine (C16OH)      0.026 ± 0.002    0.023 ± 0.001
Hydroxypalmitoleylcarnitine (C16:1OH)0.033 ± 0.002    0.029 ± 0.002
Hydroxyoleylcarnitine (C18:1OH)           0.018 ± 0.002a    0.012 ± 0.001

                                         UC patients, n  = 44     Controls, n  = 44

moieties are transferred from coenzyme A to the beta 
hydroxyl group of  the carnitine via the short-, medium, 
and long-chain carnitine acyltransferases[6]. These events 
separately or in combination, can explain the decrease of  
the circulating SCFA carnitine esters.
    The circulating plasma carnitine profile is determined 
by the balance of  the release and uptake mechanisms. 
Carnitine releases into the circulation by the liver primarily 
as acylcarnitine[12]. While in the hepatic vein, the ester 
proportion is relatively high, approximately half  of  
the total carnitine is esterified. The actual ester pattern 
detected in the peripheral blood is a result of  the uptake/
release action of  the peripheral tissues; and in a peripheral 
venous blood, much less (approximately 1/3-1/4 of  the 
total carnitine) is esterified. Whereas, the decrease of  the 
SCFA carnitine esters found in the UC patients could 
be explained as discussed earlier. Based on the current 
knowledge, it is much more difficult due to the limited 
nature of  the data, to explain the opposite change of  the 
medium- or long-chain carnitine esters. Only a few studies 
are available reporting alterations of  fatty acid metabolism.
However, the data are inconsistent, but suggest the 
involvement of  LCFA metabolism in UC[13-15]. Further 
studies are required to clarify these issues.
    After the positive results on topical SCFA treatment 
in UC[16], Gasbarrini et al [3] studied propionyl-L-carnitine 
administration as rectal irrigation and found that improved 
clinical picture and histological status of  the bowel 
are improwed. In the light of  the current findings, the 
likely decreased tissue reserves could be corrected by 
administration of  the drug and the positive outcome 
could be a consequence of  the successful replacement 
therapy. Whether the already known beneficial therapeutic 
effects of  special LCFA containing or supplemented 
with diets[14,15,17-20] are due to at least in part, a similar 
replacement phenomenon, also remains to be elucidated.
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INTRODUCTION
Life threatening nosocomial pneumonia secondary to 
aspiration of  gastric contents is frequent in intubated 
mechanically-ventilated patients[1,2]. A number of  causes 
have been implicated in the development of  ventilator-
associat-ed pneumonia (VAP) during mechanic-al 
ventilation, namely the oropharyngeal colonization[2], body 
position[3], nasogastric tube (NGT)[4], and its size[5]. Supine 
position and the length of  patient’s permanence in this 
position are other potential risk factors for aspiration[3]. 
Though the semi-recumbent position reduces the risk of  
pulmonary aspiration, gastroesophageal reflux (GER) is 
still possib e[6,7]. However, GER occurs with a significantly 
higher incidence in semi-recumbent mechanically-
ventilated patients with NGT than without (74% vs 35%)[8]. 
According to other studies[9,10], large-bore tubes do not 
cause more reflux than small-bore ones.
    If  the duration of  nasogastric intubation correlates 
with the degree of  GER, NGT removal after gastrostomy 
should normally decrease both GER and aspiration 
pneumonia rates. Percutaneous endoscopic gastrostomy 
(PEG), however, i s considered nei ther as a non-
pharmacological measure for the prevention of  VAP, 
nor as an adjunctive measure to its treatment because 
it elicits an increase in GER, aspiration, and incidence 
of  pneumonia, at least in the early post-gastrostomy 
period[8,11]. Nevertheless, in these studies the body 
position was not specified and the gastric content was not 
controlled after gastrostomy.
    The aim of  the present study was to investigate if  
long-standing presence of  NGT for feeding is associated 
with increased incidence of  GER and if  PEG combined 
with semi-recumbent position and avoidance of  gastric 
nutrient retention lead to decreased incidence of  GER in 
mechanically-ventilated patients.
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Abstract
AIM: To invest igate the effect of percutaneous 
endoscopic gastrostomy (PEG) on gastroesophageal 
reflux (GER) in mechanically-ventilated patients.

METHODS : In a prospective, randomized, controlled 
study 36 patients with recurrent or persistent ventilator-
associated pneumonia (VAP) and GER > 6% were divided 
into PEG group (n = 16) or non-PEG group (n  = 20). 
Another 11 ventilated patients without reflux (GER < 
3%) served as control group. Esophageal pH-metry was 
performed by the “pull through” method at baseline, 2 
and 7 d after PEG. Patients were strictly followed up for 
semi-recumbent position and control of gastric nutrient 
residue.

RESULTS: A significant decrease of median (range) re-
flux was observed in PEG group from 7.8 (6.2 - 15.6) at 
baseline to 2.7 (0 - 10.4) on d 7 post-gastrostomy (P  < 
0.01), while the reflux increased from 9 (6.2 - 22) to 10.8 
(6.3 - 36.6) (P  < 0.01) in non-PEG group. A significant 
correlation between GER (%) and the stay of nasogastric 
tube was detected (r  = 0.56, P  < 0.01).
 
CONCLUSION: Gastrostomy when combined with semi-
recumbent position and absence of nutrient gastric resi-
due reduces the gastroesophageal reflux in ventilated 
patients.

© 2006 The WJG Press. All rights reserved.
 
Key words: Nasogastric tube; Gastroesophageal reflux; 
Semi-recumbency; Gastric residue;Percutaneous endo-
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MATERIALS AND METHODS

Pilot study
Simultaneous measurement of  gastric and esophageal pH 
was performed during a 24-h period[12] in 23 adult intensive 
care patients, who were mechanically-ventilated and 
had a NGT in place for a duration of  3-90 d. Exclusion 
criteria from the study included unstable hemodynamic 
state, administration of  morphine, atropine, theophylline, 
barbiturates, and cisapride, and a past history of  GER or 
hiatal hernia. GER was expressed as percentage of  the 
time when the esophageal pH was less than 4 in a given 
24-h period of  time GER (%). Values of  GER less than 
3% were considered as normal. In these 23 patients, there 
was a positive correlation of  the duration of  nasogastric 
intubation in mechanically-ventilated patients to the degree 
of  GER (%) (r = 0.78, P < 0.01). GER mainly occurred 
after a 10-d period of  NGT and mechanical ventilation. 
Based on these results, only patients who were on 
mechanical ventilation with NGT for more than 10 d were 
enrolled in the main study.

Main study and patient selection
The institutional review board approved the study 
protocol and informed consent was obtained from patient’

s kin in each case. Over a 28-mo period, 39 consecutive 
mechanically-ventilated patients with NGT in place, 
suffering from persistent or recurrent VAP and presenting 
a GER above 6% constituted the study population. The 
diagnosis of  persistent or recurrent VAP was established 
according to the criteria previously described[13,14]. The 
exclusion criteria mentioned in the pilot study were 
maintained. Nineteen patients were randomly allocated 
to receive PEG, but three among them were excluded 
because of  hiatal hernia (2 cases) and intestinal bloating 
(1 case). Finally, 16 patients received PEG (PEG group) 
and 20 did not (non-PEG group). In the non-PEG 
group patients the eventual presence of  hiatal hernia was 
possibly missed, since no endoscopy was performed for 
PEG placement. Twelve patients in the PEG group and 
15 patients in the non-PEG group presented persistent 
pneumonia. The rest of  the patients in both groups had 
recurrent pneumonia. Eleven mechanically-ventilated 
patients with acute respiratory failure and NGT for more 
than 15 d and GER lower than 3% were used as controls. 
Patients enrolled in the study had comparable severity 
scores of  VAP or acute respiratory failure, radiographic 
scores and ventilation parameters (data not shown). The 
characteristics of  patients are presented in (Table 1).
    Gastrostomy was performed using the pull through 
(Ponsky) technique[15] after feeding was stopped for 24 h. 
Patients of  all groups were on continuous drip NGT or 
PEG-feeding at 60 mL/h with a polymeric diet of  energy 
content of  1 000 kcal/L. Thereafter, they were placed in 
a semi-recumbent position (30°) and the volume of  the 
gastric nutrient residue was measured with a syringe at 8-h 
intervals. If  the nutrient volume exceeded 200 mL, feeding 
was withheld and restarted when the volume decreased. 
These two measures were followed for the subsequent 
20-d period during which conventional treatment for 
pneumonia was applied.
     All pH-metries were performed on a 24 h basis. Baseline 
pH-metries and those performed on d 7 in non-PEG 
patients were carried out as follows: with the patient in 
semi-recumbent position a single crystal antimony multi 
use electrode was used which disposes three sensors 

  

 Age  53 (20 - 82) 58 (25 - 85) 56 (34 - 76)           NS
 Sex (M/F)  10/6 12/8 7/4           NS
 Weight (kg) 75 (55 - 85) 79 (56 - 95) 83(68 - 90)           NS
 APACHE II 17 (12 - 23) 17 (9 - 28) 15 (5 - 26) 
 Primary disease
 Head injury 7 5 1
 Spinal cord injury 3 4 -
 Multiple trauma 5 8 3           NS
 Stroke  4 2 5
 COPD  5 4 3
 Post-operative  4 3 -
 resuscitation 
 Days of MV  25 (19 - 36) 27 (17 - 56) 24 (12 – 32)         NS
 and NGT
 Days of VAP  14 (8 - 19) 13 (4 - 36) -         NS
 before study

                               PEG          Non-PEG   Control            P         
                               (n  = 16) (n  = 20)      ( n  = 11)         

Table 1 Characteristics of patients in the study 
[median (range)]

Figure 2  Variation of the median GER (%) together with 10%, 25%, 75%, and 
90% from pH-metries originated from the sensor located at 20 cm proximally to the 
lower esophageal sphincter. The symbol in the 48-h period is lacking in patients of 
non-PEG-group since no pH-metry was performed in that period in this group of 
patients.

Figure 1  Correlation between duration of NGT and mechanical ventilation 
standing period to the GER rate measured in 70 patients.
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located at the tip, 15 and 30 cm, respectively connected to 
a portable recorder (Digitrapper Mk III, Synectics Medical 
AB, Stockholm, Sweden). The electrode had a diameter of  
2.1 mm at the level of  the sensors and was attached via an 
adhesive material to a new 14 bore NGT so that the distal 
pH-meter sensor corresponded at 10 cm proximally to 
the tip of  the NGT. In this way, reflux associated with the 
presence of  NGT could be detected. An in vitro calibration 
of  the whole system was carried out with buffer solutions 
of  pH 1 and pH 7 before each pH-metry.
    After ordinary NGT removal, the new NGT with the 
sensor probe attached was introduced via the nose into 
the stomach until acid pH was recorded with the distal and 
middle sensors as previously described[12]. The electrode 
was then slowly withdrawn until the middle sensor channel 
detected a sudden pH change from acid (< 4) to above 5. 
The electrode was then withdrawn for further 5 cm. In this 
way, the distal sensor was located into the stomach and the 
middle and proximal sensors were located at 5 and 20 cm 
above the lower esophageal sphincter, respectively. The 
correct positioning of  the electrode was verified at the end 
of  pH-metry and before its withdrawal by a chest x-ray. 
The recording device measured pH values every 4 s and 
stored the mean of  20 values every 80 s. 
     Patients received sucralfate, 2 g twice daily via NGT at 
least 72 h before the study for gastric mucosa protection. 
Antacids, H-2 blocking agents or omeprazole that could 
interfere with pH neutralization were not used and for the 
same reason feeding was stopped 6 h before and during 
the period of  pH-metry. Patients were not sedated nor 
paralyzed.
    In PEG group patients, two additional pH-metries were 
carried out: the first at an early (48 h) post-PEG period 
and the second at a late (7 d) post-PEG period. The first 
pH-metry investigated the described increased incidence 
of  reflux and/or aspiration at that period[8]. The second 
pH-metry also performed in the non-PEG group of  
patients was carried out in order to estimate and evaluate 
the effectiveness of  PEG on reflux. These additional pH-
metries were performed in the same manner with the 
following modifications: a two-sensor probe was used 
and positioned in such a way that the distal and proximal 
sensors were located at 5 and 20 cm over the lower 
esophageal sphincter, respectively. With the two-sensor 
probe the lower esophageal sphincter was free from the 
presence of  any catheter. Patients were fed through PEG 
and the degree of  reflux was assessed in the absence of  
NGT.
     PEG was arbitrarily considered effective if  within a 7-d 
post PEG period the GER (%) decreased by more than 
60% compared to the pre-PEG value? PEG and non-PEG 
patients were followed up for 20 d for pneumonia healing 
and all patients for weaning from mechanical ventilation 
and intensive care discharge.

Statistical analysis
To evaluate the differences in GER (%) between the 
three study periods (pre-PEG vs early and late post-PEG) 
in each group, Wilcoxon’s signed-rank test was used. To 
assess the changes in the number of  days of  mechanical 
ventilation and NGT standing, pneumonia occurrence 
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before PEG, weaning after PEG, days from PEG to 
discharge between the two groups, Wilcoxon’s rank sum 
test was performed. Spearman’s r was used to detect if  
there was any correlation between the standing-period of  
NGT and GER (%). Statistical significance was defined as 
a P value of  0.05 or less.

RESULTS
The correlation between GER (%) and duration of  NGT 
permanence in the 23 patients from the pilot study along 
with the values obtained from the first pH-metry in the 47 
patients of  the main study is shown in Figure 1. After 20 
d of  NGT in situ, 38 out of  50 patients (76%) presented a 
reflux rate of  above 6% while all the 14 patients with NGT 
in situ for less than 15 d had a reflux rate of  less than 6%.
    The pH-metry from the lower esophageal sensor 
consistently recorded 15 - 20% higher GER than that 
from the upper sensor. However, since the importance of  
reflux detection in the upper part of  esophagus is greater 
in relation to aspiration, only data from the upper sensor 
were presented. The median (range) GER (%) in the PEG 
group was 7.8 (6.2 - 15.6) at baseline. Forty-eight hours 
post-PEG, though there was no significant change in the 
median value [8.7 (0.1 - 19)], an increase in GER (%) was 
observed in 5 out of  16 patients. On d 7, post-PEG, GER 
(%) decreased to 2.7 (0 - 10.4) (P < 0.01). In contrast, in the 
non-PEG group, GER (%) increased from 9 (6.2 - 22) at 
baseline to 10.8 (6.3 - 36.6) on d 7 (P < 0.01) (Figure 2).
     In the following 20-d period, the weaned, discharged, 
and died patients were respectively 11 and 4 (P = 0.006), 
10 and 2 (P < 0.01), and 3 and 5 in PEG and non-PEG 
groups. The respective values for patients in the control 
group were 8, 8, and 1. The outcome of  the PEG-group 
was similar to that of  the control group.

DISCUSSION

This study showed that the degree of  GER correlated with 
the duration of  NGT in situ. Removal of  NGT and feeding 
through PEG with the patients in semi-recumbent position 
along with the volume control of  the nutrient gastric 
residue resulted in a decrease or even elimination of  the 
reflux in almost two-thirds of  the patients. Additionally, 
PEG seemed to exert a favorable effect on pneumonia 
healing rate, weaning period, and patient discharge from 
ICU.
     There are several reasons for frequent GER occurrence 
in the critically ill patients. Drugs depressing the function 
of  lower esophageal sphincter and/or delaying gastric 
emptying, such as morphine, atropine, theophylline, and 
barbiturates, are frequently administered in the critically ill 
patients[16]. The presence of  NGT is an important cause 
of  reflux, since it may induce lower esophageal sphincter 
relaxation[17]. In patients undergoing elective laparotomy 
and nasogastric intubation, a significant increase in the 
mean number of  reflux episodes has been observed during 
the perioperative period in contrast to those without 
NGT (137 vs 8, P < 0.01)[18]. The mean lower esophageal 
sphincter pressures are also lower in the same patients, 
and reflux occurs within 24 h after NGT insertion at the 
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induction of  anesthesia. Similarly, in patients undergoing 
cardiac surgery with simultaneous esophageal and tracheal 
pH-metry, reflux is seen more frequently in those with a 
NGT in place than in those without (P < 0.001)[19].
    The above observations lead to the notion that NGT 
removal after PEG should theoretically eliminate or 
decrease the incidence of  GER. However, data in the 
literature paradoxically support the opposite. There 
is evidence that PEG or percutaneous endoscopic 
jejunostomy provides no benefit in terms of  reflux and/or 
incidence of  aspiration pneumonia[8,11,19-23]. In a study of  64 
patients, 9 developed aspiration pneumonia within 3 d of  
the procedure and four died[8]. Aspiration occurred in 11% 
of  79 patients with either neurologic disorders or cancer, 
whose PEG or percutaneo-us endoscopic jejunostomy 
was performed[11]. In another study comprising 20 
malnourished patients, aspiration was the most common 
adverse event following percutaneous endoscopic 
jejunostomy, accounting for 50% of  deaths[20]. Similarly, 
GER seems to be a frequent disorder following PEG in 
children[21-23]. Yet, in 58 neurologically disabled patients 
who had clinical evidence of  aspiration pneumonia, 17 
demonstrated pneumonia after gastrostomy[24]. As a result 
of  the negative outcomes, the use of  PEG has declined 
during recent years. However, in all these studies the body 
position following PEG was not reported and the volume 
of  gastric nutrient residue was not controlled. 
     The positive results found in our PEG group compared 
to those reported in the literature have to be attributed 
to the volume control of  the nutrient gastric residue 
and the semi-recumbent position during the whole 
20-dobservation period. The semi-recumbent position 
has been previously shown to reduce aspiration of  gastric 
contents[6]. Gastric distension is also an important cause 
of  lower esophageal sphincter transient relaxation, thus 
permitting GER[25]. It seems that owing to gravity, semi-
recumbency, and avoidance of  gastric retention prevent 
reflux of  gastric juice into the esophagus.
    The results of  the present study describe the pathoph-
ysiological sequence of  PEG-induced lower esophageal 
sphincter restoration. In 11/16 patients in the PEG 
group, the reflux rate did not decrease during the first 
48 post-PEG hours. Moreover, in 5 of  them GER (%) 
increased in this period. These results indicate that “PEG 
was arbitrarily considered effective if  within a 7-day post 
PEG period the GER (%) decreased by more than 60% 
compared to the pre-PEG value”. Thus, a period of  at 
least 7 d seems to be required after NGT removal before 
lower esophageal sphincter returns to its normal function. 
The same findings also provide an explanation for the high 
incidence of  aspiration pneumonia encountered during the 
early post-PEG period[7,8,17,18]. 
   The role of  GER in the pathogen-esis of  VAP is 
still controversial[26-28]. All patients in the present study 
suffering from persistent or recurrent pneumonia were 
severely ill and failed to respond to the usual therapeutic 
measures. However, reflux was eliminated in 10 out of  16 
patients undergoing PEG who weaned from the respirator 
and discharged from ICU within the 20-d period of  
observation. In contrast, among the 20 non-PEG patients 
reflux increased through time and only 4 and 2 patients 

were weaned and discharged, respectively. The curative rate 
of  PEG-group was similar to that of  control group with 
the GER being lower than 3%. Among the 11 patients 
with GER < 3% only one presented VAP. Therefore, it 
is concluded that GER is implicated in the pathogenesis 
of  VAP and the elimination of  reflux results in a more 
favorable outcome, possibly because the repetitive 
instillation of  infective materials to the trachea that occurs 
during reflux, is halted.
   In conclusion, NGT presence seems to promote 
reflux of  gastric contents, resulting in aspiration and/or 
pneumonia. The NGT replacement by PEG combined 
with semi-recumbent position and control of  gastric 
residue can decrease GER in the majority of  patients. 
However, there is persistence of  GER and aspiration 
in some patients, which may be due to the functional 
alteration of  the lower esophageal sphincter rather than 
ineffectiveness of  PEG per se. Gastrostomy combined with 
semi-recumbency and control of  gastric residue should be 
taken into consideration for the effective management and 
prevention of  VAP.
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Abstract
AIM: To compare the efficacy of self-expandable metallic 
stents (EMS) in the treatment of distal and proximal 
stricture of malignant biliary tumors.

METHODS: From March 1995 to June 2004, 61 patients 
(40 males, 21 females) with malignant biliary obstruction  
who received self-expandable metallic stent  implantation 
were reviewed retrospectively. The stents were inserted 
by an endoscopic or percutaneous transhepatic method. 
We tried to place two stents in the biliary system in T 
or Y configuration in cases of hilar tumors with bilateral 
hepatic duct obstruction. The end points of the study 
were stent occlusion or patient death.

RESULTS: The mean time of stent patency was 421 ± 67 
d in the group of proximal stricture( group I) and 168 ±
18 d in the group of distal stricture (group II). The 
difference was significant in borderline between the 
two groups (P  = 0.0567). The mean survival time was 
574 ± 76 d in group I and 182 ± 25 d in group II. There 
was a significant difference between the two groups
(P  = 0.0005). 

