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INTRODUCTION World Journal of  Gastroenterology is an international, open-access, peer-reviewed, and multi-
disciplinary weekly journal that serves gastroenterologists and hepatologists. The biggest 
advantage of  the open access model is that it provides free, full-text articles in PDF and other 
formats for experts and the public without registration, which eliminates the obstacle that 
traditional journals possess and usually delays the speed of  the propagation and communication 
of  scientific research results. The open access model has been proven to be a true approach that 
may achieve the ultimate goal of  the journals, i.e. the maximization of  the values of  the readers, 
the authors and the society. 

Maximization of  the value of  the readers can be comprehended in two ways. First, the journal 
publishes articles that can be directly read or downloaded free of  charge at any time, which attracts 
more readers. Second, the readers can apply the knowledge in clinical practice without delay after 
reading and understanding the information in their fields. In addition, the readers are encouraged 
to propose new ideas based on those of  the authors, or to provide viewpoints that are different 
from those of  the authors. Such discussions or debates among different schools of  thought will 
definitely boost advancements and developments in the fields. Maximization of  the value of  
the authors refers to the fact that these journals provide a platform that promotes the speed of  
propagation and communication to a maximum extent. This is also what the authors really need. 
Maximization of  the value of  the society refers to the maximal extent of  the social influences and 
impacts produced by the high quality original articles published in the journal. This is also the main 
purpose of  many journals around the world.
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Abstract
Metastatic gastric cancer remains an incurable disease, 
with a relative 5-year survival rate of 7%-27%. 
Chemotherapy, which improves overall survival (OS) 
and quality of life, is the main treatment option. Meta-
analysis has demonstrated that the best survival results 
obtained in earlier randomized studies were achieved 
with three-drug regimens containing a fluoropyrimidine, 
an anthracycline, and cisplatin (ECF). Although there 
has been little progress in improving median OS 
times beyond the 9-mo plateau achievable with the 
standard regimens, the availability of newer agents 
has provided some measure of optimism. A number of 
new combinations incorporating docetaxel, oxaliplatin, 
capecitabine, and S-1 have been explored in randomized 
trials. Some combinations, such as epirubicin-oxaliplatin-
capecitabine, have been shown to be as effective as (or 
perhaps more effective than) ECF, and promising early 
data have been derived for S-1 in combination with 
cisplatin. One factor that might contribute to extending 
median OS is the advancement whenever possible to 
second-line cytotoxic treatments. However, the biggest 
hope for significant survival advances in the near future 
would be the combination of new targeted biological 
agents with existing chemotherapy first-line regimens.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Gastric cancer is the fourth most common cancer 
worldwide, with about 700 000 confirmed deaths annually. 
Despite an overall global decrease in incidence, gastric 
cancer is more prevalent in east Asia, eastern Europe, and 
central and south America than in other countries[1,2].

Chemotherapy is the main treatment option for 
patients with advanced disease. Median overall survival 
(OS) of  8-12 mo has been reported in patients undergoing 
chemotherapy compared with 3-5 mo for those treated 
with best supportive care[3]. Several drugs have shown 
good single-agent activity. The response rates range from 
10% to 25% and the median duration of  response is 
relatively short. Fluorouracil (5-FU), cisplatin, docetaxel, 
and, less commonly, paclitaxel, epirubicin, and irinotecan 
are major components of  conventional regimens. 
Oxaliplatin, capecitabine, S-1, and UFT are also being 
used in combination chemotherapy. To date, although a 
large number of  trials have been performed, there is no 
standard treatment for advanced disease.

Intravenous 5-FU remains the most widely used 
agent and has been the cornerstone of  old combination 
regimens such as FAM (5-FU, doxorubicin, and 
mitomycin C), FAMTX (5-FU, doxorubicin, and 
methotrexate), ELF (etoposide, leucovorin, and 5-FU), 
and ECF (epirubicin, cisplatin, and continuous infusion 
5-FU). Although these regimens yield overall response 
rates (ORRs) of  up to 51%, the median survival 
time in patients with advanced disease has remained 
irredeemably below 10 mo[4]. Evidently, there is a clear 
need for more active new agents and regimens.

Combination chemotherapy has been shown to be 
associated with a statistically significant (P = 0.001) 
survival benefit compared with monotherapy in a meta-
analysis of  several clinical trials[5]. This corresponded to 
a small but clinically relevant 1-mo mean average survival 
benefit. This meta-analysis also evaluated the role of  
anthracyclines as part of  combination chemotherapy. 
The authors found that including anthracyclines in a 
5-FU-cisplatin combination had a modest advantage 
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over cisplatin-5-FU alone (HR 0.77). Finally, the meta-
analysis also showed that three-drug combinations have 
a significant survival benefit compared with two-drug 
combinations.

In this context, Van Cutsem et al[6] have performed 
a large-scale random assignment trial comparing the 
docetaxel, cisplatin, 5-FU (DCF) combination to a 
control arm of  cisplatin plus 5-FU alone (the TAX325 
trial). The primary end point of  the study was time 
to progression (TTP) and it was powered to detect an 
increase in median TTP from 4 mo to 6 mo. The two 
arms of  the study were well balanced for the usual 
prognostic factors, including weight loss, performance 
status (PS), and extent of  disease. The median TTP 
was 3.7 mo for patients receiving cisplatin-5-FU, and 
5.6 mo for those receiving DCF (HR 1.47; P = 0.0004). 
As a secondary end point, survival was also modestly 
increased from 8.6 mo for cisplatin-5-FU to 9.2 mo for 
DCF. The 2-year survival rate was, however, more than 
doubled for DCF (8.8% for cisplatin-5-FU and 18.4% 
for DCF). Another measure of  efficacy favoring DCF 
was response rate (37% for DCF, 25% for cisplatin-5-
FU). Although this study indicated an efficacy advantage 
for the three drug combination of  DCF, toxicity 
was also increased and was very substantial. Eighty-
one percent of  all patients receiving DCF had at least 
one grade 3 or 4 non-hematologic toxicity, as well as 
substantially more hematologic toxicity. Despite this, the 
use of  DCF was associated with a better preservation 
of  quality of  life and maintenance of  clinical benefit 
compared with cisplatin-5-FU. On the other hand, there 
was no difference in the treatment-related mortality rate 
for the two arms. Therefore, like epirubicin, docetaxel, 
when added to cisplatin-5-FU, produces a modest 
improvement in efficacy.

ORAL FLUOROPYRIMIDINES
Treatment with oral fluoropyrimidines seems to offer new 
hope for patients with gastric cancer, which is surprising 
when only a few years ago, such patients were not thought 
to be ideal candidates for an oral treatment. In fact, 
difficulties with the location of  primary tumors, surgery 
(gastrectomy), or presence of  metastatic sites affecting 
intestinal transit (ie. metastases in the peritoneum), 
made the hypothetic use of  an oral treatment a remote 
possibility. Nonetheless, findings from recent trials that 
assessed the role of  oral fluoropyrimidines seem to place 
this assumption into a new promising perspective.

Accordingly, capecitabine has been shown to be 
effective in the treatment of  advanced esophagogastric 
cancer in a phase Ⅲ study comparing capecitabine with 
fluorouracil and oxaliplatin with cisplatin (the REAL 
trial)[7]. Patients were randomly assigned to one of  four 
regimens: ECF, epirubicin plus oxaliplatin and 5-FU 
(EOF), epirubicin plus cisplatin and capecitabine (ECX), 
or epirubicin plus oxaliplatin and capecitabine (EOX). 
Comparing ECF to EOF, ECX, and EOX, there were 
no significant differences in ORRs (41%, 42%, 46%, 
and 48%, respectively) and grade 3/4 non-hematologic 

toxicity (36%, 42%, 33%, and 45%, respectively). Non-
inferiority in OS was established in both oxaliplatin/
cisplatin and capecitabine/5-FU comparisons in this 
largest randomized controlled trial. Notably, EOX 
resulted in a significantly improved survival time 
compared with the control arm ECF. A median survival 
time of  11.2 mo in the EOX arm was amongst the 
longest achieved in this setting of  patients. Therefore, 
EOX should now be regarded as one of  the standard 
first-line treatment options for advanced disease. 
Another trial that compared treatment with 5-FU plus 
cisplatin with capecitabine plus cisplatin confirmed 
that efficacy of  capecitabine is equivalent to that of  
5-FU[8]. Furthermore, although both of  these trials 
were designed to assess whether capecitabine was no 
worse than 5-FU, the findings generally suggested better 
outcome in patients who received oral capecitabine.

S-1 is a new oral anticancer drug comprised of  
tegafur, 5-chloro-2,4-dihydroxypyrimidine, and oteracil 
potassium. This drug was designed to enhance the 
efficacy of  tegafur, a prodrug of  5-FU. Koizumi et al[9]  
report findings of  the S-1 plus cisplatin vs S-1 alone 
for first-line treatment of  advanced gastric cancer 
(SPIRITS trial). Median progression-free survival  
(6.0 mo vs 4.0 mo; P < 0.0001) and OS (13.0 mo vs 11.0 
mo; P = 0.04) were significantly longer in the combination 
group. Response was also significantly improved in 
patients having target tumors and assigned to S-1 plus 
cisplatin (54% vs 31%). On the basis of  these findings, the 
standard of  treatment in Japan has changed, and treatment 
with combined S-1 plus cisplatin has become the standard 
of  care. The findings from this trial are clearly relevant: 
for the first time, in a randomized study, the apparently 
insurmountable wall of  12 mo survival in advanced gastric 
cancer was crumbled. However, some considerations 
must be taken into account before combination S-1 plus 
cisplatin is implemented as standard treatment in western 
countries. The SPIRITS trial gives no information about 
the advantage of  S-1 over 5-FU when each was combined 
with cisplatin. The First-Line Advanced Gastric Cancer 
Study (FLAGS), which compared S-1 with 5-FU, both 
combined with cisplatin, has responded to this question[10]. 
This multicenter phase Ⅲ trial has randomized 1053 
patients primarily in the USA, Europe, and South 
America. Median OS was 8.6 mo in the cisplatin/S-1 
arm and 7.9 mo in the cisplatin/5-FU arm (P = 0.1983). 
Statistically significant safety advantages for the S-1-
based combination were observed regarding the rates of  
severe neutropenia (18.6% vs 40.0%), stomatitis (1.3% vs 
13.8%), hypokalemia (3.6% vs 10.8%), and renal adverse 
events (all grades: 18.8% vs 33.5%). However, this study 
has not confirmed the efficacy results of  the SPIRITS 
trial in western populations. Thus, the future role of  S-1 
in gastric cancer could be the inclusion of  this oral drug 
into a three-drug regimen making DCF or ECF better 
tolerated. What more can we do to increase median OS? 

SECOND-LINE CYTOTOXIC TREATMENT
First-line chemotherapy for the treatment of  advanced 
gastric cancer can provide high response rates which are 
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of  a similar magnitude to those achievable with the newer 
first-line combinations in colorectal cancer. However, a 
corresponding improvement in the median OS time has 
not yet been delivered by the currently available gastric 
cancer regimens. This lack of  progress in relation to 
markedly improving OS times may be a result, in part, 
of  the more limited efficacy of  the currently available 
second- and third-line treatments for advanced disease, 
although it should be noted that only one third to one 
half  of  the gastric cancer patients in clinical studies may 
actually receive second-line treatments[11]. Data published 
to date relating to this are restricted to phase Ⅱ studies 
of  small patient populations, and these investigations are 
therefore not able to provide definitive results. However, 
second-line treatments are clearly effective to some degree, 
with ORRs in the region of  11%-32%, median TTP of  
2.5-4.5 mo, and median OS times of  5.4-9.3 mo[12-15].

TARGETED BIOLOGICAL AGENTS
The main hope for significant advances in the near 
future is the combination of  new targeted biological 
agents with existing chemotherapy first-line regimens. 
A number of  different classes of  targeted agents have 
shown promising activity in clinical studies of  advanced 
gastric cancer, including epidermal growth factor 
receptor (EGFR) and human epidermal growth factor 
(HER)-2-targeted monoclonal antibodies, antiangiogenic 
and antiangiogenic/antitumor compounds, and the 
proteasome inhibitor bortezomib[16-20].

High response and/or disease control rates have 
been reported for EGFR-targeted cetuximab combined 
with irinotecan and infusional 5-FU and leucovorin[16-17] 
and VEGF-targeted bevacizumab combined with 
irinotecan and cisplatin[19]. In particular, the FOLCETUX 
study has demonstrated that the addition of  cetuximab 
to the FOLFIRI regimen increased survival in 38 
untreated patients with confirmed advanced gastric/
gastroesophageal adenocarcinoma. The treatment was 
delivered for a maximum of  24 wk, and then cetuximab 
alone was allowed in patients with a complete response 
(CR), partial response (PR) or stable disease (SD). 
Consequently, the overall response rate (ORR) was 
44% with a CR in four patients and a PR in 11 patients. 
Sixteen patients had SD. Median expected OS was 16 
mo[16]. In another multicenter phase Ⅱ study, 47 patients 
with metastatic or unresectable gastric cancer received 
bevacizumab plus irinotecan and cisplatin. With a median 
follow-up of  12.2 mo among 34 assessable patients, the 
ORR was 65%, with 20 patients achieving a PR and two 
patients a CR. Twelve patients had SD. Median survival 
was 12.3 mo[19].

Trastuzumab exhibits activity in human gastric 
cancer cells that overexpress HER2/neu. A phase Ⅱ 
trial has determined the efficacy and tolerability of  
trastuzumab plus cisplatin in patients with advanced 
gastric cancer with HER2/neu overexpression/
amplification. Preliminary results showed that 6 (35%) 
out of  17 assessable patients achieved response, 3 
(17%) stabilization. There was no grade 4 toxicity[18]. 

In considering such studies, it is notable that the first-
line cytotoxic regimens that have been selected for 
combination with biological agents tend to be those 
that are generally considered not to be optimal for 
the treatment of  advanced gastric cancer. This begs 
the question as to whether the impressive potential 
of  these targeted agents might be more profitably 
explored in the future within combinations that include 
standard cytotoxic backbones such as ECF, DCF, EOX, 
or perhaps S-1 plus cisplatin. Indeed, a number of  
randomized phase Ⅲ studies incorporating targeted 
agents in first-line regimens have recently been initiated: 
the ToGA (Trastuzumab with Chemotherapy in HER2-
Positive Advanced Gastric Cancer) study is investigating 
the effect on progression-free survival of  trastuzumab in 
combination with a fluoropyrimidine plus cisplatin versus 
chemotherapy alone in patients with HER-2-positive 
advanced gastric cancer, AVAGAST (Avastin® in Gastric 
Cancer) is investigating OS time in advanced gastric 
cancer patients receiving either capecitabine and cisplatin 
plus bevacizumab or chemotherapy alone plus placebo, 
and the REAL-3 study is investigating the benefit of  
adding panitumumab to an EOX regimen in patients 
with locally advanced or metastatic esophagogastric 
adenocarcinoma.

However, new biological agents could be useful in 
the management of  advanced disease after the failure 
of  first-line treatment. In this context, it is possible 
that targeted agents may have a future role as single-
agent maintenance treatments. Two recent phase Ⅱ 
studies have pursued this concept[21-22]. A Japanese study 
has evaluated the activity and safety of  everolimus 
(RAD001), an oral inhibitor of  the mammalian target 
of  rapamycin serine-threonine kinase, in 54 pretreated 
patients with metastatic gastric cancer. At interim 
analysis, no objective responses were observed but 
disease control rate was 55% and median TTP was 83 d.  
Main adverse events were stomatitis (74%), anorexia 
(51%), fatigue (47%), rash (45%), peripheral edema 
(23%), thrombocytopenia (21%), diarrhea (19%), 
pneumonitis (13%), and hyperglycemia (9%). The 
multicenter AIO phase Ⅱ trial has evaluated tolerability 
and efficacy of  sunitinib in highly pretreated Caucasian 
patients with unresectable metastatic cancer of  stomach, 
esophagogastric junction or lower esophagus. Among 14 
response-evaluable patients, 5 of  them showed tumor 
control for at least 6 wk. With regard to survival, 5 
patients experienced early death caused by progressive 
disease, 7 patients survived > 60 d. Twelve patients were 
still in follow-up or withdrew informed consent within 
60 d after start of  therapy. Again, 3 of  them survived > 
60 d. No serious adverse events occurred.

In conclusion, these studies constitute a potentially 
important advance, indicating a role for biological agents 
in the treatment of  advanced gastric cancer. Further 
trials are now needed to clarify their respective position 
with reference to chemotherapy. 
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Abstract
The diagnosis of inflammatory bowel disease (IBD) 
depends on direct endoscopic visualization of the 
colonic and ileal mucosa and the histological study of 
the obtained samples. Radiological and scintigraphic 
methods are mainly used as an adjunct to endoscopy. 
In this review, we focus on the diagnostic potential 
of nuclear medicine procedures. The value of all 
radiotracers is described with special reference to 
those with greater experience and more satisfactory 
results. Tc-99m hexamethylpropylene amine oxime 
white blood cel ls remain a widely acceptable 
scintigraphic method for the diagnosis of IBD, as well 
as for the evaluation of disease extension and severity. 
Recently, pentavalent Tc-99m dimercaptosuccinic 
acid has been recommended as an accurate variant 
and a complementary technique to endoscopy for 
the follow-up and assessment of disease activity. 
Positron emission tomography alone or with computed 
tomography using fluorine-18 fluorodeoxyglucose 
appears to be a promising method of measuring 
inflammation in IBD patients.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
The diagnosis  and fol low-up of  pat ients  with 
inflammatory bowel disease (IBD) is mainly based on 
endoscopy and the histological study of  the obtained 
biopsy specimens[1,2]. Ileocolonoscopy, gastroscopy and 
evaluation of  small bowel by wireless capsule endoscopy 
or double balloon enteroscopy offer a successful 
diagnostic approach in the majority of  IBD patients[3,4].

Radiological methods have a secondary role and they 
are used additionally to endoscopy. They are indicated 
in cases of  suspected complications or small bowel 
involvement in patients with Crohn’s disease (CD)[4-6]. 
They include conventional radiological methods such 
as double-contrast barium studies and cross-sectional 
imaging modalities such as computed tomography (CT), 
magnetic resonance imaging (MRI), and ultrasound[6-9]. 
All of  them have been proven valuable techniques for 
evaluation of  the effects of  the inflammatory process, 
not only on the bowel wall, but also on other structures 
within the abdomen[6,8].

Unfortunately, endoscopy as well as the majority 
of  the aforementioned radiological methods are not 
well tolerated by patients, because of  the necessity for 
adequate bowel preparation and the increased risk of  
complications, especially when used during the acute 
phase of  bowel inflammation[1,3,8,10].

Alternatively, several studies have demonstrated 
the re l iabi l i ty  of  sc int ig raphic imaging in the 
diagnosis and assessment of  disease activity in IBD. 
In comparison with other modalities, they are non-
invasive techniques and produce no patient discomfort 
related to instrumentation and preparation, they are 
not contraindicated in the acute phase and can visualize 
active disease both in the small and the large bowel[2,11]. 
Technetium-99m hexamethylpropylene amine oxime 
labelled white blood cells (Tc-99m HMPAO WBC) 
have been accepted widely as a reliable method for 
the diagnosis of  IBD, assessment of  disease activity 
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and treatment response[12-14]. Pentavalent Tc-99m 
dimercaptosuccinic acid [Tc-99m (V) DMSA] seems 
to be an accurate scintigraphic variant and has been 
suggested as a complementary technique to colonoscopy 
for the follow-up and assessment of  disease activity[15-17]. 
Finally, fluorine-18 fluorodeoxyglucose (F-18 FDG) is a 
promising method for the detection of  inflammation in 
the small and large bowel[18,19].

In this article, we review the current data and future 
prospects on the role of  scintigraphy in diagnosis and 
evaluation of  disease activity in patients with IBD.

THE ROLE OF NUCLEAR MEDICINE IN IBD
Nuclear medicine imaging has played a major role in the 
diagnosis and detection of  inflammation, and has a wide 
availability of  radiotracers. However, its contribution to 
the localization of  small and large bowel pathology in 
IBD is still under investigation.

Indium-111 oxine labeled leukocytes
Indium-111 (In-111) oxine was the first agent used for  
in vitro leucocyte labeling[2]. The method has been 
validated by different research groups as a sensitive 
and specific test for the detection of  active intestinal 
inflammation. However, the high radiation dose, limited 
availability and poor image quality comprise major 
disadvantages associated with In-111[2,11,13,14].

Recently, a dedicated whole-body counter has been 
proposed as an alternative technique to whole-body 
gamma-camera counting for quantification of  disease 
activity in IBD. It relies on the assumption that all 
granulocytes migrating into the bowel wall in IBD do 
in fact end up in the feces, therefore In-111 retention 
in IBD patients is less compared to that in normal 
volunteers[20].

Tc-99m HMPAO labeled leukocytes
Tc-99m HMPAO has been used clinically as a cerebral 
perfusion agent. In 1986, Peters et al[21] used it as an 
alternative to leukocytes labeling and inflammation 
imaging. Since then, several groups have verified the 
utility of  this imaging technique for IBD. The published 
data show that it provides a sensitivity of  95%-100%, a 
specificity of  85%-100% and an accuracy of  92%-100% 
in the detection, localization and assessment of  disease 
activity. Therefore, its widespread acceptance has been 
based on the aforementioned favorable results and 
the advantages of  Tc-99m, such as low radiation dose, 
availability, cost and superior image quality[2,22-24]. It plays 
an important role in the diagnosis of  complications, 
assessment of  disease activity and establishing the extent 
of  small intestine affected. Moreover, it allows a true 
evaluation of  inflammation activity, even during clinical 
remission or treatment response[2,23,24].

In 2007,  Almer e t  a l [25] compared leucocyte 
scintigraphy to intraoperative small bowel enteroscopy 
and laparotomy findings in CD. They confirmed 
the reliability of  Tc-99m HMPAO WBC in the early 
diagnosis of  small bowel inflammation, and proposed its 

utility as a first-line investigation modality, especially in 
children and vulnerable adults.

Despite the wide utility of  Tc-99m HMPAO WBC 
in IBD, controversy still exists about the advantageous 
imaging time. Early scanning (30-60 min) has been 
recommended by some authors in order to avoid false 
positive results caused by intestinal migration of  the 
radionuclide, whereas others favor late scanning because 
of  higher sensitivity. Recently, Sans et al[24] have evaluated 
the optimal scanning sequence for identification 
of  active disease, evaluation of  IBD extent, and 
quantification of  disease activity. They reported only 
slightly lower specificity but higher sensitivity (85% vs 
100%) and accuracy (85% vs 95%) of  late scanning (3 h) 
when compared to early scanning.

Various biomarkers of  inflammation have been 
suggested in selecting patients with suspected IBD 
for white cell scanning. Given that C-reactive protein 
constitutes a reliable indicator for the evaluation of  
inflammatory activity in IBD, patients with ≥ 5 mg/L 
should be selected for white cell scanning in order to 
reduce the number of  false negative results[26].

Alonso et al[27,28] have applied Tc-99m HMPAO WBC 
to patients with subclinical gut inflammation. This group 
studied patients with seronegative spondyloarthropathy 
without clinical evidence of  IBD. They confirmed 
the utility of  the method in the assessment of  bowel 
inflammation, even if  it remains subclinical. Moreover, 
they described a possible role of  labeled leukocytes in 
identifying the patients who are suitable for therapy with 
sulfasalazine, and in assessing treatment effectiveness 
and disease relapse[27,28]. El Maghraoui et al [29] have 

certified the aforementioned results and demonstrated 
a statistically significant correlation between Tc-99m 
HMPAO-labeled leukocytes and ileocolonoscopy.

The usefulness of  this technique in early detection 
of  postoperative asymptomatic recurrence of  CD has 
been suggested. Biancone et al[30] have demonstrated that, 
in patients with CD who had an ileocecal resection in 
the previous 6 mo, the perianastomotic 30 min Tc-99m 
HMPAO WBC uptake was significantly associated with 
disease recurrence.

The role of  Tc-99m HMPAO-labeled leukocytes 
single photon emission computerized tomography 
(SPECT) in IBD has also been investigated. SPECT 
images provide accurate assessment of  inflammation in 
both the small and large bowel and precise anatomical 
details of  CD lesions. Moreover, they are independent 
of  bone marrow activity, thus allowing detailed disease 
evaluation within the pelvis[31,32].

The aim of  several groups has been to evaluate 
and compare the diagnostic accuracy of  Tc-99m 
HMPAO-labeled leukocytes and CT in IBD. They have 
demonstrated the superiority of  scintigraphy in detecting 
segmental inflammatory activity and proximal extension 
of  bowel involvement. CT displays excellent suitability 
for the localization of  fibrostenotic bowel disease and 
the recognition of  complications, but has a four-fold 
higher radiation exposure[33-35].

Several studies have supported the utility of  Tc-
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99m HMPAO WBC in pediatric patients with IBD. 
They have suggested that labeled leukocytes cannot 
replace endoscopy for initial diagnosis but they do have 
a place in the decision for colonoscopy[36,37]. Patients 
with negative Tc-99m HMPAO WBC scans may avoid 
unnecessary colonoscopy. However, Cucchiara et al[38], 
after evaluating 48 children, have concluded that a 
positive test indicates the presence of  inflammation but 
a negative result does not rule out inflammation, since 
the technique may miss cases with mild disease.

Moreover leukocytes scintigraphy can be considered 
a reference method for clarifying the extent of  
inflammation when colonoscopy is not completed 
successfully, or the findings in contrast radiography are 
negative[36,37,39]. Although SPECT allows the identification 
of  additional involved segments over planar images, its 
performance in children seems to be rather difficult[37,40].

The accuracy  of  Tc-99m HMPAO WBC in 
differentiating continuous from discontinuous colitis has 
also been examined[37,41]. In 77 children with active CD, 
discontinuous uptake was revealed in 63, and among 
29 children with ulcerative colitis (UC), continuous 
uptake was revealed in 23[41]. It should also play an 
important role in the follow-up of  patients and it could 
be used as a diagnostic tool for assessing recurrence or 
response to therapy, thus reducing the need for repeated 
colonoscopy[36,37].

In a report by Charron et al[35], the accuracy of  
CT and Tc-99m HMPAO WBC scintigraphy versus 
colonoscopy in IBD has been compared. After evaluating 
313 consecutive children who underwent a labeled 
leucocyte test and comparing with colonoscopy, the 
sensitivity of  scintigraphy was 92%, specificity was 94%, 
positive predictive value was 96%, negative predictive 
value was 93% and accuracy was 94%. Tc-99m HMPAO 
WBC scan is unlikely to miss significant inflammation, 
while CT has lower sensitivity for detecting inflammation 
in the bowel wall. However, similar to the adult 
population, the incidence of  complications detected by 
CT is higher than with scintigraphy[35].

Compared to other modalities, Tc-99m HMPAO WBC 
scintigraphy is non-invasive, practical, safe, rapid and has 
excellent diagnostic sensitivity (Figure 1). It requires no 
bowel preparation, causes no discomfort and exposes 
patients to less radiation, namely the effective radiation 
dose for Tc-99m HMPAO WBC imaging is 3 mSv, for 
barium small bowel follow-through, 6 mSv, and for barium 
enema, 8.5 mSv[36,39,40,42]. Additional important advantages 
are the ability to evaluate the small and the large bowel 
simultaneously and the superiority over small bowel follow-
through and CT, in the initial screening and detection of  
inflammation in patients with IBD[35,36,42]. A concise form 
of  the published data is presented in Table 1.

The high cost, time-consuming in vitro labeling 
procedure, radiation microdosimetry, as well as the 
handling and reinjection of  blood constitute the main 
shortcomings of  the procedure when compared to other 
scintigraphic modalities.

Tc-99m (V) DMSA
Tc-99m (V) DMSA is a tumor-seeking agent of  low 
molecular weight developed in 1981. It has been used 
successfully in the scintigraphic diagnosis of  various 
malignant tumors[43-47]. Moreover, it has been proven 
advantageous in the diagnosis of  inflammatory diseases 
such as osteomyelitis, psoas muscle abscess, and bone 
and joint infection[48,49].

The mechanism of  Tc-99m (V) DMSA localization 
in tumors and inflammation remains unclear. In 
some cases, it resembles the phosphate ion because it 
accumulates in lesions where calcification is present. 
However, the increased capillary permeability followed 
by infiltration of  the radiotracer into the interstitial space 
seems to be the most probable mechanism of  uptake in 
inflammatory lesions[16,17,48,49].

Tc-99m (V) DMSA scintig raphy requires no 
bowel preparation, no blood manipulation and causes 
no patient discomfort. Moreover it has a low cost, 
ideal physical characteristics, and simple preparation 
procedure from cold kits[15-17]. Its utility in the diagnosis 

Study  n Study design Sensitivity Specificity

Adult population
   Sciarretta et al[23] 103 Known active CD compared with colonoscopy   95% 100%
   Mairal et al[50]   27 Known IBD compared with In-111 HIG 100%   85%
   Giaffer et al[13]   31 Suspected IBD compared with In-111 oxine labeled leukocytes 85% at 40 min 

94% at 120 min
87% at 40 min 
71% at 120 min

   Kolkman et al[33]   32 Known IBD compared with CT 79% for CD 
81% for UC

98% for CD 
86% for UC

   Molnár et al[34]   28 Known active CD compared with spiral CT      76.1%   91%
   Almer et al[25]   48 Known active CD with small bowel inflammation compared with intraoperative 

small bowel enteroscopy and laparotomy findings
  85%   81%

Pediatric population
   Charron et al[40] 215 Acute intestinal inflammation in patients with and without IBD   90%   97%
   Cucchiara et al[38]   48 Suspected IBD compared with colonoscopy      76.2%   NA
   Charron et al[42] 130 Exclude inflammation in suspected IBD compared with colonoscopy   94%   99%
   Alberini et al[37]   28 Known IBD compared with endoscopy, ultrasonography and contrast radiology   75%   92%
   Charron et al[35] 313 Known IBD compared with colonoscopy   92%   94%

Table 1  Summary of published studies evaluating the use of Tc-99m HMPAO WBC in IBD

NA: Not applicable; CD: Crohn’s disease; CT: Computed tomography; IBD: Inflammatory bowel disease; UC: Ulcerative colitis.
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of  inflammation combined with the aforementioned 
advantages have given a new impulse to research groups 
to evaluate its role in IBD.

In 2001, Lee et al[15] appraised the potential use 
of  Tc-99m (V) DMSA scintigraphy in the detection 
and localization of  intestinal inflammation. The 
study enrolled 62 patients with suspected intestinal 
inflammation, namely IBD, appendicitis, and antibiotic-
associated, infective, eosinophilic and ischemic 
colitis. The scintigraphic findings were compared to 
colonoscopy and biopsy results. The overall sensitivity 
was 95%, specificity, 94%, and accuracy, 95%. The three 
false negative cases were attributed to a mild degree 
of  inflammation. Findings were false positive in two 
cases as a result of  coexisting active bleeding from the 
gastrointestinal tract and colonic adenocarcinoma, seen 
at colonoscopy with biopsy[15].

In 2003, Koutroubakis et al[16] evaluated the use of  Tc-
99m (V) DMSA for the assessment of  disease activity 
in patients with IBD. They examined three groups of  
patients. The first group enrolled 36 patients who had an 
exacerbation of  previously demonstrated disease or had a 
first attack of  IBD. The second group included 28 patients 
who were in remission from IBD. The third group included 
12 patients with miscellaneous bowel disease, namely 
ischemic, infectious or segmental colitis associated with 
diverticulosis. The scintigraphic findings were compared 
to colonoscopy and biopsy results. In the detection of  
active disease, the sensitivity was 92%, the specificity was 
86%, the negative predictive value was 85.1% and the 
positive predictive value was 91.9%. A high correlation of  
the scintigraphic activity index with the endoscopic and 
histological inflammatory activity was found. Findings were 

false negative in three cases with active disease because of  a 
mild degree of  inflammation[16].

A direct comparison of  Tc-99m (V) DMSA with Tc-
99m HMPAO WBC scintigraphy in the evaluation of  
IBD has been undertaken by Stathaki et al[17] in 2008. 
The favorable results of  the two previous studies, in 
combination with the advantages of  the method, could 
establish it as an ideal alternative scintigraphic method.  
The study enrolled 23 patients who had an exacerbation 
of  previously proven IBD or a first attack of  the disease. 
Tc-99m (V) DMSA scintigraphy was performed after 
clinical and endoscopic confirmation of  active disease 
and true positive labeled leucocyte scintigraphy. The 
full agreement among the scintigraphic modalities 
was 72.5%. The agreement among endoscopy and 
scintigraphy was 91.9% and 84.4% for Tc-99m HMPAO 
WBC and Tc-99m (V) DMSA, respectively. The overall 
sensitivity was 91% for Tc-99m HMPAO WBC and 84% 
for Tc-99m (V) DMSA. False negative results for Tc-
99m (V) DMSA scintigraphy were seen in two patients 
with UC, probably because of  a mild degree of  bowel 
inflammation[17].

Data suggest that Tc-99m (V) DMSA scintigraphy 
provides a useful approach in the diagnosis of  active 
disease and assessment of  disease activity (Figure 2). 
Despite that, it cannot replace Tc-99m HMPAO WBC 
for the evaluation of  disease localization. Probably, it 
is not the ideal method for the diagnosis of  IBD but it 
has a place in the follow-up and assessment of  disease 
activity, progression and treatment response[17]. A concise 
form of  the published data is presented in Table 2.