CONCLUSION: EMS implantation is a feasible, palliative 
method for unresectable malignant biliary obstruction. 
The clinical efficacy of EMS in patients with proximal hilar 
tumors is better than that in patients with distal tumors.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Biliary stent placenrent is the treatment of  choice for 
malignant biliary obstruction caused by unresectable 
neoplasms[1,2].Although self-expandable metallic stents 
(EMS) are much more expensive than plastic stents, EMS 
is claimed to be superior to plastic stents in long-term stent 
patency[3]. At first, when EMS is uncovered, the tumor 
often invades the stent via meshes of  the metallic stent, 
resulting in stent obstruction[1]. To overcome the problem 
of  tumor ingrowth in uncovered metallic stents, covered 
EMS have been developed in the 1990s[1,4,5]. However, 
complications of  covered EMS, such as cholecystitis and 
pancreatitis, should be noted [1,5] .

Uncovered EMS are introduced into Taiwan in the 
1990s to overcome the weak points of  plastic stents [2]. In 
our hospital, we bave begun to use uncovered EMS for the 
treatment of  unresectable malignant biliary obstruction 
since 1995 and covered EMS in selective cases since 2002. 

Lee et al [6] found that the clinical efficacy of  EMS in 
patients with hilar tumor is superior in those with common 
bile duct obstruction. Rieber and Brambs[7] demonstrated 
that worse results are seen in patients with pancreatic 
tumors and with lymph nodes metastases of  the colon 
and gastric cancers. We have found similar trends in our 
practice. Therefore, we performed this study to compare the 
efficacy of  EMS in the treatment of  distal and proximal 
stricture of  malignant biliary tumors.

MATERIALS AND METHODS
From March 1995 to June 2004, 61 patients (40 males, 
21 females) with malignant biliary obstruction who 
received EMS implantation were reviewed retrospectively. 
Neoplasms were unresectable and the diagnosis was 
based on pathological examination or clinical and imaging 
findings.

The pat ients rece ived endoscopic re t rog rade 
cholangiopancreaticography (ERCP) or percutaneous 
transhepatic cholangiography (PTC) initially. Plastic 
stent drainage, nasobiliary drainage or PTCD was set up. 
when the neoplasms were cnfirmed to be unresectable, 
the patients were assigned to insertion of  EMS if  
they agreed. Wallstent (Schneider, Switzerland) and 
Ultraflex diamond stent (Microvasive; Boston Scientific 
Corporation, MA, USA ) were used in our patients. EMS 
were inserted either by therapeutic duodenoscopy (TJF 
200, Olympus, Tokyo, Japan ) or by the percutaneous 
transhepatic approach. We tried to place two stents in 
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the biliary system in T or Y configuration in cases of  
hilar tumors with bilateral hepatic duct obstruction.
Covered EMS were inserted only in patients with distal 
stricture.

The lesions were defined as distal stricture if  the 
tumors were located at or below the orifice of  the cystic 
duct. The lesions were defined as proximal stricture if  the 
tumors were located above the orifice of  the cystic duct.

Stent occlusion was defined as recurrence of  jaundice 
or cholangitis with evidence of  stent stenosis requiring 
biliary intervention after successful insertion of  EMS. 
The stent patency period was calculated as the time 
between stent placement and its occlusion or patient 
death. Cumulative stent patency and patient survival were 
evaluated by the Kaplan-Meier technique. The end points 
of  the study were stent occlusion or patient death.

RESULTS
Patient enrollment and characteristics
Sixty-one patients were enrolled in this study. The 
patients were divided into two groups according to their 
obstruction level. 

Group I (21 patients) was consisted of  proximal 
stricture patients. The obstruction level was above 
the orifice of  the cystic duct. The group included 19 
patients with hilar cholangiocarcinoma and two patients 
with hepatocellular carcinoma. Twelve patients with 
hilar cholangiocarcinoma received two stents (in T or Y 
configuration) for drainage of  bilateral hepatic ducts. 

Group II (40 patients) was consisted of  distal stricture 
patients. The obstruction level was at or below the orifice 
of  the cystic duct. The group included 9 patients with 
cholangiocarcinoma, 17 patients with pancreatic cancers, 
3 patients with ampulla of  Vater cancers, 2 patients with 
gall bladder cancers, and 9 patients with lymph node 
metastases of  colon cancer (2/9), gastric cancer (3/9), lung 
cancer (1/9), nasopharyngeal cancer (1/9), hepatocellular 
cancer (1/9) and laryngeal cancer (1/9). 

Eight patients in group I (8/21) and 24 patients (24/40) 
in group II died at the time of  evaluation. Covered EMS 
were inserted in seven patients with distal stricture and the 

other 53 patients received uncovered stents.
If  stent stenosis was noted during follow-up, either a 

second EMS (six patients), or a plastic stent through an 
original EMS (three patients) or PTCD (one patient) or 
nasobiliary drainage (three patients) was set up. However, 
some patients chose conservative treatment after stent 
occlusion.

Stent patency and survival
The mean time of  stent patency was 421 ± 67 d in group I 
and 168 ± 18 d in group II. The difference was significant 
in borderline between the two groups (P = 0.0567). The 
mean survival time was 574 ± 76 d in group I and 182 ± 25 
d in group II. There was a significant difference between 
the two groups (P  = 0.0005). Cumulative stent patency and 
patient survival according to the Kaplan-Meier life table 
are shown in Figures 1 and 2.

Early complications 
Early complications were defined as "complications 
occurring within 30 d after EMS placement". Nine cases 
had early complications. Seven of  them belonged to distal 
stricture and two belonged to proximal stricture. The 
clinical features of  early complications are listed in Table 1.

Late complications
Late complications were defined as "complications 
occurring after 30 d of  EMS placement". A patient with 
hilar cholangiocarcinoma suffered from common bile 
duct stones 175 d after stent placement. Endoscopic 
sphinterotomy was performed and the stones were 
extracted. Gallbladder empyema was in two patients. One 
of  them received covered EMS due to cholangiocarcinoma 
near the orifice of  the cystic duct and symptoms occurred 
66 d after stent placement. The other patient received 
uncovered EMS due to hi lar cholangiocarcinoma 
and symptoms occurred 37 d after stent placement. 
Percutaneous transhepatic gallbladder drainage (PTGBD) 
relieved their symptoms. Three patients with pancreatic 
cancers suffered from gastric outlet obstruction (on 
days 80, 93 and 270 respectively) due to tumor invasion 
into the duodenum. Bypass surgery relieved their outlet 
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Figuer 1  Kaplan-Meier graph showing cumulative stent patency. The difference 
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significant difference observed between the proximal tumor and distal tumor.
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obstructions.

Complications of covered EMS
It seemed that more complications occurred in patients 
who received covered EMS. However, we could not arrive 
at any final conclusion due to the limited number of  cases 
in our series. Acute pancreatitis occurred immediately 
after stent placement in two cases (2/8). Fortunately, 
they recovered uneventfully after conservative treatment.  
Stent migration (1/8) was found in a patient with an 
ampulla of  Vater tumor 85 d after stent placement. He 
received conservative treatment only because of  tumor 
infiltration in the entire second portion of  the duodenum 
and the patient expired soon after. One patient developed 
gallbladder empyema (1/8) 66 d after stent placement.Her 
symptoms were relieved after PTGBD.

DISCUSSION
Endoscopic or percutaneous transhepatic stentplacement 
in the biliary tree has become a main stream in the 
treatment of  inoperable malignant obstructive jaundice[1]. 
The major drawback of  plastic stents is early stent clogging 
and migration in spite of  various modifications in the 
design[2,3]. The use of  EMS apparently improves the weak 
points of  plastic stents. Although  EMS is much more 
expensive than plastic stents, it is a cost-effective strategy 
[3,8]. EMS improves patient compliance due to prolonged 
stent patency and less complications[3].

According to Lee et al[6], patients with hilar obstruction 
have better clinical efficacy than those with common bile 
duct obstruction. In our study, we demonstrated similar 
results. Stent patency and patient survival were better in 
our patients with proximal stricture than in those with 
distal stricture. Twelve of  21 patients with proximal 
stricture received bilateral biliary drainage in our series. If  
one of  the two stents were occluded, jaundice would rarely 
develop. However,  stent occlusion would cause immediate 
jaundice in distal strictures.

Our s tudy demons t r a t ed tha t mos t o f  e a r l y 

complications were related to the effect of  stents or 
manipulation procedures. Acute pancreatitis(3/9) might be 
due to occlusion of  the pancreatic duct by covered stents 
or  secondary to the ERCP procedure. Liver abscess (1/9) 
might be due to the contamination of  the procedure. The 
inadequate expansion of  EMS (2/9) might be due to poor 
function of  the metallic wires.

Most late complications were related to tumor 
progression. The first case with gallbladder empyema in 
our study might be due to the dual effects of  covered 
stents and tumor progression. The second case with 
gallbladder empyema might be due to tumor progression 
with cystic duct occlusion. The gastric outlet obstruction 
in patients with pancreatic cancers was, surely due to 
tumor extension. Almost all stenoses of  the stent and/or 
cholangitis are caused by tumor growth with occluded 
ducts, but cholangitis unrelated to stent occlusion can be 
noted [11]. 

Although the patency of  EMS is longer, there are 
many drawbacks after their placement, such as tumor 
ingrowth or overgrowth, mucosa hyperplasia induced 
by chronic inflammatory reaction to the stent meshes, 
biliary sludge and food impaction in transpapillary stents[9].
Covered stents are significantly superior to uncovered 
stents by preventing tumor ingrowth[1,4,5]. However 
covered stents are risky for occlusion of  branch ducts 
(such as side branches of  bile ducts, cystic ducts or 
pancreatic ducts), stent migration and sludge formation. 
Only eight of  our patients with distal stricture received 
covered stents, and complications occurred in four of  
eight. Complications included acute pancreatitis (2/8), 
gallbladder empyema (1/8) and stent migration (1/8). A 
higher rate of  migration is another possible disadvantage
of  covered stents[10]. Due to the limited number of  covered 
stents in our series, further studies are needed to determine 
the frequency of  side effects in covered stents.

Because of  the high cost of  EMS, selection of   
patients and types of  stents are important. Life expectancy 
shorter than 6 mo[8] or tumors with liver metastases[12] are 
not cost-effective for EMS placement. Although many 

Table 1 Early complications after insertion of metallic stents

Case 1-7: distal stricture.
Case 8-9: proximal stricture.

  Case Complications Type of stent Timing of
    complication

Management Result

1 Acute pancreatitis Covered stent    Immediately Conservative Recovered

2 Acute pancreatitis Covered stent     Immediately Conservative Recovered

3 Acute pancreatitis
with pseudocyst

Uncoverd stent    Immediately Percutaneous
catheter drainage

Recovered

4 Inadequate expansion of stent Uncoverd stent          3 d Balloon dilatation Good

5 Inadequate expansion of stent Uncoverd stent          3 d Balloon dilatation Good

6 Acute cholangitis without
Stent stenosis

Uncoverd stent        22 d Antibiotics Recovered

7 Peritonitis Uncoverd stent        30 d Antibiotics Recovered

8 Stent occlusion Uncoverd stent        22 d PTCD Good

9 Subcapsular liver abscess Uncoverd stent          1 d Percutaneous
catheter drainage

Recovered
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types of  EMS are now available, which type can best 
improve the cost-effectiveness and quality of  life remains 
unknown[13-16].

In conclusion, EMS implantation is a feasible, palliative 
method for unresectable malignant biliary obstruction. The 
clinical efficacy of  EMS in patients with proximal hilar 
tumors is superior to that in patients with distal tumors. 
Covered EMS is risky in regard to the complications due 
to pancreatitis although stent patency may be longer.
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Abstract
AIM: To evaluate the diagnostic accuracy, sensitivity, 
specificity of contrast-enhanced computed tomographic 
colonography in detecting local recurrence of colorectal 
cancer.

METHODS: From January 2000 to December 2004, 
434 patients after potentially curative resection for in-
vasive colorectal cancer were followed up for a period 
ranging from 20 to 55 mo. Eighty of the four hundred 
and thirty-four patients showing strong clinical evidence 
for recurring colorectal cancer during the last follow-
up were enrolled in this study. Each patient underwent 
contrast-enhanced computed tomographic colonography 
and colonoscopy on the same day. Any lesions, biopsies, 
identified during the colonoscopic examination, imme-
diate complications and the duration of the procedure 
were recorded. The results of contrast-enhanced com-
puted tomographic colonography were evaluated by 
comparing to those of colonoscopy, surgical finding, and 
clinical follow-up.

RESULTS: Contrast-enhanced computed tomographic 
colonography had a sensitivity of 100%, a specificity of 
83% and an overall accuracy of 94% in detecting local 
recurrent colorectal cancer.

CONCLUSION: Conventional colonoscopy and contrast-
enhanced tomographic colonography can complement 
each other in detecting local recurrence of colorectal 
cancer.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal cancer has the third highest incidence of  all 
cancers worldwide. Approximately 70% of  colorectal can-
cer patients can undergo potentially curative surgical resec-
tion. Unfortunately, colorectal cancer recurs in 30% of  
these patients. With the advent of  more aggressive surgical 
resection for recurrent colorectal cancer[1], early detection 
of  recurrent cancers while they are still limited to a local 
site is important to improve the patient’s survival. If  radi-
cal resection of  locally recurrent colorectal cancer is per-
formed before distant metastatic or unresectable disease 
develops, one-third to one-half  of  patients can increase 
their survival time. However, potentially curative surgery 
is followed by a period of  uncertainty as to whether the 
operation has successfully cured the cancer. Treatment 
failure is usually apparent during the first 3 years after sur-
gery. The precise post-operative surveillance procedures[2] 
are based on clinical assessment, CEA, colonoscopy, ultra-
sound and computerized tomography depending on the 
site of  primary tumor. The role of  follow-up in the early 
diagnosis of  recurrent colorectal cancer in patients hav-
ing undergone resection has been investigated extensively. 
A large array of  screening tests is available for detecting 
recurrent colorectal cancer, but each test has its particular 
limitations. Computed tomographic colonography is a new 
method to exploit recent developments in image acquisi-
tion which applies algorithms of  virtual-reality systems to 
build three-dimensional models of  the inner surface of  the 
colon tube thereby simulating the conventional colono-
scopic view[3-5]. The colon wall and pericolonic structures 
can also be detected at the same time. Computed tomo-
graphic colonography has a high accuracy in detecting 
colonic neoplasia[6-8]. Like computed tomography, contrast-
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enhanced computed tomography is performed after a 
patient receives an air enema, and uses a narrow collima-
tion and reconstruction interval to detect colonic lesions. 
Contrast-enhanced computed tomographic colonography 
theoretically has the ability to detect local cancer recur-
rence by examining both the colonic mucosa and the peri-
colonic tissue. The use of  IV contrast material in contrast-
enhanced computed tomographic colonography facilitates 
a thorough examination of  metastatic disease in solid 
organs. Contrast-enhanced computed tomographic colo-
nography can display both mucosa and extramucosal local 
recurrence, metachronous polyps and cancers, hepatic 
and peritoneal metastasis[9]. This study aimed to assess the 
diagnostic accuracy, sensitivity, and specificity of  contrast-
enhanced computed tomographic colonography in detect-
ing local recurrence of  colorectal cancer following curative 
resection.

MATERIALS AND METHODS
Patients
From January 2000 to December 2004, 434 patients who 
underwent potentially curative resection for invasive 
colorectal cancer (181 stage B, 253 stage C) were followed 
up for a period ranging from 20 to 55 mo. Eighty of  the 
four hundred and thirty-four patients showed strong clini-
cal evidence for recurring colorectal cancer at the last 
follow-up. Patients with an end or diverting colostomy or 
those who had contraindications for IV contrast dye were 
excluded. 

Methods
Eighty patients who were sent for conventional colonos-
copy and agreed to receive contrast-enhanced computed 
tomographic colonography were enrolled in this study. 
Written informed consent forms for both conventional 
colonoscopy and contrast-enhanced computed tomo-
graphic colonography were obtained from each patient. 
The average age of  the patients was 64 years (range, 28-82 
years). The ratio of  male to female was 43:37. The clini-
cal manifestations of  local recurrence included bloody 
stools, increased serum CEA level ( ≥ 50 ng/mL), ab-
dominal mass and colonic obstruction. Previous resection 
for invasive colorectal cancer included stages B and C of  
rectal cancer and colon cancer. Each patient underwent 
contrast-enhanced computed tomographic colonography 
and colonoscopy. The endoscopist was not informed 
of  the radiological results on the same day. The average 
time between previous resection and contrast-enhanced 
computed tomographic colonography was 32 mo (range, 
20-55 mo). Twenty-four hours before contrast-enhanced 
computed tomographic colonography, each patient re-
ceived a standard bowel preparation[10,11] consisting of  4 
L of  polyethylene glycol solution and 25 mg bisacodyl 
tablets. Prior to computed tomographic scanning, patients 
were placed in a left lateral decubitus position on the com-
puted tomographic table for the introduction of  a rectal 
enema tube. After insertion of  the rectal tube, the colon 
was inflated with room air to patient tolerance. To reduce 
bowel peristalsis and colon spasms, 20 mg of  buscopan 
was administered intravenously immediately before air 

insufflation. Patient’s tolerance with regard to the volume 
of  insufflated air was measured (range, 1 500-2 000 cm3). 
Adequate colonic distention was checked with a computed 
tomographic scout. If  inadequate distention developed at 
any colon segment, idiosyncratic positioning or additional 
air insufflation was performed to improve colonic disten-
tion in the collapsed regions. Contrast-enhanced computed 
tomographic colonography was performed employing 150 
mL of  Isovue-300 (Bracco Diagnostics, Princeton, NJ, 
USA) IV contrast medium injected at a rate of  3-5 mL/s. 
Images were acquired 70 s after the injection.

Computed tomographic examinations were conducted 
with Sightspeed Plus and Sightspeed QX/i computed 
tomographic scanners (General Electric Medical Systems). 
The patient was first examined in the supine position, and 
then in the prone position. Images were acquired with a 
5-mm beam collimation (table speed of  10 mm/s, and 
reconstruction slice overlap of  2.5 mm, 230-260 mA, 
120 kV). A gastrointestinal radiologist with experience 
in computed tomographic colonography analyzed the 
volumetric computed tomographic datasets using a 
Sun Advantage Windows (General Electric Medical 
Systems)[12,13] and the General Electric Navigator program 
that reformats the axial two-dimensional multiplanar and 
three-dimensional endoluminal images[14,15] and allowed for 
comparison of  supine and prone datasets. Local recurrence 
was rated as either present, absent or indeterminate. Local 
recurrence was recorded as present when the characteristic 
appearance of  an enhancing, primary extracolonic mass 
on intraluminal masses at or near the surgical anastomosis 
with or without adjacent adenopathy was identified by the 
contrast-enhanced computed tomography. Predominantly 
intraluminal abnormalities at the anastomosis were 
considered indeterminate for local recurrence. The liver, 
peritoneum, retroperitoneum, lung bases, and lymph nodes 
were also evaluated for the presence of  metastatic disease. 
The colonoscopic examination was performed 2 h after 
contrast-enhanced computed tomographic colonography. 
The incidence of  lesions, immediate complications, and 
the overall duration of  the colonoscopic examination 
were recorded. Examination reports being indeterminate 
for local recurrence on contrast-enhanced computed 
tomographic colonography but negative colonoscopic 
examinations were counted as false positive examinations 
in statistical analysis. The sensitivity, specificity, and 
accuracy of  contrast-enhanced computed tomographic 
colonography for post-operative detection of  local 
recurrence and metastatic colorectal cancer were estimated. 

RESULTS
All the 80 patients completed the contrast-enhanced com-
puted tomographic colonography successfully. No patients 
had pain or complications during the procedures. Table 1 
presents the findings of  the contrast-enhanced computed 
tomographic colonography. Examination results were as 
follows. Local recurrence was found in 51 patients. Seven-
ty-five of  the eighty patients had adequate colonic inflation 
throughout the entire colon. Two of  the five remaining pa-
tients had inadequate transverse colon distention and three 
had inadequate sigmoid colon distention though additional 
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air was insufflated and the positions of  the patient were 
changed. In contrast-enhanced computed tomographic 
colonography, all the five patients showing thickened 
segmental colon wall and external luminal tumor mass 
compression (Figure 1) were classified as present local re-
currence. The colonoscopic findings in these correspond-
ing segmental regions showed only lumen stenosis, but no 
mass or mucosal lesions were found in the lumen in all the 
five patients. All the five patients received laparotomy for 
local recurrence based on a clinical presentation of  three 
abdominal palpable masses and two colon obstructions. 
Surgical findings showed external colon lumen recurrent 
masses at previous anastomotic sites in all the five patients. 
Two of  the five patients also had peritoneal metastasis. 
They all received resection of  the local recurrent tumor 
and the colon segment with or without colostomy diver-
sion.

Of  the 51 patients with local recurrence, colonoscopic 
findings showed a tumor or a stricture with friable 
mucosa at the anastomosis, prompting a biopsy for 
recurrent adenocarcinoma. All the 51 patients with 
positive findings on both contrast-enhanced computed 
tomographic colonography and colonoscopy received 
laparotomy for local recurrence. Surgical findings showed 
local recurrence in all 51 patients, 35 of  the 51 patients 
underwent segmental resection of  the recurrent colorectal 
cancer with anastomosis, the remaining 16 patients 
underwent segmental resection of  the colorectal cancer 
with colostomy diversion. All the 51 patients with local 
recurrence with or without liver metastasis or peritoneal 
metastasis received adjuvant chemotherapy after surgery.