Other radiotracers 
A variety of  radionuclides has been applied to IBD 
investigation. Some of  them have not gained widespread 
clinical use because of  limitations and disappointing 
results, while others seem to have a definite role.

A

B

Figure 1  Tc-99m HMPAO WBC scintigram. A: Ulcerative colitis (UC) with 
intense inflammation of the entire large bowel; B: Crohn’s disease (CD) with 
intense inflammation in the small bowel and the descending colon.

A

B

Figure 2  Tc-99m (V) DMSA scintigram. A: UC with intense inflammation 
mainly in the transverse and the descending colon; B: CD with intense inflam-
mation of the terminal ileum and the ascending colon.
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In-111 or Tc-99m human polyclonal immunoglobulin 
(HIG) has been used in the diagnosis of  inflammation 
and it has been evaluated in IBD. Comparative studies 
have demonstrated sensitivity, specificity and accuracy of  
100%, 85% and 96%, respectively, for labeled leukocytes 
and 70%, 85% and 74% for In-111 HIG[50]. Tc-99m 
HIG scintigraphy had 33% sensitivity while Tc-99m 
HMPAO WBC imaging had 100% sensitivity in the 
detection of  active IBD[51]. On the basis of  these results, 
the role of  In-111 HIG is confined to the diagnosis of  
inflammation only when there is no other alternative 
modality[50]. On the other hand, Tc-99m HIG has no role 
in the evaluation of  patients with IBD[51].

In vivo specific labeling of  granulocytes using Tc-99m 
labeled anti-granulocyte monoclonal antibodies (AGAb) 
comprises a different approach. They do not require 
leucocyte isolation, are stored as cold kits and can 
selectively label granulocytes. Different AGAb have been 
designed, among them BW 250/183 and Leukoscan[52-55]. 
Tc-99m BW 250/183 was found to be inferior to Tc-
99m HMPAO WBC in the detection of  small bowel 
involvement, although the accuracy between the two 
scintigraphic methods for the localization of  disease in 
the large bowel was comparable[52]. With respect to Tc-
99m Leukoscan, its diagnostic value in IBD is low[53,54]. 
However, a recent study by Kerry et al[55] has found that 
Tc-99m Leukoscan has higher sensitivity and specificity 
at 2 h (44% and 100% respectively) and 4 h (75% and 
50% respectively) planar imaging compared to that in 
previous publications. SPECT images at 4 h showed 
additional areas of  uptake, raising the sensitivity to a 
value similar to that of  Tc-99m HMPAO WBC, namely 
88%. Although sensitivity is high, the low specificity 
limits its application for the investigation of  IBD[55].

Research groups have evaluated the role of  AGAb 
imaging in pediatric patients with IBD. Bruno et al[56] 

have found that the overall sensitivity of  Tc-99m BW 
250/183 was 94% for CD and 85% for UC. Sensitivity 
of  scintigraphy compared to colonoscopy, radiology 
and ultrasonography was 90%, 76%, 75% and 55%, 
respectively. However, it did not appear sufficiently 
specific in identifying clinical remission, probably 
because of  the presence of  tissue inflammation in 
about 50% of  biopsy samples, although patients were 
considered to be in clinical remission and with negative 
colonoscopy. The authors have recommended Tc-
99m BW 250/183 as a useful tool in the detection of  

intestinal inflammation in children and young patients 
with IBD. However, because of  its low specificity, 
endoscopic and histological confirmation is mandatory 
for all positive cases[56]. The efficacy of  Tc-99m 
Leukoscan has been evaluated in a small series of  
pediatric patients with IBD. The reported sensitivity 
per patient was 90% and per bowel segment, 57%. The 
latter was improved with the use of  SPECT[57].

In 1984, Hanna et al [58] worked on the labeling 
of  leukocytes with Tc-99m stannous colloid, and 
reported the clinical application of  this new imaging 
modality in IBD. Despite its usefulness as an alternative 
when other agents are not available, the activation of  
leukocytes, which reduces the in vivo viability, constitutes 
a shortcoming[59]. Recently, its use in the initial evaluation 
of  children with suspected IBD has been assessed. The 
combination of  the reported results (sensitivity 88%, 
specificity 90%) and the aforesaid advantages support its 
utility in the initial assessment of  childhood IBD[59].

The primary data on the role of  In-111 anti 
E-selectin monoclonal antibodies are encouraging, given 
that it can identify areas of  inflammation in CD and 
UC. Still, they are not supported sufficiently to gain 
acceptance in the field of  IBD[60].

Positron emission tomography (PET)
PET with F-18 FDG is a functional imaging modality 
which identifies areas of  increased glucose metabolism. 
It has been found to be effective in the evaluation of  
malignancies, inflammation and infection. Preliminary 
studies have shown favorable results in the assessment 
of  disease activity in IBD[19].

In a small study of  four patients with CD and two 
with UC, PET scanning demonstrated high radionuclide 
uptake in the inflamed segments, which had been 
detected on endoscopy and confirmed by histology. The 
potential utility of  this non-invasive modality, as well as 
its usefulness for follow-up was suggested[61]. Neurath 
et al [18] have compared F-18 FDG, hydro-MRI and 
granulocyte scintigraphy with labeled antibodies (Tc-99m 
BW 250/183) in the detection of  disease activity in 59 
patients with CD. The sensitivity and specificity reported 
for F-18 FDG was 85% and 89%, for hydro-MRI, 67% 
and 93%, and for Tc-99m BW 250/183, 41% and 100%. 
It appears to be an accurate modality for detecting 
inflammation, considering that it allows a simultaneous 
non-invasive analysis of  affected segments in both small 
and large bowel. Moreover, it is helpful in evaluating 
possible inflammatory activity in detected stenosis, 
which is important for its therapeutic application[18].

Recent studies have assessed the role of  PET in the 
investigation of  pediatric IBD. It diagnosed active disease 
in 80% of  childhood cases with known IBD, and F-18 
FDG uptake correlated with the endoscopic findings 
in 83.8% of  the patients. PET recognized diseased 
segments that were not detected by other diagnostic 
methods, probably because of  the limited accessibility at 
endoscopy. Moreover, it is the least invasive technique, 
can provide additional information to the diagnostic data 
obtained by other modalities, and exposes patients to 

Study n Study design Sensitivity 
(%)

Specificity  
(%)

Lee et al[15] 62 Intestinal inflammation 
compared with colonoscopy 

95 94

Koutroubakis 
et al[16]

76 Active and inactive IBD 
compared with colonoscopy

92 86

Stathaki 
et al[17]

23 Active IBD compared with 
Tc-99m HMPAO WBC and 
colonoscopy

84 NA

Table 2  Summary of published studies evaluating the use of 
Tc-99m (V) DMSA in IBD
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lower radiation doses[62]. Löffler et al[63], using histology 
as a reference standard, reported F-18 FDG PET 
sensitivity, specificity and accuracy to be 98%, 68% 
and 83%, respectively, for large bowel, and 100%, 86% 
and 90% for small bowel involvement. Based on these 
favorable results, the authors have recommended the 
inclusion of  PET in the initial investigative algorithm 
for the evaluation of  bowel inflammation and treatment 
response. On the other hand, its moderate specificity 
renders indispensable the endoscopic and histological 
confirmation of  all positive cases[63].

Coupling CT to PET combines the functional data 
obtained from PET with the anatomical data provided 
by CT. Its role in the detection and localization of  
disease activity in IBD has been evaluated. In a pilot 
study, Meisner et al[64] have validated the results of  
previous reports concerning the role of  PET in IBD, 
and they have investigated the use of  sequential CT. 
In most cases, the simultaneous transaction of  CT was 
not essential but it allowed better anatomical analysis in 
patients who had been surgically treated, and in those 
with inflammation of  the small bowel. There was a high 
correlation between PET activity and disease activity, as 
determined by other currently used modalities[64].

Louis et al[65] have similarly concluded that coupling 
PET with CT allows a more accurate anatomical 
identification and evaluation of  F-18 FDG uptake, 
and it gives more morphological information, namely, 
the presence of  strictures. The technique can detect 
almost all bowel segments with moderate and severe 
lesions and a significant proportion with only mild 
lesions. Of  great scientific interest were the combined 
findings of  increased F-18 FDG uptake and bowel wall 
thickening in PET/CT, which were observed in some 
segments without endoscopic evidence of  lesions. One 
explanation might be the detection of  active disease 
deeper in the bowel wall, which is an additional benefit 
of  this diagnostic modality[65].

Recently, the role of  PET/CT in patients with UC 
in remission has been evaluated. Although clinical 
remission was strictly defined, four out of  the 10 
patients who participated in the study had increased F-18 
FDG uptake in the colon. This may be explained by 
the presence of  asymptomatic inflammation, attributed 
to chronic low-grade activity or to the succession of  
flare and quiescence. The possibility of  representing 
a normal variant or a false positive result could not be 
excluded. This finding necessitates further understanding 
of  disease remission. The authors have suggested that 
PET/CT is a highly sensitive method, however, future 
studies will define its precise role among all available 
diagnostic modalities in disease evaluation and treatment 
monitoring[66].

At present, published data have suggested a high 
diagnostic value of  F-18 FDG PET alone or PET/CT 
in adult and pediatric patients with IBD. However, the 
physiological distribution of  the radionuclide, mainly 
in the urinary tract, and to a minor degree in the 
gastrointestinal tract, may compromise abdominal PET 
imaging of  patients with IBD. In order to avoid any 

false results, the utility of  quantitative analysis using the 
standardized uptake value (SUV) has been suggested. 
A cutoff  RSUV (ratio between SUV of  inflamed bowel 
and SUV of  liver) value of  1.47 seems to be reliable 
for the identification of  areas with significant bowel 
inflammation[19]. Recently, various methods of  labeling 
leukocytes with F-18 FDG have been reported. F-18 
FDG WBC are taken up in the reticuloendothelial tissue 
and follow the normal leukocyte distribution in vivo. 
Its role as a method for non-invasive quantification of  
IBD has been evaluated mainly in animal models[67]. The 
localization of  the inflammatory process and the degree 
of  tracer uptake are correlated with the endoscopic 
and histological findings. In the future, the method 
may be useful in determining the cause of  pathological 
abdominopelvic tracer uptake, namely, inflammation 
versus malignancy. These are preliminary results that 
require further investigation in humans[67].

CONCLUSION
In this review, we have presented the role and the 
future prospects of  nuclear medicine in IBD. Although 
it has no primary role in the diagnosis, it might be 
considered when colonoscopy is not completed 
successfully or other imaging modalities are negative. 
However, its contribution to the assessment of  disease 
extent and activity, monitoring treatment response, 
and differentiating between active CD and UC is well 
established. Tc-99m HMPAO WBC have gain widespread 
clinical use while Tc-99m (V) DMSA seems to provide 
an accurate scintigraphic variant and a complementary 
technique to colonoscopy for follow-up and assessment 
of  disease activity. The preliminary results on the role of  
F-18 FDG PET or PET/CT in the diagnosis and follow 
up of  patients with IBD are encouraging. F-18 FDG 
WBC seem to be a promising future prospect, given that 
they can differentiate between the cause of  pathological 
tracer uptake, namely, inflammation versus malignancy. 
Further investigation is essential in order to verify all the 
aforementioned favorable preliminary results.
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Abstract
Helicobacter pylori  (H pylori ) infection is a leading 
world-wide infectious disease as it affects more than 
half of the world population and causes chronic gas-
tritis, peptic ulcer disease and gastric malignancies. 
The infection elicits a chronic cellular inflammatory 
response in the gastric mucosa. However, the effects 
of this local inflammation may not be confined solely 
to the digestive tract but may spread to involve extra-
intestinal tissues and/or organs. Indeed, H pylori 
infection has been epidemiologically linked to extra-di-
gestive conditions and diseases. In this context, it has 
been speculated that H pylori  infection may be respon-
sible for various endocrine disorders, such as autoim-
mune thyroid diseases, diabetes mellitus, dyslipidemia, 
obesity, osteoporosis and primary hyperparathyroidism. 
This is a review of the relationship between H pylori 
infection and these endocrine disorders.
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INTRODUCTION
Helicobacter pylori (H pylori) is a gram-negative, spiral-shaped 
pathogenic bacterium that specifically colonizes the gastric 
epithelium and causes chronic gastritis, peptic ulcer disease 
and/or gastric malignancies[1,2]. The infection induces an 
acute polymorphonuclear infiltration in the gastric mucosa. 
If  the infection is not effectively cleared, this acute cellular 
infiltrate is gradually replaced by an immunologically-
mediated, chronic, predominantly mononuclear cellular 
infiltrate[3]. The latter is characterized by the local 
production and systemic diffusion of  pro-inflammatory 
cytokines[4], which may exert their effect in remote tissues 
and organic systems[5]. As a result, H pylori infection has 
been epidemiologically linked to some extra-digestive 
conditions, including endocrine disorders (Table 1),  
although there are contradictory data regarding the 
relationship between H pylori infection and these diseases.

H pylori AND DIABETES MELLITUS
The relationship between diabetes mellitus (DM) and 
H pylori infection is controversial. According to some 
studies there is a high prevalence of  H pylori infection 
in patients with either type Ⅰ[6-9] or type Ⅱ DM[10-13] 
which is correlated with the duration of  DM[7,9], the 
presence of  dyspeptic symptoms[13,14] and cardiovascular 
autonomic neuropathy[13,15], age[6,8], gender[16], body mass 
index (BMI)[16], blood pressure[16], fasting glucose[16] and 
the HbA1c levels[16]. In particular, the prevalence of   
H pylori infection was found to be higher in obese, female, 
middle-aged patients with a long standing DM, dyspeptic 
symptoms, cardiovascular autonomic neuropathy and 
increased blood pressure, fasting glucose levels and 
HbA1c values[6-9,13-16]. This could be related to a reduced 
gastric motility and peristaltic activity[10], various chemical 
changes in gastric mucosa following non-enzymatic 
glycosylation processes[10] and an impaired non-specific 
immunity observed in diabetic patients[11]. 

In contrast, other studies showed that H pylori 
infection is not associated with DM, as there is no 
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difference in the prevalence of  H pylori infection between 
diabetics and non-diabetics[17], regardless of  the type[8,17-22] 
and duration of  DM[18,19,22] and/or severity of  dyspeptic 
symptoms in patients with DM[22]. The presence of  
micro-angiopathy in patients with DM may be a negative 
factor for colonization by H pylori, because micro-vascular 
changes in the gastric mucosa may create an unfavourable 
environment for the establishment or survival of   
H pylori[16]. Interestingly, one study even showed a lower 
sero-prevalence of  H pylori in patients with DM, in 
comparison with the healthy population[23], while another 
showed a significantly lower incidence of  H pylori infection 
in diabetics with active duodenal ulceration, as compared 
with non-diabetics[24].

The relationship between gastrointestinal symptoms in 
DM and H pylori infection is also controversial. According 
to some studies, there is no difference between diabetics 
and non-diabetics concerning the prevalence of  H pylori-
related gastro-duodenal disorders[17]. Moreover, H pylori 
infection was not associated with either delayed gastric 
emptying[9,25] or upper gastrointestinal symptoms in 
DM[19,21,25]. On the other hand, a high prevalence of  
esophagitis and peptic ulcer was found in H pylori+ve 
patients with DM, with or without dyspepsia, especially 
those with cardiovascular autonomic neuropathy[13,15] 
suggesting that this population should be considered as 
“high risk” for H pylori infection and suitable candidates 
for treatment[12]. In addition, some data demonstrated a 
higher prevalence of  H pylori infection in diabetic patients 
with dyspepsia [14,26], reactive gastritis[27] and chronic 
gastritis[26] compared to those with no signs or symptoms 
of  gastrointestinal disease.

The relationship between DM complications and 
H pylori infection is another issue which is contentious 
and deserves further investigation, as only few data are 
available. According to some data there is no relationship 
between H pylori infection and diabetic complications, 
such as nephropathy[13], retinopathy[13], and/or micro-
angiopathy[16] while other data shows that virulent strains 
of  H pylori, such as cytotoxin-associated gene CagA+, are 
associated with macro-angiopathy[16], neuropathy[16] and 
micro-albuminuria in type Ⅱ diabetic patients, maybe 
due to an immuno-mediated injury at the level of  the 
endothelium, caused by a systemic immune response to 
the infection, leading to albumin leakage[28]. Additionally, 
some data indicate a possible association of  H pylori 
infection and the development of  coronary heart 
disease, thrombo-occlusive cerebral disease, or both, in 
diabetic patients[29]. 

One point on which all studies seem to converge is 
that the effectiveness of  eradication regimens for H pylori 
infection is significantly lower in diabetics than in non-
diabetics[20,30-32] whereas re-infection rates seem to be 
higher, especially in patients with type Ⅱ DM compared to 
the general population[20,31]. This may be due to changes in 
the gastric microvasculature leading to reduced absorption 
of  antibiotics. Alternatively, frequent antibiotic use in 
diabetics may result in the development of  resistant H pylori  
strains[30,32]. Moreover, type Ⅰ diabetic patients achieve 
lower H pylori eradication rates on standard triple therapy 

than non-insulin-dependent diabetic subjects, regardless 
of  the dosage and/or the duration of  therapy[20,31,32], and 
higher re-infection rates one year after eradication of  
H pylori compared with control subjects[33]. Quadruple 
therapies seem to cure a large percentage of  patients who 
fail first-line therapy, although this is accompanied by a 
greater incidence of  minor side effects[20,31]. These data 
suggest that vaccine development seems to be the only 
effective long term treatment for patients with DM[20]. 

Noteworthy is the observation that children with 
type Ⅰ DM and H pylori infection had an increased daily 
insulin requirement compared with their uninfected 
peers[34]. Finally, several issues, such as the role of   
H pylori in etiopathogenesis of  DM and the influence of  
H pylori eradication on the control of  DM, remain to be 
elucidated.

H pylori AND OSTEOPOROSIS
There are limited data regarding the association between  
H pylori infection and osteoporosis. According to one 
study, H pylori infection was not accompanied by significant 
changes in levels of  markers of  bone metabolism in 
children, such as estradiol, parathyroid hormone (PTH), 
cross-linked collagen Ⅰ carboxy terminal telopeptide, total 
alkaline phosphatase (ALP), bone-specific ALP, N-terminal 
cross-links of  human pro-collagen type Ⅰ, osteocalcin, 
calcium and phosphate[35]. In another study, infection by 
CagA+ H pylori strains was more prevalent in men with 
osteoporosis compared to the general population, who 
showed reduced systemic levels of  estrogens and increased 
bone turnover[36]. H pylori infection by CagA+ strains may 
therefore be considered a risk factor for osteoporosis 
in men[36]. Further studies are required to clarify the 
relationship between H pylori infection and osteoporosis 
and whether H pylori infection causes time-dependent 
changes in bone turnover markers during the long course 
of  this chronic inflammatory disease.

H pylori AND HYPERPARATHYROIDISM
There are only a few studies attempting to clarify 
the associat ion between H py lo r i infect ion and 
hyperparathyroidism. In fact, only one study showed that 
H pylori infection was more prevalent amongst patients 
with primary hyperparathyroidism (PHPT) than in the 
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Table 1  Endocrine disorders in relationship with H pylori 
infection

Endocrine disorders

Autoimmune thyroid diseases
   Autoimmune atrophic thyroiditis
   Hashimoto’s thyroiditis
   Thyroid mucosal associated lymphocyte tissue (MALT) lymphoma
Diabetes mellitus
Dyslipidemia
Obesity 
Osteoporosis
Primary hyperparathyroidism
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general population, suggesting that patients with PHPT, 
and especially those with dyspeptic symptoms, should be 
evaluated for H pylori infection and treated appropriately 
if  positive[37]. Also, a case report described an association 
of  PHPT with duodenal ulcer and H pylori infection[38]. 
On the other hand, another study claimed no significant 
relationship between parathyroid abnormalities and  
H pylori infection in haemodialysis patients and this 
study found that a longer period of  dialysis therapy was 
related to a decreased ability of  these patients to produce 
antibodies against H pylori[39]. 

H pylori AND OBESITY
The relationship between obesity and H pylori infection 
is controversial. According to some studies, the risk of  
H pylori infection does not increase in overweight young 
persons[40] and H pylori seropositivity or CagA antibody 
status are not associated with the BMI[41,42] or fasting 
serum leptin levels[41]. Furthermore, one study indicated an 
inverse relationship between morbid obesity and H pylori 
seropositivity, leading to the hypothesis that the absence 
of  H pylori infection during childhood may enhance the 
risk of  the development of  morbid obesity[43]. In contrast, 
other studies showed that obesity[10] and/or an elevation 
of  the BMI [44] may be associated with an increased 
incidence of  H pylori colonization, probably as a result of  
reduced gastric motility[10]. In addition, the incidence of   
H pylori infection in patients undergoing Roux-en-Y 
gastric bypass surgery for morbid obesity was higher than 
that found in all patients undergoing endoscopies and 
biopsy, even though the incidence of  infection was not 
higher in controls matched for age[45]. 

The relationship between obesity and H pylori 
eradication is also controversial. There are data which 
demonstrate that eradication of  H pylori significantly 
increases the incidence of  obesity in patients with peptic 
ulcer disease, since it increases the level of  BMI[46,47], and/
or enhances the appetite of  asymptomatic patients, due 
to an elevation of  plasma ghrelin[48] and a reduction of  
leptin levels[49,50]. In fact, H pylori infection caused a marked 
reduction in plasma levels of  ghrelin[44,49,51-53], as a result 
of  a negative effect of  this infection on the density of  
gastric ghrelin-positive cells[51,54] and an increase in plasma 
levels of  leptin and gastrin[49,55,56]. Since ghrelin exerts 
orexigenic and adipogenic effects in contrast to leptin 
which exerts anorexigenic effects[52], alterations in plasma 
levels of  gastric originated appetite-controlling hormones 
in children and adults infected by H pylori may contribute 
to chronic dyspepsia and loss of  appetite[49]. Consequently,  
H pylori can be a “protective” factor against the development 
of  becoming overweight[50]. In contrast, other studies 
showed that there are no differences in plasma ghrelin 
levels between H pylori+ve and H pylori-ve patients matched 
for age and BMI[57] and that successful eradication of   
H pylori had no effect on plasma ghrelin levels[44,57]. 

H pylori AND THYROID DISEASES
Τhere have been controversial reports linking H pylori in-

fection to thyroid disorders including autoimmune thyroid 
disorders (ATD) such as autoimmune atrophic thyroidi-
tis[58] and Hashimoto’s thyroiditis[59], or thyroid mucosal 
associated lymphocyte tissue (MALT) lymphoma[60].

Thus, some studies have reported an increased 
prevalence of  H pylori infection in adults[58,61,62] and 
children[63] with ATD and a relationship between H pylori 
infection and the presence of  high titers of  thyroid auto-
antibodies, such as anti-thyroglobulin (anti-Tg) and anti-
thyroperoxidase (anti-TPO) antibodies[58,61,62] resulting 
in abnormalities of  gastric secretory function[58]. It has 
also been suggested that CagA+ H pylori strains increase 
the risk for ATD, especially in women, and that they are 
involved in the pathogenesis of  Hashimoto’s thyroiditis. 
This is based on the detection of  monoclonal antibodies 
against Cag-A+ H pylori strains which cross-react with 
follicular cells of  the thyroid gland and also on the fact 
that H pylori strains possessing the Cag-A pathogenicity 
island carry a gene encoding for an endogenous 
peroxidase[61]. Moreover, the strong correlation between 
IgG anti-H pylori antibodies and thyroid auto-antibodies, 
as well as the observation that eradication of  H pylori 
infection is followed by a gradual decrease in the levels 
of  thyroid auto-antibodies [64], suggest that H pylori 
antigens might be involved in the development of  
autoimmune atrophic thyroiditis or that autoimmune 
function in this disease may increase the likelihood of  
H pylori infection[58]. One study showed a significant 
decrease of  Free-T3 and Free-T4 in H pylori+ve subjects 
compared to H pylori-ve controls[62]. 

On the contrary, other studies showed no differences 
in the serum levels of  thyroid hormones or thyroid 
auto-antibodies in patients with and without H pylori 
infection[59,65] whereas H pylori infection seemed not to 
increase the risk of  ATD in individuals with dyspeptic 
symptoms[65]. Taking these results into account, it was 
proposed that screening for ATD in patients with a 
positive urea breath test is not indicated[65]. Other studies 
have failed to show any correlation between H pylori 
infection and ATD in children[66]. Moreover, the similar 
prevalence of  H pylori infection, with or without CagA+ 

strains, in patients with Hashimoto’s thyroiditis and 
controls argues against a true association between H pylori 
infection and Hashimoto’s thyroiditis[59]. To further explore 
the relationship between ATD and H pylori infection more 
clinical trials are required.

Lymphoid follicles in the gastric mucosa are common 
in ATD, and H pylori infection plays a causative role[67]. 
When an autoimmune disease such as ATD coexists 
with H pylori infection[68], H pylori may be involved in 
the pathogenesis of  extra-gastric MALT lymphomas, 
such as thyroid MALT lymphoma, as shown by a case 
report describing a primary thyroid MALT lymphoma 
which occurred in an H pylori+ve patient with gastric 
cancer and Hashimoto’s thyroiditis[60]. In this case, after 
subtotal gastrectomy, the thyroid lymphoma became 
smaller transiently and when the patient was treated with 
H pylori eradication therapy, the lymphoma completely 
disappeared. Nevertheless, H pylori organisms were not 
detected in the thyroid lymphoma tissue by polymerase 
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chain reaction (PCR), questioning the role of  H pylori 
in the development of  extra-gastric MALT lymphoma 
in patients with an autoimmune disease[60]. In addition, 
one study suggested that patients with an autoimmune 
disease might not be optimal candidates for H pylori 
eradication, even in the case of  an early stage gastric 
MALT lymphoma, since very few of  these patients 
responded to an H pylori eradication therapy[68]. 

On the other hand, it is important to realize that 
patients with H pylori-related gastritis, atrophic gastritis, 
or both conditions required increased daily doses of  
T4 than controls, suggesting that normal gastric acid 
secretion is necessary for effective absorption of  oral 
T4

[69]. In addition, development of  H pylori infection in 
patients treated with T4 led to an increased serum level 
of  thyrotropin (TSH), an effect that was nearly reversed 
after eradication of  H pylori infection[69].

H pylori AND DYSLIPIDEMIA
H pylori infection may cause dyslipidemia, as it leads to el-
evated levels of  total cholesterol[70,71], low-density lipopro-
tein cholesterol (LDL-c)[71,72], lipoprotein Lp(a)[71], apoli-
poprotein apo-B[73], triglyceride concentrations[72,74,75] and 
decreased levels of  high-density lipoprotein cholesterol 
(HDL-c)[73-78] and apolipoprotein apoA-1 concentration 
in the blood[73,75]. In addition, plasma levels of  choles-
terol and LDL-c were significantly higher in H pylori+ve  
patients with ischemic stroke compared to H pylori-ve pa-
tients[70]. It was postulated that chronic H pylori infection 
may shift lipid profiles towards an atherogenic direc-
tion via the action of  pro-inflammatory cytokines, such 
as interleukins 1 and 6 (IL-1 and IL-6), interferon-α 
(INF-α) and tumour necrosis factor-α (TNF-α). These 
cytokines are capable of  affecting lipid metabolism in 
different ways, including activation of  adipose tissue 
lipoprotein lipase, stimulation of  hepatic fatty acid syn-
thesis and influencing lipolysis[71,79]. This atherogenic 
modified lipid profile created by H pylori infection may 
increase the risk for cardiovascular and cerebrovascular 
diseases, by participating in the process of  atherogenesis, 
especially when Cag-A+ cytotoxic strains of  H pylori are 
present[80,81], although other studies do not support this 
hypothesis[71,82,83]. 

According to other studies, H pylori infection did not 
cause any significant changes in plasma levels of  total cho-
lesterol[78,84], triglycerides[78,84], LDL-c[78,84] and Apo-B[78,85]. 

The relationship between dyslipidemia and H pylori 
eradication is also controversial. After one year of  eradi-
cation of  H pylori in patients with duodenal ulcers, a sig-
nificant increase of  HDL-c, apo-AI and apo-AII levels 
was observed in the study by Scharnagl et al[86]. Moreover, 
eradication of  H pylori in healthy subjects seems to in-
crease HDL-c and decrease LDL-c levels[78]. Also, 6 mo 
following successful eradication of  H pylori infection the 
plasma levels of  total cholesterol and LDL-c were found 
to be significantly lower than those in H pylori+ve controls 
and H pylori+ve patients with stroke[70].

In contrast, one study showed that eradication of  
H pylori is associated with minor lipid changes[84], while 

others showed a significant increase in the incidence of  
hyperlipidemia in patients with peptic ulcer disease, as 
serum total cholesterol and triglycerides were elevated in 
these patients after eradication of  H pylori[46,47,87].

CONCLUSION
Since the discovery of  H pylori, a variety of  studies, 
essentially epidemiological or therapeutic trials, case 
reports and others, have evaluated the potential direct or 
indirect involvement of  this bacterium in the pathogenesis 
of  various extra-gastric diseases or disorders, amongst 
them disorders of  the endocrine system. A critical 
review of  data published on these proposed associations 
suggests a strong link between dyslipidemia and  
H pylori infection, whereas increasing evidence emerges 
on the role of  H pylori infection in thyroid autoimmune 
diseases. On the contrary, the association between  
H py lo r i infect ion and obes i ty, PHPT, DM and 
osteoporosis remains controversial, as evidence is hindered 
by the small numbers and methodological problems. 
Therefore, these associations should be interpreted 
cautiously. Although some evidence suggests that 
eradication of  H pylori may lead to an improvement of  
many endocrine disorders, such as DM, dyslipidemia and 
autoimmune thyroid disease, excluding obesity (Table 2),  
more clinical trials are needed in order to confirm this 
beneficial effect. In conclusion, the causal association 
between H pylori infection and endocrine disorders is still 
controversial but worthy of  further investigation since 
these diseases affect many people and have a great impact 
on human health and health economics[88].
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Table 2  Endocrine disorders and eradication of H pylori

Endocrine disorders H pylori eradication

Autoimmune 
thyroid diseases 

↓ of thyroid auto-antibodies[64]

↓ of thyrotropin in H pylori+ve patients treated 
with T4[69]

Diabetes mellitus ↓ in diabetics more than in non-diabetics[20,30-32]

↓ in type Ⅰ diabetic patients on standard triple 
therapy more than non-insulin dependent 
diabetic subjects, regardless of the dosage and/or 
the duration of therapy[20,31,32]

Dyslipidemia ↑ of HDL-c, apo-AI and apo-AII levels in patients 
with duodenal ulcers, after 1 year[86]

↑ of HDL-c and ↓ LDL-c levels in healthy 
subjects[78]

↓ of total cholesterol and LDL-c after 6 mo in  
H pylori+ve controls and H pylori+ve patients 
with stroke[70]

↔ of lipids in patients submitted for endoscopy[84]

↑ of total cholesterol and triglycerides in patients 
with peptic ulcer disease[46,47] or without[87]

Obesity ↑ of BMI in patients with peptic ulcer disease[46,47]

↑ of the appetite of asymptomatic patients, due to  
↑ of plasma ghrelin[48] and ↓ of leptin levels[49,50]

↔ of plasma ghrelin levels in subjects referred for 
upper gastrointestinal endoscopy[44,57] 

BMI: Body mass index; HDL-c: High-density lipoprotein cholesterol; apo-
AI: Apolipoprotein AI; apo-AII: Apolipoprotein AII; LDL-c: Low-density 
lipoprotein cholesterol; +ve: Positive.
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Abstract
AIM: To clarify the clinicopathological characteristics 
of small and large early invasive colorectal cancers (EI-
CRCs), and to determine whether malignancy grade 
depends on size.

METHODS: A total of 583 consecutive EI-CRCs 
treated by endoscopic mucosal resection or surgery 
at the National Cancer Center Hospital between 1980 
and 2004 were enrolled in this study. Lesions were 
classified into two groups based on size: small (≤ 
10 mm) and large (> 10 mm). Clinicopathological 
features, incidence of lymph node metastasis (LNM) 
and risk factors for LNM, such as depth of invasion, 
lymphovascular invasion (LVI) and poorly differentiated 
adenocarcinoma (PDA) were analyzed in all resected 
specimens. 

RESULTS: There were 120 (21%) small and 463 (79%) 
large lesions. Histopathological analysis of the small 
lesion group revealed submucosal deep cancer (sm: ≥ 

1000 μm) in 90 (75%) cases, LVI in 26 (22%) cases, 
and PDA in 12 (10%) cases. Similarly, the large lesion 
group exhibited submucosal deep cancer in 380 (82%) 
cases, LVI in 125 (27%) cases, and PDA in 79 (17%) 
cases. The rate of LNM was 11.2% and 12.1% in the 
small and large lesion groups, respectively.

CONCLUSION: Small EI-CRC demonstrated the same 
aggressiveness and malignant potential as large cancer.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is the third most important 
cause of  cancer mortality in Japan, and its incidence 
is gradually increasing. To reduce CRC mortality, early 
detection and appropriate treatment are required. In 
general, small lesions are suspected of  having a lower 
malignant potential than large ones, and hence are easy 
to remove endoscopically. Several authors have reported 
that the malignant potential of  early invasive colorectal 
cancer (EI-CRC) increases with lesion size[1-3]. Therefore, 
lesion size is considered to be indicative of  the depth of  
invasion and presence of  lymph node metastasis (LNM). 
In contrast, flat, and in particular depressed lesions, 
are considered to have a tendency to invade rapidly 
the submucosal layer, even when small[4-6]. However, 
clinicopathological features of  small EI-CRCs have still 
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not been studied extensively. 
The aim of  this retrospective study was to clarify the 

clinicopathological characteristics of  small and large EI-
CRCs and their implications for endoscopic treatment.

MATERIALS AND METHODS
Subjects
Five hundred and eighty-three patients (374 male 
and 209 female) with EI-CRC that had been resected 
surgically or endoscopically at the National Cancer 
Center Hospital, between January 1980 and January 2004, 
were examined retrospectively. In all of  these patients, 
cancer cells invaded through the muscularis mucosa into 
the submucosal layer but did not extend deeply into the 
muscularis propria. Eligibility also required the lesions 
to be macroscopically non-pedunculated (sessile, flat 
and depressed). Patients with synchronous advanced 
CRC, multiple EI-CRCs, inflammatory bowel disease, 
hereditary non-polyposis colorectal cancer and familial 
adenomatous polyposis were excluded from the study. 

Methods
All lesions were classified into two groups according 
to their endoscopic image size: small (≤ 10 mm) and 
large (> 10 mm). Furthermore, lesions were classified 
into three categories (sessile, 0- Ⅰs, Ⅰs+Ⅱa; flat, 0-Ⅱa;  
and depressed, 0-Ⅱc, Ⅱa+Ⅱc, Ⅰs+Ⅱc) according to 
the Paris classification[7]. Clinicopathological features, 
incidence of  LNM and risk factors for LNM, such 
as depth of  invasion, lymphovascular invasion (LVI) 
and poorly differentiated adenocarcinoma (PDA) were 
analyzed in all resected specimens. 

Histopathology
Resected specimens were fixed in 10% formalin and 
examined histopathologically following hematoxylin and 
eosin staining. Histopathological diagnosis was based 
on the World Health Organization (WHO) criteria[8]. 
Submucosal invasion was measured from the muscularis 
mucosa to the deepest portion. When the muscularis 
mucosa could not be identified because of  cancer 
invasion, the vertical length was measured from the 
surface of  the lesion to the deepest portion according to 
Kitajima’s classification[9]. Tumors with a vertical length 
of  < 1000 μm in the submucosal layer were classified as 
submucosal superficial invasive cancers (sm-superficial), 
and lesions with a length ≥ 1000 μm were classified as 
submucosal deep invasive cancers (sm-deep). The tumor 
growth patterns were histopathologically divided into 
polypoid growth (PG) and non-polypoid growth (NPG) 
types. Shimoda et al[10] have reported polyp cancers with 
protrusions caused by intramucosal proliferation of  the 
carcinoma or coexistent adenoma that behaved as PG 
type carcinoma, while flat/depressed type carcinoma 
without polypoid proliferation of  intramucosal tumor 
behaved as NPG type carcinoma.

Statistical analysis
The significance of  differences in proportions was 

assessed by the χ2 test, Fisher’s exact test and the Wilcoxon 
matched-pairs signed-ranks test using SPSS statistical 
software (SPSS for Windows , version 16.0J, Tokyo, Japan). 
Statistical significance was defined as P < 0.05.

RESULTS
A total of  583 EI-CRCs were retrospectively evaluated, 
with 120 (21%) small and 463 (79%) large lesions 
identified (Table 1). The gender ratio (male/female) was 
2.4 and 1.7, and the mean age was 61.5 and 62.4 years 
in the small and large lesion groups, respectively. Mean 
size of  the small and large lesions was 8.3 and 22.1 mm, 
respectively.

Macroscopic type, growth type and location
Macroscopic assessment of  small lesions identified 
51 cases as sessile (42%), 14 as flat (12%), and 55 as 
depressed (46%). Similarly, large lesion groups comprised 
233 sessile (50%), 64 flat (14%), and 166 depressed (36%) 
type. PG types were identified in 32% (38/120) and 54% 
(250/463) of  small and large lesions, respectively. In 
contrast, the prevalence of  NPG type in the small lesion 
group was significantly higher than in the large lesion 
group (68% vs 46%, P < 0.0001). Regarding tumor 
location, there were 33 (27%) rectal, 56 (47%) distal 
colon and 31 (26%) proximal colon cancers in the small 
lesion group. In contrast, there were 213 (46%) rectal, 
139 (30%) distal colon and 111 (24%) proximal cancers 
in the large lesion group. The incidence of  rectal cancer 
in the large lesion group was significantly higher than in 
the small lesion group (P = 0.02).

LNM
Among the lesions treated surgically, the incidence of  
LNM was 11.2% (10/89) and 12.1% (46/381) in small 
and large lesion groups, respectively (P = 0.85) (Table 2).

Depth of invasion/LVI/PDA
Histopathological analysis of  the small lesion group 
revealed sm-deep cancer in 90 (75%) cases, LVI in 26 
(22%) and PDA in 12 (10%). Similarly, the large lesion 
group exhibited sm-deep cancer in 380 (82%) cases, 
LVI in 125 (27%), and PDA in 79 (17%). Therefore, in 
relation to depth of  invasion, LVI and PDA, there were 
no significant differences between the groups.

Treatment strategy
Among the small lesion group, 62 (52%) cases were initially 
treated with endoscopic mucosal resection (EMR), while 
58 (48%) cases were surgically resected. In contrast, among 
the large lesion group, 133 (29%) cases were initially 
treated with EMR, while 330 (71%) cases were surgically 
resected. Among all lesions treated by EMR, there were 
no differences in the rate of  positive and unknown vertical 
and/or lateral cut margins in the small (18%, 11/62) and 
large lesion groups (20%, 26/133). Furthermore, among 
all positive cut margin cases in the small and large lesion 
groups, there were 11 (100%) and 18 (69%) positive vertical 
margin cases (Table 3, Figures 1 and 2).
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According to the initial treatment, there were 134 
(69%) and 336 (87%) sm-deep cancers in the EMR and 
surgery groups, respectively. Furthermore, there were 
33 (17%) and 118 (30%) LVI-positive, and 18 (9%) and 
73 (19%) PDA-positive cases in the EMR and surgery 
groups, respectively. There were 37 (19%) positive cut 
margin cases, including 29 (78%) positive vertical margins 
in the EMR group. In contrast, there were no positive cut 
margin cases in the surgery group. In the EMR group, 
82 (42%) patients underwent additional surgery with 
LN dissection after EMR within 6 mo. The incidence of  
LNM was 11.0% (9/82) and 12.1% (47/388) in the EMR 
and surgery groups, respectively (P = 0.79) (Table 4).

DISCUSSION
Several authors have reported a strong association 
between lesion size and submucosal invasion or risk 
of  LNM when referring to the grade of  malignancy 
of  early CRC. Large lesion size has been considered an 
indicator of  deep submucosal invasion and presence of  
LNM. However, in this large retrospective study, small 
EI-CRC demonstrated a similar aggressive behavior 
and malignant potential to those of  large lesions, with a 
similar risk of  LNM , LVI and PDA among both groups. 

Intramucosal CRC is thought generally to have no 
potential for LNM. In contrast, it has been reported that 

LNM occurs in 6%-13% of  patients with submucosal 
invasive CRC[11-15]. Therefore, radical surgery with LN 
dissection is recommended strongly in these cases. At 
present, EMR provides an endoscopic cure of  early 
stage CRC when there is no risk of  LNM. Advances in 
endoscopic instruments and techniques have increased 
the detection rates of  early stage CRC and have 
expanded the indications for EMR[16]. 

In the past 20 years, many investigators have 
proposed the following histopathological criteria when 
considering additional surgery after EMR of  submucosal 
cancers: massive submucosal invasion (≥ 1000 μm), 
and/or LVI, and/or PDA[17-22]. Among these factors, 
LVI and PDA are impossible to predict before resection. 
At this point, it is crucial to predict the vertical depth of  
invasion of  submucosal cancers prior to EMR. In our 
center, we use routinely a magnifying colonoscope to 
decide on the adequate treatment of  early stage CRC. 
Magnifying chromoendoscopy (MCE) is a standardized 
validated method that facilitates detailed analysis of  the 
morphological architecture of  colonic mucosal crypt 
orifices (pit pattern), in a simple and rapid manner. 
We have reported previously the efficacy of  MCE to 
diagnose an invasive pattern as a typical finding of  sm-
deep cancers, and have demonstrated that it provides a 
good correlation between pit pattern and tumor depth in 
flat and depressed CRC[23-27].

Many authors have reported that depressed and/or 
NPG type lesions are considered to have a high malignant 
potential, compared to the polypoid type lesions of  similar 

Table 3  Comparison of treatment strategy and positive rate 
of cut margin  n  (%)

Small 
(≤ 10 mm)

Large 
(> 10 mm)

P  value

Initial treatment
   EMR 62 (52) 133 (29) < 0.0001
   Surgery 58 (48) 330 (71)
Positive rate of cut margin1 11 (18)   26 (20) 0.81
   In EMR cases
   Lateral 0 (0)     8 (31) 0.08
   Vertical   11 (100)   18 (69)

1Positive and unknown cut margin. EMR: Endoscopic mucosal resection.

Table 4  Comparison of clinicopathological characteristics and 
incidence of LNM based on the treatment strategy  n  (%)

EMR 
(n  = 195)

Surgery 
(n  = 388)

P  value

Depth of invasion 
   sm-superficial (< 1000 μm)   61 (32)   52 (13) < 0.0001
   sm-deep (≥ 1000 μm) 134 (69) 336 (87)
LVI   33 (17) 118 (30)    0.0006
PDA 18 (9)   73 (19)    0.0006
Positive rate of cut margin1   37 (19)   0 (0) < 0.0001
   Lateral     8 (22)   0 (0)
   Vertical   29 (78)   0 (0)
Additional surgical operation   82 (42) -
LNM  9/82 (11.0) 47/388 (12.1) 0.79

1Positive and unknown cut margin.

Table 1  Comparison of clinicopathological and endoscopic 
characteristics for 583 study cases

Small 
(≤ 10 mm)

Large 
(> 10 mm)

P  value

No. of lesions, n (%) 120 (21) 463 (79)
Gender (M/F) 85/35 289/174 0.09
Age (yr), mean (range)   61.5 (39-84)     62.4 (30-90) 0.86
Macroscopic type, n (%)
   Sessile (0-Ⅰs, Ⅰs+Ⅱa) 51 (42) 233 (50) 0.13
   Flat (0-Ⅱa) 14 (12)   64 (14)
   Depressed (0-Ⅱc, Ⅱa+Ⅱc, 
   Ⅰs+Ⅱc)

55 (46) 166 (36)

Size (mm), mean ± SD 8.3 ± 1.6 22.1 ± 9.6
Growth pattern (PG/NPG) 38/82 250/213 < 0.0001
Location, n (%)
   Rectum 33 (27) 213 (46) 0.02
   Distal colon1 56 (47) 139 (30)
   Proximal colon2 31 (26) 111 (24)

1Descending-sigmoid colon; 2Cecum-transverse colon.
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Table 2  Incidence of LNM and clinicopathological 
characteristics based on tumor size  n  (%)

Small 
(≤ 10 mm)

Large 
(> 10 mm)

P  value

LNM   10/89 (11.2)  46/381 (12.1) 0.85
Depth of invasion
   sm-superficial (< 1000 μm) 30 (25)   83 (18) 0.08
   sm-deep (≥ 1000 μm) 90 (75) 380 (82)
LVI 26 (22) 125 (27) 0.23
PDA 12 (10)   79 (17) 0.06

LVI: Lymphovascular invasion; PDA: Poorly differentiated adenocarcinoma; 
LNM: Lymph node metastasis.
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size[4,28-31]. Kurisu et al[20] have investigated the development 
and progression of  EI-CRC. In that study, NPG lesions 
were significantly smaller in size (14.2 mm vs 24.2 mm) but 
showed deeper infiltration than PG types. They concluded 
that tumor development and the degree of  invasion 
differed significantly between the two types of  carcinoma. 
On the other hand, non-polypoid colorectal neoplasms 
(NP-CRNs) have been reported recently in the United 
States. Soetikno et al[31] have reported the prevalence of  
NP-CRNs in a veterans’ hospital population. The overall 
prevalence of  NP-CRNs and NP-CRNs with in situ or 
submucosal invasive carcinoma was 9.35% and 0.82%, 
respectively. They also concluded that NP-CRNs were 
more likely to contain carcinoma (OR: 9.78) than polypoid 
lesions, regardless of  size. In the present study, small EI-
CRCs ≤ 10 mm in diameter showed a significantly higher 
incidence of  NPG type lesions than in the large lesion 
group (P < 0.0001). However, there was no significant 
difference in proportion of  the macroscopic type between 
the groups (P = 0.13). Among the lesions diagnosed as Is 
type (sessile) in the small lesions group, 47% (14/30) were 
classified as NPG type histopathologically. From these 
results, we conclude that further investigation is required 
to confirm the growth pattern, especially for small sessile 
lesions diagnosed during colonoscopy.  

In contrast, the rate of  EMR as an initial treatment 
was 33% (195/583) in our study. In particular, it was 
significantly higher in the small lesion than the large 
lesion group (52% vs 29%, P < 0.0001). Among the 195 
lesions removed by EMR as an initial treatment in both 
groups, 61 cases (32%) were sm-superficial cancers. On 
the other hand, there was no significant difference in 

the positive rate of  cut margins between the small and 
large lesion groups (18% vs 20%). This result implies 
that EMR should not be performed readily for EI-
CRC, from the viewpoint of  no-touch isolation[32] and 
EMR complications. Intramucosal lesions (adenoma or 
intramucosal cancer) are usually well lifted by submucosal 
injection. In contrast, invasive cancer, especially sm-
deep cancer, cannot be lifted because of  the presence of  
submucosal fibrosis or desmoplastic reaction. Uno et al[33] 
have reported this phenomenon as the “non-lifting sign”.  
Kobayashi et al[34] have reported, among 271 colorectal 
neoplastic lesions, that the non-lifting sign of  deeper 
infiltration had a sensitivity of  61.5%, specificity of  98.4%, 
and accuracy of  94.8%. In contrast, endoscopic diagnosis 
had a sensitivity of  84.6%, specificity of  98.8%, and 
accuracy of  97.4%, with statistically significant differences 
in terms of  sensitivity and accuracy. Furthermore, since 
submucosal injection varies depending on the expertise of  
the endoscopist, we consider that an endoscopic diagnosis 
is much more important and accurate when endoscopic 
resection is considered as the therapeutic option.

There are some limitations to this study. Firstly, this 
was a single-center study, and although the number of  
examined EI-CRCs was adequate, a multicenter analysis 
should be performed to clarify the clinical importance 
of  small EI-CRCs. In addition, this study was carried 
out retrospectively between 1980 and 2004. In relation 
to endoscopic treatment for early CRC, endoscopic 
submucosal dissection (ESD) technique and Glycerol/ 
Sodium hyaluronate as an injected solution during EMR 
has made progress recently[35,36]. In particular, ESD 
provides not only an en bloc large specimen but also 

Figure 1  The lesion was located in the transverse colon. Endoscopic examination revealed a flat, elevated lesion with a central depression, which was 
macroscopically diagnosed as 0-Ⅱa+Ⅱc. The high-magnification view revealed a typical type Ⅵ pit (invasive) pattern on the depressed margin. The final endoscopic 
diagnosis was a 0-Ⅱa+Ⅱc type early colon cancer with submucosal deep invasion. However, patient strongly hoped EMR as an initial treatment. We performed EMR 
after injecting normal saline into the submucosa.

Figure 2  The final histopathological diagnosis was early invasive colon cancer, well-differentiated adenocarcinoma, sm-deep, NPG type, ly (-), v (-), cut 
end (+) (vertical margin positive). Since cancer was exposed in the vertical cut margin, additional surgical resection was performed and LNM was detected.
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negative lateral and vertical cut margins. 
In conclusion, with regard to the risk of  LNM, 

small EI-CRCs demonstrate the same aggressiveness 
and malignant potential as large lesions. Moreover, from 
the perspective of  the concept of  no-touch isolation, 
therapeutic cost, and complications during EMR, special 
attention must be paid when treating even small early 
stage lesions, especially NPG type lesions.
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Abstract
AIM: To investigate the influence of CO2-insufflation 
pressure on adhesion, invasion and metastatic poten-
tial of colon cancer cells based on adhesion molecules 
expression.

METHODS: With an in vitro  artificial pneumoperito-
neum model, SW1116 human colon carcinoma cells 
were exposed to CO2-insufflation in 5 different pres-
sure groups: 6 mmHg, 9 mmHg, 12 mmHg, 15 mmHg 
and control group, respectively for 1 h. Expression of 
E-cadherin, ICAM-1, CD44 and E-selectin was meas-
ured at 0, 12, 24, 48 and 72 h after CO2-insufflation 
using flow cytometry. The adhesion and invasion ca-
pacity of SW1116 cells before and after exposure to 
CO2-insufflation was detected by cell adhesion/inva-
sion assay in vitro. Each group of cells was injected 
intraperitoneally into 16 BALB/C mice. The number of 
visible abdominal cavity tumor nodules, visceral metas-

tases and survival of the mice were recorded in each 
group.

RESULTS: The expression of E-cadherin, ICAM-1, 
CD44 and E-selectin in SW1116 cells were changed 
significantly following exposure to CO2 insufflation 
at different pressures (P  < 0.05). The expression 
of E-cadherin, CD44 and ICAM-1 decreased with 
increasing CO2-insufflation pressure. The adhesive/
invasive cells also decreased gradually with increasing 
pressure as determined by the adhesion/invasion 
assay. In animal experiments, the number of abdominal 
cavity tumor nodules in the 15 mmHg group was also 
significantly lower than that in the 6 mmHg group (29.7 
± 9.91 vs  41.7 ± 14.90, P  = 0.046). However, the 
survival in each group was not statistically different.

CONCLUSION: CO2-insufflation induced a temporary 
change in the adhesion and invasion capacity of cancer 
cells in vitro . Higher CO2-insufflation pressure inhibited 
adhesion, invasion and metastatic potential in vitro  and 
in vivo , which was associated with reduced expression 
of adhesion molecules.

© 2009 The WJG Press and Baishideng. All rights reserved.
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to be less invasive and less immunosuppressive than 
conventional open surgery[1]. However, port site 
metastases and abdominal wall recurrences although rare 
nowadays, remain a problem with laparoscopic surgery 
for cancer[2]. Recently, several studies demonstrated 
that the five-year survival rates were similar after 
laparoscopically assisted colectomy and open colectomy 
for cancer patients, suggesting that the laparoscopic 
approach is an acceptable alternative to open surgery for 
colorectal cancer[3-5]. However, whether CO2 insufflation, 
which is widely used in laparoscopic surgery, increases 
the metastatic potential of  tumor cells is still the focus 
of  related studies[6-8].

Adhesion molecules play an important role in cell-
cell, cell-extracellular matrix (ECM) interactions at 
tumor metastasis[9,10]. ICAM-1, E-cadherin, and CD44 
are representative molecules involved in the interaction 
not only between the adhesion of  inflammatory cells 
but also between tumor cells and the endothelium. 
Previous studies have shown that reduced E-cadherin 
expression correlates with increased invasiveness in 
colorectal carcinoma cell lines[11]. The decrease or 
deletion of  E-cadherin was reported to induce liver 
metastasis of  colorectal tumors[12,13], and the increased 
expression of  CD44 also induces tumor metastasis[14]. 
Recently it has been reported that CO2 insufflation can 
effect the expression of  adhesion molecules, such as 
E-cadherin, CD44 and ICAM-1, which are related to 
tumor metastasis[15-17]. However, there are few studies on 
the influence of  CO2-insufflation pressure on adhesion 
molecules and how CO2 insufflation further impacts on 
metastatic potential following altered expression of  these 
adhesion molecules.

In this study, we investigated whether expression of  
adhesion molecules are changed after CO2 insufflation 
in vitro. We further investigated the influence of  CO2 

pressure on the expression of  these adhesion molecules, 
and how CO2-insufflation influenced the adhesion and 
invasion potential of  colon cancer cells in vitro and in vivo.

MATERIALS AND METHODS
Cell culture
The human colorectal adenocarcinoma cell line SW1116 
(human, Caucasian, colon, adenocarcinoma, grade 
Ⅲ, CCL-233™) was cultured in RPMI 1640 medium 
(Hangzhou Genom Co. Cat. No. GNM31800.25) 
supplemented with 10% feta l ca l f  ser um (Life 
Technologies). The human colorectal adenocarcinoma 
cell line Lovo (human, colon, adenocarcinoma, grade 
IV, CCL-229™) used in the invasive assay was cultured 
in F12K medium (Hangzhou Genom Co. Cat. No. 
GNM21700.25) supplemented with 10% fetal calf  serum. 
The monolayer cell culture was maintained in culture 
flasks under standard culture conditions at 37℃ in air with 
5% CO2.

Monoclonal antibodies 
For flow cytometry, the following monoclonal antibodies 

(Mab) were used: anti-ICAM-1-PE-Cy5 (Clone HA58) 
and anti-E-selectin-PE (Clone 68-5H11). They were 
purchased from BD Biosciences (San Diego, CA, USA). 
Anti-CD44-FITC (Clone J.173) and unconjugated anti-
E-cadherin (Clone 67A4) were purchased from Beckman 
Coulter™. Secondary goat anti-mouse IgG-PE, isotype 
control mouse IgG-PE-Cy5, and mouse IgG-PE were 
purchased from BD Biosciences. Mouse IgG FITC, and 
mouse IgG PE were purchased from Beckman Coulter™.

Animals
Four to eight week-old male BALB/C mice (Chinese 
Academy of  Sciences, Shanghai, China) were kept 
under standard laboratory conditions and fed a standard 
laboratory diet with access to water added libitum before 
and after injection.

In vitro pneumoperitoneum establishment
An in vitro pneumoperitoneum was established by 
connecting an electronic CO2 insufflator (Stryker® 
Endoscopy) to a 5 L volume airtight Perspex box with 
two ventilating pits (Figure 1). Medical grade carbon 
dioxide at a concentration of  99.5% was used. To ensure 
exhaustion of  air in the box, 10 L CO2 were insufflated 
into the Perspex box before the tumor cells were placed 
into the box. The cells were divided into 5 groups with 
different insufflation pressures (6 mmHg, 9 mmHg, 
12 mmHg, 15 mmHg, and room air as a control). The 
tumor cells and the boxes were transferred into an 
incubator at 37℃ and the in vitro pneumoperitoneum 
model was retained for 1 h at different insufflation 
pressures during a continuous CO2 flow of  2.5 L/min. 

Flow cytometry (FACScan)
At 0, 12, 24, 48, and 72 h after exposure, the cells 
were detached from the tissue culture flasks using ice-
cold phosphate-buffered saline (PBS) containing 0.1% 
sodium azide and resuspended at 5 × 105 cells/mL. One 
milliliter of  the cell suspension was incubated with the 
monoclonal antibodies (1:100). The cells (5 × 105/group) 
were incubated with anti-ICAM-1-PE-Cy5, 10 μL, anti-
E-selectin-PE, 10 μL, anti-CD44-FITC, 20 μL and 
unconjugated anti-E-cadherin, 10 μL for 30 min at room 
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Figure 1  Five litres volume airtight Perspex box with two ventilating ports 
for pneumoperitoneum establishment in vitro.



temperature. At the end of  the incubation period, the cells 
were washed with PBS. After treatment with unconjugated 
anti-E-cadherin the cells were incubated with a secondary 
goat anti-mouse IgG-PE (3 μL/5 × 105 cells) for 30 min 
at room temperature. After washing with PBS, the cells 
were fixed with 0.5% formalin, and analyzed for surface 
receptor expression by flow cytometry (BD Calibur). 
The expression of  4 different cell adhesion molecules 
was measured at 5 time points (0, 12, 24, 48 and 72 h) 
after CO2 insufflation. Expression of  these adhesion 
molecules is given as mean fluorescence intensity of  the 
cell population.

Adhesion assay
A cell adhesion assay (Cat. No. ECM 554, Chemicon 
International, USA) was used, in which the wells were 
coated with human fibronectin, one of  the component 
proteins of  the extracellular matrix (ECM). At 0 h and 
72 h after exposure to CO2 insufflation (at 6 mmHg, 
9 mmHg, 12 mmHg, 15 mmHg and room air for 1 h, 
respectively), the cells were detached using 0.25% trypsin 
and washed with PBS. The wells were rehydrated with 
200 μL of  PBS per well for at least 15 min at room 
temperature before being plated at a concentration of  
1 × 105 cells per well. After the plate was incubated at 
37℃ in air with 5% CO2 for 1 h, each well was washed 
gently 3 times with PBS. The cells which had adhered 
to the wells were then dyed with crystal violet and 
incubated for 5 min at room temperature. After the 
plate was gently washed 3 times with PBS, 100 μL of  
Solubilization Buffer (a 50/50 mixture of  0.1 mol/L 
NaH2PO4, pH 4.5 and 50% ethanol) was added to each 
well. The plate was shaken at room temperature gently 
to solubilize the cell-bound stain completely. Finally, a 
microplate reader was used to determine the absorbance 
at 570 nm as a measure of  tumor cell adhesion on the 
ECM layer.

Cell invasive assay
The SW1116 cells were starved by incubation in serum-
free RPMI 1640 for 18-24 h prior to assay. At 0 h and  
72 h after CO2 insuff lation (6 mmHg, 9 mmHg,  
12 mmHg, 15 mmHg and room air for 1 h, respectively), 
the cells were harvested by trypsinization, and resus-
pended in RPMI 1640 at 1 × 106 cells/mL. Twenty-four-
well QCM™ Cell The Invasion Assay kit (Cat. No. ECM 
101, Chemicon International, USA) was used. After 
rehydration of  the ECM layer by adding 300 μL of  pre-
warmed serum-free medium to the interior of  the inserts 
for 30 min at room temperature, 250 μL of  the medium 
was removed from the inserts without disturbing the 
membrane. The prepared cell suspension (250 μL) as de-
scribed previously was then added into each insert, and 
RPMI 1640 with 5% BSA was added to the lower cham-
ber. After incubation for 24 h at 37℃ in the incubator 
with 5% CO2, the medium and suspended cells were re-
moved and the invasion chamber was placed into a clean 
well containing 225 μL of  the cell detachment solution. 
The cells were then incubated at 37℃ for 30 min, and 
both lyses buffer and dye solution were added to each 

well containing the cell detachment solution with cells 
which had invaded the ECM coated membrane. Finally, 
the mixture was detected by a fluorescence plate reader 
using a 480/520 nm filter set. The fluorescence intensity 
was measured as an index of  the quantity of  invasive 
cells. Lovo cells underwent the same procedure in the 
invasive assay.

Induction of intra-abdominal tumors
To ana lyze the potent ia l for abdomina l cav i ty 
dissemination in each group of  cells (exposed to CO2 
insuff lation at 6 mmHg, 9 mmHg, 12 mmHg, 15 
mmHg and room air), each group of  cells was injected 
intraperitoneally into 16 BALB/C mice (1 × 106 cells/
mouse). Fourteen days later, 10 mice in each group were 
sacrificed by cervical dislocation, and the number of  
visible abdominal cavity tumor nodules, reflecting the 
metastatic potential, was counted. The rate of  viscera (liver, 
kidney, spleen, peritoneum or mesentery) metastasis was 
also recorded in each group. The remaining mice in each 
group were monitored for their survival.

Statistical analysis
For studies on the expression of  adhesion molecules, 
each experiment was performed in triplicate. Cell 
adhesion and invasion assays were repeated five times. 
Data are expressed as mean ± SD. The repeated-
measures ANOVA test, one-way ANOVA test and 
paired t test were used to compare the control mean 
with the various treatment means: adhesion molecules, 
cell adhesion and invasion assay in vitro, and abdominal 
cavity tumor metastasis in vivo. The rates of  organ (liver, 
kidney, spleen, peritoneum or mesentery) metastasis were 
analyzed using Fisher’s exact test. Statistical significance 
was set at the 5% level.

RESULTS
Effect of CO2 insufflation on expression of adhesion 
molecules
Immediately after the 6 mmHg CO2 insufflation, ICAM-1 
(Figure 2A-C) and CD44 expression significantly 
increased compared to room air controls (F = 106.38, 
297.73; P < 0.01), while the expression of  ICAM-1 
decreased at 48 h and 72 h after the 6 mmHg CO2 
insufflation (F = 17 222.3, 385.61; P < 0.01) (Figure 
2A-C). Immediately after the 9 mmHg CO2 insufflation, 
E-selectin expression significantly increased compared to 
the controls (F = 147.75, P = 0.01), and CD44 expression 
increased significantly compared to controls (F = 
39.20, P = 0.025); 24 h after 9 mmHg CO2 insufflation, 
E-cadherin expression increased significantly compared 
to controls (F = 26.79, P = 0.035) (Figure 2D-F), while 
a significant reduction in E-selectin expression was 
observed (F = 33.43, P = 0.029). At 48 h after 9 mmHg 
CO2 insufflation, a significant reduction in ICAM-1 
expression was demonstrated (F = 282.94, P < 0.01). At 
48 h after 12 mmHg CO2 insufflation, CD44 expression 
increased significantly (F = 93.70, P = 0.011), while 72 h  
after 12 mmHg CO2 insufflation, the expression of  CD44 
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decreased significantly compared to the controls (F = 
679.38, P < 0.01). Immediately after the 15 mmHg CO2 
insufflation, CD44 expression decreased significantly 
compared to the controls (F = 70.01, P = 0.014). At 12 h 
and 24 h after 15 mmHg CO2 insufflation, an increased 
expression of  E-cadherin was demonstrated (F = 53.53, 
68.14, P = 0.018, 0.014). No significant differences in 
the expression of  these adhesion molecules at other time 
points and pressures were observed.

Effect of rising insufflation pressure on expression of 
adhesion molecules
The expression of  CD44, E-cadherin and ICAM-1 
decreased with increasing CO2-insufflation pressure. At 
the 0 h time point, the differences in CD44 expression 
between the 6 mmHg and the 9 mmHg group, the 9 
mmHg and the 12 mmHg group, the 12 mmHg and the 
15 mmHg group were significant (t = 4.4291, 4.5725, 
7.3587, P < 0.01) (Figure 3A). At the same time point, 
E-cadherin expression in the 9 mmHg group was 
less than that in the 6 mmHg group (t = 7.1839, P < 
0.01), while in the 12 mmHg and the 15 mmHg group, 
E-cadherin expression was significantly less than that in 
the 9 mmHg group (t = 4.5148, 4.4582, P < 0.01) (Figure 
3B). ICAM-1 expression in the 9 mmHg, 12 mmHg 
and 15 mmHg groups was less than that in the 6 mmHg 
group, respectively (t = 3.3359, 2.3189, 2.7546, P < 0.01, 

P = 0.046, 0.022), and the expression at 15 mmHg was 
significantly less than that at 12 mmHg (t = 2.2912, P = 
0.048) (Figure 3C).

Effect of CO2 insufflation on adhesion potential of 
SW1116 in vitro
Immediately after exposure to increasing CO2-insufflation 
pressure, cell adhesion decreased gradually. Cell adhesion 
in the 15 mmHg group was significantly less than that 
at 12 mmHg, 9 mmHg, 6 mmHg and the control (all P 
< 0.01), and cell adhesion in the 12 mmHg group was 
also less than that in the 9 mmHg, 6 mmHg and control 
groups (all P < 0.01). The cells exposed to 6 mmHg had 
more adhesion capacity than those exposed to 9 mmHg 
or the control group, however, the differences were not 
significant (P = 0.886, P = 0.058) (Figure 4A). At 72 h  
after CO2 insufflation, the differences between the 
various insufflation pressure groups were not significant  
(Figure 4B).

Effect of CO2 insufflation on invasion potential of 
SW1116 and Lovo in vitro
Immediately after exposure to 15 mmHg CO2 insufflation, 
the invasion of  SW1116 cells decreased significantly com-
pared to the cells before exposure (11.36 ± 0.861 vs 13.43 
± 1.113; P = 0.019), while immediately after exposure to 
6 mmHg insufflation, invasive cells increased compared to 
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Figure 2  Flow cytometry analysis of ICAM-1 and E-cadherin expression in SW1116. A: ICAM-1 (Room air control); B: ICAM-1 (0 h after the 6 mmHg insufflation); 
C: ICAM-1 (72 h after the 6 mmHg insufflation); D: E-cadherin (Room air control); E: E-cadherin (24 h after the 9 mmHg insufflation); F: E-cadherin (72 h after the 
9 mmHg insufflation). Immediately after the 6 mmHg CO2 insufflation (B), ICAM-1 expression increased significantly compared to room air controls (A) (P = 0.009), 
while it was significantly less at 72 h after the 6 mmHg insufflation (C) than control group. Twenty four hours after 9 mmHg CO2 insufflation (E), E-cadherin expression 
increased significantly compared to controls (D) (P = 0.035), but returned to the control value at 72 h after the 9 mmHg insufflation (F).
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before exposure (15.58 ± 1.015 vs 14.42 ± 1.491; P = 0.056), 
however, the difference was not significant (Figure 5A).  
At 72 h after CO2 insufflation, cell invasion was similar to 
that for cells before exposure (Figure 5B). 

The differences between various insufflation pressures 
were also compared. At the 0 h time point, the cells 
exposed to 15 mmHg were significantly less invasive than 
those exposed to the other insufflation pressures (vs 6 
mmHg, P < 0.01; vs 9 mmHg, P = 0.011; vs 12 mmHg, P 
= 0.016; and vs room air, P = 0.014), and the cells exposed 

to 6 mmHg were more invasive than cells exposed to the 
other insufflation pressures (vs 9 mmHg, P = 0.013; vs 
12 mmHg, P < 0.01; vs 15 mmHg P < 0.01; and vs room 
air, P = 0.011). However, these differences were not 
significant (Figure 5A). At 72 h after CO2 insufflation, 
the differences between the various insufflation pressure 
groups were not significant (Figure 5B).