The colonoscopic findings in the five patients which 
were classified as indeterminate by contrast-enhanced 
computed tomographic colonography revealed mucosa 
swelling, erythema in two patients and multiple ulcers at 
anastomotic site in three patients. 

All the five patients underwent both contrast-enhanced 
computed tomographic colonography and colonoscopy 
6 months later. No local recurrence or distant metastases 
were found, and their anastomotic sites were normal.

The colonoscopic finding in one patient, whose 
contrast-enhanced computed tomographic colonography 

showed no local recurrence but a metachronous mass at 
the ascending colon, revealed a tumor at the ascending 
colon. The patient with metachronous cancer underwent 
right hemicolectomy with anastomosis. No distant 
metastasis or local recurrence was found in this case. 
The remaining 23 patients whose contrast-enhanced 
computed tomographic colonography did not show local 
recurrence were negative for colonoscopy. All the 23 
patients were routinely followed up. There was no true 
false-negative local recurrent cancer on contrast-enhanced 
computed tomographic colonography. However, the five 
patients classified as indeterminate for local recurrence in 
contrast-enhanced computed tomographic colonography 
reports were false positive. Contrast-enhanced computed 
tomographic colonography had a sensitivity of  100%, 
a specificity of  83%, and an overall accuracy of  94% in 
detecting local recurrent colorectal cancer.

DISCUSSION
In patients who have undergone potentially curative colon-
ic resections for invasive colorectal cancer, hematogenous 
metastases and local recurrence are the most important 
factors influencing prognosis. After surgery, however, 
there is a period of  uncertainty as to whether the opera-
tion has cured the cancer or not. Treatment failure will 
usually be apparent during the first 2-3 years after surgery. 
Precise post-operative surveillance procedures, including 
clinical assessment, colonoscopy, abdominal computed to-
mography, are employed to detect recurrence of  colorectal 
cancer. Although colonoscopy can detect intraluminal lo-
cal recurrence, some local recurrences are not intraluminal 
and are endoscopically obscure. Abdominal computed 
tomography can detect hepatic and peritoneal metastases, 
but it is not reliable for detecting local recurrence except 
in those patients with a previous abdominoperineal resec-
tion. Unlike these two tests, contrast-enhanced computed 
tomographic colonography directly displays the anasto-
mosis, luminal surface, colon wall and pericolonic tissues. 
It has, therefore, a potential to detect mucosal, intramural 
and extracolonic local recurrences. In our study, the overall 
accuracy was 94%, which is similar to that in the study by 
Fletcher et al [16]. At the same time, it is also advantageous 
over the colonoscopy for detecting extracolonic local re-
currence and peritoneal metastasis. In this study, 46 of  the 
51 local recurrences developed from the extralumen soft 
tissue and local lymph nodes, nearly previous anastomotic 
area. At the same time, 40 of  the 51 cases were rectal can-

Table 1 Performance-based contrast-enhanced computed 
tomographic colonography findings in 80 patients

Patients (n )

Local recurrence
Present 51
Indeterminate   5
Not present 24
Metachronous cancer   1
Distant metastasis
Liver   8
Peritoneal   5

Figure 1 Virtual double contrast of the colon in a patient with local recurrence at 
previous anastomotic site.

↑
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cer and 47 of  stage C at their original primary cancer. It 
may be the reasons that were related to high local recur-
rent rate of  our samples. As shown in our study, 5 of  the 
51 patients (10%) who had local recurrence detected by 
contrast-enhanced computed tomographic colonography 
had no intraluminal recurrence by colonoscopic examina-
tion.

However, all the five patients received laparotomy 
for local recurrence of  abdominal mass and intestinal 
obstruction. External colon lumen local recurrence 
with or without peritoneal metastasis was found during 
surgery. Contrast-enhanced computed tomographic 
colonography may also show the structure of  the colon 
when colonoscopy is incomplete[17]. Although contrast-
enhanced computed tomographic colonography has 
a high sensitivity (100%) for local recurrent colorectal 
cancer, its specificity is only 83% as shown in our study. 
This may be due to the inability of  contrast-enhanced 
computed tomographic colonography to distinguish 
local recurrence from inflammation when enhancing soft 
tissue is present. Our results showed that five patients, 
classified as indeterminate by contrast-enhanced computed 
tomographic colonography, had colonoscopic findings of  
mucosa swelling, erythema or multiple ulcers. No local 
recurrence was identified in any of  these five patients 
during the subsequent follow-up. These indeterminate 
conditions were then considered as false posit ive 
examinations. Another significant difference in this 
technique in comparison to colonoscopy is that a biopsy 
cannot be taken during contrast-enhanced computed 
tomographic colonography. However, it is recognized that 
contrast-enhanced computed tomographic colonography 
is more accurate in detecting extraluminal recurrent tumor 
than conventional colonoscopy.

In conc lus ion , cont ras t -enhanced computed 
tomographic colonography has several advantages over 
alternative tests in detecting local recurrent colorectal 
cancer. It can be a very helpful adjuvant method to 
colonoscopy in detecting extraluminal local recurrence, 
peritoneal carcinomatosis and distant metastasis. With 
regard to the threat of  colorectal cancer and the early 
detection of  local recurrence and distant metastasis in 
patients who have undergone potentially curative colonic 
resections for invasive colorectal cancers, conventional 
colonoscopy and contrast-enhanced tomographic 
colonography can complement each other. 
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Abstract
AIM: To study the influence of HBcAg on the expression 
of transforming growth factor-beta 1 (TGF-β1) in liver 
tissue of low-grade chronic hepatitis B (CHB) patients.

METHODS: The expression of TGF-β1 and HBcAg 
in liver samples from 93 low-grade CHB patients was 
detected by immunohistochemistry and valuated by 
semi-quantitative scoring.

RESULTS: In the 93 low-grade CHB patients, HBcAg 
was expressed in cell plasma but not in the liver tissue. 
There was no significant difference between the two 
groups.

CONCLUSION: The expression of TGF-β1 is not related 
with HBcAg expressed as plasma type in the tissues of 
low-grade CHB patients.
 
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
The incidence rate of  chronic hepatitis B (CHB) is high 
in China. The status of  virus replication and the process 
of  hepatic fibrosis are regarded as important. At present, 
TGF-β1 is known not only as a cytokine which adjusts 
proliferation, development, conversion, and differentiation 
of  cells, but also as an important transmitter of  hepatic 
fibrosis. It plays an important role in the formation
of  cir rhosis [1-3]. The synthesis and degradation of  
extracellular matrix (ECM) are adjusted by it[4,5]. This
study was to observe the influence of  HBcAg on the 
expression of  TGF-β1 in liver tissue of  low-grade CHB 
patients.

MATERIALS AND METHODS
Reagents
Mouse anti-human TGF-β1 antibody was purchased 
from Fuzhou Maxim Biotechnology Co., Ltd (Lot No.: 
30212238L). The PV-9000 kit was provided by Beijing 
Zhongshan Golden Bridge Biotechnology Co., Ltd. Rabbit 
anti-human HBcAg was purchased from Fuzhou Maxim 
Biotechnology Co., Ltd.

Clinical data
A total of  93 low-grade CHB patients (68 males and 25 
females, mean age 33.3 years, ranging from 17 to 56 years) 
were analyzed. HBcAg was expressed as plasma type in the 
liver tissue of  50 cases and no HBcAg was expressed in 43 
cases. The diagnosis of  all cases was coincident with the 
program of  prevention and cure for viral hepatitis[6].

Liver biopsy
The liver biopsy was taken from 93 cases under B 
ultrasound guidance. The liver tissue longer than 1.0 cm 
and without break was fixed by formaldehyde solution 
and embedded in paraffin. Six serial sections (4 μm thick) 
were prepared for HE, Masson, Gordon Sweet, HBsAg, 
HBcAg, and TGF-β1.
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Immunohistochemistry
TGF-β1 antigen was repaired by microwave in pH 6.0
citrate solutions. The next procedure was performed 
according to the instructions of  PV-9000 kit. TGF-β1 
was observed randomly at least in five portal areas under 
200 light microscope and the expression of  TGF-β1 was 
evaluated with semi-quantitative scoring method: score 0: 
no stain or no cell was hyperchromatic or the positive cells 
were less than 1% of  total liver tissues; score 1-4: the areas 
of  positive cells in hepatic lobules, hepatic sinusoid, portal 
areas, and fibrous plate were 1%-9%, 10%-15%, 16%-20% 
and more than 20% of  total liver tissues, respectively[7].

Statistical analysis
Statistical analyses were carried out with the rank test.

RESULTS
TGF-β1 expression
The positive cells of  TGF-β1 were mainly distributed over 
the focal necrosis and the active fibrosis areas. They were 
mainly expressed in the interstitial cells of  hepatic sinusoid 
and the inflammatory cells of  portal areas. Some bile duct 
cells and plasma hepatocytes were also expressed.

HBcAg expression
In the 93 low-grade CHB patients, HBcAg was expressed 
in cell plasma but not in the liver tissue. There was no 
significant difference between the two groups (H = 0.004, 
P＞0.05, Table 1).

DISCUSSION
TGF-β1 is a cluster of  active polypeptides with closely 
correlative structures and similar functions. Five isomers 
(TGF-β1-5) have been found though TGF-β1 is the main 
content of  TGF-β in human liver and has important 
functions. It mainly comes from the Kupffer cells (KCs) 
though hepatic stellate cells (HSCs) can autocrine TGF-β1. 
TGF-β1 can transfer anti-signals of  cell cycle with Smad 
molecules and inhibit gene transcription of  cell cycle 
correlative proteins[8]. It can inhibit the expression of  
cyclin related to P70s6k through P70s6k (serine/threonine 
kinase)[9]. The upregulation of  connective tissue growth 
factor (CTGF) expression is related to TGF-β1[10] and it 
may be the core of  activation in HSCs. TGF-β1 can inhibit 
the proliferation of  quiescent HSCs but cannot inhibit the 
activated HSCs[11]. In CHB, its serum level is increased[12-15] 

and its expression in the liver is reinforced[16-18]. TGF-β1 
is one of  the network cytokines related to hepatic fibrosis 
and can accelerate the synthesis of  ECM and inhibit 
the degradation of  ECM[19]. Following the expression 
of  TGF-β1, the proliferating cel l nuclear antigen 
(PCNA) decreases in the liver[20]. TGF-β1 can inhibit 
regeneration of  hepatocytes[21] and accelerate apoptosis 
of  hepatocytes[22-24], but not HCC cells[25]. Powell et al [26] 
showed that the risk of  developing cirrhosis is higher in 
hyper-expression than in hypo-expression of  TGF-β1.
    Some scholars have found that the expression of  
TGF-β1 in the liver tissues is not related with HBeAg 
and HBV DNA in the serum of  CHB patients[27,28]. In 
our study, TGF-β1 in the liver tissue of  low-grade CHB 
patients did not influence the status of  inflammation and 
fibrosis with the comparability improved. We found that 
the expression of  TGF-β1 evaluated by semi-quantitative 
scoring was not related with HBcAg expression in liver 
cell plasma of  low-grade chronic hepatitis B. We suppose 
that the expression of  some cytokines is not related 
with hepatitis B virus possibly due to the role of  virus 
replication and body immune response.
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INTRODUCTION
Primary bile duct stones, especially intrahepatic ones, 
are common findings in Asian patients and challenging 
problems encountered in biliary surgery[1,2]. Retained and 
recurrent stones represent the two main problems in the 
surgical treatment of  stones. With the application of  intra- 
and postoperative choledochofiberscopy, the incidence 
of  retained stones after surgery has been markedly 
reduced. Though many postoperative remnant stones 
can be extracted via choledochofiberscopy, it remains 
difficult to extract impacted stones or very large stones[3]. 
Impacted stones preclude insertion of  the Dormia basket 
and cannot be captured with conventional techniques 
via choledochofiberscopy. Since large stones cannot pass 
through the T-tube fistula, it is both time consuming and 
frustrating to remove such stones. In order to solve this 
problem, we combined plasma shock wave lithotripsy 
(PSWL) with choledochofiberscopy. Both in vitro and in vivo 
studies have been conducted since the 1980s to test the 
safety and efficacy of  this technique and the combination 
is widely used in clinical practice[4].

MATERIALS AND METHODS

Patients
From September 1988 to April 2005, 67 patients (26 men 
and 41 women) with impacted stones or very large stones 
in the bile duct system underwent PSWL in combination 
with choledochofiberscopy in our hospital. The mean 
age of  the patients involved was 53 ± 3 years (range, 26 - 
83 years). Of  the 67 patients, 3 had a diagnosis of   acute 
cholecystitis with cholelithiasis and previously underwent 
cholecystostomy with tube drainage, 36 patients had 
choledocholithiasis and underwent choledocholithotomy 
and common bile duct exploration with T-tube drainage, 
and 28 patients had a diagnosis of  hepatolithiasis with or 
without stones in the extra-hepatic bile duct and received 
common bile duct exploration, intrahepatic bile duct stone 
removal via the common bile duct with the use of  stone 
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Abstract
AIM: To verify the safety and efficacy of plasma shock 
wave lithotripsy (PSWL) in fragmenting impacted stones 
in the bile duct system.

METHODS: From September 1988 to April 2005, 67 pa-
tients (26 men and 41 women) with impacted stones un-
derwent various biliary operations with tube (or T-tube) 
drainage. Remnant and impacted stones in the bile duct 
system found by cholangiography after the operation 
were fragmented by PSWL and choledochofiberscopy. A 
total of 201 impacted stones were fragmented by PSWL 
setting the voltage at 2.5-3.5 kV, and the energy output 
at 2-3 J for each pulse of PSWL. Then the fragmented 
stones were extracted by choledochofiberscopy. The 
safety and efficacy of PSWL were observed during and 
after the procedure.

RESULTS: One hundred and ninety-nine of 201 impact-
ed stones (99.0%) in the bile duct system were success-
fully fragmented using PSWL and extracted by choledo-
chofiberscopy. The stone clearance rate for patients was 
97% (65/67). Ten patients felt mild pain in the right up-
per quadrant of the abdomen, and could tolerate it well. 
Eleven patients had a small amount of bleeding from the 
mucosa of the bile duct. The bleeding was transient and 
stopped spontaneously within 2 min of normal saline ir-
rigation. There were no significant complications during 
and after the procedure. 

CONCLUSION:PSWL is a safe and effective method for 
fragmenting impacted stones in the bile duct system.
 
© 2006 The WJG Press. All rights reserved.

Key words: Impacted stone; Plasma shock wave litho-
tripsy; Choledochofiberscopy
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forceps and partial hepatectomy as well as T-tube drainage 
when necessary. No cholangiocarcinoma was encountered 
in these patients. In our study, 39 patients were transferred 
from other hospitals. About eight attempts or so were 
made to extract choledochofiberscopic stones. Twenty-
eight patients were admitted to our hospital at the 
beginning of  their treatment.

Methods
All the patients underwent PSWL combined with 
choledochofiberscopic stone extraction without any 
anesthesia or sedation. The drainage tube was removed 
from the gallbladder or from the common bile duct, and 
a flexible choledochofiberscope (model CHF-T20), 6 mm 
in diameter with a 2.6-mm working channel (Olympus, 
Tokyo, Japan), was inserted through the drainage fistula 
into the gallbladder or the bile duct system. Once the 
impacted or large remnant stones were found, the PSWL 
probe (co-designed by the Institute of  Physics at the 
Chinese Academy of  Sciences and the Department of  
Surgery at the Third Hospital of  Peking University) was 
inserted into the sites of  the stones through the working 
channel of  a choledochofiberscope. The tip of  the PSWL 
probe (length, 100 cm; diameter 2 mm, flexibility similar 
to that of  the catheter of  Dormia basket) was targeted at 
the impacted stones and kept approximately 5 mm away. 
On the basis of  the build-in PSWL circuit, the voltage 
switch was set at 2.5 - 3.5 kV and the energy output at 2 - 
3 J for each pulse of  PSWL. The number of  PSWL pulses 
sufficient to break down a stone varied in each case. The 
treatment was continued until the impacted stones were 
fragmented sufficiently by PSWL to permit extraction with 
the Dormia basket (Olympus, SCOP Medicine, Tokyo, 
Japan) or passage into the duodenum via the sphincter of  
Oddi with normal saline perfusion. The bile ducts were 
irrigated during the procedure with normal saline and 
gentamycin, 4 U per 500 mL of  normal saline, through the 
working channel of  a choledochofiberscope[5].

RESULTS
In the 67 patients, 201 impacted or very large remnant 
stones were found in the bile ducts. The locations of  
stones are shown in Table 1. The gross appearance of  the 
stones (39/201, 19.4%) found in the extrahepatic bile duct 
was consistent with that of  the cholesterol stones. The 

stones found in the intrahepatic bile duct (162/201, 80.6%) 
resembled the pigment stones. We measured the size of  
impacted stones by direct visualization on cholangiogram. 
No difference in stone size was found between cholesterol 
and pigment stone groups. The size ranged from 5 to 50 
mm in diameter, with 16 stones smaller than 10 mm, 167 
stones between 10 and 20 mm, 16 between 21 and 30 mm, 
and 2 larger than 30 mm in diameter, respectively.
    In our study, 199 of  the 201 stones in the extra- and 
intrahepatic bile ducts of  67 patients were fragmented 
successfully by PSWL, and then extracted under a 
choledochofiberscope. Each PSWL procedure took several 
minutes to half  an hour. The success rate of  fragmentation 
with PSWL was 99.0% (199/201). Twenty-one stones 
required fewer than 10 pulses of  PSWL sparks for 
fragmentation, 65 stones 11 - 50 pulses, 78 stones 51 - 100 
pulses and 37 stones more than 100 pulses. The maximum 
number of  PSWL sparks required was 700 pulses and the 
minimum was only two. The average number of  pulses 
used was 52 ± 151.
     Of  the 201 stones, two were not fragmented by PSWL, 
one remained unfragmented though four procedures of  
PSWL totaling 1 063 pulses were carried out. A repeat 
operation was necessary for this failed PSWL. A huge 
impacted hard stone, 50 mm in diameter, was found in 
the left internal hepatic duct, which was not amenable 
to extraction with stone forceps. The left hepatic duct 
was opened and the large pigment stone was eventually 
extracted via a bile duct incision. Another impacted stone 
in the neck of  the gallbladder was not fragmented by 
PSWL because the patient refused to fragment it by PSWL. 
Cholecystectomy was performed for this patient at last and 
the tightly impacted cholesterol stone was extracted from 
an incision at the neck of  the gallbladder.
    In 65 of  the 67 patients, the fragmented stones were 
extracted successfully using a Dormia basket which was 
inserted into the bile duct through the working channel of  
a choledochofiberscope. The stone clearance rate was 97% 
(65/67). In 35 patients, only one choledochofiberscope 
procedure was needed to achieve clearance of  remnant 
stones, whereas 22 patients required 2 to 5 procedures, 7 
patients 6 to 10 procedures and 1 patient 18 procedures. 
The average number of  procedures was 2 ± 41. A total of  
171 procedures were performed.
    In the process of  fragmenting stones with PSWL via 
choledochofiberscopy, all the patients felt vibration. Ten 
patients felt mild pain in the right upper quadrant of  the 
abdomen and could tolerate it well. Eleven patients had a 
small amount of  bleeding from the mucosa of  the extra- 
and intrahepatic bile ducts. It was thought that the bleeding 
was induced by the pulse of  PSWL sparks. The bleeding 
was transient and stopped spontaneously within 2 min of  
normal saline irrigation. No other serious PSWL-related 
complications occurred during and after the procedure.

DISCUSSION
Impacted stone is one of  the challenging problems in 
biliary surgery. Before the advent of  PSWL, impacted 
stones or very large stones were removed using biopsy 
forceps through the working channel of  a choled-

bP<0.01 vs sham operation group; dP<0.01 vs SAP group.