The human colon cancer cell line Lovo was also 
tested in the invasive assay, and a similar trend was 
observed (Figure 5C and D). 

Effect of CO2 insufflation on metastasis potential of 
SW1116 in vivo
The ratios of  the number of  mice which developed 
intra-abdominal tumors/the number of  mice which 
received inoculation of  SW1116 cells in the various 
groups were as follows: (1) control group, 10/10; (2) 6 
mmHg group, 9/10; (3) 9 mmHg group, 9/10; (4) 12 
mmHg group, 9/10; (5) 15 mmHg group, 10/10. The 
differences were not significant. The mean number of  
intra-abdominal tumor nodules in the various groups 
was as follows: (1) control group = 36.8 ± 15.32, (2) 
6 mmHg group = 41.7 ± 14.90, (3) 9 mmHg group = 
33.9 ± 10.29, (4) 12 mmHg group = 33.2 ± 11.72, (5) 
15 mmHg = 29.7 ± 9.91. The difference between the 6 
mmHg group and the 15 mmHg group was significant 
(P = 0.046) (Figure 6A-C), but the differences among 
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Figure 3  The effect of CO2 insufflation pressure on expression of adhesion 
molecules. A: Expression of CD44;  B: Expression of E-cadherin;  C: Expression 
of ICAM-1. With increasing CO2-insufflation pressure, the expression of CD44 (A), 
E-cadherin (B), and ICAM-1 (C) decreased at some time points, especially at the 
start (0 h) after CO2-insufflation.
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Figure 4  Results of adhesion assay. A: 0 h after CO2 insufflation; B: 72 h after 
CO2 insufflation. At 0 h after CO2 insufflation (A), with increasing CO2-insufflation 
pressure, the adhesion of the SW1116 cell line decreased gradually (12 mmHg 
vs control, P < 0.001; 15 mmHg vs 12 mmHg, P < 0.001). At 72 h after CO2 
insufflation (B), cell adhesion was similar among the different groups (P > 0.05).
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the other groups were not. The results of  visceral (liver, 
kidney, spleen, peritoneum or mesentery) metastases 
(the number of  mice with certain visceral metastasis/the 
number of  mice with abdominal cavity metastasis after 
inoculation of  SW1116 cells) are shown in Table 1. 
No significant differences in survival rate between the 
various groups were observed (P = 0.426). The overall 
survival curve is shown in Figure 7.

DISCUSSION
The use of  minimal access techniques in the surgical 
management of  colorectal cancer should be safe and 
feasible in terms of  the oncologic effect on the tumor, 
as compared with conventional surgery. Recent clinical 
trials in Europe and America have demonstrated that the 
recurrence and 5-year survival of  laparoscopic colorectal 
cancer surgery are identical to those obtained by open 
surgery[3-4]. Similar results have also been reported from 
Hong Kong[18]. However, the occurrence of  port-site 
metastasis and peritoneal metastasis reported in early 
studies of  laparoscopic surgery for cancer led to many 

studies investigating the biologic effects of  positive 
pressure pneumoperitoneum on tumor growth and the 
development of  trocar recurrences. Several experimental 
studies suggested that laparoscopic surgery can promote 
tumor growth[6,19]. Some animal studies have also shown 
that CO2, especially at high insufflation pressures 
increased the incidence of  distant metastases[20,21]. 
However, other researchers failed to confirm these 
experimental observations in similar animal models[22]. 
Thus, although the problem of  port-site deposits in 
patients undergoing laparoscopic surgery for cancer 
has largely been resolved by improved oncological 
operative techniques, from a biological standpoint, the 
adverse effect of  a sustained positive pressure CO2 
pneumoperitoneum is still debatable, and it is prudent to 
investigate the mechanism of  tumor metastasis induced 
by CO2 pneumoperitoneum.

Some adhesion molecules in cancer cells have been 
reported to play an important role in tumor metastasis. 
There is evidence that decreased expression of  E-cadherin 
can initiate tumor invasion and metastasis because 
E-cadherin prevents detachment of  tumor cells from 
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Figure 5  Results of invasion assay. A: SW1116, 0 h after exposure; B:  SW1116, 72 h after exposure; C: Lovo, 0 h after exposure; D: Lovo, 72 h after exposure. A: 
1At 0 h after exposure to 15 mmHg CO2 insufflation, invasive cells decreased significantly compared to the cells prior to exposure (P = 0.019); 2At 0 h after exposure, 
invasion of the 6 mmHg or the 15 mmHg group was significantly different from the other pressure groups (P < 0.05). B: The invasion fluorescence intensities of 
SW1116 before and 72 h after exposure to CO2 insufflation were not significantly different (P > 0.05). Seventy two hours after the CO2 insufflation, there were no 
significant differences between the various insufflation pressure groups (P > 0.05); C: 1At 0 h after exposure to 15 mmHg, 12 mmHg or 6 mmHg CO2 insufflation, 
invasive cells of Lovo decreased significantly compared to the cells prior to exposure (P = 0.008, P = 0.0045, P = 0.043); 2At 0 h after exposure, cell invasion at 6 
mmHg was significantly different from the other pressure groups (P < 0.01); 3At 0 h after exposure, cell invasion in the 12 mmHg group was significantly less than the 
9 mmHg group (P < 0.05); 4At 0 h after exposure, cell invasion in the 15 mmHg group was significantly less than the 6 and 9 mmHg groups (P < 0.01); D: The invasion 
fluorescence intensities of Lovo before and 72 h after exposure to CO2 insufflation were not significantly different (P > 0.05). Seventy two hours after CO2 insufflation, 
there were no significant differences between the various insufflation pressure groups (P > 0.05).
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the primary tumor[11,23,24]. ICAM-1 mediates the adhesion 
of  circulating cells to the intravascular endothelium. 
ICAM-1 may also play a role in tumor cell adhesion to 
the mesothelium[25]. Changes in the expression of  CD44 
are reported to be related to increased tumor metastasis. 
The expression of  E-selectin in primary colorectal cancer 
is significantly less than in secondary deposits from this 
tumor[26]. A number of  recent studies have addressed the 
effects of  the laparoscopic environment on these adhesion 
molecules in cancer cells. Kim et al[16] demonstrated a 
significant alteration in E-cadherin, ICAM-1 and CD44 
expression in colon cancer cells after exposure to CO2. 
Tahara et al[27] reported that CO2 insufflation increased 

the expression of  P-cadherin mRNA in the mouse 
peritoneum. However, neither of  these two groups 
investigated how these CO2-induced changes affected the 
invasive and metastatic potential of  colon cancer cells. 

In our study, we found that the expression of  these 
adhesion molecules in the SW1116 cell line increased 
significantly 0-48 h after the cells were exposed to 
continuous CO2-insufflation for 1 h (P < 0.05), and 
returned to the control level by 72 h. We found that 
these changes are temporary. At certain time points, 
ICAM-1, E-selectin, and CD44 were found to be even 
lower than the control levels (P < 0.05). In addition, 
contrary to the results reported by Kim et al[16], the 
expression of  E-cadherin significantly increased, rather 
than decreased after exposure to CO2-insufflation, 
although the effect was temporary. The important 
findings of  the present study are that the changes in 
these adhesion molecules are bi-directional. Collectively 
increased expression of  ICAM-1, E-selectin, and 
CD44 and decreased expression of  E-cadherin signify 
increasing potential for tumor metastasis. However, 
the results of  the present study also demonstrated the 
temporary and bi-directional nature of  the changes in 
the expression of  these adhesion molecules, indicating 
that CO2-insufflation during laparoscopic surgery does 
not appear to increase the metastatic potential of  solid 
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Table 1  Distribution of visceral metastases (liver, kidney, 
spleen, peritoneum or mesentery)

Liver Spleen Mesentery Kidney Peritoneum 
(n1/n2) (n1/n2)  (n1/n2)  (n1/n2) (n1/n2)

Control 10/10   4/10 10/10   5/10   4/10
6 mmHg 9/9 0/9 9/9 0/9 2/9
9 mmHg 9/9 1/9 9/9 2/9 1/9
12 mmHg 8/9 1/9 9/9 4/9 0/9
15 mmHg 10/10   1/10 10/10   4/10   1/10
P > 0.05 > 0.05 > 0.05 > 0.05 > 0.05

n1: Number of mice with certain viscera metastasis; n2: Number of mice 
which developed intra-abdominal metastases after inoculation of SW1116 
cells.

Figure 7  Survival time of the mice injected with SW1116 cells in the 
different groups (P = 0.426).
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cancers. Our results document that with increasing CO2-
insufflation pressure, the expression of  E-cadherin, 
CD44 and ICAM-1 decreased, especially at the start of  
CO2-insufflation exposure (P < 0.05, Figure 3A-C). We 
believe that higher pressures of  CO2-insufflation could 
inhibit the expression of  adhesion molecules. 

We also investigated the effect of  CO2-insufflation 
on the adhesion and invasion potential of  colon cancer 
cells in vitro and the effect on the metastatic capacity of  
the tumor cells in vivo. The cell invasion assays showed 
that CO2-insufflation also changed the invasion potential 
of  tumor cells (both the SW1116 and the Lovo cell 
line) temporarily but with increasing CO2-insufflation 
pressures, invasion potential decreased. Similar results 
were obtained with the adhesion assays.

The in vivo animal studies with rising CO2-insufflation 
pressure, showed a decrease in the number of  tumor 
nodules when the data between the 15 mmHg and 
6 mmHg groups were compared. This observation 
suggests that high CO2-insufflation pressures could 
inhibit the adhesion, invasion and metastatic potential 
of  colon cancer cells. Ziprin et al [28] reported that 
laparoscopic enhancement of  tumor cell binding to the 
peritoneum is inhibited by anti-ICAM-1 monoclonal 
antibody. High CO2-insufflation pressures could inhibit 
the adhesion, invasion or metastatic capacity of  tumor 
cells in vitro and in vivo by inhibiting expression of  the 
adhesion molecules ICAM-1 and CD44. 

In the present study, the adhesion potential of  
the tumor cells from the CO2-insufflation groups did 
not increase when compared to the control group. In 
addition, the numbers of  tumor nodules in the four CO2-
insufflation groups were similar to the control group. 
Likewise, survival rates were not significantly different 
indicating that CO2-insufflation did not increase the 
adhesion potential of  colon cancer cells in vitro or the 
metastatic capacity in vivo. However, reaction of  the host 
seems also to be highly important. Various host defence 
mechanisms in the organism are involved in tumouricidal 
killing processes. Some studies have reported that the 
mononuclear phagocytotic system, which largely consists 
of  hepatic tissue macrophages (Kupffer cells), plays an 
important tumouricidal role. Previously, laparoscopic 
insufflation with CO2 had been demonstrated to impair 
the activity of  the mononuclear phagocyte system and 
was responsible for potential hepatic disadvantages[29]. In 
this study, only tumor cells treated with CO2-insufflation 
in vitro, and the in vivo metastatic capacity of  colon cancer 
cells treated with different CO2-insufflation in vitro were 
the focus of  this investigation. The reaction of  the host 
after high pressure pneumoperitoneum, and the effect that 
the pneumoperitoneum may have on intraperitoneal cells 
was not considered. Further investigations are required.

In conclusion, this study has shown that the 
expression of  adhesion molecules can be affected 
temporarily and bi-directionally by continuous CO2-
insufflation, which also induced a temporary change in 
the adhesion and invasion capacity of  these cells in vitro. 
CO2-insufflation at high pressures plays an important 
role in inhibiting the expression of  adhesion molecules. 

In addition, high insufflation pressures inhibited the 
adhesion and invasion potential of  colon cancer cells 
in vitro and inhibited metastatic potential in vivo, which 
was associated with inhibited expression of  adhesion 
molecules. The results of  our study do not provide any 
evidence that CO2-insufflation increases the metastatic 
potential of  colon cancer cells.

In conclusion, CO2-insufflation induced a temporary 
change in the adhesion and invasion capacity of  cancer 
cells in vitro. High pressures of  CO2-insufflation inhibited 
the adhesion, invasion and metastatic potential in vitro 
and in vivo, which was associated with reduced expression 
of  adhesion molecules.
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Abstract
AIM: To compare the features of biochemical 
metabolic changes detected by hepatic phosphorus-31 
magnetic resonance spectroscopy (31P MRS) with the 
liver damage score (LDS) and pathologic changes in 
rabbits and to investigate the diagnostic value of 31P 
MRS in acute hepatic radiation injury. 

METHODS: A total of 30 rabbits received different 
radiation doses (ranging 5-20 Gy) to establish acute 
hepatic injury models. Blood biochemical tests, 31P 
MRS and pathological examinations were carried 
out 24 h after irradiation. The degree of injury was 
evaluated according to LDS and pathology. Ten healthy 
rabbits served as controls. The MR examination was 
performed on a 1.5 T imager using a 1H/31P surface 

coil by the 2D chemical shift imaging technique. The 
relative quantities of phosphomonoesters (PME), 
phosphodiesters (PDE), inorganic phosphate (Pi) and 
adenosine triphosphate (ATP) were measured. The 
data were statistically analyzed.

RESULTS: (1) Relative quantification of phosphorus 
metabolites: (a) ATP: there were significant differences 
(P  < 0.05) (LDS-groups: control group vs  mild group 
vs  moderate group vs  severe group, 1.83 ± 0.33 vs  1.55 
± 0.24 vs  1.27 ± 0.09 vs  0.98 ± 0.18; pathological 
groups: control group vs  mild group vs  moderate group 
vs  severe group, 1.83 ± 0.33 vs  1.58 ± 0.25 vs  1.32 
± 0.07 vs  1.02 ± 0.18) of ATP relative quantification 
among control group, mild injured group, moderate 
injured group, and severe injured group according 
to both LDS grading and pathological grading, 
respectively, and it decreased progressively with the 
increased degree of injury (r  = -0.723, P  = 0.000). (b) 
PME and Pi; the relative quantification of PME and Pi 
decreased significantly in the severe injured group, and 
the difference between the control group and severe 
injured group was significant (P  < 0.05) (PME: LDS-
control group vs  LDS-severe group, 0.86 ± 0.23 vs  
0.58 ± 0.22, P = 0.031; pathological control group vs  
pathological severe group, 0.86 ± 0.23 vs  0.60 ± 0.21, 
P = 0.037; Pi: LDS-control group vs  LDS-severe group, 
0.74 ± 0.18 vs  0.43 ± 0.14, P = 0.013; pathological 
control group vs  pathological severe group, 0.74 
± 0.18 vs  0.43 ± 0.14, P = 0.005) according to 
LDS grading and pathological grading, respectively. 
(c) PDE; there were no signif icant differences 
among groups according to LDS grading, and no 
significant differences between the control group and 
experimental groups according to pathological grading. 
(2) The ratio of relative quantification of phosphorus 
metabolites: significant differences (P < 0.05) (LDS-
moderate group and LDS-severe group vs  LDS-control 
group and LDS-mild group, 1.94 ± 0.50 and 1.96 ± 
0.72 vs  1.43 ± 0.31 and 1.40 ± 0.38) were only found 
in PDE/ATP between the moderate injured group, the 
severe injured group and the control group, the mild 
injured group. No significant difference was found in 
other ratios of relative quantification of phosphorus 
metabolites.
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CONCLUSION: 31P MRS is a useful method to 
evaluate early acute hepatic radiation injury. The 
relative quantification of hepatic ATP levels, which 
can reflect the pathological severity of acute hepatic 
radiation injury, is correlated with LDS. 

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Acute hepatic radiation injury can lead to necrosis of  
hepatocytes, fatty degeneration and hepatic fibrosis. 
The current gold standard test is liver biopsy. This 
procedure is invasive, uncomfortable for the patient and 
sometimes leads to serious complications. These factors 
highlight the need for a noninvasive test to characterize 
diffuse liver disease. Already, it has been reported that 
phosphorus-31 magnetic resonance spectroscopy (31P 
MRS) not only complements liver biopsy but also is a 
possible replacement and, furthermore, 31P MRS has a 
particular value in assessing disease progression[1]. 

31P MRS has been used to study liver metabolism in 
vivo for several years, including clinical liver disease]1-5] 
and experimental studies[6-8]. It enables the observation 
of  energ y metabo l i sm through the s igna l s o f  
phosphomonoesters (PME), phosphodiesters (PDE), 
inorganic phosphate (Pi) and adenosine triphosphate (ATP). 
The PME and PDE signals are multi-component, with 
phosphorylcholine and phosphorylethanolamine the main 
contributors to PME as well as glycerophosphorylcholine 
and glycerophosphorylethanolamine which are the main 
contributors to PDE[1]. The final typical signal of  31P MR 
spectra in vivo is phosphocreatine (PCr). Although it is a 
dominant signal in muscles, it is not readily observable in 
spectra of  the liver because of  its small contribution to 
hepatic metabolic processes. Its presence indicates some 
contribution of  signals from abdominal wall muscles as a 
partial volume effect.

In this study, we investigated whether changes of  31P 
MRS in the liver with early acute radiation injury were 
related to the liver damage score (LDS) and pathologic 
changes, we determined the value of  31P MRS in 

detecting early acute hepatic radiation injury, and we 
identified the most valuable phosphorylated metabolite 
for detecting acute hepatic injury. This study set out to 
provide a rationale for clinical application of  31P MRS in 
diffuse liver disease.

MATERIALS AND METHODS
Hepatic radiation injury model and experimental groups
This study was approved by the Animal Care Committee 
of  Zhejiang University, School of  Medicine. Forty 
healthy adult New Zealand white rabbits weighing 
2.5-3.0 kg were used. These rabbits were randomly 
assigned into four groups of  10 rabbits. (1) Control 
group: without any treatment; (2) Group 1: the hepatic 
region of  each rabbit received a single 5 Gy dose of  
radiation using an 8 MeV electron beam; (3) Group 
2: the hepatic region of  each rabbit received a single  
10 Gy dose of  radiation using an 8 MeV electron beam; 
(4) Group 3: the hepatic region of  each rabbit received a 
single 20 Gy dose of  radiation using an 8 MeV electron 
beam. The irradiation was confined to the whole liver by 
imaging-guidance. Blood biochemical tests and 31P MRS 
were carried out 24 h after irradiation. Following each 
MRS examination, animals were sacrificed, and the liver 
samples were collected for pathological examination.

MRS examination and spectra evaluation
MRS examination was perfor med on a Siemens 
Sonata (Erlangen, Germany) whole-body MR imager 
operating at 1.5 Tesla equipped with a commercial dual 
1H/31P surface coil. Prior to MR examination, animals 
were fasted overnight. A skin mark in the center of  
the hepatic region was used in each rabbit at first 
examination to reduce error. All MR examinations were 
performed between 8:00 am and 12:00 noon and animals 
were anesthetized with pentothal sodium (the depth of  
anesthesia kept well under control) and placed in a prone 
position with the liver centered on the surface coil. 

The basic MR images in all orientations were obtained 
with true fast imaging with steady precession (true FISP) 
sequence for the localization of  voxels. 31P MR spectra 
were measured using a standard 2-dimensional chemical 
shift imaging (CSI) technique[9] in the transverse plane 
with the following parameters: TR = 440 ms, TE = 2.3 
ms, matrix 8 × 8, viewing interpolation 16 × 16, field of  
view = 200 mm, mean number of  times = 120, flip angle 
= 90 degrees, thickness = 4 cm, voxel volume 2.5 cm × 
2.5 cm × 4 cm, acquisition time = 7.36 min. Respiration 
gating was not used.

Spectra were evaluated using Siemens syngo 2004B 
software. Briefly, the free induction decay underwent 
10 kHz exponential line broadening prior to Fourier 
transformation, and the resulting spectra were processed 
with manual phase and baseline correction. Peaks were 
registered relative to α-ATP resonance (-7.5 ppm), which 
served as an internal chemical shift reference. Finally, 
peak integrals were calculated by Gaussian curve fitting 
with all signals treated as singlets. Signal intensities of  
PME, Pi, PDE and β-ATP (α-ATP and γ-ATP signals 

2724     ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol      June 14, 2009     Volume 15     Number 22



www.wjgnet.com

were not used for the evaluation because of  overlap with 
signals of  other compounds), which are derived from the 
integral values of  peaks on the spectra, were used for the 
measurement of  relative quantification of  metabolites. 
Volume of  interest (VOI) for quantitative evaluation was 
selected in the center of  the liver and the mean integral 
value of  peaks of  three voxels on the spectra was used 
for quantification of  metabolites for a rabbit to reduce 
error (Figure 1).

Phantom experiments were performed before 
the detection of  relative quantification of  hepatic 
metabolites in each rabbit to reduce error induced by 
the MR imager and environment factors[6,10]. A 500 mL 
phosphate (NaH2PO4) solution phantom with 0.05 mol/L 
concentration served as a phantom, on which identical 
MRS examinations were performed regularly throughout 
the experiment (Figure 2). 

For the phantom, the relative quantification of  
phosphate was 16.6 ± 0.5, and the coefficient of  
variation was 3.03% (0.5/16.6). The ratio of  relative 
quantification of  phosphate between 2 d was conducted 
as the MRS correction factor (CF) of  our MR imager, 
which was used to correct the relative quantification 
of  hepatic metabolites in each rabbit. Therefore, all 
the relative quantification of  phosphorus metabolites 
was corrected relative quantification. (corrected relative 
quantification = relative quantification × CF).

The corrected relative quantification might decrease 
the error made by the MR imager and the environmental 
factor in the room, and guarantee the comparability 
of  various relative quantification of  phosphorus 
metabolites. 

Evaluation of the degree of injury
This study adopted two methods to evaluate the degree 
of  injury: LDS grading and pathological grading.

LDS grading: Sera were isolated from collected blood 
samples, and serum aspartate aminotransferase, alanine 
aminotransferase, alkaline phosphatase, r-glutamyl 
transpeptidase, albumin, globulin and albumin/globulin 
levels were measured by Olympus 2700 analyzer. Then 
the LDS was calculated for each rabbit according to 
Krastev’s standard (Table 1)[11]. The degree of  injury of  
the liver was divided into mild (LDS ≤ 3 U), moderate 
(LDS 3-6 U) and severe (LDS > 6 U).

Pathological grading: The paraffin-section method 
and hematoxylin and eosin stain was applied to all 
liver samples, which were read by a single independent 
liver pathologist (Dr. Lin M) and assessed for swelling, 
degeneration, necrosis of  hepatocytes, and hepatic 
hemorrhage. The pathologist was blinded to dose 
of  radiation received and the results of  31P MRS. (1) 
Normal group (control group): normal hepatocytes, 
integrity of  structure of  hepatic lobules and regular 
arrangement of  hepatic cord (Figure 3A). (2) Mild 
group: mild cellular swelling, fatty degeneration and (or) 
hydropic degeneration, without cell necrosis or hepatic 
hemorrhage (Figure 3B). (3) Moderate group: moderate 
cellular swelling and fatty degeneration accompanied 
by punctal necrosis and stray bleeding points (Figure 3C). 
(4) Severe group: diffuse cellular swelling and fatty 
degeneration, with constriction or emphraxis of  hepatic 
sinuses, with or without local cell necrosis and (or) 
hepatic hemorrhage (Figure 3D).

Statistical analysis
The data were expressed as mean ± SD. Analysis of  
variance with SNK tests (the Student-Newman-Keuls 
post-hoc tests) of  one-way ANOVA with SPSS 11.0 
was used to examine differences between groups. Using 
Pearson’s correlation test, the correlation between 
relative quantification of  ATP and LDS was examined.  
P < 0.05 were considered to indicate stat ist ical 
significance. 

RESULTS
Analysis of hepatic phosphorylated metabolite levels
For the control group, all rabbits had normal hepatic 

Figure 1  Orientation 
of CSI: the location 
of VOI of three voxels 
being selected in 
the largest section 
of  rabbit  l iver  on 
MRI with true FISP 
sequence.
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Figure 2  31P magnetic resonance spectrum from a 500 mL phosphate 
(NaH2PO4) solution phantom with 0.05 mol/L concentrations.

Table 1  The criteria of liver damage score

Grade Albumin 
(g/L)

γ-globulins 
(g/L)

AST (U/L) Conjugated 
bilirubin 
(µmol/L)

Creatinine 
(µmol/L)

0 > 36.5    < 19.9 < 50 < 6 < 119
1 32.9-36.4 20-26   51-180   7-32 120-150
2 28.5-32.8 26.1-34.9 181-384 33-75 151-230
3 24.5-28.4 > 35   > 385   > 76 > 231
4 21.8-24.4
5 < 21.7
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micro-structure and a LDS of  zero, while rabbits in 
the experimental groups varied between each other in 
pathology and LDS, depending on the degree of  injury. 
The spectroscopic data of  rabbits in the control group 
and rabbits with acute hepatic radiation injury, grouped 
by LDS are summarized in Table 2. The spectroscopic 

data of  rabbits in the control group and rabbits with 
acute hepatic radiation injury, grouped by pathology 
are summarized in Table 3. The relative quantification 
of  phosphorus metabolites detected by MRS included 
PME, PDE, Pi and ATP (Figure 4).

The preceding two tables (Tables 2 and 3) showed 
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Figure 4  Representative histological section of the liver from a rabbit of the control group (A), mild injury group (B), moderate injury group (C) and severe 
injury group (D). I: Integral.

Figure 3  Hepatic 31P MRS 
of the liver from a rabbit of 
the control group (A), mild 
injury group (B), moderate 
injury group (C) and severe 
injury group (D). A significant 
decrease in the ATP signal is 
seen in the 31P MR spectra (C, 
D).

DC

BA
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the relation between biochemical index and relative 
quantification of  phosphorus metabolites, as well as the 
relation between pathology and relative quantification of  
phosphorus metabolites. However, the results evaluated 
with LDS and pathology were of  perfect consistency. 
The analysis is detailed below.

Characteristics of relative quantification of hepatic 
phosphorus metabolites
ATP: There were significant differences in ATP relative 
quantification among the control group, mild group, 

moderate group, and severe group according to both 
LDS grading and pathological grading (LDS groups: 
mild group, moderate group, severe group vs control 
group had P = 0.007, 0.000, 0.000, respectively; moderate 
group, severe group vs mild group had P = 0.008, 0.000, 
respectively; severe group vs moderate group had 
P = 0.013. Pathological groups: mild group, moderate 
group, severe group vs control group had P = 0.017, 
0.000, 0.000, respectively; moderate group, severe group 
vs mild group had P = 0.000, 0.000, respectively; severe 
group vs moderate group had P = 0.008); it decreased 
progressively with the increased degree of  injury, which 
is visually displayed by the correlation graph of  ATP 
and LDS (Figure 5). These data illustrated that the 
hepatic ATP level may be the most sensitive criterion for 
reflecting hepatic injury in rabbits.

PME and Pi: The relative quantification of  PME and 
Pi decreased significantly in the severe injured group, and 
the difference was significant compared with the control 
group (PME: LDS-severe group vs LDS-control group 
had P = 0.031, pathological-severe group vs pathological-
control group had P = 0.037. Pi: LDS-severe group vs 
LDS-control group had P = 0.013, pathological-severe 
group vs pathological-control group had P = 0.005). Also, 
from the 31P MR spectra (Figure 4C and D), a significant 
decrease in the signal of  phosphorylated metabolites 
could be seen. This indicated that if  there was a significant 

Table 2  Relative quantification of metabolites in rabbit liver using the LDS evaluation method (mean ± SD)

Metabolite Control group (n  = 10) LDS-mild group  (n  = 13) LDS-moderate group (n  = 9) LDS-severe group (n  = 8)  F  P  

PME    0.86 ± 0.23j  0.79 ± 0.33 0.80 ± 0.22  0.58 ± 0.22a   1.852 0.155
PDE   2.27 ± 0.62  2.14 ± 0.51 2.48 ± 0.63 1.99 ± 0.88   3.023 0.042
Pi    0.74 ± 0.18j  0.63 ± 0.28 0.62 ± 0.29  0.43 ± 0.14a   3.475 0.026
ATP      1.83 ± 0.33e,i,l      1.55 ± 0.24b,h,l     1.27 ± 0.09c,e,j     0.98 ± 0.18c,f,g 22.647 0.000
PME/PDE  0.36 ± 0.12  0.39 ± 0.18 0.35 ± 0.14 0.44 ± 0.54   0.462 0.710
PME/ATP  0.50 ± 0.11  0.50 ± 0.18 0.62 ± 0.15 0.61 ± 0.25   0.990 0.409
PDE/ATP    1.43 ± 0.31g,j    1.40 ± 0.38g,j    1.94 ± 0.50a,d    1.96 ± 0.72a,d   5.080 0.005
Pi /ATP 0.40 ± 0.09 0.41 ± 0.19 0.49 ± 0.24 0.46 ± 0.16   1.582 0.211
PME/Pi 1.47 ± 0.65 1.49 ± 0.92 1.76 ± 1.12 1.39 ± 0.58   0.081 0.970
PDE/Pi  3.46 ± 1.15 4.26 ± 2.58 4.91 ± 2.65 5.05 ± 3.18   0.902 0.450

aP < 0.05, bP < 0.01, cP < 0.005 vs control group; dP < 0.05, eP < 0.01, fP < 0.005 vs mild group; gP < 0.05, hP < 0.01, iP < 0.005 vs moderate group; jP < 0.05, kP < 0.01, 
lP < 0.005 vs severe group.

Table 3  Relative quantification of metabolites in rabbit liver with the pathological evaluation method

Metabolite Control group (n  = 10) Pathological mild group 
(n  = 12)

Pathological moderate group 
(n  = 11)

Pathological severe group 
(n  = 7)

 F P 

PME  0.86 ± 0.23j 0.82 ± 0.35    0.79 ± 0.24  0.60 ± 0.21a   1.861 0.154
PDE 2.27 ± 0.62  2.08 ± 0.47g     2.67 ± 0.38d,k  1.92 ± 0.83h   1.118 0.355
Pi   0.74 ± 0.18k 0.61 ± 0.24    0.7 ± 0.33j    0.43 ± 0.14b,g   2.334 0.090
ATP     1.83 ± 0.33d,i,l      1.58 ± 0.25a,g,l      1.32 ± 0.07c,d,k     1.02 ± 0.18c,f,h 22.878 0.000
PME/PDE 0.36 ± 0.12 0.40 ± 0.18 0.31 ± 0.13 0.45 ± 0.48   0.189 0.903
PME/ATP   0.50 ± 0.11h  0.51 ± 0.19i    0.60 ± 0.18b,f 0.59 ± 0.22   1.412 0.255
PDE/ATP   1.43 ± 0.31h   1.34 ± 0.33i,j    2.04 ± 0.36b,f  1.83 ± 0.72d   4.082 0.014
Pi/ATP 0.40 ± 0.09 0.39 ± 0.15 0.54 ± 0.26 0.43 ± 0.16   0.601 0.619
PME/Pi 1.47 ± 0.65 1.57 ± 0.97 1.44 ± 1.03 1.61 ± 0.75   0.316 0.814
PDE/Pi  3.46 ± 1.15 4.12 ± 2.36 4.87 ± 2.63 5.09 ± 3.24   0.810 0.497

aP < 0.05, bP < 0.01, cP < 0.005 vs control group; dP < 0.05, eP < 0.01, fP < 0.005 vs mild group; gP < 0.05, hP < 0.01, iP < 0.005 vs moderate group; jP < 0.05, kP < 0.01, 
lP < 0.005 vs severe group.
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Figure 5  The graph shows the correlation between LDS and ATP, that is, 
the ATP relative quantification decreases progressively with the increase 
of LDS.
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difference in PME and Pi between normal data and test 
data, the tested liver was likely to be severely injured.

PDE: The relative quantification of  various hepatic 
PDE levels changed irregularly, which indicated that the 
relative quantification levels of  PDE may not be applied 
solely to assess acute hepatic radiation injury.

The characteristics of the ratio of relative quantification 
of other phosphorus metabolites
There were significant changes in the PDE/ATP ratio 
between control group and moderate group; mild 
group and moderate, severe group; moderate group 
and control group, mild group (LDS-groups: moderate 
group, severe group vs control group had P = 0.026, 0.025, 
respectively; moderate group, severe group vs control 
group had P = 0.014, 0.014, respectively; pathological-
groups: moderate group, severe group vs control group 
had P = 0.076, 0.064, respectively; moderate group, 
severe group vs control group had P = 0.002, 0.020, 
respectively). There were no significant changes in the 
PDE/Pi ratio among all groups. Compared with the 
control group, no significant changes of  PME/PDE, 
Pi/ATP and PME/Pi ratio were found in other groups. 

The above results illustrated that there were few 
characteristic differences in the ratios of  relative 
quantification of  various hepatic phosphorus metabolites 
in hepatic radiation injury. Therefore, the ratios of  
relative quantification may not be used to evaluate acute 
mild hepatic radiation injury.

DISCUSSION
Acute liver diseases can result from various causes 
which operate through different pathophysiological 
pathways and which elicit distinct patterns of  hepatic 
injury. Diagnosis of  acute liver diseases including hepatic 
radiation injury is mainly based on invasive methods 
such as liver biopsy, laparoscopy, various radiological 
examinations and other clinical tests. On the other 
hand, signals from 31P MRS reflect in vivo intracellular 
and membrane metabolism non-invasively and they are 
objective parameters[2,12].