Table 1 Sites of impacted or huge remnant stones

Distal end of common bile duct                 22 (10.9)
Common bile duct                             14 (7.0)
Cyst duct                                       3 (1.5)
Hilus of hepatic duct                            10 (5.0)
Left hepatic duct                              24 (11.9)
Left internal hepatic duct                       71 (35.3)
Left external hepatic duct                        8 (4.0)
Right hepatic duct                             14 (7.0)
Right anterior hepatic duct                         3 (1.5)
Right posterior hepatic duct                     32 (15.9)

Total                                        201 (100)

        Sites                                            Impacted stones, n  (%)
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ochofiberscope. The procedure is time-consuming and 
often frustrating. To solve this problem, we designed 
the PSWL in 1980s and have conducted a series of  
experiments both in vitro and in vivo to test its safety 
and efficacy before its application in clinical practice. 
Fresh cholesterol and pigment stones can be fragmented 
effectively both in vitro and in vivo by PSWL[4].
    Plasma shock wave lithotripsy uses magnetic pressure 
(F = B 2/8π) exer ted on plasma. The plasma shock 
wave is derived from the magnetic pressure. The total 
magnetic energy is constant. Since magnetic field B can 
be increased by decreasing the area in which B exists, a 
stronger wave can be achieved with low energy. PSWL 
has three advantages. First, there is no impulse to luminal 
wall when PSWL is used to break down gallstones within 
the lumen. Second, when PSWL is combined with 
choledochofiberscopy, there is no heat injury and no vapor 
to obscure the visual field of  a choledochofiberscope due 
to its low energy. Third, PSWL has its selection when it 
acts on an elastic buffer. Fragmentation of  gallstones is 
achieved by impulsion of  PSWL. When impulsion acts on 
elastomer, the fragmentation is selective. Therefore, PSWL 
can effectively break down nonelastic stones, while leaving 
the elastic soft tissue intact[5].
    In our study, 38 impacted or large cholesterol stones 
and 161 pigment stones were fragmented successfully 
by PSWL in the extra- and intra-hepatic bile ducts. The 
success rate of  fragmentation was 99.0% (199/201), and 
the success rate of  stone clearance was 97% (65/67).
    Only two stones were not fragmented by PSWL. One 
impacted stone in the intrahepatic bile duct could not be 
fragmented by multiple procedures of  PSWL with a total 
of  1 063 pulses of  PSWL sparks delivered. Re-operation 
was performed for the involved patient, and the stone was 
too hard and too large (diameter, 50 mm) to be fragmented 
and extracted with stone forceps. The intrahepatic bile 
duct was opened and the stone was removed manually. 
Another cholesterol stone at the neck of  the gallbladder 
was not fragmented by two procedures of  PSWL with 84 
pulses of  PSWL sparks delivered. Cholecystectomy was 
performed for this patient, and a large hard cholesterol 
stone (diameter, 30 mm) at the neck of  the gallbladder was 
removed.
    In the present study, we successfully fragmented 199 
impacted stones in extra- and intrahepatic bile ducts using 
PSWL when the conventional methods failed to remove 
them. The voltage switch was set at 2.5 - 3.5 kV, and the 
energy output was controlled within the range of  2 - 3 J 
at each pulse of  PSWL. It may be very difficult to put a 
choledochofiberscope at the site of  an impacted stone 
due to branches, strictures and angles of  intrahepatic bile 
ducts. Therefore, it is unavoidable to spark directly on the 
impacted stone and the wall of  bile duct in performing 
lithotripsy. In our study, 11 sites of  intrahepatic bile ducts 
were sparked directly using the PSWL probe. Minor 
bleeding from the inflammatory mucosa of  the bile duct 
occurred, and the bleeding stopped spontaneously within 
2 min. No serious complications were found during and 
after the treatment, indicating that PSWL is a very safe 
method for breaking down stones in vivo.
    The PSWL probe is flexible and can be easily placed at 
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the site of  impacted stones to fragment the stones through 
the working channel of  a choledochofiberscope. The 
position of  the probe tip can be adjusted by pulling it back 
and forth through the working channel. The best position 
is 5 mm away from the stone. At this position, the PSWL 
probe can release energy most effectively.
    Electrohydraulic shock wave lithotripsy (ESWL) and 
PSWL have their similarities and differences. Using 
discharge in fluid to induce high-amplitude hydraulic 
pressure waves of  varying wavelengths, ESWL can 
fragment stones extracorporeally or intracorporeally. The 
extracorporeal lithotriptor uses the ellipsoid reflector to 
reflect the shock wave into the intracorporeal site to break 
down the stones. The ellipsoid reflector has two focus 
points. One is extracorporeal, where the shock wave is 
emitted by discharge. The other is intracorporeal, where 
stones are located. Stone fragmentation and clearance 
rates of  76%[6] and 92%[7] have been achieved. Our study 
showed that PSWL was more effective than ESWL.
    It was reported that the overall complication rate for 
ESWL is 13.2% - 22%[7,8]. Bleeding and perforation are the 
main problems. Perhaps the power of  ESWL is strong 
enough not only to fragment stones, but also to damage 
the bile duct wall. Harrison et al [9] reported that to avoid 
grave complications, the ESWL probe should not directly 
contact the bile duct wall. However, PSWL may safely 
break down the stones without damaging the bile duct wall 
when the PSWL probe is in contact with the bile duct wall, 
suggesting that the safety of  PSWL is superior to that of  
ESWL.
     Laser has been used to fragment stones in common bile 
duct[10] and intrahepatic bile duct[11,12]. Orii et al [11] reported 
that yttrium-aluminum laser has enough power to crush 
pigment stones, but its efficacy on cholesterol stones is 
not satisfactory. Prat et al [13] reported that bile duct stones 
can be fragmented by laser lithotripsy. The overall success 
rate for stone clearance is 87.5% and the complication 
rate is 18.8%. Harris et al [14] reported that the success rate 
for fragmentation of  stones by laser lithotripsy is 96%, 
whereas the complication rate is 28%. The complications 
may be due to the impact of  laser fiber tip on the bile duct 
wall[13]. Therefore, care must be taken to advance the laser 
filament to the end of  the scope, with the scope straight 
outside the patient. The relatively rigid, sharp filament 
may perforate the side wall of  the working channel if  it 
is advanced with force through a bent scope. Firing the 
laser, while the tip of  the filament is inside the working 
channel can also damage the lining of  the channel[14]. 
These shortcomings limit the efficacy of  laser lithotripsy. 
Hochberger et al [10] have strongly suggested that laser 
can be used in the gallbladder and common bile duct, 
but not in intrahepatic duct. In terms of  safety, PSWL is 
also superior to laser. The use of  mechanical lithotripsy 
is limited to the treatment of  stones in the common bile 
duct and in the gallbladder. It cannot be used to treat 
intrahepatic bile duct stones[15]. Ultrasound lithotripsy is 
limited to break down stones in the gallbladder because it 
cannot reach the bile duct[16].
    In conclusion, PSWL is a very safe and effective 
method for in vivo fragmentation of  impacted stones 
or large remnant stones. The PSWL combined with 
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choledochofiberscopy, can fragment and clear most stones 
when a choledochofiberscope is inserted into the bile duct 
system.
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Abstract
AIM: To evaluate the diagnostic angiography and 
therapy for acute massive hemorrhage in gastrointestinal 
tract.

METHODS: Twenty-five cases of acute hemorrhage 
in gastrointestinal tract admitted between April 2002 
and September 2004 were reviewed and analyzed by 
angiography and embolotherapy.

RESULTS: Fifteen patients were men and ten patients 
were women. The Seldinger technique and method of 
coaxial duct were used to get access to the bleeding 
region. PVA particles, gelfoam, and coils were used for 
embolism. All bleeding sites could be confirmed and 
were successfully embolized. Hemostasis was achieved 
in all the patients without bleeding again. The cure rate 
was 100%.

CONCLUSION: Interventional therapy can not only 
ascertain the bleeding site, but also stop the bleeding 
.The method is simple and the effect is certain.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Great achievements have been made in interventional 
therapy in China since 1980s. The method of  diagnosis and 
therapy for hemorrhage in gastrointestinal tract have made 
great progress[1]. Transcutaneous catheter embolization is 
widely used in the treatment of  acute massive hemorrhage 
in gastrointestinal tract. Selective angiography can confirm 
the bleeding site in gastrointestinal tract. We carried out 
selective or superselective embolotherapy to achieve quick 
hemostasis. Selective angiography is the most effective 
measure to detect hemorrhage[2]. 

MATERIALS AND METHODS 
Patients
Twe n t y - f i ve p a t i e n t s w i t h h e m o r r h a g e i n t h e 
gastrointestinal tract admitted between April 2002 
and September 2004 were treated with interventional 
therapy. Fifteen patients were men and ten patients were 
women. There were 10 cases of  gastric hemorrhage, 1 
case of  duodenal hemorrhage, 9 cases of  small intestinal 
hemorrhage, 3 cases of  colonic hemorrhage, and 2 cases 
of  liver disruption. The major clinical manifestation was 
substantive bloody stools. Some cases had hematemesis. 
Hemorrhagic shock occurred in five cases. All patients 
received treatment but hemorrhage could not be 
controlled. The diastolic blood pressure was lower than 
40 mmHg in four patients.

Equipment and materials
Angiostar Plus-type DSA machine was purchased from 
Siemens Company. Catheter 4F and RADISITE ® 
SP catheter 3 F were purchased from Cook Company. 
The contrast medium ultravist® 370 was obtained 
from Schering Company. PVA particles and coils were 
bought from Cook Company. All patients received celiac 
arteriography as well as superior and inferior mesenteric 
arteriography to identify the bleeding artery.

Methods
The patients underwent celiac arteriography as well as 
superior and inferior mesenteric arteriography. Eight 
patients received superselective catheterization to get 
access to the corresponding site of  feeding artery and then 
embolotherapy was carried out with the corresponding 
materials.

RESULTS
A total of  25 patients underwent angiography for 
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Figure 1 A 25-year-old patient with acute life-threatening gastrointestinal bleeding. A: Extravasation was made from a ramification of gastrointestinal artery. 
B: Superselective angiography of the bleeding artery as an aneurysm sign of a ramification belonging to gastrointestinal artery. C: Control angiography after embolization 
with 500-710 μm PVA particles and coils demonstrating complete hemostasis.

Figure 2 A 51-year-old patient with acute gastrointestinal bleeding. A: Contrast 
medium extravasation from a ramification of gastrointestinal artery. B: Complete 
hemostasis after embolization with 500-710 μm PVA particles and coils.

acute gastrointestinal bleeding. There were 15 men 
(60%) and 10 women (40%) (mean age 54 years, range 
34-74 years). Among the 25 patients, 3 were accompanied 
with hematemesis, 3 had shock, 15 had bleeding from 
mesenteric superior artery confirmed by angiography, 2 
had hemorrhage from intestinum rectum, 6 had gastric 
hemorrhage, and 2 had liver arteriorrhexis. Eighteen cases 
underwent embolism with PVA particles or PVA particles 
plus gelfoam and seven cases underwent coil embolism. 
Angiographic embolization was successful in 25 patients 
with gastrointestinal bleeding, and the success rate was 
100%. There were no intestinal parva necrosis and other 
severe complications in this group (Figure 1 and 2).

DISCUSSION
Acute massive hemorrhage in gastrointestinal tract is one 
of  the most acute abdomen[3]. The mortality of  emergency 
surgery is about 10%[4]. It is difficult to identify the 
bleeding site and cause of  hemorrhage. The treatment of  
hemorrhage in gastrointestinal tract includes non-operative 
treatment, exploratory laparotomy and interventional 
embolotherapy[5,6]. 
     Though endoscopy has been used universally, it still has 
some limitations in diagnosis[7,8]. Antishock and hemostasis 

can decrease hemorrhage but cannot achieve permanent 
hemostasis.
    Intervention embolotherapy for gastrointestinal 
hemorrhage is a convenient and efficient microinvasive 
therapy[9]. When acute hemorrhage in gastrointestinal tract 
occurs, hemorrhage is often massive[10,11]. According to the 
leakage location of  the contrast medium, we performed 
superselective catheterization for feeding artery embolism, 
which achieved hemostasis immediately, suggesting 
that it is a practical and effective method for old and 
weak patients and those who cannot tolerate operation. 
Embolotherapy for lower digestive tract hemorrhage is a 
choice of  treatment[12]. We proved that it could prevent 
intestinal tract ischemia.
    Examination of  DSA has the most important clinical 
value and can prevent other tissue overlapping and 
dynamically observe the status of  artery ramification, 
capillaries and refluxing veins, particularly for intestinal 
parva as well as ascending, transverse, and descending 
colon. The major cause of  hemorrhage is tumor and 
vascular malformation. Our study proved DSA could show 
tumor blood vessel malformation and precise image for 
further embolotherapy and exairesis.
    Gelfoam is safer and PVA particles may be better for 
vascular malformation because they can achieve permanent 
embolism. With regard to the magnitude of  PVA particles 
and coils, we prefer to use larger particles instead of  the 
smaller ones.
    When gastrointestinal tract hemorrhage occurs, the 
body constitution of  patients is possibly weak and the 
patients usually have hemorrhagic shock[13]. Angiography 
can find out the source of  hemorrhage and is an important 
treatment modality[14,15]. 
    In conclusion, angiography with embolization can 
successfully control acute massive gastrointestinal bleeding. 
Embolotherapy can stop acute bleeding and prolong the 
life of  patients.
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INTRODUCTION
Resveratrol (3,5,4’-trihydroxystilbene) is a naturally 
occurring phytoalexin present in grapes, fruits, and 
a variety of  medicinal plants[1]. It is the major active 
component of  Rhubarb and Giant Knotweed Rhizome, 
etc., in traditional Chinese medicine. In in vitro, ex vivo, and 
in vivo experiments, RESV displays diverse pharmacological 
effects including modulation of  lipoprotein metabolism 
and cardiovascular protection[2], anti-inflammation[3], 
platelet antiaggregatory activity[2], antimicrobial activity[4], 
antiallergic activity[5], anticancer properties[6,7], and most 
notably, antioxidant properties[8]. In the present study, 
the sodium taurocholate-induced model of  SAP was 
used to investigate the effects of  RESV on SOD, MDA, 
MPO, serum amylase, and pancreatic pathological change 
to assess the role of  oxidative stress in SAP and the 
therapeutic effects of  RESV on SAP.

MATERIALS AND METHODS
Materials
RESV was obtained from Huike Botanical Development 
Co, stocked solution of  RESV was made in Tween-80 at 
the concentration of  10 mg/mL and kept frozen. Sodium 
taurocholate was purchased from Sigma Chemical Co. 
SOD, MDA, and MPO assay reagents were from Nanjing 
Jiangcheng Bioengineering Institute.

Animals
Male Sprague-Dawley rats weighing 250 - 300 g, purchased 
from Laboratory Animal Center attached to Medical 
College of  Xi’an Jiaotong University, were used. All 
animals were housed in a macroion cage at 22 - 24 °C in 
a 12/12-h light/dark cycle. The animals were given a 
standard rat chow and fasted overnight with free access 
to water before the experiment. Care was provided in 
accordance with the “Guide for the care and use of  
laboratory animals” (NIH publication No. 85 - 23, revised 
in 1996). The study was approved by the Subcommittee on 
Experimental Animal Care of  our institution.
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Abstract
AIM: To investigate the therapeutic effects of resveratrol 
(RESV) as a free radical scavenger on experimental se-
vere acute pancreatitis (SAP). 

METHODS: Seventy-two male Sprague–Dawley rats 
were divided randomly into sham operation group, SAP 
group, and resveratrol-treated group. Pancreatitis was 
induced by intraductal administration of 0.1 mL/kg 4% 
sodium taurocholate. RESV was given intravenously 
at a dose of 20 mg/kg body weight. All animals were 
killed at 3, 6, 12 h after induction of the model. Serum 
amylase, pancreatic superoxide dismutase (SOD), 
malondialdehyde (MDA), and myeloperoxidase (MPO) 
were determined. Pathologic changes of the pancreas 
were observed under optical microscope.

RESULTS: The serum amylase, pancreatic MPO and 
the score of pathologic damage increased after the 
induction of pancreatitis, early (3, 6 h) SAP samples 
were characterized by decreased pancreatic SOD 
and increased pancreatic MDA. Resveratrol exhibited 
a protective effect against lipid peroxidation in cell 
membrane caused by oxygen free radicals in the 
early stage of SAP. This attenuation of the redox state 
impairment reduced cellular oxidative damage, as 
reflected by lower serum amylase, less severe pancreatic 
lesions, normal pancreatic MDA levels, as well as 
diminished neutrophil infiltration in pancreas.

CONCLUSION: RESV may exert its therapeutic effect 
on SAP by lowering pancreatic oxidative free radicals and 
reducing pancreatic tissue infiltration of neutrophils.

© 2006 The WJG Press. All rights reserved.
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Induction of severe acute pancreatitis
The rats were anesthetized by an intraperitoneal injection 
of  pentobarbital (30 mg/kg, Sigma). Through a midline 
incision, the duodenum and the pancreatic bile duct were 
identified, and the duodenal wall was punctured with a 
24-gauge Teflon catheter. The catheter was advanced 
into the common pancreatic bile duct. A microvascular 
clamp was placed on the duct at the hilum of  the liver, a 
microtube clamp was placed around the catheter and the 
wall of  the duct close to the duodenum to prevent reflux. 
Four percent sodium taurocholate (1 mL/kg body weight, 
Sigma T - 0750) was injected into the pancreatic bile duct 
for 60 s. The clamp remained in place throughout the 
intraductal infusion to prevent misdirected flow into the 
biliary system.

Experimental design
Seventy-two rats were randomly divided into sham 
operation group: laparotomy followed by tipping of  the 
pancreas without any infusion, SAP group: receiving 
infusion of  40 g/L sodium taurocholate into the pancreatic 
bile duct, RESV-treated group: perfused with RESV at 
a dose of  20 mg/kg body weight through vena dorsalis 
penis 10 min after the induction of  SAP. After 3, 6, and 12 h, 
eight rats from each group were killed and blood was taken 
from the left ventricle of  the heart. The samples were 
centrifuged (3 000 r/min, 10 min, 4 ºC) and serum was 
derivatized and immediately stored at -70 °C for amylase 
determination. The pancreas was removed; the head 
of  pancreas was fixed in 40 g/L paraformaldehyde for 
histologic analysis. Caudal pancreatic tissue was powdered 
using a mortar and pestle on dry ice and immediately stored 

at -70 °C for determining pancreatic SOD, MDA, and 
MPO.

Histopathologic analysis
Tissue samples of  the pancreas were fixed in 40 g/L 
paraformaldehyde and embedded with paraffin. Five-
micrometer thick sections were stained with hematoxylin/
eosin and examined and graded as previously described[9]. 
The total surface of  the slides was scored by one blinded 
pathologist for four different variables (edema, acinar 
necrosis, hemorrhage and fat necrosis, inflammation 
and perivascular infiltrate) to determine the severity of  
pancreatic injury.

Detection of serum amylase and measurement of 
pancreatic SOD, MDA, and MPO
Amylase activity in serum was determined using an 
automatic biochemistry analyzer (Hitachi 7170). Pancreas 
was homogenized in physiological saline or 5 g/L 
HTAB using ultrasonication. The SOD content was 
measured using the xanthine oxidase technique based on 
the spectrophotometric monitoring of  SOD-mediated 
reduction of  DTNB at 550 nm. The concentration of  
MDA was quantified by thiobarbituric acid reaction and 
MPO contents were determined as described by Bhatia et al [10].

Statistical analysis
Results were expressed as mean ± SE. Statistical analysis 
was done using the SPSS10.0 software package. One-
way analysis of  variance was used to establish whether 
the difference among the three groups was statistically 
significant. P < 0.05 was considered statistically significant.

RESULTS
Histopathology
There was no or a small amount of  clear ascitic fluid 
in sham operation g roup. More than 8 mL turbid 
hemorrhagic ascites could be seen in all rats of  SAP 
group. No obvious change or slight edema could be seen 
in sham operation group. Pancreas in SAP group displayed 
disparate edema with punctiform or lamellar hemorrhage 
and necrosis. Saponified spots could be seen at pancreas, 
epiploon, mesentery, peritoneum, and perinephric fat. 
Pancreatic tissue was normal in sham operation group. In 
SAP group, pancreatic tissue displayed interstitial edema, 
widened lobula interspace, inflammatory cell infiltration, 
hemorrhage and necrosis. Microthromb could be found 
inside the small vessels around focal necrosis of  the 
pancreas. In contrast, in RESV-treated group, the ascitic 
fluid diminished significantly and turbidity was lower 
than that in SAP group. Saponified spots, pancreatic 
edema, necrosis, inflammatory cell infiltration decreased 
significantly in RESV-treated group (Table 1).

Serum amylase
Compared to sham operation group, the serum amylase in 
SAP group increased at all time points (P < 0.01), decreased 
significantly in RESV-treated group when compared to 
SAP group at the corresponding time points (P < 0.01, 
Figure 1).

bP < 0.01 vs  Sham operation; dP < 0.01 vs  SAP group.

Table 1 Pancreatic histopathologic scoring in rats 
(mean ± SE)

   3 h    8     0.283  ±  0.112                          9.236  ±  0.624b     5.283  ±  0.646d

   6 h    8     0.219  ±  0.171                        11.357  ±  0.535b     5.598  ±  0.417d

 12 h    8     0.112  ±  0.051                        13.559  ±  0.636b     6.003  ±  0.717d

           n   Sham operation              SAP                 RESV-treated

Figure 1  Comparison of serum amylase in rats.
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SOD and MDA in pancreatic tissue
Compared to sham operation group, pancreatic SOD 
descended and MDA increased in SAP group at 3 and 6 
h (P < 0.01), but there was no difference between the two 
groups at 12 h in SOD and MDA. In contrast, pancreatic 
SOD increased and MDA descended in RESV-treated 
group at 3 and 6 h when compared to SAP group (P < 

0.01), but there was no difference in SOD and MDA at 12 
h between two groups (Figures 2A and 2B).