Evaluation method for 31P MRS and its influencing 
factors
The evaluation of  31P MRS in the liver includes absolute 
or relative quantification of  metabolite levels. Nowadays, 
absolute quantification of  metabolites in mmol/L 
is hampered by the use of  too short TR values and 
other technical complications[13,14], but most studies 
with 31P MRS deal with the relative signal intensity for 
quantification. Also, here we measured the relative 
quantification of  metabolites, and the relative signal 
ratios of  the metabolites. The relative quantification 
evaluation had to satisfy 3 conditions for decreasing 
detection errors: (1) phantom experiments before 
relative quantification of  hepatic metabolites in each 
rabbit to reduce errors induced by the MR imager and 
environment factors, etc; (2) a VOI selected in the largest 

section of  liver and a small PCr signal characterizing the 
presence of  abdominal muscles; (3) moderate anesthesia 
of  rabbits and keeping the rabbits in the same position 
in the bed of  the MR imager.

The changes in hepatic ATP levels
Many published studies of  31P MR spectra have 
shown that acute and chronic diffuse liver diseases are 
associated with a reduction in hepatic ATP levels[3,6,7], and 
some studies found that changes in hepatic ATP levels 
correlate with changes in liver histology[3,6]. Our findings, 
that the relative quantification of  hepatic ATP levels 
displayed progressive reductions with increased hepatic 
injury, correspond to the results of  a previous study[6], 
but we are the first to report that the changes in hepatic 
ATP levels correlate with the severity of  acute hepatic 
radiation injury. Some reports have shown that, during 
the early phase of  chronic diffuse liver diseases, only 
minor changes in hepatic ATP could be detected[15,16]. 
Our study showed that the relative quantification of  
hepatic ATP levels obviously decreased, because there 
were significant differences between the control group 
and both the pathological-mild group and LDS-mild 
group. We also found that the changes in levels of  
other hepatic metabolites were less sensitive than the 
changes in ATP levels in mild hepatic injury, and the 
relative quantification of  hepatic ATP levels could be 
well correlated with LDS. Thus, we suggest that the 
hepatic ATP level may be the most reliable criterion for 
evaluating acute hepatic injury in rabbits. The reason is 
that the β-ATP peak is unique, and quite different from 
other phosphorylated metabolite peaks, which overlap 
with signals of  other metabolites in the 31P MRS map. 

The mechanisms responsible for the decline in hepatic 
ATP levels include: gradual loss of  viable hepatocytes, 
which is likely to be an important contributing factor-
as the total amount of  these cells per unit volume 
of  liver decreases, MRS detectable signal from that 
volume will also decrease[6]; anoxemia of  local liver 
tissue induced by injury of  capillary vessels after hepatic 
radiation[17]; increased energy expenditure as liver disease 
progresses[18]. In addition, disturbed hepatic bioenergetics 
has also been ascribed to the capillarization of  hepatic 
sinusoids during the development of  cirrhosis[19]. 

The changes in levels and ratios of relative 
quantification of other phosphorus metabolites
PME, PDE and the correlation ratio: information about 
phospholipid membrane metabolism may also be obtained 
from the PME and PDE resonances in the 31P MR 
spectrum. Both resonances are multicomponent peaks 
containing contributions from several metabolites[20].  
The significance of  the changes in PME and PDE 
levels is not clear. Some previous studies have reported 
that an increase in PME levels is accompanied by a 
decrease in PDE levels or increased ratios of  hepatic 
PME/ATP and PME/PDE in acute and chronic diffuse 
liver diseases[1,2,21,22]. However, in other investigators, and 
our study, PME levels did not increase nor did PDE 
levels decrease in the same acute and chronic diffuse 
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liver diseases[6,8]. The main reason for these conflicting 
findings may be the broad, overlapping characteristics of  
these peaks along with the multiple signals contributing 
to these resonances hindering accurate quantification 
of  the PME and PDE peaks[8]. Another explanation is 
that hepatic phospholipid membrane activity may differ 
in animal models of  liver diseases versus liver diseases 
in humans[6]. Therefore, either the changes in PME and 
PDE levels or the ratio PME/PDE cannot accurately 
reflect the liver diseases.

Pi and the correlation ratio: Pi is another marker of  
tissue bioenergetics. Increases in Pi have been observed 
by 31P MRS during high energy activities such as liver 
regeneration following partial hepatectomy[8,23]. The 
increase in hepatic Pi may result from the hydrolysis of  
high energy phosphate bonds which in turn liberates Pi 
species, increases hepatic uptake and accumulation of  Pi 
due to enhanced metabolic activity and reduces recycling 
back to purine/pyrimidine moieties[8]. Some previous 
studies have reported a decrease or no difference in Pi 
levels in chronic diffuse liver diseases in humans and 
animals[1,6]. The reason for no changes in hepatic Pi is 
not clear, but the decrease in hepatic Pi may result from 
reduced hepatocyte mass[6]. In this study, significant 
decreases in Pi were only detected among the most 
seriously injured livers of  the severe group. The lower 
levels of  hepatic Pi likely result from reduced hepatocyte 
mass, as Corbin et al[6] reported. In addition, compared 
with the ATP peak, the Pi peak, which is located 
between the PME and PDE peaks, is more prone to 
being impacted by the overlapping characteristics of  
PME and PDE peaks, hindering accurate quantification 
of  the Pi peak. However, some authors regarded the 
ratio ATP/Pi as the criterion of  hepatic regenerative 
activity following partial hepatectomy, because the ATP 
levels decreased, the Pi levels increased, and the changes 
of  the ratio were more sensitive than ATP or Pi alone[8]. 
However, the levels of  ATP or Pi were decreased to 
different degrees after acute hepatic radiation injury in 
our study, so the ratio of  ATP/Pi could not be used to 
evaluate acute hepatic radiation injury. 

This study illustrated that 31P MRS of  clinical 1.5T 
MRS could detect various changes of  phosphorylated 
metabolite levels in early acute hepatic injury. In 
addition, the study also showed that though there were 
many hepatic phosphorylated metabolites and correlated 
ratios, the measurement of  levels of  hepatic ATP 
may be the most reliable criterion for reflecting both 
pathological hepatic injury and LDS in rabbits. 

COMMENTS
Background
Acute hepatic radiation injury can lead to necrosis of hepatocytes, fatty 
degeneration and hepatic fibrosis. The current gold standard test is liver biopsy. 
This procedure is invasive, uncomfortable for the patient and sometimes has 
serious complications. These factors highlight the need for a noninvasive 
test to characterize diffuse liver disease. Already, it has been reported 
that phosphorus-31 magnetic resonance spectroscopy (31P MRS) not only 
complements liver biopsy but also is a possible replacement, and furthermore, 
31P MRS has particular value in assessing disease progression.

Research frontiers
31P MRS has been used to study liver metabolism in vivo for several years, 
including clinical liver disease studies and experimental studies. The research 
focus is how to observe the energy metabolism or pathological changes through 
the signals of phosphorus metabolites.
Innovations and breakthroughs
In this study the authors carefully used two different methods [liver damage 
score (LDS), and pathology] to evaluate the degree of injury, and then they 
studied the correlation between MRS and the degree of injury. Furthermore, 
they report that the changes in hepatic adenosine triphosphate (ATP) levels 
correlate with the severity of acute hepatic radiation injury measured by LDS.
Applications 
This study may be particularly useful for allowing clinical detection of early 
acute hepatic injury with 31P MRS in the future.
Terminology
MRS: Spectroscopic method for measuring the magnetic moment of elementary 
particles such as atomic nuclei, protons or electrons. It is employed in clinical 
applications such as NMR Tomography (magnetic resonance imaging). 
Peer review
31P MRS is a very interesting method especially to replace the gold standard 
biopsy, particularly in assessing disease progression.
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Abstract
AIM: To evaluate whether celecoxib, a selective 
cyclooxygenase 2 (COX-2) inhibitor, could reduce 
the severity of gastric precancerous lesions following 
Helicobacter pylori  (H pylori ) eradication.

METHODS: H pylori -eradicated patients with gastric 
precancerous lesions randomly received either 
celecoxib (n  = 30) or placebo (n  = 30) for up to  
3 mo. COX-2 expression and activity was determined 
by immunostaining and prostaglandin E2

 (PGE2) assay, 
cell proliferation by Ki-67 immunostaining, apoptosis 
by TUNEL staining and angiogenesis by microvascular 
density (MVD) assay using CD31 staining.

RESULTS: COX-2 protein expression was significantly 

increased in gastric precancerous lesions (atrophy, 
intestinal metaplasia and dysplasia, respectively) 
compared with chronic gastritis, and was concomitant 
with an increase in cell proliferation and angiogenesis. 
A significant improvement in precancerous lesions 
was observed in patients who received celecoxib 
compared with those who received placebo (P  < 
0.001). Of these three changes, 84.6% of sites with 
dysplasia regressed in patients treated with celecoxib 
(P  = 0.002) compared with 60% in the placebo 
group, suggesting that celecoxib was effective on the 
regression of dysplasia. COX-2 protein expression  
(P  < 0.001) and COX-2 activity (P  < 0.001) in the gastric 
tissues were consistently lower in celecoxib-treated 
patients compared with the placebo-treated subjects. 
Moreover, it was also shown that celecoxib suppressed 
cell proliferation (P  < 0.01), induced cell apoptosis (P  < 
0.01) and inhibited angiogenesis with decreased MVD (P  
< 0.001). However, all of these effects were not seen in 
placebo-treated subjects. Furthermore, COX-2 inhibition 
resulted in the up-regulation of PPARg expression, a 
protective molecule with anti-neoplastic effects.

CONCLUSION: H pylori  eradication therapy followed 
by celecoxib treatment improves gastric precancerous 
lesions by inhibiting COX-2 activity, inducing apoptosis, 
and suppressing cell proliferation and angiogenesis.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Gastric cancer is the second leading cause of  cancer 
deaths worldwide[1] and its 5-year survival rate is only 
10%-15% in individuals with advanced disease[2]. 
Helicobacter pylori (H pylori) has been classified as a type 
I carcinogen by the WHO and is recognized as an 
important pathogen in gastric tumorigenesis[3]. H pylori 
infection initiates the inflammatory and atrophic changes 
in gastric mucosa accompanied by enhanced expression 
of  some protumorigenic factors such as cyclooxygenase 
2 (COX-2) and anti-apoptosis proteins, resulting in 
uncontrolled proliferation of  mutated atrophic cells, 
suppression of  apoptosis, excessive angiogenesis and 
finally the formation of  adenocarcinoma[4].

In cancer prevention, the targeting of  precancerous 
lesions has been recognized as the most promising 
method. However, progress has been achieved only in 
the chemoprevention of  colorectal neoplasia[5]. There is 
no effective therapy for reversing gastric premalignant 
lesions. Although H pylori infection is a critical initiator 
and mediator in gastric premalignant changes and gastric 
carcinogenesis, eradication of H pylori alone failed to 
improve these precancerous lesions[6-8]. The failure of  
H pylori eradication may be explained by the fact that 
the expression of  COX-2, an important mediator in  
H pylori-induced premalignant changes, remained high 
or only modestly reduced after H pylori eradication[6-8]. 
It has been widely accepted that COX-2 plays an 
important role in gastric carcinogenesis[9]. COX-2 
over-expression has been found in H pylori-induced 
inflammation, precancerous lesions and gastric tumors[9]. 
Inhibition of  COX-2 by non-steroidal anti-inflammatory 
drugs (NSAIDs) has been proven to be effective in 
preventing gastric carcinogenesis as evidenced in 
animal models and epidemiological studies[2,9,10]. Since 
eradication of H pylori alone is not sufficient to reverse 
gastric carcinogenesis due to failure of  the inhibition of  
H pylori-induced protumorigenic factors such as COX-2, 
it would be reasonable to combine additional treatments 
such as COX-2 inhibition following H pylori eradication.

In the present study, we examined whether treatment 
with the selective COX-2 inhibitor celecoxib could 
reduce the severity of  gastric precancerous lesions after 
H pylori eradication. The mechanisms of  its action were 
also investigated.

MATERIALS AND METHODS
Patients and study design
We  e n r o l l e d  2 3 3  p a t i e n t s  w h o  h a d  u p p e r -
gastrointestinal symptoms such as anorexia, early 
satiety, stomach pain, abdominal distention and 
epigastric discomfort between January 2005 and July 
2006 from the First Affiliated Hospital of  Hebei 
Medical University, Shijiazhuang, China. Eligible 
subjects were between 30 and 70 years of  age, and had 
no history of  drug allergies. Subjects were ineligible 
if  they were under 30 or older than 70 years old; 
pregnant or lactating; had peptic ulcer; gastric cancer 

or other cancers; upper gastrointestinal bleeding; liver 
cirrhosis; serious cardiovascular diseases, renal or lung 
diseases; hypersensitive to COX-2 inhibitors, NSAIDs, 
salicylates, or sulfonamides; used NSAIDs; and those 
unwilling to undergo repeat endoscopy after treatment.

H pylori infected patients who were defined both 
by the presence of  the bacterium on histology as well 
as a positive C14 urea breath test were treated with 
a 1-wk course of  eradication therapy (omeprazole,  
20 mg; amoxicillin, 1000 mg; furaltadone, 100 mg; twice 
daily). Five weeks post-treatment, patients were recalled 
to hospital for repeat endoscopy and C14 urea breath 
test. H pylori eradication was confirmed by a negative 
C14 urea breath test and a negative H pylori histology 
examination from biopsies. Only patients with confirmed 
H pylori eradication were recruited into this study. During 
each endoscopy, a total of  eight gastric biopsies were 
taken from the antrum (two from the greater curvature 
and two from the lesser curvature) and the corpus of  
the stomach (two from the greater curvature and two 
from the lesser curvature) for molecular experiments 
and histological examination. One of  the two biopsy 
specimens from each site was immediately stored at -80℃  
for RNA/protein extraction. The other specimens were 
fixed in 10% neutral buffered formalin and embedded in 
paraffin for histological examination and immunostaining. 
The severity of  gastric histology including gastritis and 
precancerous lesions [gastric atrophy, intestinal metaplasia 
(IM) and low-grade dysplasia] was scored based on the 
following standards: absent (0), mild (1), moderate (2) 
and marked (3)[11]. Patients with high-grade dysplasia 
were excluded from the study. All gastric biopsies were 
interpreted by two pathologists who were unaware of  the 
treatment assignments.

One hundred and thir ty six eligible subjects 
who were histologically confirmed to have gastric 
precancerous lesions and negative tests for H pylori 
were randomly assigned to receive either celecoxib 
200 mg twice daily or an identical-looking placebo at 
a 1:1 ratio for 3 mo. During the treatment period, 10 
subjects were withdrawn due to adverse events and 66 
were lost to follow-up. Some patients lost to follow-up 
migrated to other cities, some were non-compliant and 
failed to follow through with our treatment protocol, 
and some refused to undergo a second endoscopy. At 
the end of  the 3-mo treatment period, 30 patients in 
the celecoxib group (16 males with an average age of  
50.33 ± 10.39 years; 14 females with an average age of  
57.36 ± 9.25 years) and 30 patients in the placebo group 
(14 males with an average age of  48 ± 10.43 years; 16 
females with an average age of  50 ± 9.98 years) returned 
for endoscopic examination. The same protocols for 
obtaining gastric biopsy and histological examination 
were used as previously mentioned in the baseline 
endoscopy. The study protocol was approved by the 
Clinical Research Ethics Committee and all participants 
gave written informed consent.

Immunohistochemistry
The paraff in-embedded g as t r ic  sect ions  were 
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deparaffinized and rehydrated in graded ethanol. The 
activity of  endogenous peroxidase was blocked by 
methanol containing 3% H2O2 for 10 min and washed 
with PBS. After blocking with 10% nonimmunized goat 
serum at 37℃ for 20 min, sections were incubated with 
the primary antibody for COX-2 (1:500, Santa Cruz 
Biotechnology, Santa Cruz, CA, USA), Ki-67 (1:200, 
Chemicon International Inc., Temecula, CA, USA), 
peroxisome proliferator-activated receptor g (PPARg) 
(1:100, Santa Cruz) overnight at 4℃. Peroxidase 
activity was visualized by applying diaminobenzidine 
to the sections, which were then counter-stained with 
hematoxylin. Analysis of  the immunostained sections 
was independently performed by two pathologists in a 
blinded fashion.

Microvessel density (MVD) was performed on 
paraffin-embedded gastric tissue sections stained 
with CD31 (1:150, DAKO, Glostrup, Denmark) as 
an indicator. For the determination of  MVD in each 
case, five of  the most highly vascularized areas within 
a section were selected and counted under a light 
microscope. The average numbers of  microvessels in 
the selected fields were recorded as the MVD for each 
case. 

cDNA synthesis and RT-PCR
Gastric tissue specimens were homogenized with a 
homogenizer. Total RNA was extracted using TRIzol 
reagent (Invitrogen, USA). Five micrograms of  total 
RNA from each sample was reverse transcribed 
into cDNA using the AMV Reverse Transcription 
system (Promega, San Luis Obispo, CA, USA). 
Semi-quantitative PCR was performed. The primer 
sequences of  proliferation cell nuclear antigen (PCNA), 
factor associated suicide (FAS), PPARg and b-actin 
are listed in Table 1. A DNA free template control 
(containing water) was included and each sample was 
added in duplicate. PCR products were separated by 
15% agarose gel electrophoresis and quantified by the 
Gel Imaging System after ethidium bromide (10 mg/L)  
staining. The mRNA expression level of  the target 
gene was defined by the densitometry ratio of  target 
gene to b-actin.

PGE2 assay
PGE2 levels were measured in snap frozen tissue 
specimens using a radioimmunoassay-based assay. Briefly, 
about 20 mg of  snap frozen tissues were homogenized 
in 10 volumes of  sodium chloride by a ground glass 
homogenizer on ice. The mixture was incubated at 37℃ 
for 15 min and then centrifuged for 20 min at 3000 r/min.  

The supernatant was then applied to the pre-primed 
immunoassay reaction mixture and reacted with the 
antibody overnight. PGE2 was precipitated with 0.7 mL 
volumes of  25% polyethylene glycol. The quantity of  
PGE2 in the supernatants was determined using RIA.

Determination of cell proliferation 
Proliferation was assayed by immunoperoxidase 
staining for Ki-67 as described previously[12]. The 
immunochemistry method for staining the sections 
with Ki-67 antibody has been specified above. The 
proliferation index (PI) was defined as a percentage 
of  the ratio of  Ki-67-positive nuclei to the total nuclei 
counted.

Terminal deoxynucleotidyl transferase-mediated nick 
end labeling (TUNEL)
Apoptosis was determined in situ from paraffin-
embedded tissue sections by the TUNEL assay using the 
in situ Cell Death Detection kit (Roche Applied Science, 
Indianapolis, IN, USA). Briefly, paraffin-embedded 
slides were deparaffinized, hydrated and incubated with 
proteinase K (20 mg/mL in 10 mmol/L Tris-HCl) 
for 20 min. After labeling with the TUNEL reaction 
mixture, slides were developed by converter-POD and 
DAB substrate. PBS replaced the primary antibodies as 
a negative control. The results of  staining were analyzed 
and evaluated by three individuals independently. At least 
1000 cells were counted in five random fields. Apoptosis 
index (AI) was represented as the percentage of  positive 
cells with TUNEL staining to the total cells.

Statistical analysis 
Data were analyzed by SPSS 12.0 software and are 
shown in a default form of  mean ± SD. The association 
between COX-2 expression and the progression of  
precancerous lesions was analyzed by c2 test. The 
correlation between COX-2 expression and MVD/PI 
was analyzed using Pearson’s Correlation Coefficient. 
The difference between the groups was compared 
by t test. The paired t test was used to determine the 
difference between pre-treatment and after-treatment 
within each treatment group. P < 0.05 was considered 
statistically significant.

RESULTS
Association between COX-2 expression and progression 
of precancerous lesions 
The percentage of  COX-2 positive cells in gastric tissues 
was increased with the progression of  chronic gastritis 

mRNA Forward primer (5’-3’) Reverse primer (5’-3’) Size (bp)

PCNA CTTTTCTGTCACCAAATTTGTACC AACTGCATTTAGAGTCAAGACCC     206
Fas CTGCCAAGAAGGGAAGGAGT GGTGCAAGGGTCACAGTGTT     189
PPARg AGCCTCATGAAGAGCCTTCCA ACCCTTGCATCCTTCACAAGC       89
b-actin GTCTTCCCCTCCATCGTG GGGTGAGGATGCCTCTCTT     251

Table 1  Primer sequences used for amplification of mRNA by semi-quantitative PCR
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(33.3%), atrophy (51.6%), IM (53.3%), and dysplasia 
(79.3%) as determined by immunostaining. COX-2 
expression in dysplasia (79.3%) was significantly higher 
than in any other type of  lesion (P < 0.05). COX-2 
expression was significantly elevated in atrophy and IM 
compared with chronic gastritis (P < 0.05). However, 
there was no significant difference between gastric 
atrophy and IM (P > 0.05).

COX-2 expression correlated with cell proliferation 
Cell proliferation was determined by Ki-67 staining. 
A significant positive correlation between COX-2 
expression and PI (c2 = 10.5, P = 0.001) was observed 
by Pearson’s Correlation Coefficient analysis, indicating 
COX-2 expression correlated with cell proliferation.

COX-2 expression correlated with angiogenesis
We also evaluated the correlation between COX-2 
expression and angiogenesis as determined by CD31 
immunostaining. The mean MVD was significantly 
higher in COX-2-positive tissues (n = 47, 23.85 ± 7.44) 
than in COX-2-negative tissues (n = 27, 18.47 ± 6.02) 
(P < 0.001), indicating a positive correlation between 
COX-2 expression and MVD. Thus COX-2 also played 
an important role in angiogenesis.

Effect of celecoxib on the improvement in histology of 
gastric precancerous lesions 
After three months treatment, a significant improvement 
in precancerous lesions was observed in 66.7% (20/30) 
of  patients (P < 0.001) who were treated with celecoxib. 
However, only 16.1% of  cases who received placebo 
showed improved histology (P > 0.05). Of  these three 
changes, 84.6% of  sites with dysplasia regressed in 
patients treated with celecoxib (P = 0.002) compared 
with 60% in the placebo group, suggesting that celecoxib 
was effective on the regression of  dysplasia (Table 2). 
However, differences in pathological improvement of  
atrophy and intestinal metaplasia were not observed 
between the celecoxib and placebo groups (Table 2). 
With regard to the mixed pathological sites with both 
atrophy and intestinal metaplasia, we did not have 
sufficient sample size to make an accurate conclusion.

Effect of celecoxib on COX-2 protein expression and 
COX-2 activity
COX-2 protein expression as determined by the 
percentage of  COX-2 positive cells in the gastric tissues 
was significantly lower after treatment with celecoxib 
(pre-treatment: 40.93% ± 11.96% vs after-treatment: 
27.88% ± 4.94%, P < 0.001) (Figure 1A-C). COX-2 
protein expression was reduced in 73%, remained the 
same in 13% and increased in 13% of  patients treated 
with celecoxib. However, COX-2 expression was reduced 
in only 48% of  patients in the placebo group (Table 3).  
PGE2 level, an indicator of  COX-2 activity, was 
concomitantly reduced in patients treated with celecoxib 
(pre-treatment: 358.9 ± 59.3 vs after-treatment: 143.6 ± 
24.2, P < 0.001). However, these differences in COX-2 

expression and COX-2 activity were not seen in patients 
treated with placebo (Figure 1D).

Effect of celecoxib on cell proliferation
Cell proliferation was significantly reduced in the 
celecoxib group after 3 mo of  treatment (pre-treatment: 
27.46% ± 6.77% vs after-treatment: 20.18% ± 4.05%,  
P < 0.01) (Figure 2A and B). However, this difference 
was not observed in patients treated with placebo 
(Figure 2B). Seventy percent of  patients in the celecoxib 

Precancerous lesions           Regression site  n  (%) P -value

Celecoxib group Placebo group

Atrophy     11/13 (84.6)    7/13 (53.8)   0.202
Metaplasia       9/14 (64.3)    9/18 (50)   0.419
Atrophy + metaplasia1       3/4 (75)    3/6 (50)   0.895
Dysplasia     35/39 (89.7)  24/40 (60)   0.002

Table 2  Effect of celecoxib on the histological improvement 
of gastric precancerous lesions

1Indicates that both atrophy and metaplasia were regressed in one site.
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Figure 1  Effects of celecoxib on COX-2 expression and PGE2 levels. A: 
Representative image of COX-2 protein expression as determined by immunos-
taining in paraffin-embedded gastric tissue sections: (A1) pre-treatment, and 
(A2) post-treatment with celecoxib; B: Percentage of COX-2 positive cells in 
gastric mucosa; C: PGE2 levels. Data are mean ± SD. bP < 0.001.
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group had reduced PCNA protein expression while a 
reduction in PCNA expression was observed in only 
37% of  patients in the placebo group (Table 3). In 
addition, mRNA expression of  PCNA was markedly 
down-regulated by celecoxib treatment (Figure 2C).

Effect of celecoxib on cell apoptosis 
Treatment with celecoxib significantly induced cell 
apoptosis as assayed by TUNEL staining (pre-treatment: 
3.86% ± 0.44% vs after-treatment: 7.72% ± 0.64%, P < 
0.01) (Figure 3A, Table 3). In keeping with this, mRNA 
expression of  the pro-apoptotic gene fas was also 
enhanced (Figure 3B), suggesting that celecoxib-induced 
apoptosis was via up-regulation of  fas expression.

Effect of celecoxib on angiogenesis
Angiogenesis was evaluated by the MVD assay using 

CD31 staining. MVD was significantly lower after 
celecoxib treatment (P < 0.001) (Figure 4, Table 3), 
indicating a suppressive effect on angiogenesis by 
celecoxib. However, this difference was not seen in the 
placebo group.

Effect of celecoxib on PPARg expression
Celecoxib treatment led to an increase in the number of  
PPARg positive cells as determined by immunostaining 
(pre-treatment: 18% ± 4.33% vs after-treatment: 22.6% 
± 4.3%, P < 0.05) (Figure 5, Table 3). Thus, celecoxib 
resulted in up-regulation of  PPARg expression.

DISCUSSION
We report here that COX-2 is markedly up-regulated 
in gastric tissues with inflammation and was more 
prominent during progression in precancerous lesions 
in H pylori-eradicated patients. Moreover, the induction 
of  COX-2 appeared to coincide with increased cell 
proliferation and angiogenesis. These results suggested 
that COX-2 was induced by H pylori infection and 
mediated by H pylori-associated premalignant gastric 
lesions. Our observation on the profile of  COX-2 
expression is supported by previous studies[7,8,13-16], 

            Celecoxib group  n  (%)            Placebo group  n  (%)

Reduction Same  Worse Reduction  Same Worse

COX-2 expression    22 (73) 4 (13)   4 (13)   15 (48)   3 (10) 13 (43)
Cell proliferation    23 (77) 2 (7)   5 (17)   11 (37)   3 (10) 16 (53)
Cell apoptosis      8 (53) 4 (27)   3 (20)     4 (27)   5 (17)   6 (40)
Angiogenesis    22 (73) 4 (13)   4 (13)   12 (39) 10 (32)   9 (29)
PPARg expression    15 (50) 5 (17) 10 (33)     9 (29)   5 (16) 17 (55)

Table 3  Effect of celecoxib on COX-2 expression and other parameters
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Figure 2  Effects of celecoxib on cell proliferation. A: Representative Ki-67 
staining of gastric mucosa before (A1) and after treatment (A2) with celecoxib; B: 
Celecoxib led to a significant reduction in proliferation index (PI); C: Celecoxib 
down-regulated mRNA expression of proliferation cell nuclear antigen (PCNA). 
1 and 2: Plecebo; 3 and 4: Celecoxib. Data are mean ± SD. bP < 0.01.
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Figure 3  Effects of celecoxib on cell apoptosis. A: Celecoxib induced the 
apoptosis index (AI) in gastric mucosa; B: Celecoxib up-regulated mRNA ex-
pression of Fas, a pro-apoptosis gene. 1 and 2: Plecebo; 3 and 4: Celecoxib. 
Data are mean ± SD. bP < 0.01. 
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suggesting that COX-2 is a relatively early event and 
plays an important role during gastric carcinogenesis.

To evaluate whether progression of  precancerous 
lesions could be reduced or reversed, we conducted 
a 3-mo intervention of  celecoxib in patients with 
precancerous lesions after H pylori eradication. Our 
results showed that the histology of  precancerous 
lesions was improved in 66.7% of  patients treated 
with celecoxib, which was significantly higher than 
the placebo group (16.1%) (P < 0.001). Of  the three 
precancerous changes (atrophy, intestinal metaplasia and 
dysplasia), celecoxib was effective on the regression of  
dysplasia. However, the evidence for chemopreventive 
effects on gastric precancerous lesions by NSAIDs has 
only been limited to animal experiments[13,17-22]. In the 
animal model of  carcinogenesis induced by co-treatment 
with H pylori and N-methyl-N-nitrosourea (MNU), mice 
underwent H pylori-induced gastritis with multifocal 
atrophy and intestinal metaplasia, and finally gastric 
adenocarcinoma. Long term co-administration with a 
COX-2 inhibitor, either celecoxib or nimesulide not only 
reduced the development of  intestinal metaplasia, but 
also adenocarcinoma[20-22]. In human studies, a recent 
report showed that treatment with NSAIDs for more 
than 3 mo reversed H pylori-induced harmful effects in 
gastric epithelial cells[23]. On the other hand, large-scale 
clinical trials have shown that NSAIDs were effective in 
the chemoprevention of  colorectal neoplasia[5]. NSAIDs 
(celecoxib and sulindac) promoted regression in both 
number and size in high risk individuals with familial 
adenomatous polyposis[5]. In the more common sporadic 
setting, refecoxib and celecoxib reduced the occurrence 
of  human colorectal adenomas[5]. Collectively, these 
results suggest that the protective effects of  NSAIDs 
such as celecoxib could effectively prevent or reverse the 

precancerous lesions of  gastric cancer.
We further evaluated the underlying mechanisms for 

the anti-tumorigenic effects of  the COX-2 inhibitor. 
On the basis of  the cell proliferation and apoptosis 
analyses, improvements in precancerous lesions 
caused by celecoxib were most likely associated with 
the suppression of  cell proliferation and induction 
of  cell apoptosis. In keeping with this, in an animal 
experiment, celecoxib but not indomethacin suppressed 
gastric cancer formation by inducing cell apoptosis and 
suppressing cell proliferation[24,25] in a dose dependent 
manner. A recent report also indicated that NSAIDs 
induced apoptosis through activation of  extrinsic 
and intrinsic pathways of  apoptosis[26]. However, the 
pro-apoptotic efficacy of  various NSAIDs differed 
greatly[27,28]. That may explain why the anti-tumor effects 
of  NSAIDs varied in different experiments.

In the present work, we showed that, in addition 
to inhibition of  cell proliferation and induction of  
apoptosis, the regression of  precancerous lesions in 
the stomach by celecoxib was also related to inhibition 
of  angiogenesis.  It  is  well-established that the 
inducible enzyme COX-2 is an important mediator of  
angiogenesis during tumor growth[29]. COX-2 expression 
significantly correlated with MVD[30] and vascular 
endothelial growth factor (VEGF) in human gastric 
adenomas and carcinomas[31]. The pro-angiogenic effects 
of  COX-2 are mediated primarily by the metabolites of  
arachidonic acid, resulting in increased production of  
VEGF, enhanced survival of  endothelial cells, induction 
of  matrix metalloproteinases, promotion of  vascular 
sprouting and migration and activation of  epidermal 
growth factor receptor-mediated angiogenesis[29]. In 
this regard, we showed in this study that induction of  
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Figure 4  Effects of celecoxib on angiogenesis. A: Representative microves-
sel image of paraffin-embedded gastric tissue sections stained with CD31. (A1) 
pre-treatment, and (A2) post-treatment with celecoxib; B: Celecoxib suppressed 
microvessel density (MVD). Data are mean ± SD. bP < 0.001.
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Figure 5  Effects of celecoxib on PPARg protein expression. Representative 
PPARg expression in paraffin-embedded gastric tissue sections by immunostain-
ing. (A1) pre-treatment, and (A2) post-treatment with celecoxib. Nuclear staining 
of PPARg was markedly increased post-treatment with celecoxib. aP < 0.05.
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COX-2 is parallel with the induced angiogenesis in 
precancerous lesions. Treatment with celecoxib inhibited 
angiogenesis with a concomitant histological regression 
of  precancerous lesions. Others have also reported that 
NSAIDs including celecoxib inhibited angiogenesis and 
decreased tumor growth in gastric cancer and other 
cancers both in vitro and in vivo in animal models[13, 

32-34]. Our study provided the first clinical evidence 
that treatment with celecoxib effectively suppressed 
angiogenesis and lowered MVD in H pylori-eradicated 
patients with gastric precancerous lesions.

The expression of  PPARg ,  a protective anti-
neoplastic molecule[35], was enhanced by the COX-2 
inhibitor rofecoxib in human gastric cancer with a 
concomitant induction of  apoptosis and attenuation 
of  proinflammatory cytokines production[36]. We also 
observed the up-regulation of  PPARg in patients treated 
with celecoxib. The up-regulation of  PPARg by NSAIDs 
was reported either via the COX-2 independent pathway 
or the COX-2 dependent pathway[37-39]. Activation 
of  PPARg was shown by us and others to prevent 
mammary carcinogenesis in experimental animals[40-42] 
through suppression of  COX-2 expression[40]. In 
mice treated with MNU and H pylori, nimesulide 
administration substantially reduced H pylori-associated 
gastric tumorigenesis along with substantial activation 
of  PPARg and induction of  apoptosis[21]. Collectively, 
these findings raise the possibility that up-regulation 
of  PPARg by celecoxib contributed to the histological 
improvement in precancerous lesions.