MPO in pancreatic tissue
Compared to sham operation group, the pancreatic MPO 
in SAP group increased at all time points (P < 0.01), but 
decreased significantly in RESV-treated group when 
compared to SAP group at the corresponding time points 
(P < 0.01, Figure 3).

DISCUSSION
The pathogenesis and therapeutics of  SAP are constantly 
emphasized in general surgery. Sanfey et al [11] have 
suggested a possible involvement of  oxygen free radicals 
(OFRs) in acute pancreatitis. In 1995, Kishimoto et al.[12] 
detected pancreatic OFRs in acute pancreatitis using the 
technique of  chemiluminescence probe and high sensitive 
photon counting and found that OFRs emerge 2 - 3 h 
after the induction of  acute pancreatitis, demonstrating 
that there exists peroxidation in acute pancreatitis. OFRs 
can attack polyunsaturated fatty acid’s aldehyde group 
inside the biomembrane, initiating lipid peroxidation and 
accordingly forming lipid peroxidation products, as such 
MDA, which result in the loss of  membrane stability and 
release of  acinar cell enzyme precursors, and activate 
phospholipase A1 which can decompose lecithinum inside 
cellular membrane, further causing tissue damage. SOD 
is an internal antioxidase. OFRs in vivo are augmented 
when acute pancreatitis develops, which results in the 
consumption of  antioxidant, SOD activity decrease. 
Therefore, it is difficult to prevent damage to the pancreas 
and other organs by lipid peroxidation. Detection of  
pancreatic SOD and MDA can reflect the peroxidation of  
pancreatic acinar cells and indirectly reflect the damage due 
to OFRs.
   A number of  antioxidant therapies can improve 
pancreatitis induced by the administration of  cerulein[13] 
and infusion of  taurocholate[14]. Lasztity et al.[15] found that 
when enteral formula enriched with n-3 polyunsaturated 
fatty acids is used in the treatment of  acute pancreatitis, the 
erythrocyte SOD activity is elevated significantly. Leonard 
et al.[8] showed that RESV can scavenge OFRs as measured 
by spin trapping competitions using sodium formate as a 
second free radical scavenger, and is effective in inhibiting 
lipid peroxidation of  cellular membranes. In the present 
study, when compared to sham operation group, 3 h 
after the induction of  SAP, pancreatic SOD decreased 
significantly, reaching perigee at 6 h, and returned to the 
level of  sham operation group at 12 h. In contrast, 3 h 
after the induction of  SAP, pancreatic MDA increased 
significantly, reaching to apogee at 6 h, and returned to 
the level of  sham operation group at 12 h. Simultaneously, 
the serum amylase and pancreatic histopatho-logic 
score increased gradually. The results indic-ate that 
overproduction of  OFRs occurs in early SAP and is a 
significant factor for aggravating pathogenetic condition. 
This is coincident with the research by Reinheckel et al [16]. 
When compared to SAP group, pancreatic SOD in 
RESV-treated group increased significantly at 3 and 6 

Figure 3  Comparison of pancreatic MPO at different time points.
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h (P < 0.01), whereas pancreatic MDA in RESV-treated 
group decreased significantly at 3 and 6 h (P < 0.01). On 
the other hand, compared to SAP group, both serum 
amylase and pancreatic histopathologic score in RESV-
treated group decreased at all three time points (P < 0.01) 
indicating that RESV can depress earlier OFR production 
and lipid peroxidation of  cellular membrane, diminish 
enzyme precursor release and necrosis of  acinar cells, thus 
ameliorating pancreatic pathological lesions.
    Neutrophils are the other major cellular source of  
OFRs during acute pancreatitis[17,18], and can directly 
release several inflammatory cytokines, evoking systemic 
inflammatory reactive syndrome (SIRS). since OFRs 
can exert a chemoattractant effect, thereby promoting 
accumulation of  leukocytes in the inflamed gland[17]. 
Decreased acinar OFR production after RESV treatment 
may contribute to the reduced neutrophil infiltration, 
further ameliorating SIRS in SAP. In our study neutrophil 
sequestration within the pancreas was estimated by 
measuring tissue MPO activity. When compared to SAP 
group, the pancreatic MPO decreased at all the time points 
in RESV-treated group (P < 0.01). Moreover, studies 

showed that RESV can suppress the activation of  NF-
κB. Thus, RESV treatment might lead to the suppression 
of  NF-κB activation and the subsequent prevention of  
several inflammatory mediator genes from being actively 
expressed[19-21]. This mechanism may also help to reduce 
the sequestration of  neutrophils in the pancreas and the 
associated OFR generation, thus effectively attenuating 
pancreatic damage.
    In conclusion, overproduction of  OFRs takes place 
in early SAP, and is a significant factor for aggravating 
pathogenetic condition. RESV can ameliorate pathological 
lesions in the pancreas by lowering pancreatic OFRs and 
reducing pancreatic tissue infiltration of  neutrophils. It 
may have certain therapeutical effects on acute pancreatitis.
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Abstract
AIM: To describe the risk profile of patients in hospital 
with hepatitis C virus (HCV) infection in Poland. 

METHOD: Using a structured questionnaire, all patients 
with confirmed HCV infection were interviewed about the 
risk factors.

RESULTS: Among the 250 patients studied, transfusion 
before 1993 was the primary risk factor in 26%, 
intravenous drug use setting in 9% and occupational 
exposure in health-care in 9%. Women were more likely 
to have a history of occupational exposure or transfusion 
before 1993 and less likely to undergo minor surgery. 
Known nosocomial risk factors (transfusion before 1993, 
dialysis) were responsible for 27% of infections, probable 
nosocomial factors (transfusions after 1992, minor 
surgery) for 14% and further 9% were occupationally 
acquired infections.

CONCLUSION: A careful history investigation can 
identify a known or probable risk factor for HCV 
acquisition in 59% of patients with HCV infection. 
Preventive activities in Poland should focus on infection 
control measures in health-care setting.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) is the most common chronic 
blood-borne infection in developed countries and the 
major cause of  chronic liver disease, cir rhosis and 
hepatocellular cancer. Since no effective vaccine against 
HCV infection is available, reducing the spread of  the 
disease relies on primary prevention activities that can cut 
the transmission routes and reduce or eliminate the risk of  
acquiring infection. Since its discovery in 1989, much has 
been learnt about the ways in which HCV is transmitted. 
Well-known and common modes of  transmission involve 
transfusions received before the routine screening of  
blood donors was implemented (in Poland since July 
1992), intravenous drug use (IVDU), hemodialysis, and 
occupational exposure to the infected blood in health-care 
facilities[1-3]. Sexual transmission of  HCV has also been 
demonstrated, but it is known to occur with less frequency 
compared to hepatitis B or HIV. Other risk factors 
are considered, but their role has not been established 
convincingly. Some case-control studies linked HCV 
infection to surgical or dental procedures, endoscopies, 
tattooing, body piercing, acupuncture, household contact 
with an anti-HCV person, and intranasal cocaine use. The 
results of  the studies are, however, conflicting and some 
expert groups have found no associations between those 
exposures and HCV infections. In fact, there may be 
geographical differences in predominance of  certain routes 
of  transmission over others. Although the data on HCV 
epidemiology in Eastern Europe are scarce, the available 
literature and experts’ opinions indicate that surgical 
and parenteral procedures (independent from blood 
transfusions) account for 40%-71% of  HCV infections[4].
    The precise data on HCV prevalence in the general 
population in Poland is lacking since no population-based 
study was carried out. According to WHO estimates about 
1.4% of  general Polish population may be infected with 
HCV, which means about 560 000 persons in the whole 
country[5]. At the same time, statistics of  the National 
Institute of  Hygiene in Warsaw registered about 13 000 
infections in the years 1997-2003 (compulsory registration 
of  HCV started in 1997)[6]. It is clear that most people with 
HCV infection in Poland are unaware of  their status, even 
if  we assume under-reporting by medical and laboratory 
services.
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     In Poland, in contrast to USA or UK, where drug use 
prevails, many HCV cases are presumed to be nosocomial 
infections. Previous studies based on the samples of  
patients hospitalized for acute or chronic hepatitis C 
linked as many as 59%-71% of  HCV infections to medical 
procedures[7]. Our recent case-controlled study aiming at 
identifying medical procedures associated with exposure to 
HCV found that transfusions (OR = 3.7, 95%CI = 2.2-6.3), 
minor surgery (OR = 3.2, 95%CI = 1.5-6.7) and dental 
care (OR = 2.3, 95%CI = 1.4-4.0) were independently 
associated with HCV infection[8]. In Poland, hepatitis B 
virus (HBV) infection, which spreads in a similar way to 
HCV, is also frequently a medically linked disease[9].
    Identifying risk factors is important in order to plan 
preventive activities and is also necessary to target 
screening for people with higher pre-screening probability 
of  the disease.
    We undertook this study in order to describe the risk 
profile in a population of  patients seeking care in a tertiary 
care level hospital in a defined region of  Poland.

MATERIALS AND METHODS
Patients
The study took place in the Department of  Infectious 
Diseases, Medical University of  Białystok (north-eastern 
Poland) between June 1, 1998 and December 31, 2004. All 
consecutive adult patients with acute or chronic hepatitis 
C admitted to the department were invited to participate. 
This department is the biggest hepatologic center in 
Podlaskie Region (1 200 000 inhabitants, north-eastern 
Poland), where the majority of  patients with chronic viral 
hepatitis from the whole region are referred for evaluation 
and antiviral treatment.
      The diagnosis of  hepatitis C was based on the presence 
of  anti-HCV antibodies (ELISA, third generation test, 
IMx MEIA, Abbott, Chicago, USA) and was confirmed 
by means of  HCV-RNA testing (qualitative nested RT-
PCR). The standard procedures with a suspected case of  
chronic hepatitis C include initial testing for anti-HCV 
and determination of  ALT levels, and repeating the tests 
for anti-HCV and ALT levels after 6 mo. If  anti-HCV is 
repeatedly positive and ALT levels remain elevated above 
the normal range, patients are tested for HCV-RNA, and 
liver biopsy is performed. Since confirmatory tests using 
immunoblotting were not available, only the patients who 
were positive for anti-HCV and HCV-RNA were included 
in the present study.

Methods
All patients were interviewed extensively by one of  the 
two doctors with the use of  a structured questionnaire. 
The questionnaire covered demographic data (age, sex, 
education, job, place of  living) and information about the 
possible risk factors. The risky exposures considered in 
our study were as follows: (1) known risk factors, such as 
IVDU, transfusions of  blood or blood products before 
1993, employment as a health-care worker with exposure 
to blood or other fluids, hemodialysis, and sexual contact 
with an anti-HCV positive person; (2) probable risk 
factors, such as household (non-sexual) contact with an 

anti-HCV positive person, transfusion after 1992, and 
minor surgery; and (3) other potential risk factors for HCV 
infection, such as surgeries, endoscopies, tattoos, previous 
hospitalizations, and acupuncture. In further analysis, the 
patients with more than one risk factor were classified as 
having only the risk factor according to the hierarchy. The 
hierarchy of  risk factors used in our study was based on 
the data from medical literature as well as on the results of  
our previous study indicating the link between history of  
minor surgery, transfusion after 1992 and increased risk for 
HCV infection in Poland. We did not include dental care 
(which had also been associated with HCV infection) into 
probable risk factors because of  the low specificity of  that 
exposure with nearly 90% of  the study group providing 
history of  dental treatment. For comparisons between 
groups, the patients were stratified by age (< 45  o r ≥ 45  years) 
and by gender.

Statistical analysis
The statistical calculations were performed with the use 
of  statistical package, Statistica Pl. Fisher’s exact test was 
used for the analysis of  differences in risk factors between 
groups (males vs  females, younger vs older and younger 
vs older patients of  the same sex). A P value < 0.05 was 
considered statistically significant.

RESULTS
A total of  420 anti-HCV positive individuals were 
evaluated during the study period and 250 were eligible for 
the study. In the remaining 170 cases, the results of  HCV-
RNA testing were either negative or unavailable. Among 
the study group, there were 92 females (36.8%) and 
158 males (63.2%). Patients’ age ranged from 18 to 70 years 
with the mean age of  39.7 (± 2.8) years. Females were 
found to be obviously older compared to males (mean 
age, 43.4 vs 38.4 years, P < 0.05). Majority of  the patients 
came from urban setting (219 patients, 87.6%) and 
had secondary (120, 48.0%) or elementary (80, 32.0%) 
education.
    Table 1 presents the overall prevalence of  the considered 

Table 1 Prevalence of all known and probable risk factors 
among 250 chronic hepatitis C patients (n, %)

 

Known risk factors   
IVDU                22 (8.8)        4 (4.4)                     18 (11.4)
Transfusion <1993   67 (26.8)        31 (33.7)                   36 (22.8)
Hemodialysis           5 (2.0)        3 (3.3)                     2 (1.3)
Occupational            34 (13.6)        21 (22.8)1                  13 (8.2)1

exposure - health-care 
Sexual exposure       2 (0.8)        0 (0.0)                     2 (1.3)
to HCV 
Probable risk factors 
Transfusions             17 (6.8)        6 (6.5)                     11 (7.0)
after 1992 
Minor surgery          36 (14.4)        5 (5.4)2                     31 (19.6)2

Risk factors            All                         F                           M
                 n  = 250 (100%)    n = 92 (36.8%)    n  = 158 (63.2%)
                         n  (%)       n  (%)               n  (%)

1P<0.05, F vs M in occupational exposure - health-care group; 2P<0.05, F vs M 
in minor surgery group.
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known and probable risk factors. In the studied hepatitis 
C group, there were no cases of  household (non-sexual) 
exposures to HCV and that factor is not presented in the 
table. The most prevalent reason was transfusion before 
1993 in 67 (26.8%) cases, followed by minor surgeries in 36 
(14.4%) cases, occupational exposure in 34 (13.6%) cases 
during health-care and IVDU in 22 (8.8%) cases. Table 2 
displays hierarchical distribution of  primary risk factors 
for HCV infection (each case is represented only once). 
Overall known risk factors could be identified in nearly 
45% of  patients and probable in further 14%. About 
41.0% had no known or probable risk factors according to 
the criteria established in our study. Three factors, such as 
history of  transfusion before 1993, occupational exposure 
and minor surgery, were significantly associated with 
gender. The first two factors occurred more frequently in 
females while minor surgery was more common among 

Table 2 Distribution of known and probable primary risk factors (one per person according to the 
hierarchy) stratified by age and gender

 

Known               112 (44.8)            49 (53.3)a         63 (39.9)a           26 (60.5)c                    43 (39.4)c                 23 (46.9)         20 (40.8)
risk factors   
IVDU         22 (8.8)                4 (4.4) 18 (11.4)       3 (7.0)e                      18 (16.5)e                      1 (2.0)e                                0 (0.0)e

Transfusion       65 (26.0)              31 (33.7)g 34 (21.5)g       18 (41.9)i 19 (17.4)i                 13 (26.5)         15 (30.6)
before 1993 
Occupational     22 (8.8)                13 (14.1)k 9 (5.7)k       5 (11.6)                      6 (5.5)                 8 (16.3)         3 (6.1)
exposure – health-care 
Dialysis         3 (1.2)                 1 (1.1)              2 (1.3)       0 (0.0)                      0 (0.0)                 1 (0.0)         2 (4.1)
Sexual contact   0 (0.0)                 0 (0.0) 0 (0.0)       0 (0.0)                      0 (0.0)                 0 (0.0)         0 (0.0)
with HCV
Probable             35 (14.0)              6 (6.5)m 29 (18.4)m       4 (9.3)                      17 (15.6)                 2 (4.1)o         12 (24.5)o

risk factors 
Transfusion       13 (5.2)                 4 (4.4)               9 (5.7)       2 (4.7)                      3 (2.8)                 2 (4.1)         6 (12.2)
after 1992 
Minor surgery   22 (8.8)                2 (2.2)a 20 (12.7)a       2 (4.7)                      14 (12.8)                  0 (0.0)s         6 (12.2)s

No known or     103 (41.2)            37 (40.2) 66 (41.8)       13 (30.2) 49 (45.0)                 24 (49.0)         17 (34.7)
probable risk factors 

Risk factors       All  n  (%)        F  n  (%)      M   n (%)      F<45  n  (%)    M<45  n  (%)    F>44  n  (%)         M>44 n  (%)
                    250 (100%)    92 (36.8)   158 (63.2)     43 (46.7)            109 (69.0)           49 (53.3)      49 (31.0)

aP < 0.05, known risk factors F vs M; cP < 0.05, known risk factors F < 45 vs M < 45; eP < 0.05, IVDU all < 45 vs all > 44; gP < 0.05, transfusions 
before 1993 F vs M; iP < 0.05, transfusions before 1993 F < 45 vs M < 45; kP < 0.05, occupational health-care F vs M; mP<0.05, probable risk 
factors F vs M; oP < 0.05, probable risk factors F>44 vs M>44; qP<0.05, minor surgery F vs M; sP < 0.05, minor surgery F > 44 vs M > 44 

Table 3 Potential sources of exposure to HCV among 
103 persons without known or probable risk factors

 

Surgery                       49 (47.6)          24 (64.9)a   25 (37.9)a

(other than minor) 
Endoscopies               52 (50.5)          22 (59.5)   30 (45.5)
Hospitalizations        22 (21.4)          15 (40.5)c   7 (10.6) 

(more than 5) 
Tattoo                 11 (10.7)          0 (0.0)     11 (16.7)
Dental care                 91 (88.3)          33 (89.2)   58 (87.9)
None of above           1 (1.0)          0 (0.0)                        1 (1.5)

Risk factors                 All                       F                      M
                             n  (%)                   n  (%)                n  (%)
                          103 (100%)        37 (35.9)          66 (64.1) 

aP < 0.05, surgery (other than minor) F vs M; cP < 0.05, hospitalizations (more 
than 5) F vs M; cP < 0.05, tattoo F vs M.

males. There was a clear tendency towards more frequent 
occurrence of  IVDU among males, but the difference did 
not reach statistical significance.
    Overall females were more probable than males to 
have known risk factors (53.3% vs 39.9%, P < 0.05). The 
prevalence of  drug use in the younger group (21/152, 
13.8%) was significantly higher than that in the older group 
(1/98, 1.0%, P < 0.05). IVDU in our study was almost 
limited to males under the age of  45 with 82% (18/22) of  
patients. 
    In our study, females ≥45 years were the group with the 
highest frequency (49%) of  unidentified (without known 
or probable risk factors) source of  HCV infection, but the 
difference was not statistically significant.
     Table 3 depicts the overall prevalence of  other potential 
exposures to HCV among 103 patients without known or 
probable risk factors. Only one person denied all of  the 
considered risk factors. 
    Known nosocomial risk factors (hemodialysis, 
transfusion before 1993) were responsible for 27% of  
all infections, while probable nosocomial risk factors 
(transfusion after 1992, minor surgery) were responsible 
for 14% of  infections. Further 9% were occupationally 
acquired infections in health-care workers. Altogether 
at least 50% of  all HCV infections in our study were 
associated with a health-care sector.
 

DISCUSSION
Hepatitis C infection affects approximately 560 000 people 
in Poland. Difficulties in identifying risky exposures result 
from the fact that most cases are clinically silent and 
remain undiagnosed for many years. In addition, some 
potential risk factors (e.g., dental care, hospitalizations) 
are very common and their non-specific nature hinders 
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establishing their role in HCV transmission and makes 
targeting prevention measures difficult.
    The demographic characteristics of  our sample were 
comparable to the data collected by National Institute 
of  Hygiene in Warsaw for al l 2 255 new hepat i t is 
C cases reg i s tered in Poland in 2003 ( inc idence 
5.90/100 000 inhabitants)[6]. In our group, males constituted 
63% of  cases and males under the age of  45 made 
up nearly 44% of  all HCV infections. The national 
statistics for 2003 indicate that 57% of  HCV infections 
occurred in males, and younger males between 20 and 
24 years of  age had the highest incidence of  infection 
(10.8/100 000 inhabitants). Similarly, as in our findings, 
majority of  the registered new cases came from urban 
setting (80.0%). Currently, there are no national reports 
on the distribution of  risk factors among registered HCV 
cases in Poland.
    In our study, known risk factors could be identified in 
nearly 45% of  HCV infections. As expected, transfusions 
before 1993 represented the most prevalent known 
exposure. Transfusion before 1993 could be documented 
in more than 60% of  HCV infected females under the 
age of  45. In a majority of  cases, the infection was the 
iatrogenic effect of  postpartum iron-deficiency anemia 
treatment. Blood transfusion was frequently used to raise 
the hemoglobin levels and to allow earlier discharge from 
hospital.
    Primary prevention activities have been already 
undertaken and current procedures have vir tually 
el iminated the risk of  HCV infection from blood 
transfusion. The knowledge of  history of  transfusion is 
important for secondary prevention, which means target 
screening for HCV infection. Testing should be routinely 
offered to the persons with the history of  transfusions 
before 1993, accompanied by appropriate counseling and 
medical management. 
    IVDU was responsible for 9% of  infections and was 
almost exclusively limited to males under the age of  45. At 
the same time, younger males made the group with high 
frequency of  no known or probable risk factors. It may be 
speculated that, at least in some of  those cases, incidental 
drug use could be responsible. Many of  American blood 
donors found to be positive for HCV infection revealed 
the history of  drug use, despite initial denial of  such 
exposure[10]. In our study, the rate of  HCV infections 
resulting from drug use among males <45 years of  age 
(17%) was still much lower than that reported in similar 
groups in the United States (59%-60%)[11,12]. This finding 
confirms the primary role of  nosocomial HCV spread 
in Poland and may reflect lower numbers of  drug users 
in Poland compared to USA or other Western European 
countries. Estimates of  the prevalence of  problem drug 
use (defined as injecting drug use or long duration, 
regular use of  opiates, cocaine and/or amphetamines) 
range in European Union countries between 2 and 10 
cases per 1  0 0 0 of  the population aged between 15 and 
64 years, and Poland remains in the low range[13]. As in 
many Central and Eastern European countries, the major 
problem regarding drug use in Poland concerns heroin. 
Opiate users represent the biggest proportion of  persons 
admitted to residential treatment due to drug addiction. 