In conclusion, COX-2 expression was induced in 
gastric epithelium with the progression of  precancerous 
lesions. Eradication of  H pylori combined with a 3-mo 
intervention of  celecoxib was effective in improving 
the severity of  precancerous lesions mainly by 
inducing apoptosis, and inhibiting cell proliferation 
and angiogenesis. Thus COX-2 is a promising target 
in reversing gastric precancerous lesions and celecoxib 
showed efficacy in the chemoprevention of  these 
lesions.
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Abstract
AIM: To identify multi-detector computed tomography 
(MDCT)  fea tu res  mos t  p red i c t i ve  o f  se rous 
cystadenomas (SCAs), correlating with histopathology, 
and to study the impact of cyst size and MDCT 
technique on reader performance. 

METHODS: The MDCT scans of 164 patients with 
surgically verified pancreatic cystic lesions were 
reviewed by two readers to study the predictive value 
of various morphological features for establishing a 
diagnosis of SCAs. Accuracy in lesion characterization 
and reader confidence were correlated with lesion size  
(≤ 3 cm or ≥ 3 cm) and scanning protocols (dedicated 
vs  routine). 

RESULTS: 28/164 cysts (mean size, 39 mm; range, 
8-92 mm) were diagnosed as SCA on pathology. 
The MDCT features predictive of diagnosis of SCA 
were microcystic appearance (22/28, 78.6%), 
surface lobulations (25/28, 89.3%) and central scar 

(9/28, 32.4%). Stepwise logistic regression analysis 
showed that only microcystic appearance was 
significant for CT diagnosis of SCA (P  = 0.0001). The 
sensitivity, specificity and PPV of central scar and of 
combined microcystic appearance and lobulations 
were 32.4%/100%/100% and 68%/100%/100%, 
respectively. The reader confidence was higher 
for lesions > 3 cm (P  = 0.02) and for MDCT scans 
performed using thin collimation (1.25-2.5 mm) 
compared to routine 5 mm collimation exams (P  > 
0.05).

CONCLUSION: Central scar on MDCT is diagnostic of 
SCA but is seen in only one third of SCAs. Microcystic 
morphology is the most significant CT feature in 
diagnosis of SCA. A combination of microcystic 
appearance and surface lobulations offers accuracy 
comparable to central scar with higher sensitivity. 

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Pancreatic serous cystadenomas (SCAs) are rare lesions 
that are almost always benign and usually asymptomatic[1]. 
SCAs comprise 1%-2% of  pancreatic neoplasms and 
10%-15% of  cystic lesions[2]. While SCAs are relatively 
uncommon in comparison to pseudocysts and solid 
tumors of  the pancreas, their clinical importance is 
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indisputable. Though generally regarded as benign, 3% 
of  SCAs have malignant potential with local infiltration 
and distant metastases[1,3-5]. These are slow growing 
tumors; however the growth rate varies depending on 
tumor size. When the tumor is under 4 cm in diameter, 
the growth rate is only 0.12 cm/year whereas when 
the tumors ≥ 4 cm in diameter they can grow at a 
remarkable 1.98 cm/year[6]. Due to the benign nature 
and the morbidity associated with pancreatic surgery, 
a follow up imaging for surveillance is recommended 
for these tumors[3,7]. Complete resection is considered 
curative, and is recommended when the lesion is 
symptomatic, when it increases in size upon follow-up, 
and when confident non-invasive differentiation from a 
more aggressive lesion is impossible[6]. Tumors that are 
resected have a good prognosis, with no requirement for 
postoperative surveillance[3,6].

Due to increased utilization of  high-resolution 
imaging such as multi-detector computed tomography 
(MDCT), magnetic resonance imaging (MRI) and MR 
cholangiopancreatography (MRCP), SCAs are now more 
frequently identified, and often incidentally[8,9]. This high 
rate of  detection of  incidental pancreatic cystic lesions 
has generated great interest regarding the appropriate 
management of  these lesions[6]. However, there is some 
overlap in imaging appearance among cystic pancreatic 
lesions, and it can be difficult to differentiate SCAs from 
other types of  pancreatic cysts, such as pseudocysts, 
mucinous cystic neoplasms (MCNs) and intraductal 
papillary mucinous neoplasms (IPMNs). Thus the 
diagnosis of  serous cystadenomas assumes particular 
significance because they need to be differentiated from 
other cystic neoplasms like MCNs, which are known 
to be premalignant or malignant[10]. The differentiation 
is vital to avoid unnecessary pancreatic surgery, which 
although increasingly safe in experienced hands 
continues to cause significant postoperative morbidity[6]. 
Thus accurate preoperative lesion characterization is 
crucial in determining appropriate action. 

MDCT is the initial imaging modality of  choice for 
evaluation of  cystic lesions of  the pancreas. Although 
the imaging features of  SCAs on MDCT have been 
described before, few studies have compared the 
accuracy of  various CT features for distinguishing 
SCAs from other lesions. With this purpose in mind, we 
undertook this study to examine the different features 
of  SCAs on MDCT and identify the common and 
uncommon imaging features of  SCAs that enable a 
confident diagnosis. Other commonly occurring cystic 
lesions were also studied from a large cohort of  cystic 
lesions to identify the specific features that characterize 
SCAs.

MATERIALS AND METHODS
Study design
This is a retrospective study that was approved by the 
Institutional Review Board and follows the Health 
Insurance Portability and Accountability Act regulations. 
Informed patient consent forms were waived. We 

searched the electronic database of  hospital medical 
records for patients who had pancreatic surgery for 
cystic lesions from January 1999 to August 2007. The 
inclusion criteria required the patients to have had the 
MDCT exam prior to surgical resection. Out of  a total 
of  180 patients with MDCT studies prior to surgical 
resection, 16 patients who had clinical and laboratory 
evidence of  acute pancreatitis were excluded from the 
study. Criteria for diagnosis of  pancreatitis were elevated 
serum amylase or lipase levels and/or imaging evidence 
of  pancreatic inflammation. The process resulted in 
an initial cohort of  164 patients. These patients were 
evaluated for clinical presentation, imaging features, and 
pathological and surgical findings. Of  the group of  164 
patients, a subset consisting of  28 patients (17 women, 
11 men; age range, 29-90 years; mean age, 62 years) with 
pathologically verified SCAs were studied to analyze 
their characteristic imaging features and constituted the 
main population for the present study. However, data 
from the other 136 patients in the cohort of  164 was 
also analyzed to study the accuracy of  each imaging 
feature studied.

MDCT technique
All patients had undergone CT examinations on MDCT 
(GE Health Care, Milwaukee, WI) with four, eight or 16 
detector rows. The acquisition protocol for the CT exam 
was either dedicated pancreatic protocol CT (91/164, 
14 SCAs) or a routine contrast enhanced CT study 
(73/164, 14 SCAs). The initial scan was a non-enhanced 
CT acquisition of  5 mm thickness through the liver and 
pancreas. For routine abdominal CT scanning, 120-150 mL 
of  nonionic contrast material (300-370 mg/mL) was 
injected at a rate of  3.0 mL/s, and 5 mm thick images 
were acquired after a 65-70 s delay. 

Pancreatic protocol consisted of  two phase 
acquisition after administration of  120-150 mL of  
nonionic contrast material (370 mg of  iodine per 
milliliter) at a rate of  4-5 mL/s. Pancreatic phase 
imaging was performed 45 s after starting contrast 
material injection by obtaining 1.25-mm/2.5-mm 
targeted reconstructed sections through the pancreas. 
Portal venous phase imaging followed at 65-70 s after 
contrast material injection with 5-mm-thick sections. 
For pancreatic phase imaging, the field of  view was 28 
cm; for the other phases, the field of  view was adjusted 
according to the size of  the patient.

Post processing
Coronal reformatted images of  2.5-3 mm thickness were 
obtained in all of  the patients. Additional reformatting 
techniques used included oblique coronal multiplanar 
reformations (MPRs, 5 mm) parallel to the pancreatic 
head or tail, 1-2 curved planar reformations along the 
course of  the pancreatic duct (1.25 mm) and thin slab 
(5 mm) coronal maximum intensity projections (MIP) 
to display vessel involvement. These reformations were 
performed by one of  the trained technologists on a work 
station (ADW 4.0, GE).
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Data analysis
The CT images were retrospectively reviewed by 
consensus by two radiologists with 14 and 7 years of  
experience, respectively, who were kept blinded to 
patients’ clinical details and histopathology of  the cystic 
lesion. The analysis was done on picture archiving 
and communication system (PACS version 4.0, Agfa, 
Richmond, VA). For the image analysis, a template was 
created to evaluate features of  a pancreatic cyst. The 
following features were assessed: cyst size, presence or 
absence of  septations, lesion margins, solid components, 
lobulations, central scar, calcification, pancreatic duct 
communication, duct obstruction, lymphadenopathy and 
vascular involvement. The pancreas was evaluated for 
presence or absence of  duct dilatation, parenchymal/
ductal calcification and parenchymal atrophy. 

The largest dimensions of  the cyst were measured 
on axial scans and mean size calculated. The septations 
were evaluated for thickness and enhancement. The 
margins of  the lesion were considered either well 
defined or ill defined. The shape of  the cysts was 
defined as either smooth, simple lobulated or complex 
lobulated. Simple lobulation was defined as the shape 
of  a simple closed curve with bosselated surface 
whose borders could not be described within the same 
circle[10]. A complex lobulated shape was defined as one 
containing a conglomeration of  two or more cysts either 
round, oval or tubular (pleomorphic in shape)[10]. Central 
scar was defined as a central stellate area of  soft tissue 
density with or without calcification and with or without 
radiating surrounding linear strands. Attenuation values 
were obtained for the cysts by placing a ROI (mean size, 
20 mm2) on the unenhanced scan. Care was taken to 
exclude septations, calcifications and solid component 
within the ROI. The attenuation values measured from 
the various types of  lesions (SCA, MCN, etc) were then 
averaged for comparison. Cyst morphology was classified 
as unilocular, microcystic, macrocystic or oligocystic 
and cyst with solid component[8]. Simple unilocular 
cysts included pancreatic cysts without internal septa, 
a solid component or central-cyst wall calcification. 
Unilocular cysts with mural enhancement or calcification 
were categorized as complicated. Microcystic lesion was 
defined as consisting of  collection of  cysts (> 6) ranging 
in size from a few millimeters up to 2 cm in size[8]. 
Macrocystic or oligocystic lesions were defined as lesions 
with more than one but < 6 cysts with at least one of  
them > 2 cm in size.

Using these features, the cysts were categorized as a 
simple cyst/pseudocyst, SCA, mucinous cystadenoma 
(MCN) and intraductal papillary mucinous cystadenoma 
(IPMN) or else solid neoplasms with cystic degeneration 
(Adenocarcinoma, endocrine tumors and solid papillary 
epithelial neoplasm) on imaging. The criteria considered 
for diagnosis of  SCAs included: lobulations, microcystic 
pattern, presence or absence of  central scar, well defined 
margins and lack of  enhancement. Readers’ diagnostic 
confidence for the diagnosis of  serous cystadenoma was 
rated on a 5-point scale (with 1 being least confident and 
5 being most) along with confidence as to whether the 

lesion was benign or malignant using a similar 5-point 
scale. Cystic lesions which did not have any specific 
attributable features to the above categories or those 
with a reader confidence less than three were considered 
indeterminate.

Surgery and histopathologic correlation 
The type of  surgical procedure performed was 
recorded.  Histopathological  analys is  had been 
performed by a single gastrointestinal pathologist 
with ten years of  specialized experience in pancreatic 
pathology. The gross and microscopic descriptions 
of  the resected specimens described in the pathology 
reports were reviewed. A predefined template for 
pathology was filled in. The gross specimens were 
reviewed for cyst morphology, which included lesion 
size, septations and intralesional solid components. 
The final histopathological diagnosis was recorded as: 
SCA, IPMN, MCN, adenocarcinoma, endocrine tumors 
or solid papillary epithelial neoplasm. Those cysts 
without specific identifiable features where a conclusive 
diagnosis was not rendered on histopathology were 
categorized as unclassified cysts. The features on 
MDCT were then correlated with pathological reports.

Statistical analysis
Sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV) and accuracy for 
the various MDCT findings of  SCA were calculated 
in comparison to other cystic lesions by using 
histopathology as the gold standard. T-test was used to 
calculate the statistical significance for various values 
and P < 0.05 was considered to suggest statistically 
significant difference. Statistical significance between the 
size of  SCA and the occurrence of  scar was evaluated 
using two sided Fisher’s exact test. Stepwise logistic 
regression was used to identify the significance of  each 
CT feature for diagnosis of  SCA using SAS software 
(SAS system release 8.2). The CT feature was considered 
significant for the diagnosis whenever a tail probability 
of  P < 0.05 was reached.

RESULTS
CT findings 
Of  the 28 SCA (mean size, 39 mm; range, 8-92 mm), 
11 lesions were located in the head, 11 in the body, 3 in 
the tail and 3 in body and tail (Table 1). 22/28 (78.6%) 
SCAs were observed to have microcystic morphology 
(Figure 1) and 6/28 (21.4%) of  SCAs had macrocystic 
or oligocystic morphology (Figure 2). 25/28 (89.3%) of  
SCAs were lobulated whereas 3/28 (10.7%) presented 
with smooth wall. 9/28 (32.1%) SCAs showed central 
scar with calcification seen in 3 scars (Figure 3). 8/9 
(88.9%) of  SCAs with central scar measured at least  
2 cm (mean size, 4.1 cm; range, 1.9-8.4 cm). This finding 
was statistically significant for lesion size and occurrence 
of  central scar (P = 0.02, Fisher’s exact test). 

Of  the 136 other cystic lesions included for 
comparison of  the morphological features with SCAs, 
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42 were IPMNs (mean size, 2.7 cm; range 0.9-5.2 cm), 37 
were MCNs (mean size, 4.3; range, 2.2-11 cm), 45 were 
unclassified cysts (mean size, 2.4 cm; range 0.5-7.4 cm), 6 
endocrine tumors (mean size, 4.6 cm; range, 1.6-8.9 cm),  
4 adenocarcinomas (mean size, 3 cm; range, 1.4-5.2 cm),  
1 was lymphangioma (2.3 cm) and 1 was solid papillary 
epithelial neoplasm (2.3 cm). Among these lesions 
microcystic pattern on CT was observed in 1 IPMN 
(2.3%) and 2 MCNs (5.4%) whereas the lobulated 
pattern was observed in 5 unclassified cysts (11.1%), 3 
IPMNs (7.7%) and 1 MCN (3%). Central scar was not 
demonstrable in any of  these lesions.

Upstream pancreatic ductal dilatation was observed 
in 3 patients. In one patient this was attributed to 
mass effect from a large SCA in the head of  pancreas 
(Figure 4). However in two other patients with SCA, 

SCA 
(n  = 28)

IPMN 
(n  = 42)

MCN 
(n  = 37)

Unclassified Cysts 
(n  = 45)

Endocrine tumors 
(n  = 6)

Adenocarcinoma 
(n  = 4)

Lymphan-gioma 
(n  = 1)

SPE 
(n  = 1)

Size (cm) 
mean (range)

3.9 (0.8-9.2) 2.7 (0.9-5.2) 4.3 (2.2-11) 2.4 (0.5-7.4) 4.6 (1.6-8.9) 3 (1.4-5.2) 2.3 2.3

Location
   Head 11 26 12 20 2 2 1
   Body 11   7   7   8 0 1 1
   Tail   3   7 17 12 4 1
   Body/Tail   3   3   1   5 0 0
Lobulations 
(n = 35/164)

25   3   1   5 1 0 0 0

Microcystic 
(n = 25/164)

22   1   2   0 0 0 0 0

Central Scar 
(n = 9/164)

  92   0   0   0 0 0 0 0

L + M1 (n = 19/164) 19   0   0   0 0 0 0 0
Septa 27 32 25 28 2 2 0 0
Wall
   Thin 28 40 30 31 0 2 1 1
   Thick   0   2   7 14 6 2 0 0
Calcifications
   Wall   0   4   1   5 0 0 0 0
   Septal   0   2   0   0 0 0 0 0
   Parenchymal   1   0   0   0 0 0 0 0
Mural nodules   0   3   6   1 3 4 0 1
Dilatation of PD   3 14 11   2 0 3 0 0
Vascular involvement   0   0   1   2 0 2 0 0
Lymphadenopathy   0   3   6   3 0 2 0 0

Table 1  MDCT findings observed in the various pancreatic cystic lesions

MDCT: Multi-detector computed tomography; SCA: Serous cystadenoma; IPMN: Intraductal papillary mucinous neoplasm; MCN: Mucinous cystic neo-
plasm. 1Combined presence of Lobulations and microcystic appearance; 23/9 showed calcifications within the central scar.

A B Figure 1  A 64-year-old woman who was incidentally 
found to have a mass in the head of the pancreas and 
subsequently underwent a Whipple procedure for re-
moval. A: Lobulated (arrow heads) microcystic serous cyst-
adenoma (SCA) with characteristic honeycomb appearance 
is seen on axial MDCT image (1.25 mm); B: Gross patho-
logical specimen of the lesion reveals cluster of microcysts 
with a sponge pattern. A central scar is appreciated on the 
pathological image (black arrow), which is subtle and difficult 
to appreciate on the CT image.

Figure 2  A 46-year-old woman who presented with abdominal pain was 
found to have a lesion in the body of the pancreas for which a partial pan-
createctomy was performed. Axial MDCT image (1.25 mm) shows a lobulated 
(arrow heads) macrocystic SCA with septations (white arrow).
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the pancreatic duct dilatation was considered due to 
background chronic pancreatitis changes in one and 
concurrent combined IPMN in another (Figure 5).  
Furthermore, five patients showed atrophy of  the 
pancreatic parenchyma distal to the site of  the lesion 
(Figures 4 and 6). None of  the SCAs showed solid 
component,  ductal  communicat ion or vascular 
encasement. The mean HU values for SCA were 19 ± 
9 HU which was higher for microcystic variants (21 ± 8 
HU) than the macrocystic variants (13 ± 4 HU). Though 
the average attenuation value for SCAs was higher than 
other types of  cysts [mucinous lesions (MCNs and 
IPMNS): 10 ± 6 HU, pseudocysts: 12 ± 4 HU] it was 
not statistically significant (P > 0.05).

CT and histopathological correlation 
Twenty four (85.7%) of  the 28 SCAs were correctly 
characterized as such by CT. Of  the four SCAs 
incorrectly identified on CT, two were classified as 
MCNs, one lesion as a possible IPMN, and one lesion 
was considered an indeterminate cystic lesion. The 
two classified as mucinous lesions had a macrocystic 
appearance and no central scar. One of  these was 
classified as a benign mucinous lesion based on its 
macrocystic pattern and lack of  central scar on CT. 
The second patient had two cysts, of  which one was 
classified as mucinous and second as IPMN of  side 
branch variety. However, histopathological analysis 

Figure 3  Images from 2 different patients 
with central scar. A: Axial MDCT image from 
a 46-year-old woman with a macrocystic SCA 
with a central scar (white arrow); B: Gross 
pathological specimen of the same patient also 
reveals the macrocystic pattern with the septa 
converging on a central scar (star); C: Axial 
MDCT image from a 66-year-old male who had 
a history of chronic pancreatitis, reveals a large 
lobulated microcystic lesion with central stellate 
calcification (black arrow). A Whipple procedure 
was done to remove a 4 cm mass from the 
head of the pancreas. Corresponding gross 
pathological image of the microcystic SCA with 
calcification (black arrow) in the central scar (D).

A B

C D

Figure 5  Coronal reformatted MDCT image from an asymptomatic 
90-year-old woman, who had a 5 cm lesion in the head of the pancreas 
which was removed by Whipple procedure. The image shows an oligocystic 
SCA (arrow heads) in the head of pancreas which was mistaken for a mucinous 
lesion due to an associated side branch IPMN adjacent to it (white arrow). The 
two lesions were interpreted as a single multiloculated side branch mucinous 
lesion. There is mild upstream dilatation of the visualized pancreatic duct (small 
white arrows).

←

Figure 4  Axial MDCT image from a 64-year-old woman who had a large 
cyst in the pancreas detected incidentally. The patient underwent a Whipple 
procedure for removal of the large microcystic SCA (arrow heads) involving the 
head and uncinate process of the pancreas. The SCA caused upstream pan-
creatic duct dilatation (white arrow) and atrophy of the pancreatic body and tail 
(small white arrow).
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showed that the former was a SCA with a side branch 
IPMN in the vicinity (Figure 5). The lesion characterized 
as IPMN was microcystic, but confidence for diagnosis 
of  SCA was low. The lesion classified as indeterminate 
cystic lesion was lobulated with thin septations and 
though the morphology was identified as macrocystic 
and benign, the reader confidence for diagnosis of  SCA 
was less than 3.

When the imaging data of  SCA were compared with 
pathological analysis, the majority of  the observations 
remained constant (Table 2). MDCT features were 
consistent with the histological data for microcystic 
appearance (27/28, 96.4%) and surface lobulations 
(28/28, 100%). The 25 SCAs with pathologically 
confirmed lobulated morphology and the 3 with 
pathologically smooth morphology were correctly 
identified as such by CT. Of  the 21 SCAs with 
pathologically confirmed microcystic morphology and 6 
SCAs with pathologically confirmed macrocystic pattern, 
all were confidently identified as such on CT. One SCA 
which was characterized as microcystic on CT was found 
to be unilocular on pathology. This lesion measured  
2 cm in diameter and there was substantial background 
noise on CT images. 

Of  the 10 central scars discovered on pathology, CT 
correctly identified them in 8 lesions. Central scars were 
missed on CT in 2, while in another SCA the central 
scar recorded on CT was found to represent converging 
septa on histopathology. In two lesions where CT failed 
to detect central scar, the SCA measured < 3 cm in size 
(average, 2.4 cm) and were evaluated using a routine 
protocol (5 mm). It is conceivable that these factors 
could have contributed to the reduced accuracy in 
depiction of  SCA morphology. 

For cyst characterization into benign and malignant, 
27/28 lesions were confidently diagnosed as benign 
except for one lesion that was considered indeterminate 
on CT and was found to be benign on histopathology. 
This lesion measured 5.4 cm in diameter and presented 
with pancreatic duct dilatation and parenchymal atrophy, 
which raised the suspicion for an aggressive biology.

Morphological features in the diagnosis of SCA 
The sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV) and accuracy 
of  each of  these features in the diagnosis of  SCA are 
shown in Table 3. Based on pathologic verification, 
microcystic morphology on MDCT was demonstrated 
in 21/28 (75%) of  SCAs. Microcystic pattern was 
also considered in other cystic lesions on MDCT that 
included 1 IPMN (n = 42) and 2 MCNs (n = 37), 
however on histopathology the CT appearance was not 
corroborated. The presence of  microcystic morphology 
alone thus had a PPV of  88% and a specificity of  
97.79% for the diagnosis of  SCA. Lobulations were 
seen in 25/28 (89.3%) of  SCAs, 5/45 unclassified 
cysts (11.1%), 3/42 IPMNs (7.1%) and 1/37 MCNs 
(2.7%). Lobulations had a PPV of  71.4% and specificity 
of  92.6% in the diagnosis of  SCAs. When both 
lobulations and microcystic morphology were used 
for the identification of  cystic lesions there was a PPV 
and specificity of  100% for identification of  SCAs. 
It was found that central scar, microcystic pattern 
and combined presence of  microcystic pattern and 
lobulations had the highest accuracy in the diagnosis of  
SCA. Stepwise logistic regression analysis showed that 
only microcystic appearance was significant for the CT 
diagnosis of  SCA (P = 0.0001). 

When comparing the diagnostic confidence for 
diagnosis of  SCAs with reference to the lesion size, 
the confidence was higher for lesions ≥ 3 cm (4.6) 
compared to lesions < 3 cm (3.9, P = 0.02). The CT 
pathologic concordance was better for lesions scanned 
with dedicated pancreatic protocol CT. The diagnostic 
confidence of  readers in identifying the morphology of  
SCAs was better in those lesions scanned with dedicated 
pancreatic protocol (1.25-2.5 mm) compared to those 
scanned with routine abdomino-pelvic CT (5 mm) 
though this was not statistically significant (confidence 
level, 4.4 vs 4, P > 0.05).

DISCUSSION
High rate of  incidental detection of  cystic pancreatic 
lesions,  including serous cystadenoma and the 

←

Figure 6  Axial MDCT image from a 64-year-old woman with an inciden-
tally discovered cystic lesion in the body of the pancreas. A large serous 
cystadenoma (arrow) present in the body of pancreas displays microcystic 
morphology and fine lobulations with a central scar. Atrophy of the pancreatic 
parenchyma distal to the site of the lesion is also present (small arrow).

MDCT features Pathology findings

Morphology
   Microcystic 22 21
   Macrocystic/Oligocystic   6   6
   Unilocular   -   1
Shape
   Lobulated 25 25
   Smooth   3   3
Central scar   9 10
Wall
   Thin 28 28
   Thick   0   0 
Mural nodules   0   0
Septa 27 27

Table 2  Comparison of MDCT findings with pathological 
findings for SCA (n  = 28)
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overlapping imaging features of  SCAs with other more 
aggressive cystic neoplasms makes management of  these 
lesions challenging[7,9,11,12]. Accurate characterization 
is therefore imperative because of  the low malignant 
potential of  SCA and to determine the treatment 
options and to differentiate them from more aggressive 
lesions. Several studies have described the spectrum 
of  imaging appearances of  SCA on CT which include 
microcystic,  macrocystic,  unilocular and mixed 
morphologic patterns[7,9,11-14]. Microcystic pattern which 
is the most predominant pattern has been described in 
70%-80% of  SCAs[11,12,14]. Surface lobulations considered 
to be specific for the diagnosis of  SCA have been 
studied with reference to oligocystic SCA (SOAs)[10,15,16]. 
Central scar which is considered pathognomonic for 
diagnosis of  SCA has a low sensitivity and reliance on 
this imaging feature will not permit diagnosis of  most 
SCAs[10,11,17]. The accuracy of  CT in diagnosis of  SCA in 
comparison to other cystic neoplasms has been reported 
in several previous studies which found accuracy ranging 
from 27%-93%[17-19]. More recent studies have compared 
SOAs with MCNs and IPMNs and have emphasized 
the importance of  patient demographics, lesion location 
and shape of  the cyst in characterization of  the various 
lesions[4,10,15]. However, our study is unique as we have 
assessed the predictive value of  specific features of  SCA 
on MDCT in a large cohort of  patients with surgically 
verified pancreatic cystic lesions and have evaluated how 
well the CT features correlate with pathology.

In our study, microcystic appearance was the only 
significant CT feature in the diagnosis of  SCA. The 
combined presence of  microcystic appearance and 
surface lobulations were also the strong predictors of  
SCA on CT with high PPV and specificity compared to 
other cystic lesions. Microcystic appearance was evident 
in 78% of  SCAs in our study and this was concordant 
with other reports[11-14]. However, occasionally other 
cystic lesions when small in size can also appear 
microcystic on CT. In our study, small lesion size  
(< 2 cm) and background image noise potentially 
contributed to erroneous morphological depiction. 
Presence of  surface lobulations within a cyst is a 
recognized feature of  SCAs and can help to differentiate 
oligocystic SCAs from MCNs and IPMNs[10,15]. We 
observed lobulated contour in 89% of  SCAs despite 
different morphologic appearances (microcystic, 
macrocystic and unilocular), a finding that  has also been 

reported in other studies[10-11,15]. Although uncommon, 
surface lobulations can be encountered in a few 
MCNs (2.9%) and IPMNs (7.6%) as also reported by  
Kim et al[10].

The presence of  a central scar is considered to 
be pathognomonic for SCAs, even when there is no 
distinct microcystic appearance[17]. Finding a central 
scar was highly specific of  SCA in our study. It was not 
observed in any other cystic lesion but was encountered 
in only in 32% of  SCAs. Other studies have observed 
it in anywhere from 30% to 45% of  microcystic serous 
adenomas[17,20,21]. Eighty eight point nine percent of  
SCAs with central scar measured at least 2 cm indicating 
that larger the lesion size the more likelihood of  
occurrence of  scar. Size of  the lesion also determines 
the detectability of  central scar since the two lesions in 
our study where the central scar was missed measured 
less than 3 cm in size.

The mean CT attenuation for all SCAs in our data 
set was higher than the values for other cystic lesions, 
more so for the microcystic variants though they were 
not statistically significant. The marginally elevated 
HU values could be accounted for by the presence of  
more stroma between the fluid filled sacs and the higher 
stroma: fluid ratio in SCA than other lesions. However, 
the attenuation values cannot be used as primary feature 
for differentiating between various pancreatic cystic 
lesions.

Lesion size itself  can influence the reader confidence 
as the confidence for diagnosis of  SCA was found to 
be higher for lesions ≥ 3 cm compared to those with 
size < 3 cm. In addition to size of  the cystic lesions, 
the MDCT scanning technique also influences the 
diagnostic accuracy and readers’ confidence for lesion 
characterization. 

Although the comparison of  MDCT with MRI was 
not a part of  this study, in our experience we have found 
that MRI might be beneficial when in doubt since the 
cyst morphology may be better appreciated on MRI. In 
our study, lesions which underwent dedicated pancreatic 
protocol examination with thin collimation (1.25-2.5 mm) 
had an improved reader confidence in the depiction of  
the morphological features compared to those which 
were scanned with routine protocol (5 mm). Two lesions 
where the central scars were missed on CT and the three 
cases of  SCA which were misdiagnosed as mucinous 
lesions were evaluated by routine protocol, highlighting 

Lobulations 
(n  = 35/164, %)

Microcystic 
(n  = 25/164, %)

Central scar 
(n  = 9/164, %)

L + M1 
(n  = 19/164, %)

Sensitivity                89.30                78.50                  32.40                67.85
Specificity                92.64                97.79                100.00              100.00
Positive predictive value                71.42                88.00                100.00              100.00
Negative Predictive value                97.67                95.70                  87.74                93.80
Accuracy                92.00                94.50                  88.40                94.50

Table 3  Sensitivity, specificity, predictive values and accuracy of morphological features in the diagnosis of 
SCA in comparison to other cystic lesions

1L + M: Lobulations and microcystic pattern.
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the need to perform a dedicated pancreatic protocol CT 
for superior lesion characterization of  cystic pancreatic 
lesions. We propose that all pancreatic cystic lesions 
should have at least one pancreatic protocol CT for better 
lesion characterization which will not only help avoid 
additional imaging follow up, but also prevent unnecessary 
surgical interventions.

This study had several limitations. Firstly, only 
surgically resected tumors were included for evaluation, 
which introduces a possible selection bias. However, 
since the majorities of  SCAs are benign and are usually 
not resected, the comparison of  MDCT findings with 
the histopathology findings in surgically resected SCAs 
adds to the value of  the study. Secondly, not all patients 
had a dedicated pancreatic protocol CT exam. Though 
this could have affected the evaluation of  diagnostic 
accuracy, it also provided us with an opportunity to 
study the effect of  dedicated pancreatic protocol for 
evaluation of  SCA compared to routine CT.

MDCT allows reliable assessment of  the morphological 
features of  SCA as depicted on gross histopathology. 
Central scar, although pathognomonic for SCA, is 
uncommonly seen. Microcystic morphology is the most 
significant CT feature in the diagnosis of  SCA. Combined 
presence of  microcystic morphology and surface 
lobulations offers high accuracy comparable to central scar 
but with higher sensitivity, thus allowing reliable diagnosis 
of  SCA. Use of  a dedicated pancreatic protocol with thin 
collimation improves the diagnostic accuracy of  MDCT 
and enhances reader confidence.

COMMENTS
Background
Pancreatic serous cystadenomas (SCAs) are rare lesions that are almost 
always benign and usually asymptomatic. Though surgical resection results 
in complete cure, follow up surveillance is usually recommended due to their 
benign nature and the morbidity associated with pancreatic surgery. There 
is increased incidental detection of pancreatic cysts including SCAs with 
the use of multi-detector computed tomography (MDCT) and MRI. Accurate 
characterization of SCAs assumes importance due to their overlapping imaging 
features with other pancreatic cystic lesions particularly mucinous cystic 
neoplasms (MCNs) which have a malignant potential. Though several articles 
have described the imaging features of SCAs, few studies have compared 
the accuracy of these CT features in distinguishing between SCAs and other 
lesions. Therefore, this study was undertaken to evaluate the predictive values 
of various CT features of SCA that allow in its accurate characterization with 
pathological correlation.
Innovations and breakthroughs
One of the important innovations in the imaging evaluation of pancreatic cysts 
is the development of MDCT which allows excellent characterization of the 
morphology of pancreatic cyst. Though several authors have described the 
CT features of SCA, very few articles have discussed the predictive value of 
each imaging feature. This articles shows that microcystic appearance is the 
most significant imaging feature of SCA and the combination of microcystic 
appearance and surface lobulations is very specific for SCA in comparison to 
other cystic lesions. 
Applications 
The most important clinical application of this study is in the diagnosis and 
characterization of serous cystadenomas when incidentally detected on a CT 
scan. The finding of superiority of dedicated pancreatic protocol CT over routine 
protocol helps in the planning of CT examination when encountered with a 
incidental pancreatic cyst. This article emphasizes the effect of cyst size on 
lesion characterization and diagnostic accuracy. This calls for further studies for 

improve characterization of pancreatic cysts by furthering development of high 
resolution CT and MRI. 
Peer review
The important part of the paper is that the study shows that microcystic 
appearance and lobulated pattern when present together are highly specific 
for diagnosis of SCA. This study highlights the value of performing a dedicated 
pancreatic protocol in the evaluation of pancreatic cystic lesions in improving 
diagnostic accuracy and reader confidence.
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Abstract
AIM: To evaluate the usefulness of pre-endoscopic 
serological screening for Helicobacter pylori  (H pylori ) 
infection and celiac disease in women aged < 50 years 
affected by iron-deficiency anemia (IDA).

METHODS: One hundred and fifteen women aged < 
50 years with IDA were tested by human recombinant 
tissue transglutaminase IgA antibodies (tTG) and anti-H 
pylori  IgG antibodies. tTG and H pylori  IgG antibody 
were assessed using an enzyme-linked immunosorbent 
assay (ELISA). All women were invited to undergo 
upper GI endoscopy. During gastroscopy, biopsies were 
collected from antrum (n  = 3), gastric body (n  = 3)  
and duodenum (n  = 4) in all patients, irrespective of 
test results. The assessment of gastritis was performed 
according to the Sydney system and celiac disease was 
classified by Marsh’s System.

RESULTS: 45.2% women were test-positive: 41 
patients positive for H pylori  antibodies, 9 patients 
for tTG and 2 patients for both. The gastroscopy 
compl iance rate of  test-pos i t ive women was 

significantly increased with respect to those test-
negative (65.4% vs  42.8%; Fisher test P  = 0.0239). 
The serological results were confirmed by gastroscopy 
in 100% of those with positive H pylori  antibodies, in 
50% of those with positive tTG and in 81.5% of test-
negative patient. Sensitivity and specificity were 84.8% 
and 100%, respectively for H pylori  infection and, 80% 
and 92.8% for tTG. Twenty-eight patients had positive 
H pylori  antibodies and in all the patients, an active  
H pylori  infection was found. In particular, in 23 out of 
28 (82%) patients with positive H pylori  antibodies, 
a likely cause of IDA was found because of the active 
inflammation involving the gastric body.

CONCLUSION: Anti-H pylori  IgG antibody and tTG 
IgA antibody testing is able to select women with 
IDA to submit for gastroscopy to identify H pylori 
pangastritis and/or celiac disease, likely causes of IDA.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Iron-deficiency anemia (IDA) is common in women 
aged < 50 years with a prevalence of  almost 5% in 
Western countries[1]. In this population, the balance 
of  iron is often precarious due to menses, pregnancy 
and breastfeeding and an excessive menstrual flow is 
experienced by about 30% of  women of  reproductive 
age[2]. Menorrhagia is often considered the only cause 
of  iron deficiency anemia, but some studies have 
shown the usefulness of  a gastrointestinal (GI) tract 
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evaluation by endoscopy, thus indicating a role of  the 
upper and/or lower GI tract as a likely cause of  IDA[3-4]. 
The vast majority of  IDA GI causes affect the upper 
GI tract and, in particular, there is a high prevalence of  
conditions associated with iron malabsorption such as  
Helicobacter pylori  (H pylori) related-pangastrit is, 
celiac disease and atrophic body gastritis in IDA 
premenopausal women[5-6]. On the contrary, as already 
reported in previous studies, bleeding lesions are 
infrequent in these patients and in particular in women 
aged < 50 years[5-8].

The diagnostic workflow in young women affected 
by IDA is not clearly established. The British Society 
of  Gastroenterology recommends gastroscopy only 
in IDA women younger than 45 years presenting 
with GI symptoms[9]. However, the major issue of  
GI evaluation is that symptoms are often mild and 
aspecific in IDA women and that gastroscopy is an 
invasive procedure associated with a high number of  
refusals[10]. Furthermore, in our previous work on IDA 
premenopausal women, gastroscopy was performed 
as part of  the diagnostic protocol in all patients, 
but was deemed unnecessary in almost 30% of  the 
studied women because they were affected only by 
menorrhagia[5].

As shown in a previous study, non-invasive tests might 
be helpful in the selection of  IDA women having a high 
probability of  being affected by iron malabsorption GI 
diseases, in order to better address endoscopy and to 
increase the patients’ compliance to the procedure[11].

The aim of  the present study was to prospectively 
evaluate the usefulness of  a pre-endoscopic serological 
screening for H pylori infection and celiac disease 
with the use of  two tests (human recombinant tissue 
transglutaminase IgA antibodies and anti-H pylori IgG 
antibodies) in women aged < 50 affected by IDA in 
order to increase the compliance for gastroscopy.

MATERIALS AND METHODS
Patients
Between January and July 2006, 400 consecutive women 
(median age; 38 years) aged < 50 years with iron 
deficiency anemia were referred to the “Centro delle 
Microcitemie” of  Rome, a public health institution 
specialized in the diagnosis of  thalassemia. In these 
women the presence of  an anemia emerged because 
they had previously undergone a complete blood count 
due to fatigue and/or for routine check-up, and were 
thus referred by their primary care physicians (60%), 
gynecologists (25.4%), hematologists (7.3%) or other 
physicians (7.3%) to the above mentioned center in 
order to exclude alpha- or beta-thalassemia minor, a 
frequent genetic disorder in the Italian population. In the 
“Centro delle Microcitemie”, a complete blood count, 
serum iron and ferritin were repeated in all patients, and 
after the exclusion of  a- and b-thalassemia, the presence 
of  IDA was definitely diagnosed. IDA was defined 
as hemoglobin (Hb) < 12 g/dL with serum ferritin  
≤ 20 mg/dL. 

IDA women were invited to answer a structured 
questionnaire to assess demographic data, previous iron 
supplementation, previous blood transfusion, previous 
hospitalization for anemia, obvious causes of  blood loss, 
use of  drugs (such as aspirin/NSAIDs, proton pump 
inhibitors, anticoagulants), 1st degree family history for 
colon or gastric cancer, peptic ulcer and celiac disease, 
type of  diet, premenopausal status and GI symptoms. 
The duration of  anemia was expressed as length 
of  time from first diagnosis of  IDA (mo) based on 
medical records. Upper GI symptoms included nausea, 
vomiting, dysphagia, heartburn, dyspepsia and upper 
abdominal pain. Lower GI symptoms included diarrhea, 
constipation, lower abdominal pain and hematochezia. 
The symptom was considered “present” if  the patient 
referred to its presence at least once a week during the 
last three months[10]. Premenopausal status was defined 
as the patients’ personal reports that within 3 mo prior 
to evaluation they were still menstruating[5].

The women were excluded from the study if  they 
had: age > 50, obvious causes of  GI bleeding, previous 
diagnosis of  GI diseases probably responsible for IDA 
based on medical records, anorexia, vegetarian diet, 
pregnancy, breastfeeding, anemia of  chronic diseases 
(for example chronic renal failure, cirrhosis and severe 
cardiopulmonary disease) and hematological diagnoses 
(e.g. aplastic anemia, myelodysplasia).

Study design
As shown in Figure 1, out of  the initial 400 women with 
IDA, 145 women were considered eligible for the study 
(Figure 1). The diagnostic work-up included serological 
tests for the testing of  anti-H pylori IgG antibodies to 
evaluate the presence of  H pylori infection and tissue 
transglutaminase IgA antibodies to diagnose celiac 
disease. However, 30 women refused screening tests and 
thus, 115 women were included in the study and gave 
their informed consent.

Thus, 115 women were referred to University 

                    n = 400 
Patients with iron deficiency anaemia 
observed to the “Centro delle Microc-
itemie” between January and July 
2006

n : 255 (63.7%)
Exclusion criteria
Refused to fill out the questionnaire
Incomplete questionnaire 
Lost

          n = 145 
Elegible for the study

   n = 115 (79.3%)
Included in the study

Thirty (20.7%) patients 
Refused screening tests

Figure 1  Study population. n: Numbers of patients.
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Gastroenterology Department to pick up test results and 
were invited to undergo upper GI endoscopy to confirm 
test results. Patients with at least one of  the 2 tests positive 
were defined as “test-positive” patients, those with all 2 
tests negative were defined as “test-negative” patients.

Measurements
Serologic testing :  Human recombinant t issue 
transglutaminase IgA antibodies were assessed using an 
enzyme-linked immunosorbent assay (ELISA) based 
on a commercially available kit (Bio-Rad Laboratories, 
Milan, Italy). A titre > 15 UI/mL was considered 
positive. H pylori IgG antibodies were assessed using an 
enzyme-linked immunosorbent assay (ELISA) based on 
a commercially available kit (Biohit, Helsinki, Finland). A 
titre > 1.1 UI/mL was considered positive.

Gastroscopy and histological evaluation: During 
gastroscopy, biopsies were collected from antrum  
(n = 3), gastric body (n = 3) and duodenum (n = 4) in 
all patients, irrespective of  tests results. The assessment 
of  gastritis was performed according to the Sydney 
system[12]. Pangastritis was defined as the presence of  
acute and chronic inflammatory infiltrate both in the 
gastric antrum and body as previously described[13]. If  
the sum of  the inflammatory scores (acute and chronic) 
showed a two-grade difference between the antrum 
and corpus, the gastritis was considered as “antrum-
predominant” or “corpus-predominant”, respectively. Antrum-
restricted gastritis was defined by the presence of  acute and 
chronic inflammatory infiltrate exclusively in antrum 
according to the Sydney system[12]. Celiac disease was 
classified by Marsh’s System[14]. The pathologist was 
unaware of  the serological screening results.

Statistical analysis
Standard descriptive statistics was expressed as median 
and range and evaluated by appropriate statistical test 
(Mann-Whitney). Proportions were compared with the 
Fisher exact test. P < 0.05 was considered statistically 
significant.

RESULTS
Clinical features
The women included in the study had a median age of  
38 years (range 21-50 years) and the median duration 
of  IDA was 12 mo (range 1-408 mo). The value of  me-
dian hemoglobin was 10.7 (range 7.3-11.9) g/dL, MCV 
was 72 (range 51-92) fL and ferritin was 10 (range 1-20) 
mg/L. Oral iron therapy was previously prescribed in  
48 (41.7%) women. Only a small number of  patients had 
previously needed blood transfusion (n = 3, 2.6%) or 
hospitalization for anemia (n = 8, 7%).

At least one symptom of  the upper GI tract was 
present in 49.6% of  patients (n = 57), while 57.4% of  
patients (n = 66) had a least one symptom of  the lower 
GI tract. Reported GI symptoms were mainly non-
specific, such as mild abdominal pain (24%) and bloating 
(46%). The vast majority of  patients had a negative 

family history for GI diseases (80.8%): a family history 
for GI cancers or peptic ulcers was present only in 4.3% 
and 14% of  patients, respectively. In 91.3% of  women a 
premenopausal status was present. 

Serological tests
Fifty-two out of  115 patients (45.2%) were “test-
positive”. Of  these, 41 (35.6%) patients had positivity 
for H pylori IgG antibodies, 9 (7.8%) patients for tissue 
transglutaminase IgA antibodies and 2 (1.7%) patients 
had positivity for both antibodies. As shown in Table 1,  
the group of  patients with positive tests was not 
different from that with negative tests as far as clinical 
and biochemical features were concerned. 

Gastroscopic/histological findings
“Test-Positive Patients”: Four women did not undergo 
gastroscopy because they become pregnant after the start 
of  the study. Of  these, 3 patients had positive H pylori 
antibodies and 1 patient positive tissue transglutaminase 
IgA antibodies. Fourteen patients refused the invasive 
procedure, 12 out of  these patients had positive  
H pylori antibodies and 2 patients had positive tissue 
transglutaminase IgA antibodies. Thus, 34 out of  52 
(65.4%) “test-positive” patients consented to the upper 
GI endoscopy and the results are shown in Table 2.

Twenty-eight patients had positive H pylori antibodies, 
and in all these patients an active H pylori infection was 
found. Celiac disease was confirmed only in 4 out of  8 
(50%) patients with positive tissue transglutaminase IgA 
antibodies, whereas in another patient who underwent 
gastroscopy for positive H pylori antibodies, celiac disease 
was also found. Of  the 5 patients with celiac disease, 4 
had Marsh 3 and 1 had Marsh 2.

In Table 3, the extent and the degree of  H pylori-
related gastritis is shown. Five IDA women with positive 
H pylori antibodies had exclusively antrum-restricted gastritis 

Patients, n  = 115 Test-positive 
   n = 52 
  (45.2%)

Test-negative 
   n = 63 
   (54.8%)

P

Age (yr)    38 (23-50) 37.5 (21-50) NS
Duration of Anemia (mo)    12 (1-408)    12 (1-312) NS
Hb (g/dL) 10.6 (7.3-11.9) 10.9 (8-11.9) NS
MCV (fl)    71 (51-90)    74 (58-92) NS
Iron (mg/dL)    22 (6-65) 24.5 (9-52) NS
Ferritin (mg/L)    10 (1-31)    10 (2-59) NS
Smokers    10 (19%)    10 (16%) NS
Previous therapy with iron    22 (41.5%)    26 (41.9%) NS
Previous blood transfusion       2 (3.8%)      1 (1.8%) NS
Previous therapy with vitamin B12      5 (9.4%)      9 (14.5%) NS
Previous therapy with folic acid    18 (34%)    20 (32.2%) NS
Hospitalization for anemia      3 (5.7%)      5 (9.4%) NS
Upper GI symptoms    26 (49%)    31 (50%) NS
Lower GI symptoms    29 (54.7%)    37 (59.7%) NS
Premenopausal status    49 (94.2%)    56 (88.9%) NS

Table 1  Clinical and biochemical features of the “test-
positive” patients compared with “test-negative” patients

Hb: Hemoglobin; MCV: Median corpuscular volume; GI: Gastrointestinal; 
NS: Not significant. All values are reported as median (range) unless oth-
erwise indicated.
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with active H pylori infection. In the remaining patients 
(n = 23), a pangastritis with active H pylori infection was 
present which in 91.3% of  cases showed equal severity 
of  the inflammatory score in antrum and corpus. Thus, 
in 23 out of  28 (82%) patients with positive H pylori 
antibodies, a likely cause of  IDA was found because the 
active inflammation involved the gastric body.

“Test-Negative Patients”: Three women could not 
undergo gastroscopy because they were pregnant, and 
33 patients refused the procedure. Thus, 27 out of  63 
(43%) “test-negative” patients underwent upper GI 
endoscopy. In 22 out of  27 (81.5%) patients, the negative 
serological tests results were confirmed because no 
gastroscopic/histological finding was revealed; instead in 
the remaining 5 patients H pylori gastritis was diagnosed 
(Table 2). In particular, 3 likely causes of  IDA were 
misdiagnosed because 2 patients had “antral-predominant” 
chronic gastritis and 1 patient had atrophic body gastritis 
(Table 3).

The compliance rate of  test-positive women (65.4%) 
was significantly higher than that of  test-negative ones 
(42.8%) (Fisher test P = 0.0239). Patients undergoing 
gastroscopy were similar to the group of  included patients 
in the study for demographic, clinical and biochemical 
data. Moreover, for these parameters, the group of  
dropped-out test-positive and test-negative patients was 
not different from those test-positive and test-negative 
patients who underwent gastroscopy (data not shown).

Diagnostic performance of tissue transglutaminase and 
anti-H pylori antibodies in IDA 
On the basis of  these results, the sensitivity, the 

specificity, and the positive and negative predictive 
values of  tissue transglutaminase IgA antibodies for the 
diagnosis of  celiac disease were 80%, 92.8%, 50% and 
98.1%, respectively. The sensitivity, the specificity, and 
the positive and negative predictive values of  anti-H pylori  
antibodies for the diagnosis of  H pylori infection were 
84.8%, 100%, 100% and 84.8%, respectively.

DISCUSSION
In the present study, 115 women aged < 50 years 
with unexplained IDA were tested by anti-H pylori 
IgG antibodies and human recombinant t issue 
transglutaminase IgA antibodies to diagnose H pylori 
infection and celiac disease. Almost half  of  the studied 
patients tested positive for at least one serological assay, 
and the suspicion of  an upper GI disease as likely cause 
of  IDA, raised by the serological result, was confirmed 
by gastroscopy in 100% of  those with positive H pylori 
antibodies and in 50% of  those with positive tissue 
transglutaminase IgA. On the other hand, in only 11% 
of  test negative patients, gastroscopy with biopsies 
yielded a finding which may be interpreted as a likely 
cause of  IDA (2 H pylori-related antrum predominant 
pangastritis and 1 atrophic body gastritis). Thus, these 
findings indicate that in women aged < 50 years with 
IDA, the dual-step approach e.g. serological tests and 
then invasive procedure, may be considered as a useful 
tool to optimize the use of  gastroscopy, avoiding useless 
procedures, and to reduce the number of  expensive 
histological examinations.

Previous studies have shown that the presence of  
GI symptoms or the severity of  anemia were related to 
higher risk of  GI causes of  IDA[3,5-6]. In this study, no 
difference was found between test-positive and test-
negative patients in terms of  personal data, clinical and 
biochemical features including the frequency of  upper 
GI symptoms and Hb values. Therefore, our results 
show that GI evaluation is of  poor utility to target IDA 
patients for gastroscopy, strengthening the usefulness of  
the pre-endoscopic screening by serological tests.

H pylori infection was found in 35.6% of  the 
investigated women, confirming the strong association 
between H pylori infection and IDA observed in previous 
epidemiological studies[15-16]. Since H pylori IgG antibodies 
do not discriminate between active or previous infection, 
they are not generally considered useful for diagnosing  
H pylori infection[17]; in this clinical setting of  IDA women, 
H pylori antibody-positivity was always associated with 
active infection as shown by histological data (Table 3).  
Moreover, 82% of  patients with H pylori antibody-
positivity had gastritis involving the gastric body, while 
only five cases had an antrum-restricted gastritis. In fact, 
only when the inflammation involves the gastric body, 
the acid secretion is reduced and the iron absorption is 
impaired, is there a consequential IDA[13,18]. The presence 
of  positive H pylori antibodies, in a patient at high risk 
for iron malabsorption diseases, supports the need of  an 
accurate gastroscopic/histological evaluation with antral 
and corporal biopsies to define the extent of  gastritis and 

Histological findings Test-positive 
patients 

Test-negative 
patients

Antrum-restricted gastritis   5 2
Pangastritis1 21 1
Antrum-predominant pangastritis   1 1
Corpus-predominant pangastritis   1 -
Atrophic body gastritis   - 1
Total n = 28 n = 5

Table 3  Extent and degree of H pylori -related gastritis

1Equal score of inflammatory infiltrate in antrum and corpus.

Patients Test-positive n  = 34 Test-
negative 
n  = 27

Gastroscopic/
histological 

findings

H pylori  
antibodies 
n  = 26

Tissue transgluta-
minase antibodies 

n  = 6

H pylori  & Tissue 
transglutaminase 
antibodies n  = 2

H pylori-
related 
gastritis

  26 - 2   5

Celiac disease     1 3 1   -
Normal    - 3 - 22
Total findings   271 6 31 27

Table 2  Gastroscopic/histological findings of patients 
according to diagnostic tests results

11 patient had both H pylori-related gastritis and celiac disease.
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eventually its association with IDA. In our clinical setting, 
we observed 100% specificity and positive predictive value 
as well as a sensitivity of  85% for the H pylori antibodies 
assay. On the basis of  this result, we believe that the assay 
of  H pylori antibodies may be considered useful in the 
selection of  IDA women aged < 50 years to submit for 
gastroscopy, also keeping in mind that this serological test 
is widely available and cheap and, for this reason, it may 
be used in the primary care.

Human recombinant tissue transglutaminase IgA 
antibodies were found to be positive in almost 7% of  all 
patients. This antibody was chosen as screening test for 
celiac disease, because it is based on ELISA assay and 
is more accurate compared to the immunofluorescence 
method used for determining endomysial antibodies[19]. 
Our results showed a good sensitivity (80%), and 
specificity (93%) of  the assay in keeping with a recent 
meta-analysis[20]. Our study confirmed also the poor 
positive predictive value (50%), which is a well known 
limit of  this serological assay. Yet, this value is higher 
than the one (28%) reported in previous literature[21]. 
This difference may be explained by the fact that the 
women included in the present study were anemic and 
thus were at high risk for celiac disease[22]. Considering 
the occurrence of  false posit ives of  the t issue 
transglutaminase assay, even in this particular clinical 
setting, the need for a histological confirmation of  celiac 
disease diagnosis is confirmed.

The main limitation of  this work is the small size 
of  the sample, in part due to the high percentage of  
patients who have refused to participate in the study and 
of  those who, once included, refused gastroscopy. Thus, 
our findings suggest that the pre-selection of  young 
women for gastroscopy by non-invasive serological 
testing is able to increase compliance for the invasive 
procedure. In fact, the compliance rate of  test-positive 
women was significantly increased with respect to those 
test-negative (65.4% vs 42.8%; Fisher test P = 0.0239).

In conclusion, half  of  IDA women aged < 50 years 
tested positive to serological screening for H pylori 
infection and/or celiac disease, and gastroscopy with 
biopsies confirmed in the vast majority of  them the 
presence of  active H pylori gastritis involving gastric 
body, or celiac disease, as possible causes of  IDA. 
Thus, two simple and widely available tests (tissue 
transglutaminase IgA antibodies and anti-H pylori IgG 
antibodies) are able to select women with IDA to submit 
for gastroscopy to identify IDA-related GI causes.

COMMENTS
Background
Iron-deficiency anemia (IDA) is common in women aged < 50 years. 
Menorrhagia is often considered the only cause of iron deficiency anemia, 
but some studies have shown the usefulness of a gastrointestinal (GI) tract 
evaluation. The vast majority of IDA GI causes affect the upper GI tract and 
there is a high prevalence of conditions associated with iron malabsorption 
such as Helicobacter pylori (H pylori) related-pangastritis, celiac disease and 
atrophic body gastritis in IDA premenopausal women. 
Research frontiers
The diagnostic workflow in young women affected by IDA is not clearly 

established. The British Society of Gastroenterology recommends gastroscopy 
only in IDA women younger than 45 years presenting with GI symptoms. 
However, symptoms are often mild and aspecific in IDA women and the 
gastroscopy is an invasive procedure associated with a high number of refusals. 
In a previous work on IDA premenopausal women, gastroscopy was performed 
in all patients, later deemed unnecessary in almost 30% of the studied women 
because these were affected only by menorrhagia.
Innovations and breakthroughs
This study showed that two simple and widely available tests, ie those for 
tissue transglutaminase IgA antibodies and anti-H pylori IgG antibodies, 
are able to select women with IDA to submit for gastroscopy to identify IDA-
related GI causes and to increase the compliance for the invasive procedure.  
Gastroscopy with biopsies confirmed in the vast majority of IDA women the 
presence of active H pylori pangastritis, atrophic gastric body, or celiac disease 
as possible causes of IDA.
Applications 
This study showed that a pre-endoscopic serological screening for H pylori 
infection and celiac disease is useful to select IDA women having a high 
probability of being affected by iron malabsorption GI diseases and to increase 
the patients’ compliance for the procedure.
Terminology
Pangastritis: H pylori-related gastritis involving the antrum and the body of the 
stomach. Malabsorptive diseases: diseases related to iron-malabsorption that 
include H pylori-pangastritis, atrophic body gastritis and celiac diseases.
Peer review
The paper is interesting to study the usefulness of non-invasive test to select 
women with IDA for gastroscopy. These findings may be not applicable to other 
countries if the prevalence of celiac disease or H pylori infection are low.
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Abstract
AIM: To generate an adenoviral vector specifically 
targeting the EphA2 receptor (EphA2R) highly 
expressed on pancreatic cancer cells in vivo .

METHODS: YSA, a small peptide ligand that binds 
the EphA2R with high affinity, was inserted into the 
HI loop of the adenovirus serotype 5 fiber knob. To 
further increase the specificity of this vector, binding 
sites for native adenoviral receptors, the coxsackie and 
adenovirus receptor (CAR) and integrin, were ablated 
from the viral capsid. The ablated retargeted adenoviral 
vector was produced on 293T cells. Specific targeting 
of this novel adenoviral vector to pancreatic cancer 
was investigated on established human pancreatic 
cancer cell lines. Upon demonstrating specific in vitro  
targeting, in vivo  targeting to subcutaneous growing 
human pancreatic cancer was tested by intravenous 
and intraperitoneal administration of the ablated 
adenoviral vector.

RESULTS: Ablation of native cellular binding sites 
reduced adenoviral transduction at least 100-fold. 
Insertion of the YSA peptide in the HI loop restored 
adenoviral transduction of EphA2R-expressing cells 
but not of cells lacking this receptor. YSA-mediated 

transduction was inhibited by addition of synthetic 
YSA peptide. The transduction specificity of the 
ablated retargeted vector towards human pancreatic 
cancer cells was enhanced almost 10-fold in vitro . In 
a subsequent in vivo  study in a nude (nu/nu) mouse 
model however, no increased adenoviral targeting 
to subcutaneously growing human pancreas cancer 
nodules was seen upon injection into the tail vein, nor 
upon injection into the peritoneum.

CONCLUSION: Targeting the EphA2 receptor 
increases specificity of adenoviral transduction of 
human pancreatic cancer cells in vitro but fails to 
enhance pancreatic cancer transduction in vivo . 

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Pancreatic cancer is a devastating disease with a very 
poor prognosis[1]. The lack of  options for curative 
treatment for pancreatic cancer and other gastrointestinal 
malignancies warrants a search for novel targets and 
novel therapies including gene therapy[2,3]. Adenovirus 
has been used widely as a gene therapy vector to treat 
solid tumors. After initial negative results in clinical trials 
with non-replicating vectors, conditional replicating 
adenoviral vectors have been tested in clinical trials 
recently. However, these have also shown disappointing 
efficacy[4,5]. Poor transduction efficiency and specificity 
of  adenoviral vectors appears to be a major problem. 
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This seems to be the result of  low expression of  the 
primary receptor involved in adenoviral transduction 
on the tumors, the coxsackie and adenovirus receptor 
(CAR). Development of  targeted vectors to circumvent 
CAR-mediated entry therefore seem to be required to 
increase the therapeutic potential of  this approach.

Incorporation of  ligands that bind to receptors 
highly expressed on cancer cells in the fiber HI loop 
enhance adenoviral transduction efficiency[6]. We have 
shown that incorporation of  an RGD peptide improved 
transduction in pancreatic cancer[7]. Tumor specificity 
of  RGD, however, is limited. Therefore, we decided to 
introduce the YSA peptide (YSAYPDSVPMMS) in the 
HI loop (van Geer, in review). YSA is a ligand for the 
EphA2 receptor (EphA2R) that is highly expressed on 
pancreatic cancers[8] and other solid tumors[9-11]. Since 
the YSA peptide has a high affinity for this receptor, 
it can be used for in vivo delivery of  agents to tissues 
and tumors expressing the EphA2R[12]. In addition, 
binding of  YSA activates the EphA2R and induces its 
internalization which may enhance adenoviral uptake. 
Adenoviral HI loop insertion of  the YSA peptide 
increased the transduction specificity and efficiency both 
in human pancreatic tumor cell lines and in pancreatic 
tumor resection specimens in vitro (van Geer, in 
preparation). In vivo however, the presence of  the native 
binding sites in the adenoviral capsid will compromise 
specific targeting. Even in vitro, YSA-mediated entry 
could only be proven upon inhibition of  CAR-mediated 
entry. As we aim to target pancreas cancer in vivo we 
decided to ablate the native adenoviral binding sites of  
the YSA-targeted vector.

A highly conserved cluster of  amino acids on the 
adenovirus fiber trimer is involved in CAR binding[13]. 
Site-directed mutagenesis of  amino acids in this region 
was used to identify mutations that affect CAR binding. 
Mutations in the AB loop[14,15], the DE loop[16], and the 
FG loop[17] of  the fiber knob all abolished CAR binding 
in vitro.

In addition to CAR, binding to integrins can also 
mediate adenoviral transduction. The presence of  
integrins on virtually all normal cells will also limit 
specific transduction of  tumor cells. Removal of  the 
integrin-binding motif  RGD from the adenoviral 
penton base indeed enhances tumor specific targeting of  
adenoviral vectors[18].

To generate an adenoviral vector that targeted 
pancreatic cancer in vivo we therefore decided to combine 
HI loop insertion of  the YSA peptide with ablation of  
the binding sites for CAR and integrin. The specificity 
of  this doubly-ablated retargeted vector (Ad/∆F(FG)∆
P-YSA) was determined in vitro and subsequently in vivo.

MATERIALS AND METHODS
Materials
Anti-fiber monoclonal 4D2 antibody (NeoMarkers, 
Fremont, California, USA); anti-EphA2R clone D7 
(Sigma, Saint Louis, USA), synthetic peptide YSA 
(Eurogentec, Seraing, Belgium), Basement Membrane 

Matrix (BD Biosciences, Bedford, MA); luciferase activity 
was determined using a commercial kit (Promega) and a 
Berthold luminometer.

Cells
HEK293 cells, the established PC cell lines Capan-1 and 
Hs766-T, the mouse pre-adipocyte cell line 3T3-L1 and 
the mouse hepatoma Hepa 1-6 cell lines were obtained 
from the American Type Culture Collection Rockville, 
Maryland; BxPC-3 and MIA PaCa-2 were obtained 
from Boehringer Ingelheim (Belgium). The pancreatic 
carcinoma cell lines (p6.3 and p10.5) were obtained 
from Dr. E Jaffee, Johns Hopkins University School of  
Medicine, Baltimore, MD, USA. Human umbilical vein 
endothelial cells (HUVECs, passage 1-3) were isolated as 
described[19] and cultured in Medium-199 (GIBCO-BRL, 
Paisley, Scotland), supplemented with 20% (v/v) fetal 
bovine serum, 50 mg/mL heparin (Sigma, St Louis, MO, 
USA), 6-25 mg/mL endothelial cell growth supplement 
(ECGS; Sigma), penicillin (100 IU/mL), streptomycin 

(100 mg/mL) (GIBCO-BRL). Human fibroblasts 
(passage < 10) were a gift from the department of  
Genetic and Metabolic diseases AMC, Amsterdam. 
Fiber-293 cells expressing adenovirus type 5 fiber 
protein were used as the packaging cell line as previously 
described. All cells were cultured in Dulbecco’s minimal 
essential medium (DMEM) with 10% fetal bovine serum 
(heat inactivated); L-glutamine (2 mmol/L) and penicillin 
(100 IU/mL), streptomycin (100 mg/mL) all from 
Cambrex Bio Science, Walkersville. All cell lines were 
cultured at 37℃ in 10% CO2 atmosphere.

Plasmids
The E1-, E3-deleted adenovirus vector AdHM43 
was used for propagation of  integrin- and CAR-
binding mutated adenovirus[20]. The RGD-peptide 
coding sequence at the penton base was changed from 
MNDHAIRGDTFATRAE to MNDTSRAE and the 
FG-loop of  the fiber was deleted (T489, A490, Y491, 
T492). The cytomegalovirus (CMV) immediate-early 
promoter controlled enhanced green fluorescent protein 
(eGFP) and the CMV-controlled luciferase gene were 
inserted between the PI-Sce and Ceu-I sites of  the 
pAdHM43 plasmid (van Geer, in review). Insertion of  
the YSA peptide (YSAPDSVPMMS) into pAdHM43-
CMV-GFP and CMV/Luc was performed by digestion 
with BstB1 and ligation with 2 annealed primers: YSA 
forward: CGAAGTACAGCGCCTACCCCGACGG-
CGTGCCCATGATGT. YSA reverse: CGACATCAT-
GGGCACGCTGTCGGGGTAGGCGCTGTACTT. 
Clones identified by restriction enzyme analysis and PCR 
were sequenced to exclude mutations.

Virus generation, propagation and analysis
Recombinant ablated adenoviral vectors were generated 
by transfection of  HEK 293 adeno fiber-expressing cells 
with PacⅠ-linearized Ad-CMV-GFP/Luc-YSA. Normal 
HEK 293 cells were used for the last propagation round 
as previously described[20]. Adenovirus was purified and 
concentrated by performing 2 cesium chloride gradients 
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and dialyzing against PBS. Glycerol was added to a final 
concentration of  10% (v/v) and virus preparations were 
stored at -80℃.

Modification of  viral genomes were verified by 
PCR and sequencing using the following primers: fiber-
forward: CAAACGCTGTTGGATTTATG; fiber-
reverse: GTGTAAGAGGATGTGGCAAAT; RGD 
forward: TTGGATGTGGACGCCTAC; RGD reverse: 
AGGTGTCGCCGCGAATGGC.

T he  an t i - f i b e r  monoc lona l  4D2  an t i body 
(NeoMarkers, Fremont, California) was used to confirm 
proper trimerization of  the fiber[21]. The number of  
viral genomic copies (gc) was determined by qPCR as 
previously described[22].

EphA2 receptor expression
Expression of  EphA2R was studied with Western 
blotting using a 1:1000 dilution of  a monoclonal 
antibody (anti-EphA2R clone D7, Sigma, Saint Louis, 
USA) and a peroxidase-conjugated anti IgG secondary 
antibody (1:2500). Cell lysates were prepared in  
25 mmol/L Tris HCl pH 7.6, 150 mmol/L NaCl, 1% 
NP-40, 1% sodium deoxycholate, 0.1% SDS containing 
a cocktail of  protease inhibitors (1:250, Roche). The 
protein concentration was determined with a BCA 
assay kit (Sigma). Detection was performed using the 
Lumi-light plus Western Blotting Substrate Kit (Roche, 
Mannheim, Germany). For receptor localization studies 
pancreatic tumor cells were gown on cover slips and 
were fixated 2 d later and stained for EphA2R using 
a 1:500 of  the monoclonal antibody and a 1:2500 
peroxidase-conjugated IgG secondary antibody.