Shared usage of  contaminated needles and syringes 
results in high prevalence of  HCV antibodies. Among 100 
parenteral drug users in Warsaw, 76% were found to be 
seropositive for anti-HCV[14]. Another possible explanation 
for relatively low percentage of  intravenous drug users 
in our study might be failing secondary prevention of  
HCV infection among drug-dependant population in 
Poland. In this respect, it is possible that drug users are 
under-represented in the hospital samples because of  
the hindered access to screening procedures, health-care 
services and long-term antiviral treatment.
    Occupational infections constituted nearly 10% of  
primary risk factors in our study and occurred mostly in 
women in both age groups. Nurses are the predominant 
occupational group injured by needles and other sharp-
edged instruments, because they are the largest segment 
of  the workforce in health-care, and also because they may 
have a higher rate of  injury. This group sustains about 
50% of  all needle-stick injuries. The accidents typically 
happen when workers are recapping needles, transferring 
body fluids from one container to another, or when they 
do not dispose the used needles properly[15,16]. In 2001, 
hepatitis C constituted the major cause of  all occupational 
blood-borne infections in health-care workers in Poland[17]. 
    In this study, known nosocomial and probable 
nosocomial risk factors were responsible for 27% and 
14% of  all infections, respectively. Fortunately, the major 
nosocomial risk factor, transfusion of  contaminated 
blood, has been virtually eliminated. After the introduction 
of  screening of  all blood donations for HCV-RNA, 
the calculated risk of  HCV infection resulting from the 
transfusion of  blood during window period is about 
1/1 000 000 blood units[18]. 
    In 102 out of  103 HCV-infected individuals without 
known or probable risk factors, other potential exposures 
could be found and most of  those were medically linked. 
     Our study confirms that hospital setting remains as an 
important source of  infection. This seems to be a common 
feature in Eastern European countries. Nosocomial 
transmission of  HCV is possible if  infection-control 
techniques or disinfection procedures are inadequate and 
contaminated equipment is shared among the patients. 
Diagnostic or treatment procedures (surgical or parenteral 
procedures without blood transfusions) in hospitals were 
indicated as the source of  infection in approximately 
59%-65% cases in Poland, 59% in Latvia and 46% in 
Hungary[4]. 
     Our study had certain limitations as follows: the patients 
with IVDU or hemodialysis were under-represented in 
the sample; the percentage of  patients with probable risk 
factors was related to our definition of  those factors; and 
we did not include certain medical procedures or events 
into that category because previous case-control study did 
not confirm their relation to HCV infection and because 
some of  them could not be the cause but the result of  
HCV infection (endoscopies, hospitalizations). In our 
previous study, we found an increased risk associated with 
minor surgery[8]. Including that exposure into probable 
risk factors category could overestimate the percentage of  
patients in our study with known or probable risk factors. 
The possible overestimation was almost limited to men. 
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    In our experience, a careful history can elicit a risk 
factor in nearly 60% of  hepatitis C infections. The study 
reveals that overall of  at least 50% of  HCV infections 
are associated with health-care sector (transfusions, 
occupational exposure, other nosocomial exposures). 
Among the remaining 40% of  patients without known 
or probable risk factors, almost all individuals provided 
a history of  contact with health-care sector preceding 
diagnosis of  hepatitis C. There is a clear tendency towards 
association of  risk factors with age and gender. IVDU 
occurs mainly in younger males, whereas transfusion 
before 1993 was more common in younger females. 
Females are more probable to acquire the infection 
performing occupational activities in health-care. The 
two groups with the highest rates of  risk factors were 
women > 44 years and men < 45 years. We speculate that 
hospitalization and surgery are responsible for some of  
those infections in older females and IVDU in the younger 
males. 
    We conclude that preventive activities against HCV 
spread in Poland should focus on infection control 
measures in health-care setting. 
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Abstract
We present herein a case report of sigmoidorectal 
intussuscept ion as an unusual case of s igmoid 
adenomatous polyp. The patient was a 56-year-old 
man who suffered from rectal bleeding for one day. 
He initially visited his general practitioner and was 
diagnosed as having an intraluminal mass of 15 cm 
from the anal verge. Several hours after admission to 
our coloproctology clinic, he suddenly presented with 
lower abdominal cramping pain with rectal bleeding 
during his bowel preparation using polyethylene glycol 
electrolyte solution. An emergency colonoscopy revealed 
that the invaginated colon with polypoid mass was 
protruded to the lower rectum. Gastrograffin enema 
showed that the invaginated bowel segment was 3 cm 
from the anal verge. CT scan showed the typical finding 
of intussusception. We performed laparoscopic anterior 
resection and anastomosis after the sponge-on-the-stick-
assisted manual reduction. The permanent pathologic 
finding showed villotubular adenoma of the sigmoid 
colon.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Adenomatous polyp of  the colon is quite a common 
disease, but its presentation as intussusception is very 
rare. The diagnosis of  the underlying lesion in adult 
intussusception is often difficult, and it is commonly 
established only after surgical exploration. However, a 
modern imaging technique, CT, can be helpful in the 
precise preoperative identification of  the etiology of  
the intussusception[1,2]. Although surgical resection is 
generally indicated in most adult intussusceptions, it 
is still controversial whether or not the sigmoidorectal 
intussusception should be reduced before resection. We 
present here a rare case of  large villotubular adenoma 
of  the sigmoid colon as a cause of  sigmoidorectal 
intussusception, and it was treated by laparoscopic 
anterior resection after a manual reduction using our own 
technique.

CASE REPORT
A 56-year-o ld ma le was re fe r red by h i s g enera l 
practitioner to our Coloproctology Clinic for further 
evaluation and management of  an intraluminal rectal 
mass with intermittent rectal bleeding for one day. The 
sodium phosphate enema (Fleet® Enema; CB Fleet Co, 
Lynchburg, VA, USA) was used for bowel preparation for 
sigmoidoscopy in the local clinic. The local practitioner 
finished the sigmoidoscopy without any complications and 
gave a presumptive diagnosis of  rectal mass with partial 
downward displacement of  involved bowel. The rectal 
mass was detected at 15 cm from anal verge upon flexible 
sigmoidoscopy (Figure 1A), and the local practitioner 
did not explore the entire colon beyond the lesion. 
Several hours after his admission, he suddenly had lower 
abdominal cramping pain with rectal bleeding during bowel 
preparation using polyethylene glycol electrolyte solution. 
A digital rectal examination palpated a protuberant 
mass-like lesion with a smooth surface. An emergency 
colonoscopy revealed a sausage-like protrusion at the 
rectum about 3 cm proximal to the anal verge (Figure 1B), 
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and our initial endoscopic diagnosis was nongangrenous 
sigmoidorectal intussusception that was caused by a 
polyp. A CT scan of  the pelvis was performed to obtain a 
detailed delineation of  the lesion. The CT showed a round 
target-shaped mass lesion consistent with intussusception, 
and the leading lesion was thought to be a benign mass 
with a low likelihood of  malignancy (Figure 2). Our clinical 
impression was sigmoidorectal intussusception secondary 
to benign adenomatous polyp of  the sigmoid colon. For 
the next step, we tried a contrast study using gastrograffin 
for the reduction as well as for the diagnostic imaging 
of  the intussusception. This also showed an invaginated 
bowel segment at the lower rectum about 3 cm proximal 
to the anal verge (Figure 3), and a hydrostatic pressure was 
given via the rectum for reduction, but it was in vain.

After the general anesthesia, he was placed supine 
in the modified lithotomy position using Dan Allen 
stirrups. After the insertion of  the umbilical port for the 
establishment of  pneumoperitoneum, surgery was begun in 
the Trendelenburg position. On laparoscopic exploration, 
the neck or commencement of  the intussusception was 
located at the rectosigmoid junction, but the distal end 
was not identified in the peritoneal cavity. The rectal wall 
of  the involved segment was mildly edematous, but it 
was otherwise healthy on gross examination. No other 
intra-abdominal pathologic findings were detected. For 
the manual reduction of  the intussusception, we tried 
to push up the distal end of  invaginated segment with 
a lubricated sponge-on-the-stick from the anus while 
monitoring by a laparoscope. This maneuver made it 

possible to laparoscopically visualize the distal end of  the 
intussusception in the pelvic cavity. We then pulled the 
intussuscepted segment out proximally using a laparoscopic 
bowel grasper, but this trial failed. We next tried manual 
reduction again by grasping the upper ring fold of  the 
intussusception steadily by the index and middle fingers 
of  the surgeon through a suprapubic vertical midline 
incision 4 cm in length while simultaneously pushing the 
lowest segment up using a lubricated sponge-on-the-
stick via the anus; in this fashion we were successful in 
reducing the intussuscepted segment. The leading point 
of  the intussusception was located in the mid-sigmoid 
colon. We performed laparoscopic anterior resection on an 
oncologic basis because the pathology of  the mass had not 
been confirmed as being benign. After the resection of  
the segment, the specimen was extracted via the previous 
suprapubic vertical midline incision. The bowel continuity 
was safely restored using a standard double-stapling 
technique between the descending colon and midrectum. 
The final pathologic diagnosis was villotubular adenoma 
of  the sigmoid colon measuring 2.5 cm × 2 cm in size 
(Figure 4). The patient was discharged from the hospital 8 
d after the operation without any complications.

DISCUSSION
Intussusception is a quite different entity in adults from 

Figure 1 Endoscopic findings. A: Flexible sigmoidoscopy at a local clinic 
showing the mass lesion 15 cm from the anal verge, and the partial downward 
displacement of involved bowel (arrow); B: Colonoscopy at our clinic showing the 
invaginated bowel with a round mass lesion about 3 cm from the anal verge.

A

B Figure 2 Contrast enhanced CT scan of pelvis showing a homogenously well 
enhancing mass at the intussuscepted bowel tip.

Figure 3 Gastrograffin study showing a large smooth-invaginated mass 
intussuscepting into the rectum.
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that found in children. An organic etiology is found in 
70%-90% of  adult intussusceptions, and primary or 
secondary malignant neoplasia are documented in about 
20%-50% of  adult intussusceptions[3-5]. In particular, 
intussusception occurring in large bowel is more likely to 
have a malignant etiology[4]. Large polypoid adenomas and 
lipomas are the most common benign leading points found 
in adult colocolic intussusception[5,6]. Most reported cases 
of  sigmoido-recto-anal intussusception in the literature are 
caused by adenoma or carcinoma[7-10], as compared to our 
case where the lowest intussuscepted segment was located 
in the lower rectum without protrusion through the anus.

In pathogenesis of  intussusception, peristalsis and 
ingested food push the lesion with the adjacent bowel, 
which telescopes into the relaxed intestinal segment distal 
to it[3]. We initially planned to perform colonoscopy after 
bowel preparation using the polyethylene glycol electrolyte 
solution, not only to inspect the entire colon but to make a 
more specific diagnosis of  the intussusception. But based 
on the findings that the patient suddenly complained of  
lower abdominal pain during bowel preparation and that 
the intussusceptum was detected 3 cm apart from anal 
verge at our clinic contrary to the sigmoidoscopic finding 
that the mass was reported to be 15 cm proximal to the 
anal verge at previous clinic, this bowel preparation might 
be, at least, an accelerating factor of  intussusception by 
increased peristalsis. On the ground of  clinical course 
in our case, whole gut irrigation as a bowel preparation 
should be used with caution because it may accelerate 

intussusception.
Early diagnosis and appropriate treatment are essential 

for intussusception because the mesentery of  the involved 
segment is trapped between the overlapping layers of  
the bowel and its vascularity may be compromised. 
Unfortunately, a precise preoperative diagnosis is 
established in only less than half  of  the cases[3,5,11]. Two 
factors may be responsible for the low accuracy of  the 
preoperative diagnosis in adult intussusception. One 
reason is the rare incidence of  the intussusception 
itself  and the other reason is the vague or nonspecific 
symptomatology. This condition is often misdiagnosed as 
a large polyp[9,12] or rectal prolapse[7,8] because of  the wide 
variety of  nonspecific symptoms that include abdominal 
pain, nausea and/or vomiting. It is noteworthy that, in 
most reports, the experience of  the adult intussusception 
at each institution is limited to one or two cases per 
year[3-6,11]. Accordingly, the surgeon must keep in mind 
the possibility of  intussusception even though the clinical 
signs of  the patient may be very subtle.

Radiologic investigations may be helpful to distinguish 
intussusception from other common causes of  intestinal 
obstruction, and for precisely identifying the etiologies of  
the intussusception preoperatively[13]. The characteristic 
finding of  intussusception on a contrast study is a cup-
shaped filling defect that is often accompanied with an 
additional filling defect representing the leading tumor[3]. 
Hydrostatic reduction under radiologic control, as 
employed in children, is less effective in adults and risk 
of  perforation during the procedure is not negligible[10]. 
Generally, CT scan is acknowledged to be the most 
useful radiologic method that may provide additional 
preoperative information including the possible extension 
and/or dissemination of  a malignant tumor[2,5,11,14]. The 
most common CT finding is a thickened segment of  
bowel with an eccentrically placed crescent-like fatty area; 
this represents the intussusception and the intussuscepted 
mesentery. This appears either as a round target mass or as 
a long sausage-shaped mass[14].

The appropriate management of  adult intussusception 
is not always clear cut. Most authors agree that operative 
management of  adult intussusception is almost always 
indicated because of  high likelihood of  neoplasm as a 
leading point, particularly if  this occurs in the colon. 
There is controversy about the reduction before resection 
in cases of  sigmoidorectal intussusception, even though 
most surgeons agree that primary surgical resection 
without a prior attempt at reduction is the treatment of  
choice in colocolic adult intussusception[3,5,13]. Several 
aspects to consider for reduction prior to resection are 
the reduction of  externally viable bowel despite mucosal 
necrosis, intraluminal or transperitoneal seeding, venous 
embolization of  malignant cells, and spillage of  succus 
through inadvertent perforation[5]. For patients with 
sigmoidorectal intussusception, however, the decision 
regarding the operative procedure may be changed 
according to tumor involvement of  the lower rectum. 
If  the lower rectum is involved, an abdominoperineal 
resection is indicated. However, without evidence of  distal 
disease, an initial reduction may permit a sphincter-saving 
procedure instead of  the abdominoperineal resection as 

Figure 4 Hematoxylin and eosin staining of the lesions. A: The polypoid mass of 
the colon showing branching papillary projections composed of proliferated glands 
and thin fibrous stalks (× 10); B: The proliferated glands of the polyp (left) lined by 
single or pseudostratified hyperchromatic columnar cells as compared with normal 
colonic mucosa (right), but without any malignant changes (× 40).

A

B
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advocated by Matsuda et al [15]. In this sense, we would like 
to emphasize the significance of  an attempt at manual 
reduction of  the sigmoidorectal intussusception prior 
to resection, especially for those cases caused by benign 
lesion whereby an unnecessary abdominoperineal resection 
can be avoided. Because most colonic intussusceptions do 
not lead to complete obstruction, adequate preoperative 
bowel preparation is generally possible and this allows for 
a primary anastomosis[4].

There are good reasons for laparoscopic anterior 
resection in this case. The first reason is that the wide 
resection of  intussuscepted colon and its mesentery 
dictates the most important technical consideration, 
because two-thirds of  colocolic intussusceptions 
are associated with a malignant lesion[4]. Although 
preoperative findings were compatible to benign lesion, 
definite histopathologic diagnosis could not be made in 
an emergency situation. Moreover, the size of  the sessile 
polyp was large enough (2 cm×2.5 cm on pathologic 
measurement) for surgeons to consider the possibility 
of  a malignant polyp. In these emergency circumstances, 
choice of  surgical procedure should be judged assuming a 
possibility of  malignancy. The second is the danger in the 
reduction of  externally viable bowel with mucosal necrosis. 
The third is that intra-abdominal exploration is possible to 
exclude dissemination in benign-appearing but malignancy-
undeniable polyp in an emergency situation. Validities of  
laparoscopic oncologic colon surgery has been already 
established in the randomized multicenter trial[16].

In summary, the sigmoidorectal intussusception 
caused by sigmoid villotubular adenoma can be reduced 
by the push-up reduction technique, and safely treated by 
laparoscopic anterior resection. Our own technique using 
the sponge-on-the-stick is very useful in the situation 
that an abdominoperineal resection is, at first, deemed 
to be inevitable because the intussuscepted segment is 
very close to the anus. Therefore, this prior reduction 
technique followed by a resection can be considered for 
the sigmoidorectal intussusception to avoid inadvertent 
abdominoperineal resection. In conclusion, our principle 
of  prior reduction technique followed by a laparoscopic 
resection may be of  use in the management of  benign 
sigomoidorectal intussusception involving lower rectum to 
avoid permanent stoma. Besides, it may also be applicable 

to instances of  proven malignant intussusception 
involving the rectum provided that the lesion is confirmed 
to be localized without intra-abdominal dissemination 
or metastasis on the laparoscopic exploration before 
reduction and bowel resection.
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Abstract
A 39-year-old male patient complaining of bilateral hand 
joint arthralgia was evaluated and found to have chronic 
hepatitis C and systemic sarcoidosis involving lung, skin, 
liver, and spleen. Hepatic and cutaneous sarcoidoses 
were conf i rmed by the presence o f numerous 
noncaseating granulomas on histological examination. 
Pulmonary and splenic involvements were diagnosed by 
imaging studies. 
Fifteen months later, the sarcoidotic lesions in lung, 
liver, and spleen were resolved by radiological studies 
and a liver biopsy showed no granuloma but moderate 
to severe inflammatory activity. systemic sarcoidosis 
is a rare comorbidity of chronic hepatitis C which may 
spontaneously resolve.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Sarcoidosis is a granulomatous disorder of  unknown 
etiology, and is characterized by widespread noncaseating 
granulomas in many organs. Most commonly sarcoidosis 
affects the lungs, followed by mediastinal, hilar lymph 
nodes, and skin. Hepatic involvement of  systemic 

sarcoidosis is frequently demonstrated[1]. In fact, sarcoidosis 
is the most common cause of  hepatic granulomas in 
the West, and infectious disorders resulting from HCV 
or HIV infections are possible comorbidities of  hepatic 
sarcoidosis. Most reported cases of  HCV associated-
sarcoidosis are not the consequence of  HCV infection 
per se, but are the results of  interferon antiviral therapy[2,3]. 
However, cases of  HCV associated-sarcoidosis without 
interferon therapy have also been recently reported and 
the possibility of  HCV infection per se inducing sarcoidosis 
by activating host immune systems has been suggested[3,4].
    Active sarcoidosis and active viral hepatitis are 
somewhat incompatible because sarcoidosis is a reflection 
of  activated host cellular immunity to an unknown 
stimulant, while an augmented cellular immunity is one 
of  the main mechanisms by which HCV replication 
is suppressed by antiviral agents. Thus, changes in the 
activities of  viral hepatitis vs sarcoidosis are worth observing 
when they simultaneously affect a patient.
    We experienced a case of  systemic sarcoidosis in a 
patient with chronic hepatitis C who did not receive 
interferon therapy, and observed the spontaneous 
resolution of  sarcoidotic lesions with more aggravated 
hepatitis activities during the natural course of  this rare 
comorbidity.

CASE REPORT
A 39-year-old male patient was admitted because of  
bilateral hand joint arthralgia, who developed suddenly 
and impaired hand grip. His serum rheumatoid factor 
titer (102.7 kU/L) was elevated but other associated 
clinical features were not compatible with a diagnosis 
of  rheumatoid arthritis. Moreover, his joint symptom 
improved in 2 d without specific medication.
    The patient had suffered from diabetes and chronic 
hepatitis C for 20 years and received treatment with oral 
hypoglycemic agents and subcutaneous insulin injections. 
He was told that his hepatitis activities were mild and 
need not receive antiviral therapy for chronic hepatitis C. 
He was in a relatively good condition until 4 mo prior to 
admission, when he developed fatigue, myalgia, and a mild 
dry cough. He visited other hospitals for these symptoms 
and was found to have small pulmonary nodules, which 
were attributed to past tuberculous infection. His 
respiratory symptoms improved over the intervening 4 mo, 
but fatigue and weakness persisted.
    A physical examination disclosed no remarkable 
findings except for three oval brownish papular skin rashes 
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on the periumbilical and lower back areas. Chest X-ray 
revealed tiny nodules scattered throughout the lung fields 
and maxillary sinus haziness was found on skull X-ray. 
Complete blood cell counts with differential counts were 
all within the normal ranges. Serological markers for HBV 
infection (HBsAg and anti-HBs) were negative but anti 
HCV antibody was positive. A sensitive polymerase chain 
reaction (PCR) detected serum HCV RNA and identified 
the genotype of  the HCV as 1b. Blood chemistry tests 
revealed 23 IU/L aspartate aminotransferase (AST), 
29 IU/L alanine aminotransferase (ALT), 237 U/L 
alkaline phosphatase, 8.3 g/dL total protein, 3.8 g/dL 
albumin, 0.8 mg/dL total bilirubin, 9.4 mg/dL total 
calcium, 3.0 mg/dL phosphorus, 7.6% hemoglobin 
A1C, 201 mg/dL fasting blood sugar, 90% (11.6 s, INR 
1.05) prothrombin time, 3.3 ng/mL alpha-fetoprotein, 
17.3 mg/dL BUN, 0.9 mg/dL creatinine, 1.34 mg/dL 
free T4 (normal: 0.9-1.8 mg/dL), and 2.84 mIU/L TSH 
(normal: 0.3-6.5 mIU/L). Cryoglobulin was negative and 
serum angiotensin converting enzyme concentration was 
in the upper normal range, 51.8 U/L (normal: 8-52 U/L).
     Abdominal ultrasonography showed multiple ill-defined 
low echoic nodular lesions in the liver and an enlarged 
spleen implying the presence of  liver cirrhosis and 
hepatocellular carcinoma, but no evidence of  enhancement 
was identified among the numerous low-attenuation 
nodules scattered throughout the liver and spleen on his 

abdominal CT scan (Figure 1A). Upper gastrointestinal 
endoscopic findings were normal and there was no 
clinical evidence of  portal hypertension. A liver biopsy 
was performed as a basal evaluation of  the chronic HCV 
infection and as a diagnostic procedure for the multiple 
hepatic nodules, which revealed numerous granulomas 
with multinucleated giant cells and occasional asteroid 
bodies in addition to the features of  chronic hepatitis such 
as a mild inflammatory reaction and moderate fibrosis 
(Figure 2A). Special stains for tuberculosis and fungus, 
using acid fast bacillus (AFB) and periodic acid Schiff  (PAS) 
were negative, and Mycobacterium tuberculosis nucleic 
acid was not detected by PCR in the liver tissue.
    A high-resolution chest CT scan showed multiple fine 
nodules distributed in peribronchial areas, especially in the 
upper and middle lobes, without lymph node enlargement, 
which was compatible with type III pulmonary sarcoidosis 
(Figure 3A). Lung tissues obtained by transbronchial lung 
biopsy revealed a patchy distribution of  mild interstitial 
and perivascular fibrosis, without distinctive granulomas 
or significant inflammatory cell infiltrations, and stains for 
AFB and PAS and PCR was negative for Mycobacterium 
tuberculosis nucleic acids. An analysis of  cell types 
obtained by bronchoalveolar lavage showed that 42% were 
lymphocytes that consisted of  CD4+ cells (63%) and 
CD8+ cells (37%), a CD4/CD8 ratio of  1.7. Cytologic 
analysis of  bronchial washing fluid for malignant cells was 
negative and his pulmonary function test was normal.
    Granulomatous inflammation with asteroid bodies and 
multinucleated giant cells were also found in skin biopsy 
specimens of  the periumbilical lesions. Echocardiographic 

Figure 1 Multiple low-attenuating nodular lesions in the liver and an enlarged 
spleen (A) and their disappearance after 15 mo (B) on CT images.

Figure 2 Broad areas of granulomatous inflammation (A) and their disappearance 
(B) with portal and periportal inflammation, and porto-portal fibrous septa 
accompanying piecemeal necrosis in hepatic lobules after 15 mo (HE ×200). 

Figure 3 Scattered reticulonodular opacities and multiple fine parenchymal 
nodules in the case of sarcoidosis (A) and their absence after 15 mo (B).

A

B

A

B

A

B

Kim TH et al.  A case of spontaneously resolved systemic sarcoidosis                                                                151



www.wjgnet.com

and ophthalmologic evaluations and a thyroid function 
test, performed to determine the presence of  indolent 
organ involvement, were all within the normal ranges. 
With a diagnosis of  systemic sarcoidosis involving lung, 
liver, skin, spleen, and mild chronic hepatitis C, no specific 
therapies for either sarcoidosis or chronic hepatitis C were 
adopted, because there was no definitive evidence for 
significant organ dysfunction and disease progression.
     Radiologic and biochemical examinations after 2 months 
showed no significant changes. After then, he went abroad 
and was not followed up for a year. Fifteen months later, 
the hepatosplenic and pulmonary sarcoidotic lesions 
were remarkably improved on radiologic examination 
(Figures 1B and 3B) and a liver biopsy showed no remnant 
granulomas, but moderate to severe inflammatory activities 
in the lobular and periportal areas, and grade 3 septal 
fibrosis (Figure 2B). Blood chemistry showed a markedly 
elevated serum transaminase level (AST 392 IU/mL, ALT 
608 IU/mL) with a high serum viral load (serum HCV 
RNA 2.6×105  IU/mL).

DISCUSSION
Liver involvement in sarcoidosis is reported in 40%-70% 
of  patients, but significant hepatic dysfunction is rare[5]. 
The histologic features of  hepatic sarcoidosis are 
variable. Granulomas are identified in all the patients and 
cholestasis presenting as ductal or periductal inflammation 
and ductopenia are evident in more than 50% of  patients. 
Necroinflammatory changes and vascular changes are 
found in 41% and 29%, respectively, and hepatic fibrosis 
is also found in about 20% of  patients[6]. Asteroid bodies 
are found in about 10% of  hepatic sarcoidosis cases[1]. 
The hepatic histologic findings in the present case are 
compatible with those of  hepatic sarcoidosis, although 
chronic HCV infection may also have contributed. 
Hypodense nodular lesions in the liver and spleen as seen 
in the CT scans of  this patient have been reported to be 
a characteristic feature of  hepatosplenic sarcoidosis[7]. 
Splenic sarcoidosis appears as a nonspecific splenomegaly 
with retroperitoneal lymphadenopathies in most cases of  
abdominal sarcoidosis, and approximately 15% of  cases 
present as multiple focal low-attenuating nodules[8,9]. The 
constitutional symptoms, arthritis, paranasal sinusitis, 
pulmonary nodules, and noncaseating granulomas in the 
liver and skin tissues of  this patient, are all consistent with 
the characteristic features of  systemic sarcoidosis.
    Reported comorbidities of  sarcoidosis include 
infectious diseases, neoplastic disorders, and immunologic-
inflammatory diseases such as lupus erythematosus, 
myasthenia, and primary biliary cirrhosis. HCV infection 
is reported to be the most commonly associated infectious 
disease of  sarcoidosis, however most cases are associated 
with interferon antiviral therapy[2,3]. Treatment-associated 
cases of  sarcoidosis have been reported in many disorders 
such as chronic hepatit is C, chronic myelogenous 
leukemia, renal cell carcinoma and lymphoma, in which the 
beneficial effect of  interferon therapy has been established. 
Importantly, in cases of  chronic hepatitis C, interferon can 
both induce sarcoidosis[10] and reactivate sarcoidosis[11], and 

interferon-based combination antiviral regimens cannot 
eliminate the occurrence of  sarcoidosis[12]. 
    Interferon not only has direct antiviral activity but also 
has potent immune stimulating activities especially on T 
helper (Th1) immune response[10,13], which is also involved 
in the pathogenesis of  sarcoidosis[14,15]. Granulomas in 
sarcoidosis have an abundance of  CD4+ T lymphocytes 
and mononuclear phagocytes, which are thought to 
be a result of  cytokine stimulation and immunologic 
dysregulation[16]. Moreover, ribavirin, an antiviral agent 
which augments the anti-HCV effect of  interferon in 
chronic hepatitis C, also enhances Th1 cytokine response, 
while inhibiting Th2 cytokine response[17,18]. Thus it appears 
that treatment-associated sarcoidosis in chronic hepatitis C 
is mediated by an augmentation of  Th1 immune response.
    Cases of  sarcoidosis and chronic hepatitis C with no 
history of  interferon therapy are rarely reported. Bonnet 
et al [4] reported two cases of  pulmonary sarcoidosis 
associated with untreated chronic hepatitis C, one 
presented with respiratory and cutaneous symptoms that 
responded to corticosteroid therapy, the other manifested 
as cervical lymph adenopathies with pulmonary symptoms 
and responded poorly to corticosteroids. However, 
sarcoidosis hepatic involvement was absent in both cases, 
liver biopsies showed features of  chronic hepatitis but no 
granulomas. Our case is unique in that treatment-unrelated 
hepatic sarcoidosis and its spontaneous resolution were 
proven histologically in this chronic hepatitis C patient.
    Interferon-based antiviral therapy is the standard 
treatment for chronic hepatitis C, but careful evaluations 
are required before starting the treatment because many 
adverse events can be induced by interferon. Flu like 
symptoms, cytopenia, depression, hyperglycemia, and 
thyroid dysfunctions are commonly encountered during 
interferon therapy. Interstitial lung disease, cardiomyopathy, 
and retinopathy rarely develop. Thus severe depression, 
autoimmune disorders, and uncontrolled diabetes 
contraindicate interferon therapy[19]. In addition to these 
disorders, sarcoidosis must also be considered, not only 
during interferon therapy but also before antiviral therapy, 
since sarcoidosis may preclude interferon administration. 
      The clinical course of  pulmonary sarcoidosis is variable 
with a spontaneous remission rate of  40% over a 6-mo 
observation period before steroid therapy[20]. In addition, 
the clinical course of  treatment-associated sarcoidosis in 
chronic viral hepatitis is also variable. The discontinuation 
of  interferon with or without corticosteroid therapy 
usually improves sarcoidotic lesions[11], but the remission 
of  pulmonary sarcoidosis has also been reported though 
interferon therapy is continued[21]. However, the natural 
course of  treatment-unrelated sarcoidosis in chronic 
hepatitis C has not been previously reported. 
      Although corticosteroid therapy can suppress the 
active inflammatory reaction of  sarcoidosis, its effect on 
clinical outcome has not been fully established. Moreover, 
it often provokes serious adverse events, such as hepatic 
functional deterioration and enhanced viral replication[22]. 
In a few cases of  hepatic sarcoidosis, corticosteroid 
therapy could normalize liver enzymes but could not 
achieve histologic improvements[23-25]. Due to the potential 
provocation of  viral replication and uncertain efficacy in a 
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clinically stable condition, the patient was simply observed 
without corticosteroid therapy
     In view of  the fact that sarcoidosis is a manifestation 
of  an augmented (Th1) immune response to an 
unidentified stimulant and that interferon-induced immune 
activation is an important mechanism of  viral replication 
suppression in chronic hepatitis C, hepatitis activities may 
be suppressed when chronic hepatitis C is combined with 
active sarcoidosis. In fact, the present case provides clinical 
evidence that supports this postulation, because serum 
ALT levels and histologic hepatitis activities were mild 
when the patient initially presented with active systemic 
sarcoidosis; whereas 15 mo later when the sarcoidotic 
lesions resolved, hepatitis activities were aggravated with a 
higher serum ALT level and a high serum HCV RNA titer.
In conclusion, it is prudent to keep in mind that systemic 
sarcoidosis is a rare comorbidity of  chronic hepatitis C 
which may spontaneously resolve.
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the features of  acute abdomen. Very few cases of  acute 
chylous peritonitis have been described in the literature. 
We have discussed the clinical features and management 
of  acute chylous peritonitis, and its rarity and presentation 
compared to common surgical emergencies, such as acute 
appendicitis.

CASE REPORT
A 22-year-old male presented with intermittent fever 
and abdominal pain for two days before admission. He 
first presented at a clinic, where acute appendicitis was 
suspected. He was referred by the clinic to our hospital 
for further management. The symptoms of  abdominal 
distension and pain were continuous and aggravated by 
any movement. The patient did not have any history of  
previous trauma or similar pain, and there was nothing 
relevant in his past medical history. He did not smoke 
cigarettes or consume alcohol, and denied any recent 
long distance or overseas travel. On examination, his 
temperature was 38.2  ºC, pulse rate was 80/min, and blood 
pressure was 116/70 mmHg. The systemic examination 
was unremarkable. The abdomen was soft and ovoid in 
shape, and there was tenderness over the periumbilical and 
right lower quadrant regions. Bowel sounds were audible. 
Blood analysis gave the following values: total leukocyte 
count, 11.6×109/µL; Hb, 143 g/L; platelet count, 31.4×
109/µL; neutrophils, 64.3%; lymphocytes, 22.7%; Na, 141 
mmol/L; K, 3.9 mmol/L; urea, 3.9mmol/L;  creatinine, 
70.7µmol/L; glucose, 5.3mmol/L; AST, 367nkat/L; and 
ALT, 133nkat/L.
    The chest X-ray was normal, but the abdominal X-ray 
showed nonspecific gas-filled loops of  the large intestine. 
Computed tomography of  the abdomen with contrast 
showed lobulated fluid accumulation over the retroperito-
neal space extending from the level of  the renal hilum into 
the right side pelvis and right inguinal area (Figure 1). Sus-
pecting a ruptured appendix, we performed an exploratory 
laparotomy. When entering the peritoneum, we noted a 
large amount of  milky fluid in the peritoneal cavity. Chy-
lous ascites was first considered because of  the obvious 
lymphatic leakage from the thoracic duct after we opened 
the retroperitoneum (Figure 2). We performed suture liga-
tion of  the lymphatic leakage and drainage of  the retro-
peritoneal lymphocele. Postoperative drainage was < 100 
mL in the first week. The patient commenced a low-fat diet, 
and was recovering well after a 6-month follow-up.

DISCUSSION
Ascites is the presence of  excess fluid in the peritoneal 
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Abstract
Acute abdominal pain with signs and symptoms of 
peritonitis due to sudden extravasation of chyle into 
the peritoneal cavity is a rare condition that is often 
mistaken for other disease processes. The diagnosis 
is rarely suspected preoperatively. We report a case 
of spontaneous chylous peritonitis that presented 
with typical symptoms of acute appendicitis such as 
intermittent fever and epigastric pain radiating to the 
lower right abdominal quadrant before admission.
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INTRODUCTION
Chylous ascites is the accumulation of  a milky or creamy 
peritoneal fluid rich in triglycerides due to the presence 
of  lymph. It is a rare clinical condition that results from 
the disruption of  the abdominal lymphatic system. 
Multiple causes have been described including abdominal 
malignancy, cirrhosis, inflammation, congenital and 
postoperative or traumatic causes, and miscellaneous 
disorders. Management is based on identifying and 
treating the underlying cause. A sudden outpouring of  
chyle into the peritoneal cavity may produce acute chylous 
peritonitis. Patients with such defect usually present with 
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cavity and is a common clinical finding with a wide 
range of  causes, which can require varied treatment. 
Acute chylous peritonitis is defined as an acute abdomen 
with all the signs of  acute peritoneal irritation resulting 
from free chyle in the peritoneal cavity, without any 
underlying disease. Acute chylous peritonitis can also 
involve extravasation of  milky or creamy peritoneal 
fluid that is rich in triglycerides with small amounts of  
cholesterol and phospholipids, caused by the presence 
of  thoracic or intest inal lymph in the abdominal 
cavity. Chylous ascites occurs in one in 20 000 patients 
admitted to the hospital[1].
    The lymphatic system is an accessory route through 
which f luids and protein f low from the interstitial 
spaces to the vascular system. Almost all tissues of  the 
body have lymphatic channels composed of  one-way 
valves that drain the excess fluid from the interstitial 
spaces of  tissue. These channels play a pivotal role 
in clearing the interstitium of  debris and bacteria, 
which are car r ied to lymph nodes where they are 
opsonized and phagocytized. Gastrointestinal tract 
lymphatics also transport absorbed water and lipids 
to the circulatory system[2]. In the gut, long chain 
triglycerides are converted into monoglycerides, free 
fatty acids, and absorbable chylomicrons, which explain 

the high content of  triglycerides and the milky, cloudy 
appearance of  lymph. In our case, the triglyceride 
concentration in the ascites fluid was 5.48 mmol/L, 
much higher than the blood triglyceride concentration 
of  102 mg/dL. The basal flow rate of  lymphatic fluid 
through the thoracic duct averages about 1.0 mL/kg 
per an hour, with a total volume of  1 500 - 1 700 mL/d. 
These volumes increase markedly with the ingestion 
of  fats, and fluid rates as high as 200 mL/h have been 
reported[3].
    Chylous ascites may result from many pathological 
conditions, including congenital defects of  the lymphatic 
system; nonspecific bacterial, parasitic, and tuberculous 
peritoneal infections; liver cirrhosis; malignant neoplasm; 
and blunt abdominal trauma. These etiologies may be 
categorized into distinct mechanism-based groups[4]. 
The most common etiological factors are abdominal 
malignancy and congenital lymphatic abnormalities in 
adults and children, respectively[5]. We have presented 
an unusual case of  spontaneous chylous ascites-related 
peritonitis mimicking acute appendicitis in a young 
adult. Abdominal surgery is another common cause that 
is most frequently associated with the resection of  an 
abdominal aortic aneurysm or retroperitoneal lymph 
node dissection[6]. Various vascular surgical procedures 
such as aorta-to-femoral artery bypass may cause chylous 
complications[7]. It has been suggested that overloading of  
the lymphatic channels with chyle after a heavy fatty meal 
may cause extravasation of  chyle intraperitoneally and 
retroperitoneally[8].
    Abdominal distension is the most common symptom 
in patients with chylous ascites. Other clinical features 
include abdominal pain, anorexia, weight loss, edema, 
weakness, nausea, dyspnea, weight gain, lymphadenopathy, 
early satiety, fever, and night sweats. The cl inical 
presentation of  acute abdomen is less common. Free chyle 
is relatively nonirritating to the serosal surface, but pain 
may result from the stretching of  the retroperitoneum 
and the mesenteric serosa[8]. The pain is severe and a 
physical examination may lead to the misdiagnosis of  
appendicitis, cholecystitis, mesenteric arterial embolism, or 
a perforated viscus. The unusual case we present here is 
spontaneous chylous ascites-related peritonitis mimicking 
acute appendicitis in a young adult. Just like a similar case 
reported by Lamblim et al [9] the diagnosis was established 
by the celiotomy. 
    The diagnosis of  chylous ascites is confirmed by 
analyzing the ascites fluid, which is only possible if  
such a diagnosis is suspected preoperatively. The chief  
characteristics of  chylous effusions include a milky 
appearance, separation into a creamy layer on standing, 
lacking an odor, alkaline chemical properties, specific 
gravity greater than 1.012, bacteriostatic properties, 3% 
total protein, staining of  fat globules with Sudan red 
stain, fat content of  0.4% - 4%, and total solids > 4%[10]. 
The triglyceride level is an important diagnostic tool, and 
concentration in the chylous ascites is typically two to 
eight times that of  plasma[11]. True chylous ascites must 
be distinguished from “chyliform” and “pseudochylous” 
effusions, in which the turbid appearance is due to cellular 
degeneration from bacterial peritonitis or neoplasm. 

Figure 1  Accumulation of lobulated fluid over the retroperitioneal space and at the 
para-cecum region shown by computed tomography with contrast to the abdomen.

Figure 2  Obvious lymphatic leakage from the thoracic duct after the retroperiton-
eum was opened.
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However, the triglyceride concentration is low in these 
effusions. Other diagnostic tests such as computed 
tomography, lymphangiography, lymphoscintigraphy, 
and laparotomy have the highest yield of  diagnostic 
information[4].
    The optimal management of  true chylous peritonitis 
depends upon the underlying etiology. In patients with 
symptoms of  an acute abdominal process, immediate 
exploration should be performed. Laparotomy usually 
allows a definitive diagnosis and provides an opportunity 
to address the underlying cause. The source of  chylous 
extravasation can be corrected by ligation of  the leaking 
lymphatics or removal of  the offending lesion, the cause 
of  many congenital and all traumatic cases. The goals of  
nonsurgical therapy for chylous ascites include maintaining 
or improving nutrition, and decreasing the rate of  chyle 
formation. Dietary intervention involves a diet that is rich 
in protein, and low in fat and medium-chain triglycerides to 
decrease lymph flow in the major lymphatic tracts and to 
facilitate the closure of  chylous fistulas[12]. Total parenteral 
nutrition can be used to achieve complete bowel rest and 
might allow resolution of  the chylous ascites. Somatostatin 
improves chylous ascites by inhibiting lymph f luid 
excretion through specific receptors found in the normal 
intestinal wall of  lymphatic vessels[13]. In patients with 
a large amount of  ascites, a total paracentesis to relieve 
discomfort and dyspnea can be performed and repeated 
as needed. However, one should note the risk of  infection 
and fat emboli. If  the patients are poor surgical candidates 
and refractory to nonsurgical treatment, peritoneovenous 
shunting may be an option, although these shunts carry a 
high rate of  complications[14].
    In conclusion, we have described a rare case of  acute 
chylous peritonitis that mimicked acute appendicitis, 
but could not identify the cause. This case suggests that 
diagnostic laparoscopy may play an important role in the 
initial management of  this condition[15].
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ranging from 66 to 81 years) were enrolled in the present 
study. Written informed consent was obtained from each 
patient. We have developed several novel percutaneous 
local therapies for HCC. The first is the combination of  
PEI and RFA (PEI-RFA). In this treatment modality, 
RFA is performed immediately after PEI. The second is 
percutaneous ethanol-lipiodol injection (PELI). In this 
modality, mixture of  pure ethanol and lipiodol, a lipid-
based contrast medium, at a ratio of  10:1, is injected 
percutaneously into HCC. The last is the combination of  
PELI and RFA (PELI-RFA). Usefulness of  these new 
treatment modalities has been reported elsewhere[1-7]. In 
the present study, two patients with HCC underwent PELI 
and three underwent PELI-RFA.
    We recorded EGG before and 3 d after therapy, and 
the results were compared. EGG was recorded with a 
portable electrogastrographic recorder (NIPRO; Tokyo, 
Japan). Five electrodes were affixed to the abdomen as 
shown in Figure 1, and EGG was recorded for 30 min 
during a fasting period and again during a postprandial 
period. We evaluated the percentages of  bradygastria 
(< 2.4 c/min) , no r mog as t r i a ( 2 . 4 - 3 . 6 c/min ) , and 
tachygastria (> 3.6 c/min), as well as the dominant frequency 
(DF) and the postprandial-to-fasting power ratio (PR). 
We also examined clinical abdominal symptoms, using the 
questionnaire reported by Svedlund et al. (Gastrointestinal 
Symptom Rating Scale, GSRS)[8] which was translated 
into Japanese. The translated form was provided by Astra 
Zeneca (Tokyo, Japan). Measured values were expressed 
as mean ± SE. Comparisons before and after therapy were 
performed by the paired Student’s t test, and P < 0.05 was 
accepted as a significant difference.
    The results are summarized in Table 1. Because the 
similar EGG patterns were obtained from all the channels, 
the data of  channel 1 are shown in Table 1. After 
percutaneous local therapies for HCC, the percentages 
of  bradygastria in the fasting period were significantly 
increased, while the percentages of  normogastria in the 
same period were significantly decreased. The PR of  
normogastria and bradygastria was significantly decreased 
after therapy. Conversely, no significant differences were 
found in the calculated GSRS scores obtained from the 
questionnaire before and after therapy. This study is the 
first report to estimate the effect of  percutaneous local 
therapies for HCC on the gastric myenteric activity. The 
present results indicate that percutaneous therapies for 
HCC may impair gastric function even when clinical 
symptoms are not apparent.
     The first EGG measurement in humans was performed 
by Alvarez [9]. This method can be used to noninvasively 
assess the electrical activity generated by gastric smooth 
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TO THE EDITOR
Percutaneous local therapies, such as percutaneous ethanol 
injection (PEI), microwave coagulation and radiofrequency 
ablation (RFA), are frequently used worldwide for the 
treatment of  hepatocellular carcinoma (HCC) because 
of  their high effectiveness. Although these treatment 
modalities can induce effectively coagulated tumor 
necrosis in the liver, they may cause adverse effects on 
extrahepatic abdominal organs. There are, however, no 
published reports on the influence of  percutaneous local 
therapies on the gastric myenteric activity. Therefore, it 
is unclear whether or not gastric function is affected by 
percutaneous local therapies. In this study, to make clear 
the effect of  PEI and RFA on the gastric function, we 
continuously recorded the gastric myoelectric activity by 
electrogastrography (EGG) and estimated the effect of  
percutaneous local therapies for HCC on gastric function.
    Five patients with HCC (3 males and 2 females; age 



muscles. EGG is believed to reflect the electrical control 
activity and gastric motility regulated by pacemakers. In 
humans, these EGG waves originated from the pacemaker 
area along the major curvature of  the stomach and 
propagated aborally with increasing velocity, at intervals 
of  approximately 20 s [10]. EGG has been shown to 
provide useful information for clinical diagnoses[10]. EGG 
abnormalities have been observed in disorders of  gastric 
emptying, nausea and vomiting[10].
    Percutaneous local therapies is of  great significance in 
the treatment of  HCC and metastatic liver tumors. PELI, 
PEI-RFA and PELI-RFA are new therapeutic methods 
for HCC, which we have developed. We have confirmed 
the usefulness of  these novel percutaneous local therapies 
in the treatment of  HCC [1-7]. It has been shown that 
transcatheter arterial chemoembolization affected the 
gastric myenteric activity and that overproduction of  
endogenous prostaglandin was related to dysrhythmia 
of  the gastric myenteric activity [11]. In this pilot study, 

we demonstrated that the gastric myenteric activity was 
affected by percutaneous local therapies for HCC, although 
abdominal symptoms were not apparent and GSRS scores 
obtained from the questionnaire did not change significantly 
after therapy. It is a significant clinical matter that delayed 
gastric transit may occur after percutaneous therapy for 
HCC. Because it has been reported that patients with 
HCC tend to have gastrointestinal dysfunction [12], we have 
to pay attention to gastric dysfunction after percutaneous 
local therapies for HCC even when there are no clinical 
symptoms. The mechanisms underlying the effect of  
percutaneous local therapies for HCC on extrahepatic 
abdominal organs need further exploration.

REFERENCES   

1 Kurokohchi K, Watanabe S, Masaki T, Hosomi N, Funaki 
T, Arima K, Yoshida S, Nakai S, Murota M, Miyauchi Y, 
Kuriyama S. Combination therapy of percutaneous ethanol 
injection and radiofrequency ablation against hepatocellular 
carcinomas difficult to treat. Int J Oncol 2002; 21: 611-615 

2 Kurokohchi K, Watanabe S, Masaki T, Hosomi N, Funaki T, 
Arima K, Yoshida S, Miyauchi Y, Kuriyama S. Combined use 
of percutaneous ethanol injection and radiofrequency ablation 
for the effective treatment of hepatocelluar carcinoma. Int J 
Oncol 2002; 21: 841-846 

3 Watanabe S, Kurokohchi K, Masaki T, Miyauchi Y, Funaki T, 
Inoue H, Himoto T, Kita Y, Uchida N, Touge T, Tatsukawa 
T, Kuriyama S. Enlargement of thermal ablation zone by the 
combination of ethanol injection and radiofrequency ablation 
in excised bovine liver. Int J Oncol 2004; 24: 279-284

4 Kurokohchi K, Masaki T, Miyauchi Y, Funaki T, Yoneyama 
H, Miyoshi H, Yoshida S, Himoto T, Morishita A, Uchida N, 
Watanabe S, Kuriyama S. Percutaneous ethanol and lipiodol 
injection therapy for hepatocellular carcinoma. Int J Oncol 
2004; 24: 381-387 

5 Kurokohchi K, Masaki T, Miyauchi Y, Hosomi N, Yoneyama 
H, Yoshida S, Himoto T, Deguchi A, Nakai S, Inoue H, 
Watanabe S, Kuriyama S. Efficacy of combination therapies of 
percutaneous or laparoscopic ethanol-lipiodol injection and 
radiofrequency ablation. Int J Oncol 2004; 25: 1737-1743

6 Kurokohchi K, Masaki T, Himoto T, Deguchi A, Nakai S, 
Yoneyama H, Yoshida S, Kimura Y, Inoue H, Kinekawa F, 
Yoshitake A, Izuishi K, Watanabe S, Kuriyama S. Successful 
laparoscopic radiofrequency ablation of hepatocellular 
carcinoma adhered to the mesentery after transcatheter arterial 
embolization. Oncol Rep 2005; 13: 65-68

7 Kurokohchi K, Watanabe S, Masaki T, Hosomi N, Miyauchi Y, 
Himoto T, Kimura Y, Nakai S, Deguchi A, Yoneyama H, Yoshida 
S, Kuriyama S. Comparison between combination therapy of 
percutaneous ethanol injection and radiofrequency ablation and 
radiofrequency ablation alone for patients with hepatocellular 
carcinoma. World J Gastroenterol 2005; 11: 1426-1432 

8 Svedlund J, Sjödin I, Dotevall G. GSRS--a clinical rating scale 
for gastrointestinal symptoms in patients with irritable bowel 
syndrome and peptic ulcer disease. Dig Dis Sci 1988; 33: 129-134

9 Alvarez WC. The electrogastrogram and what it shows. JAMA 
1922; 78: 1116-1119 

10 Verhagen MA, Van Schelven LJ, Samsom M, Smout AJ. 
Pitfalls in the analysis of electrogastrographic recordings. 
Gastroenterology 1999; 117: 453-460

11 Chang CS, Yang SS, Yeh HZ, Ko CW, Lien HC, Chen GH. 
Mediation of transcatheter arterial chemoembolization 
induced gastric slow-wave dysrhythmia by endogenous 
prostaglandin. J Gastroenterol Hepatol 2002; 17: 46-51

12 Chen CY, Lu CL, Chang FY, Lih-Jiun K, Luo JC, Lu RH, 
Lee SD. Delayed gastrointestinal transit in patients with 
hepatocellular carcinoma. J Gastroenterol Hepatol 2002; 17: 
1254-1259

bP<0.01 vs sham operation group; dP<0.01 vs SAP group.

Table 1 Comparisons between before and 
after therapy (mean±SE)

Bradygastria (%)                 54.0 ± 7.4 77.4 ± 5.6a

Normogastria (%)         42.4 ± 7.5 18.6 ± 5.2a

Tachygastria (%)           3.2 ± 1.8   4.0 ± 4.0
PR of badygastria (%)           1.3 ± 0.1   0.8 ± 0.1a

PR of normogastria (%)          2.5 ± 0.5   1.8 ± 0.5a

PR of tachygastria (%)           2.1 ± 0.5   1.7 ± 0.5
DF (c/min)            2.3 ± 0.1   1.9 ± 0.1
Gastrointestinal symptoms   1.8 ± 0.2     2.2 ± 0.5
Total score                                 

                           Before             After

Figure 1  The positions of electrodes for EGG recording. X, xyphoid process; N, 
navel; RMCL, right mid-clavicular line; LMCL, left mid-clavicular line; C, central 
terminal electrode placed on the patient's ventral midline about halfway between 
the umbilicus and the xyphoid process; A, channel 1 placed on an intersecting 
point between RMCL and a vertical bisectrix of the line XC; B, channel 2 placed on 
intersecting point between LMCL and a vertical bisectrix of the line XC; D, channel 
3 placed on intersecting point between RMCL and a vertical bisectrix of the line 
NC; E, channel 4 placed on intersecting point between LMCL and a vertical 
bisectrix of the line NC.

ap  < 0.05 vs  before therapy

 158             ISSN 1007-9327     CN 14-1219/ R     World J Gastroenterol      January 7, 2006   Volume 12   Number 1

www.wjgnet.com

X

C

RMCL

N

A

LMCL

B

D E

X

C

RMCL

N

A

LMCL

B

D E

RMCL LMCL

B

D E

N

X

A

C

S- Editor  Wang XL and Guo SY    L- Editor  Elsevier HK    E- Editor  Wu M



 ACKNOWLEDGMENTS

Acknowledgments to Reviewers of World Journal of 
Gastroenterology

PO Box 2345, Beijing 100023, China                                                                                                                                 World J Gastroenterol 2006 January 7; 12(1): 159
www.wjgnet.com                                                                                                                                         World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                       © 2005 The WJG Press. All rights reserved.

Many reviewers have contributed their expertise and time 
to the peer review, a critical process to ensure the quality 
of World Journal of Gastroenterology. The editors and authors 
of  the articles submitted to the journal are grateful to the 
following reviewers for evaluating the articles (including 
those were published and those were rejected in this issue) 
during the last editing period of time.

Kyoichi Adachi, MD
Department of  Gastroenterology and Hepatology, Shimane Uni-
versity, School of  Medicine Shimane, 89-1 Enya-cho, Izumo-shi 
Shimane 693-8501, Japan

Masahiro Arai, MD, PhD
Department of  Gastroenterology, Toshiba General Hospital, 
6-3-22 Higashi-ooi, Shinagawa-ku,Tokyo 140-8522, Japan

Yusuf  Bayraktar, Professor 
Department of  Gastroenterology, School of  Medicine, Hacette-
pe University, Ankara 06100, Turkey

Luigi Bonavina, Professor 
Department of  Surgery, Policlinico San Donato, University of  
Milano, via Morandi 30, Milano 20097, Italy

Josep M Bordas, MD 
Department of  Gastroenterology IMD, Hospital Clinic”, Llu-
sanes 11-13 at, Barcelona 08022, Spain 

Wang-Xue Chen, Dr
Institute for Biological Sciences, National Research Concil Can-
ada, 100 Sussex Drive, Room 3100, Ottawa, Ontario K1A 0R6, 
Canada

Franck Carbonnel, Professor 
Department of  Gastroenterology, Chu de Besancon, Boulevard 
Fleming,Besancon 25000, France

Mitsuhiro Fujishiro, Dr 
Department of  Gastroenterology, Faculty of  Medicine, Univer-
sity of  Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, Japan
 
Masayoshi Ito, MD 
Department of  Endoscopy, Yotsuya Medical Cube, 5-5-27-701 
Kitashinagawa, Shinagawa-ku, Tokyo 1410001, Japan

Kei Ito, MD
Department of  Gastroenterology, Sendai City Medical Center, 
5-22-1,Tsurugaya, Miyagino-ku, Sendai City 983-0824, Japan

Zahariy Krastev, Professor
Department of  Gastroneterology, Universiti Hospital “St. Ivan 
Rilski”,#15, blvd “Acad. Ivan Geshov”, Sofi a 1431, Bulgaria 

Edward Loftus, V Jr, Associate Professor
Division of  Gastroenterology and Hepatology, Mayo Clinic 
College of  Medicine, 200 First Street, SW, Rochester, MN 
55905, United States

María Isabel Torres López,Professor 
Experimental Biology, University of  Jaen, araje de las Lagunillas 
s/n, Jaén 23071, Spain

Yasushi Matsuzaki, Associated Professor
Division of  Gastroenterology and Hepatology, Graduate School 
of  Comprehensive Human Sciences and University Hospital, 
1-1-1 Tennodai, Tsukuba 305-8575, Japan
 
Yoshiharu Motoo, Professor
Department of  Medical Oncology, Kanazawa Medical Univer-
sity, 1-1 Daigaku, Uchinada, Ishikawa 920-0293, Japan

Hisato Nakajima, MD 
Department of  Gastroenterology and Hepatology, The Jikei 
University School of  Medicine, 3-25-8, Nishi-Shinbashi, Minato-
ku, Tokyo 105-8461, Japan

Raffaele Pezzilli, MD
Department of  Internal Medicine and Gastroenterology, Sant’
Orsola-Malpighi Hospital, Via Massarenti, 9, Bologna 40138, 
Italy

CS Pitchumoni, Professor 
Robert Wood Johnson School of  Medicine, Robert Wood John-
son School of  Medicine, New Brunswiuc NJ D8903, 
United States

Adrian Reuben, Professor of  Medicine
Department of  Medicine, Medical University of  South Caro-
lina, Division of  Gastroenterology and Hepatology, 210 Clinical 
Sciences Building, PO Box 250327, 96 Jonathan Lucas Street, 
Charleston SC 29425, United States

Manuel Romero-Gómez, MD, Professor
Hepatology Unit, Hospital Universitario de Valme, Ctra de Cádiz 
s/n, Sevilla 41014, Spain

Wolfgang Stremmel, R Professor
Department of  Gastroenterology, University Hospital Heidel-
berg, Medizinische Universitafsklinik, Heidelberg 49120, 
Germany

Tadatoshi Takayama, Professor
Department of  Digestive Surgery, Nihon University School 
of  Medicine, 30-1 Oyaguchikami-machi, Itabashi-ku, Tokyo 
173-8610, Japan

Wei Tang, MD, EngD, Assistant Professor
H-B-P Surgery Division, Artificial Organ and Transplantation 
Division, Department of  surgery, Graduate School of  Medicine, 
The University of  Tokyo, Tokyo 113-8655, Japan

Simon D Taylor-Robinson, MD
Department of  Medicine A, Imperial College London, 
Hammersmith Hospital, Du Cane Road, London W12 0HS, 
United KingdomTennodai, Tsukuba 305-8575, JapanTsurugaya, 
Miyagino-ku, Sendai City 983-0824, Japan

Yvan Vandenplas, Professor
Department of  Pediatrics, AZ-VUB, Laarbeeklaan 101, Brussels 
1090, Belgium

Steven David Wexner, MD, Professor 
The Cleveland Clinic Foundation Health Sciences Center of  
the Ohio State University, and Clinical Professor, Department 
of  Surgery, Division of  General Surgery, University of  South 
Florida College of  Medicine, 21st Century Oncology Chair in 
Colorectal Surgery, Chairman Department of  Colorectal Surgery, 
Chief  of  Staff, Cleveland Clinic Florida, 2950 Cleveland Clinic 
Boulevard, Weston, Florida 33331, United States



PO Box 2345, Beijing 100023, China                                                                                                                                World J Gastroenterol  2006 January 7; 12(1): 160
www.wjgnet.com                                                                                                                                         World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                       © 2005 The WJG Press. All rights reserved.

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



PO Box 2345, Beijing 100023, China                                                                                                                         World J Gastroenterol  2006 January 7; 12(1): 161-162
www.wjgnet.com                                                                                                                                         World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                       © 2005 The WJG Press. All rights reserved.

www.wjgnet.com

Instructions to authors
GENERAL INFORMATION
World Journal of Gastroenterology (WJG, World J gastroenterology ISSN 1007-9327 CN 
14-1219/R) is a weekly journal of  more than 48 000 circulation, published on 
the 7th, 14th, 21st and 28th of  every month.
    Original Research, Clinical Trials, Reviews, Comments, and Case Reports 
in esophageal cancer, gastric cancer, colon cancer, liver cancer, viral liver 
diseases, etc., from all over the world are welcome on the condition that 
they have not been published previously and have not been submitted 
simultaneously elsewhere.

Published by
The WJG Press 

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed double-spaced on A4 (297mm×210 mm) 
white paper with outer margins of  2.5 cm. Number all pages consecutively, 
and start each of  the following sections on a new page: Title Page , Abstract, 
Introduction, Materials and Methods, Results, Discussion, acknowledgements, 
References, Tables, Figures and Figure Legends. Neither the editors nor 
the Publisher is responsible for the opinions expressed by contributors. 
Manuscripts formally accepted for publication become the permanent 
property of  The WJG Press and may not be reproduced by any means, in 
whole or in part without the written permission of  both the authors and 
the Publisher. We reserve the right to put onto our website and copy-edit 
accepted manuscripts. Authors should also follow the guidelines for the care 
and use of  laboratory animals of  their institution or national animal welfare 
committee.

Authors should retain one copy of  the text, tables, photographs and 
illustrations, as rejected manuscripts will not be returned to the author(s) and 
the editors will not be responsible for the loss or damage to photographs and 
illustrations.

Online submission
Online submission is strongly advised. Manuscripts should be submitted 
through the Online Submission System at: http://www.wjgnet.com/index.jsp. 
Authors are highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (http://www.wjgnet.com/wjg/help/instructions.jsp) before 
attempting to submit online. Authors encountering problems with the Online 
Submission System may send an email you describing the problem to wjg@
wjgnet.com for assistance. If  you submit your manuscript online, do not 
make a postal contribution. A repeated online submission for the same 
manuscript is strictly prohibited.

Postal submission
Send 3 duplicate hard copies of the full-text manuscript typed double-spaced on 
A4(297 mm×210 mm) white paper together with any original photographs 
or illustrations and a 3.5 inch computer diskette or CD-ROM containing an 
electronic copy of  the manuscript including all the fi gures, graphs and tables 
in native Microsoft Word format or *.rtf  format to: 

Editorial Offi ce 
World Journal of Gastroenterology
Editorial Department: Apartment 1066, Yishou Garden,
58 North Langxinzhuang Road,
PO Box 2345, Beijing 100023, China
E-mail: wjg@wjgnet.com
http: //www.wjgnet.com

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be submitted 
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 
manuscript is also required (excluding references).  Style should conform to 
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, 
institution(s) and/or department(s) where the work was accomplished, 

disclosure of  any financial support for the research, and the name, full 
address, telephone and fax numbers and email address of  the corresponding 
author should be included. Titles should be concise and informative (removing 
all unnecessary words), emphasize what is new, and avoid abbreviations. 
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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]
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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.
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Abbreviations
Standard abbreviations should be defi ned in the abstract and on fi rst mention 
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Biological and Medical Editors and Authors (Ed. Baron DN, 1988) published 
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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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