Adenoviral transduction 
5.0 × 104 cells were plated in 48-well plates and allowed 
to adhere overnight at 37℃. The next day virus was 
added (500 or 1000 VP/cell) in 2% DMEM. Blocking 
was performed by pre-incubating the cells with 
blocking agents in PBS for 20 min at room temperature. 
EphA2R was blocked with the synthetic peptide YSA 
(Eurogentec, Seraing, Belgium). For the bi-specific 
antibody experiments, 500 gc of  virus were incubated 
for 60 min with 2.5 mL scFv bi-specific antibody (a kind 
gift from Dr. VW van Beusechem[23]).

In vivo transduction
1.0 × 107 Capan-1 pancreatic cancer cells were 1:1  
d i luted with Basement Membrane Matr ix  (BD 
Biosciences, Bedford, MA) and injected subcutaneously 
in both flanks of  6-9 wk old female athymic NMRI 
nu/nu mice (Harlem). When the tumor nodule reached 
a diameter of  0.4 to 0.7 cm, mice were injected 
intravenously (i.v.) or intraperitoneally (i.p.) with 1.0 × 1011 
gc of  Ad-/∆F(FG)∆P or Ad-/∆F(FG)∆P-YSA in 100 mL  
PBS. Blood was sampled by orbital puncture at 10 min 
after i.v. injection or at 90 min after i.p. injection. Three 
days after injection, mice were sacrificed and organs were 
harvested, snap frozen and used to determine luciferase 
activity according to standard procedures (Promega), 
using a Berthold luminometer. Luciferase activity was 

normalized for protein content. Viral DNA in blood was 
purified as described previously[24] and gc were quantified 
by qPCR using the primers against the CMV promoter 
(forward: AATGGGCGGTAGGCGTGTA, reverse 
AGGCGATCTGACGGTTCACTA). Serum aspartate 
aminotransferase (ASAT) and alanine aminotransferase 
(ALAT) levels were determined using standard clinical 
chemistry methods.

RESULTS
Expression of the EphA2R on human pancreatic cancer 
cell lines and tissue specimens
The EphA2R is highly expressed on most solid tumors 
including pancreatic cancer. To investigate which cell 
lines are suitable as a model to study targeting, we 
determined its expression on a panel of  established 
human pancreatic cancer cells and normal human cells 
such as fibroblasts and endothelial cells. The expression 
level of  the EphA2R varied significantly in human 
pancreas cancer cell lines (Figure 1A). High expression 
was seen in Capan1, BxPc3, Hs766T and MIA PaCa-2, 
while expression in p6.3 and p10.5 was low. Of  the 
normal cells, only human endothelial cells expressed 
EphA2R. Since this receptor is absent on normal human 
fibroblasts, we used these as negative control cells.

To investigate whether the EphA2R was accessible, 
we determined its localization in the cell lines highly 
expressing this receptor. The localization of  this 
receptor differed between cell lines (Figure 1B). In 
Capan-1 and BxPc-3 cells, the EphA2R was detected on 
the membrane while in MIA PaCa-2, it was mostly seen 
in the cytoplasm. The signal seen in Hs766-T suggests 

Hu      Bx       Ca        Hs      Mi       p6.3   p10.5     Fi

EphA2

Actin

A

B

Figure 1  EphA-2 expression in human cell lines. A: Analysis of EphA2R 
expression by Western blotting in human umbilical vein endothelial cells (Hu), 
human pancreatic cancer cell lines BxPc-3 (Bx), Hs766-T (Hs), Capan-1 (Ca), 
MIA PaCa-2 (Mia), p6.3, p10.5 and human fibroblasts (Fi). EphA2R was de-
tected using a monoclonal antibody and detection of actin levels was performed 
as a loading control; B: Immunolocalization of EphA2R in human pancreatic 
cancer cell lines  BxPc-3 (left top), Capan-1 (right top), Hs766-T (bottom left), 
MiaPaca-2 (bottom right). Cells were fixated with methanol, acetone, and water, 
and a directed monoclonal antibody was used to detect EphA2R using a goat 
anti-mouse labeled with PO to perform DAB detection. Magnification (× 600), 
except for MiaPaca-2 (× 400). 
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that, in this cell line, the EphA2R is present in nuclear 
granules. Since, in Capan-1 cells, the presence of  the 
EphA2R on the membrane indicates that it is accessible 
for YSA binding, we chose to use this cell line for our 
subsequent studies.

Generation of ablated adenoviral vectors
We decided to use the FG loop mutation to ablate CAR 
binding because it has been well characterized[17,25]. By 
subsequent deletion of  the RGD peptide from the 
penton base we obtained a doubly-ablated vector Ad-/∆
F(FG)∆P which lacked both CAR and integrin binding. 
We inserted the YSA peptide in the HI loop of  this 
doubly-ablated vector and generated Ad-/∆F(FG)∆
P-YSA.

The lack of  binding to native cellular receptors 
severely impairs the cellular entry of  this doubly-ablated 
vector. Therefore, it can not be propagated on normal 
HEK 293 T cells. To overcome this, we used 293T 
cells that express the adenovirus type 5 fiber protein[20]. 
Incorporation of  the normal fiber expressed in trans into 
the ablated vector allowed efficient cell entry and vector 
production. The last round of  virus propagation was on 
normal 293T cells to generate the doubly-ablated vector. 

Because of  impaired cell entry, the infectious particle (ip) 
titers of  ablated vector stocks could not be preformed 
by standard procedures. To determine the functional 
titer of  these vectors we therefore used a bi-specific 
antibody[23]. This antibody binds to the adenovirus knob 
and the epidermal growth factor receptor (EGFR). 
Upon binding to this antibody, the vector will enter the 
cells via the EGFR only. Therefore, this antibody allows 
direct comparison between the ip/gc ratio of  the ablated 
and of  the retargeted vectors.

To confirm the absence of  CAR- and integrin-
mediated entry, we compared the transduction efficiency 
of  wild-type adenovirus type 5 with that of  Ad-/ΔFΔP 
and Ad-/ΔFΔP-YSA on A549 cells that do express CAR 
but not EphA2R. The 3 to 4 log lower transduction by 
both ablated vectors confirmed efficient abolition of  
binding to the native receptors (Figure 2A). As expected, 
the transduction efficiency of  both vectors on normal 
human fibroblasts that do not express the EphA2R was 
comparable but very low: 1.42 × 105 RLU for Ad-/∆
F(FG)∆P and 1.77 × 105 RLU for Ad-/∆F(FG)∆P-YSA 
(P = 0.06) (Figure 2B). To confirm viability of  the 
ablated vectors, we incubated both vectors with the bi-
specific antibody, which resulted in a 2 log increase of  
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Figure 2  YSA redirects adenovirus to the EphA2 receptor. A: Transduction of CAR-expressing A549 cells with wild-type, ablated and YSA-retargeted adenoviral 
vectors with 1000 gc/cell: wt-Ad-Luc, Ad-Luc/∆F(FG)∆P and Ad-Luc/∆F(FG)∆P-YSA. Twenty four hours after infection cells were lysed to determine luciferase levels. 
Data are expressed as mean ± SD (n = 3). B: Incubation with bi-specific antibody restores infectivity of ablated adenoviral vectors in human fibroblasts. Cells were 
transduced with 500 gc/cell of Ad-/∆F(FG)∆P or Ad-/∆F(FG)∆P-YSA with (black bars) or without (white bars) EGF receptor targeted bi-specific scFV molecules. Lucif-
erase activity was measured after 24 h and data are expressed as mean ± SD (n = 3). C: Insertion of YSA peptide in the HI loop of ablated adenoviral vector partially 
restores transduction of human pancreatic cancer cell lines Capan-1 and MiaPaca-2. Cells were transduced with 1000 gc/cell of wt-Ad-Luc (white bars), or Ad-Luc/∆
F(FG)∆P (gray bars) or Ad-Luc/∆F(FG)∆P-YSA (black bars). Luciferase activity was measured after 24 h. Data are expressed as mean ± SD (n = 3). D: Pre-incuba-
tion with synthetic peptide blocks YSA-mediated targeting of human pancreatic cancer cell line MiaPaca-2. Cells were preincubated with 250 (grey bars) or 500 (black 
bars) mmol/L synthetic YSA peptide and transduced with 500 gc/cell of Ad-Luc/∆F(FG)∆P or Ad-Luc/∆F(FG)∆P-YSA. Luciferase was measured after 24 h. Data are 
expressed as mean ± SD (n = 3). 
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transduction efficiency for both vectors, Ad-/∆F(FG)∆
P: 1.5 × 107 RLU and Ad-/∆F(FG)∆P-YSA: 1.9 × 107  
RLU. The comparable transduction by both in the 
presence of  the antibody indicated that both had a 
comparable ip/gc ratio (P = 0.094) and were viable.

To determine if  insertion of  the YSA peptide was 
functional, we tested transduction of  both vectors 
on EphA2R-expressing Capan-1 and MiaPaca-2 cells. 
Although both cell lines do express integrins[7], ablation 
of  native binding sites reduced their transduction by 3 
to 1.5 logs. Insertion of  the YSA peptide increased gene 
transfer to Capan-1 cells by 7.6-fold (P = 0.0014) and 
to MIA PaCa-2 cells by 4.5-fold (P < 0.0001). Insertion 
of  the YSA peptide did not increase transduction in 
Hs766-T cells which only showed nuclear EphA2R 
staining (not shown). To confirm that entry of  the 
retargeted vector was mediated by the YSA peptide, 
we performed competition experiments. As shown in  
Figure 2D, the 4-fold increased transduction efficiency 
of  Ad-/∆F(FG)∆P-YSA compared to Ad-/∆F(FG)
∆P was lost upon pre-incubation with synthetic YSA 
peptide. This indicated that the increased efficiency 
of  the retargeted vectors was indeed mediated by the 
inserted YSA peptide. Thus, HI loop insertion of  the 
YSA peptide in an adenovirus that lacks binding to CAR 
and integrins, resulted in cell entry via the EphA2R. 
Therefore, this vector appeared suitable for in vivo 
targeting of  pancreatic cancer.

Targeting of  the EphA2R by the YSA peptide 
has only been demonstrated in humans. Binding of  
the YSA peptide to the murine EphA2R has not 

been studied. Since binding to EphA2R expressed on 
activated (murine) endothelial cells will affect targeting 
of  pancreatic cancer in a mouse model, we therefore 
decided to investigate the transduction efficiency of  
the YSA-retargeted adenoviral vector to mouse cells 
expressing the EphA2R. As shown in Figure 3A, mouse 
3T3 fibroblasts and hepatoma cells (hepa1-6) both 
expressed the murine EphA2R, albeit at a lower level 
than in the human pancreatic cancer cell lines Capan-1 
and MIA PaCa-2. Ablation of  native cell binding sites 
reduced adenoviral transduction of  these 2 mouse cell 
lines by 1 to 2 logs (Figure 3B). Insertion of  the YSA 
peptide completely rescued cell entry of  the ablated 
vector. Compared to the ablated vector, gene transfer 
of  the YSA-retargeted vector was enhanced 17-fold in 
3T3 cells and 95-fold in Hepa 1-6 cells. This efficient 
transduction of  cells expressing the mouse EphA2R 
rendered the mouse a suitable model to study the 
efficiency of  YSA-mediated targeting in vivo.

In vivo targeting in pancreatic cancer
To study in vivo targeting we used a nu/nu mouse model 
with subcutaneously growing human pancreatic tumor 
nodules. The virus was injected into mice which had 
nodules with a diameter of  0.4-0.7 cm, within 3 wk after 
injection of  Capan-1 cells. We administered 1.0 × 1011 gc 
of  ablated [Ad-/∆F(FG)∆P] or of  the redirected vector 
Ad-/∆F(FG)∆P/-YSA, via the tail vein or i.p. Upon i.v. 
injection the clearance of  both vectors was comparable. 
At 10 min after injection, 9.4 × 108 ± 6.3 × 108 gc/mL 
of  Ad/∆F(FG)∆P and 1.1 × 109 ± 5.6 × 108 gc/mL 
of  Ad/∆F(FG)∆P-YSA were present in blood. Since 
the total blood volume in a mouse is approximately  
2.5 mL, the initial concentration of  the virus was 4 × 
1010 gc/mL. Thus 95% of  the injected virus was cleared 
within 10 min. Based on the literature, we expected a 
slower clearance after i.p. injection, and determined the 
amount of  virus in blood after 90 min. No significant 
difference was seen after 90 min between Ad-/∆F(FG)
∆P-YSA (1.4 × 108 ± 8.3 × 107 gc/mL) and Ad-/∆
F(FG)∆P (3.2 × 108 ± 4.3 × 108 gc/mL) (P = 0.3). Thus 
clearance for both vectors after i.p. injection was also 
comparable. Clearance of  i.p.-injected virus was also 
efficient since less than 0.5% of  the injected dose was 
present in blood after 90 min.

All mice were sacrificed 72 h after injection. Tissues 
were harvested and snap frozen in liquid nitrogen to 
determine adenoviral transduction by determining 
luciferase expression. After i.v. injection, expression of  
luciferase in the liver of  Ad/∆F(FG)∆P-YSA treated 
mice was 6.7-fold lower (P = 0.015) than that in mice 
injected with Ad/∆F(FG)∆P (Figure 4B). Thus, the 
YSA peptide impaired liver transduction. No significant 
differences in expression were seen between both 
vectors in all other tissues. Surprisingly, the amount of  
luciferase expression in mice injected with Ad-/∆F(FG)
∆P-YSA was only 15% of  that in mice injected with 
Ad-/∆F(FG)∆P. This indicated that a large amount of  
the redirected vector was lost upon i.v. injection. The 
difference in luciferase expression between both vectors 
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Figure 3  YSA targets adenovirus to cells expressing murine EphA2R. A: 
Western blotting demonstrates that mouse 3T3 and Hep1-6 cells, like human 
pancreatic cancer cell lines Capan-1 and MIA PaCa-2, express the EphA2R. 
EphA2R was detected using a monoclonal antibody and the housekeeping pro-
tein actin was used as a loading control. B: Efficient transduction of mouse 3T3 
and Hep1-6 cells by YSA-retargeted adenoviral vector. Cells were transduced 
with 1000 gc/cell of wt-Ad-Luc (white bars), Ad-Luc/∆F(FG)∆P (gray bars) or 
Ad-Luc/∆F(FG)∆P-YSA (black bars). Luciferase was measured after 24 h.  
Data are expressed as mean ± SD (n = 3).
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was not seen after i.p. injection. This is due to the almost 
50-fold lower luciferase expression in the liver after i.p. 
injection of  Ad-/∆F(FG)∆P (P = 0.0163). For Ad/∆
F(FG)∆P-YSA, the luciferase levels in the liver after i.p. 
injection were only reduced 9-fold and did not reach 
significance. The lower luciferase expression levels 
indicated that both vectors were cleared more efficiently 
without transduction after i.p. injection. To correct for 
the lower overall expression we chose to use the tumor 
liver ratio in each animal as an indication of  retargeting 
efficiency. As shown in Figure 4C, no significant 
targeting of  the tumor was seen with the YSA-redirected 
virus. Furthermore, the route of  administration also did 
not affect tumor targeting.

Adenoviral vectors cause inflammation of  the liver. 
Therefore we determined ALAT and ASAT levels 3 d  
after injection. Although we did see a 4 to 5-fold 
increase, no differences were seen between the 2 viral 
vectors (Figure 4D).

DISCUSSION
Conditional replicating adenovirus vectors are being 
developed to treating solid cancers[4,5]. However, these 
vectors have only been effective after direct injection into 
the tumors. As cancer is a systemic disease in virtually 

all fatal cases, this lack of  systemic efficacy presents a 
major limitation to successful adenovirus-mediated gene 
therapy. Specific targeting therefore is a prerequisite for 
efficient eradication of  solid cancer cells.

The aim of  this study was to target the adenovirus 
to pancreatic cancers. Effective targeting in vitro to 
human cancer cells using HI loop insertion of  peptide 
ligands has been reported by other groups. A well 
known example is the insertion of  an integrin-binding 
RGD peptide that overcomes the poor transduction of  
human cancer caused by low expression of  CAR[7,26,27]. 
Although integrins are highly expressed on cancer cells, 
the specificity of  RGD targeting in vivo is questionable 
because of  integrin expression in other tissues. 
Therefore more specific targeting peptides are needed. 
We compared binding of  several ligands to receptors 
highly expressed on pancreatic cancers for their ability 
to target the adenovirus to pancreatic cancer cells (van 
Geer et al[12] in preparation). Of  these ligands the YSA 
peptide appeared the most promising since it provided 
selective targeting in vitro to the EphA2R. Since YSA 
targets tissues expressing the EphA2R, we decided to 
test the specificity this retargeted vector in vivo.

Insertion of  a peptide into the HI loop does 
not shield the native cell binding sites present in the 
adenoviral capsid. Binding of  the retargeted vector 
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Figure 4  Lack of YSA specific targeting in nu/nu mice. A: 1 × 1011 gc of Ad/∆F(FG)∆P (ablated, A) or 1 × 1011 gc of Ad/∆F(FG)∆P-YSA (YSA; Y) are rapidly 
cleared from blood after intravenous (i.v.) and intraperitoneal (i.p.) administration into mice. At 10 min after i.v. or 90 min after i.p. injection and after 3 d (both), adeno-
viral genomic copies were determined in whole blood with real time PCR. B: Bio-distribution Ad/∆F(FG)∆P and Ad/∆F(FG)∆P-YSA injected i.v. or i.p. into nu/nu mice 
with a subcutaneous human pancreatic tumor. Animals were sacrificed 3 d after injection of 1 × 1011 gc of adenoviral vector. All organs were harvested and analyzed 
for luciferase expression/mg of protein. (aP < 0.05 compared with Ad/∆F(FG)∆P after i.v. injection; cP < 0.05 compared with Ad/∆F(FG)∆P after i.v. injection). C: The 
tumor/liver ratio of luciferase expression in each mouse demonstrates the lack of significant targeting of retargeted adenovirus to pancreatic cancer in vivo.  D: Similar 
ASAT and ALAT levels in serum at 3 d after injection indicates comparable liver toxicity of ablated and retargeted adenoviral vectors in nu/nu mice. Data represent the 
mean ± SD of 4-7 mice.
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to these receptors present on liver cells for instance, 
will limit specific targeting[17]. Since ablation of  these 
native binding reduces liver transduction and improves 
specific targeting in vivo[14], we combined YSA targeting 
with ablation of  the native binding sites. We showed 
that ablation of  CAR and integrin binding reduced 
adenoviral transduction by at least 2 logs in vitro. 
Insertion of  the YSA peptide partly restored the 
transduction efficiency of  the virus, but only on cells 
that expressed the EphA2R. Addition of  synthetic YSA 
peptide blocked the increase in transduction efficiency. 
Together these data demonstrated that insertion of  YSA 
enables EphA2R-mediated entry of  ablated adenoviral 
vectors. Other groups have also reported that the loss of  
infectivity of  ablated vectors can be restored by insertion 
of  a targeting ligand in the HI loop[17,18,28]. However, not 
all retargeted vectors do provide efficient transduction. 
Insertion of  RGD in a vector in which the CAR binding 
site was ablated in the KO1 mutation did not result in 
integrin-mediated uptake[29]. Apparently, in addition to 
preventing CAR binding, this mutation affected other 
essential steps such as internalization or trafficking 
of  the adenovirus. In conclusion, our data and that 
of  others show that HI loop insertion of  a targeting 
peptide results in specific targeting of  CAR/integrin-
ablated adenoviral vectors in vitro.

Expression of  the EphA2R is also enhanced in 
several normal tissues including tumor endothelium. 
Therefore, we investigated whether the YSA peptide 
also mediated adenoviral transduction via the mouse 
EphA2R. Since insertion of  the YSA peptide increased 
the transduction of  2 mouse cell lines expressing the 
EphA2R by 1 to 2 logs, the YSA-retargeted vector 
was capable of  targeting the mouse endothelium. The 
increase in transduction of  mouse cells was stronger than 
in human pancreatic cancer cell lines while expression of  
the EphA2R in mouse cells was lower. This discrepancy 
seems to result from better accessibility of  the EphA2R 
in mouse cells since, in human pancreatic cancer 
cells, most of  the EphA2R was present in the cytosol  
(Figure 1A). Another possible explanation for this 
discrepancy is the expression of  an inactive EphA2R in 
cancer cells. Since EphA2R activation impairs survival, 
cancer cells with an inactive receptor will have a growth 
advantage[11]. A third explanation could be a higher 
affinity of  the Ad-/∆F(FG)∆P-YSA for the mouse 
EphA2R. Nevertheless, the efficient transduction of  
mouse cells expressing EphA2R renders the mouse 
a good model to study YSA-mediated targeting of  
pancreatic cancer in vivo.

After intravenous injection, luciferase expression 
in the liver of  the YSA-retargeted vector Ad-/∆F(FG)
∆P-YSA was lower than that by the ablated virus  
(Figure 4B). A decreased transduction of  the liver 
was also reported in other studies in which the FG 
loop has been mutated. Thus, it seems that FG loop 
mutations lead to de-targeting of  the hepatocytes[17]. 
In contrast, mutations in the AB loop did not decrease 
liver transduction[18,30]. These studies indicate that liver 
de-targeting occurred irrespective of  the nature of  the 

inserted peptide sequence. In our study, the decreased 
liver transduction due to YSA-retargeting was not 
accompanied by an increased transduction of  any 
other tissue tested. Therefore, the increased loss of  the 
redirected virus seems to result from degradation by 
tissue macrophages, which degrade more than 90% of  
injected adenoviruses. Since these cells do not express 
the EphA2R this would appear to be a non-specific 
effect.

In contrast to the receptor-mediated transduction 
of  hepatocytes, uptake of  adenovirus by macrophages 
depends on the binding of  adenovirus fiber to blood 
factors. This induces uptake of  adenovirus, for instance 
via the scavenger receptor[31,32]. Increased binding to 
blood factors of  the mutated FG loop may cause the 
10-fold greater loss of  re-targeted adenovirus upon i.v. 
injection by increasing its degradation by macrophages.  
This may cause a lack of  tumor targeting by Ad-/∆F 
(FG)∆P-YSA in vivo.

Akiyama et al[25] reported that after i.p. injection, 
a comparable ablated adenoviral vector efficiently 
entered the blood stream. Furthermore, they showed 
prolonged blood circulation and absence of  hepatocyte 
transduction. Based on this, i.p. injection seemed a 
promising approach for systemic targeting. In our 
study, we could not repeat this observation. At 90 
min after injection, less than 1% of  the injected dose 
of  vector was still present in the circulation while in 
contrast they still detected 20%. Increased uptake by 
macrophages may explain this discrepancy[33]. We used 
nu/nu mice to study retargeting of  adenovirus while 
Akiyama et al reported a prolonged circulation time in 
normal mice. Several old studies have reported increased 
phagocytosis in nu/nu mice compared to normal 
mice to compensate for their immune defects[34,35]. A 
high dose of  adenovirus can saturate the uptake by 
macrophages residing in the peritoneum and liver, and 
result in appearance of  the virus in the circulation[36]. 
Apparently, the dose used in this study was too low to 
saturate the increased macrophage clearance capacity in 
nu/nu mice. The increased liver enzymes in serum after 
i.p. injection indicated increased macrophage uptake 
(Figure 4D). This increase was not observed for this 
ablated vector in normal mice. The increased uptake by 
macrophages in nu/nu mice rendered this model less 
suitable for adenoviral targeting studies[30]. Inhibition of  
phagocytosis therefore seems to be required to use this 
model for studying retargeting of  ablated adenoviral 
vectors, e.g., by pre-injection of  a small dose of  virus[37].

For both administration routes, the luciferase 
expression in subcutaneously growing Capan-1 tumors 
was not significantly different between re-targeted 
and ablated vectors. The transduction of  pancreatic 
cancer by our ablated vector suggests that adenoviral 
uptake can be mediated by other receptors. The role of  
additional receptors in Capan-1 cells is in accordance 
with Havenga et al[38]. They observed that gene transfer 
in these cells did not correlate with expression levels of  
CAR and/or integrins. In contrast, transduction by non-
ablated adenoviral vectors was strongly impaired by loss 
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of  CAR expression[7,39]. Apparently, removal of  native 
cell binding sites is compensated by other low affinity 
binding sites, such as heparan sulphate proteoglycans[40]. 
The expression of  the 2 most prominent proteoglycans, 
glypican-1 and syndecan-1, is indeed enhanced in 
pancreatic cancers. This may explain the efficient 
transduction of  the tumor by the ablated vector[41,42]. 
Pancreatic cancer therefore seems susceptible to blood 
factor-mediated transduction by adenovirus as has been 
reported for herpes virus also[43]. Therefore, ablation 
of  the sites in the fiber knob that bind to blood factors 
may be required to re-direct the adenovirus to cancer 
cells in vivo. Furthermore, studies to determine binding 
to (human) blood components of  modified vectors are 
essential for predicting their in vivo efficacy. Binding 
to blood factors may explain why ablated vectors with 
a peptide insertion fail to target tumors following 
intravenous injection[6,44], while they do perform properly 
upon local injection[25,28,45].

In conclusion, we have generated a doubly-ablated 
virus that targets pancreatic cancer cells via the EphA2R. 
However, in vivo targeting remains inefficient as yet. Most 
likely, further modification of  the Ad capsid is necessary 
to prevent binding to blood factors which lowers gene 
transfer to the liver[30,46].
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Abstract
AIM: To investigate the effects of gallbladder stones 
on motor functions of the gallbladder and the dynamics 
of bile flow in asymptomatic gallstone disease.

METHODS: Quantitative hepatobiliary scintigraphy 
was performed to detect the parameters of gallbladder 
motor function [gallbladder ejection fraction (GBEF), 
gallbladder visualization time (GBVT), gallbladder time 
to peak activity (GBTmax), gallbladder half emptying 
time (GBT1/2), and transit time of bile to duodenum 
(TTBD)] in 24 patients with asymptomatic cholelithiasis 
who were diagnosed incidentally during routine 
abdominal ultrasonographic examination and 20 
healthy subjects with normal gallbladder. 

RESULTS: Even though there was no significant 
difference in the clinical and laboratory parameters 
between the patient and control groups, all parameters 
of gallbladder function except TTBD were found to 
differ significantly between the two groups. GBEF in 
the patient group was decreased (P  = 0.000) and 
GBVT, GBTmax, GBT1/2 in the patient group were longer 
(P  = 0.000, P  = 0.015, P  = 0.001, respectively). 

CONCLUSION: Our results showed that even if 

there were not any clinical and laboratory findings, 
gallbladder filling and emptying could be impaired in 
patients with gallstone disease. 

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Asymptomatic cholelithiasis is being diagnosed 
increasingly, mainly as a result of  the widespread use 
of  abdominal ultrasonography for the evaluation of  
patients for unrelated or vague abdominal complaints 
and in cases of  routine checkup. Most studies have 
indicated that the progression of  asymptomatic to 
symptomatic disease is relatively low[1-4]. Despite some 
controversy most authors agree that the vast majority of  
subjects should be managed by observation alone. The 
major concern when discussing the natural history of  
asymptomatic cholelithiasis is the possible development 
of  a severe, potentially life-threatening complication, 
such as acute supurative cholangitis, severe pancreatitis, 
cholecystoenteric fistula, gallstone ileus or rarely 
gallbladder cancer. Unfortunately, it is impossible, using 
local (such as number, size, nature, alteration in wall 
thickness or gallbladder contractility) or general factors 
(such as age, gender, or associated comorbidity) to 
predict who among asymptomatic patients, will develop 
symptoms or complications and when[5].

Hepatobiliary scintigraphy is used to show both 
morphological and physiological changes in the 
gallbladder. Since physiological changes usually precede 
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morphological alterations by several weeks or months, 
there is great potential for early diagnosis by scintigraphy, 
before irreversible functional changes take place[6]. The 
main advantage of  hepatobiliary scintigraphy is that the 
technique is noninvasive, quantitative, and reproducible 
and has a low interobserver error rate[7-11].

The current study aimed to investigate by quantitative 
hepatobiliary scintigraphy the effects of  gallbladder 
stones on motor function of  the gallbladder and the 
dynamics of  bile flow in a group of  patients with 
asymptomatic gallstone disease.

MATERIALS AND METHODS
The study design was approved by the local University 
ethical committee and was performed according to the 
Helsinki Declaration. Informed written consent was 
obtained from all participating subjects before their 
involvement in the study.

Subjects
The study was conducted from April 2006 to February 
2008, and included 25 patients with asymptomatic 
cholelithiasis who had been diagnosed incidentally 
during routine abdominal ultrasonography. There were 
no gallstone-related symptoms, such as history of  biliary 
pain (pain in the epigastrium or right upper abdominal 
quadrant that may radiate to the patient’s back or to the 
right scapula) or gallstone related complications such 
as acute cholecystitis, cholangitis, or pancreatitis. The 
only one patient with nonvisualized gallbladder during 
hepatobiliary scintigraphy was excluded. Twenty-four 
patients, (10 male and 14 female; aged 54.66 ± 12.59 
years) with asymptomatic gallbladder stones, and 20 
control cases (12 male, 8 female; aged 50.30 ± 4.15 
years) with normal gallbladder were enrolled in the study. 
None of  the subjects had diabetes mellitus, or a history 
of  disease or operation that affected gallbladder motility. 
None of  the patients had received recent medication 
such as cholic acid, morphine, atropine, calcium channel 
blockers, octreotide, progesterone, indomethacin, 
theophyline, benzodiazepines, and histamine-2 receptor 
antagonists to influence gallbladder motor function. 
All patients in the study and control group had normal 
gallbladder wall thickness (no more than 2 mm), 
common bile duct upon ultrasound examination and 
liver function as shown by routine biochemical screening 
measures [aspartate amino transferase (AST), alanine 
aminotransferase (ALT), g-glutamyltransferase (GGT), 
alkaline phosphatase (ALP) and total bilirubin levels].

Hepatobiliary scintigraphy
After the patients had fasted overnight, hepatobiliary 
scintigraphy was performed using 185 MBq (5 mCi) of  
99m-Tc-mebrofenin (BRIDATEC, GIPHARMA S.r.I., 
Italy) intravenously. Two-phase dynamic images were 
taken from the right hypochondrium with the patient in 
the supine position, using a dual-head gamma camera 
(Siemens E-CAM, Illinois, USA) which included a low-

energy high resolution collimator. Phase 1: 2 s × 60 
frames (perfusion phase); phase 2: 60 s × 118 frames 
(hepatobiliary phase). In the mid-term of  the second 
phase, a standard fatty meal (100 g milk chocolate) 
instead of  cholecystokinin was given to the patients in 
order to stimulate gallbladder contraction. All of  the 
dynamic images were evaluated with the raw data and 
cine projections from the computer.

We obta ined the  fo l lowing parameters.  (1 ) 
Gallbladder ejection fraction (GBEF) was calculated by 
determining count variation in the gallbladder during the 
filling and emptying period, using a computer program 
for GBEF. An E-CAM Siemens computer program 
calculated GBEF according to the time variation 
curves of  these two phase (Figure 1). (2) Gallbladder 
visualization time (GBVT). (3) Gallbladder time to peak 
activity (GBTmax). (4) Gallbladder half  emptying time 
(GBT1/2). (5) Transit time of  bile to duodenum (TTBD) 
were evaluated.

Statistical analyses
The statistical analyses were done using SPSS 13 for 
Windows (Chicago, IL, USA). The data of  the groups 
were given as mean ± SD and the Mann-Whitney U 
test was used as a non-parametric test to compare the 
means between the groups. P < 0.05 was considered as 
significant.

RESULTS
Table 1 shows the clinical and laboratory features of  
the patient and control groups (mean ± SD). There was 
no statistically difference in the clinical and laboratory 
parameters between the patient and control group (P > 
0.05).

GBEF, GBVT, GBTmax, GBT1/2, and TTBD of  the 
patient and control groups are shown in Figure 2A-E. 
Mean GBEF in the patient group decreased when 
compared with that in the control group (49.79 ± 25.42 
min vs 78.20 ± 11.23 min; P = 0.000). Mean GBVT 
(21.83 ± 8.51 min vs 12.20 ± 2.28 min; P = 0.000), 
GBTmax (59.41 ± 15.09 min vs 49.30 ± 6.74 min P = 
0.015), GBT1/2 (99.37 ± 22.95 min vs 74.40 ± 11.12 min 
P = 0.001) were longer in the patient group than in the 
control group. There was no significant difference in 
mean TTBD (22.58 ± 14.08 min vs 27.00 ± 15.36 min) 
between the two groups.

Patients (n  = 24) Controls (n  = 20)   P

Number (M/F) 24 (10/14) 20 (12/8) 0.345
Age (yr) 54.66 ± 12.59 50.30 ± 4.15 0.267
AST (U/L) 30.62 ± 13.89 27.30 ± 9.99 0.547
ALT (U/L) 34.66 ± 27.86 21.60 ± 5.71 0.283
GGT (U/L) 48.20 ± 26.63   43.65 ± 10.80 0.915
ALP (U/L) 86.20 ± 23.68   86.10 ± 24.03 0.972
Total bilirubin (mg/dL) 0.74 ± 0.28   0.69 ± 0.27 0.579

Table 1  Clinical and laboratory features of patient and 
control groups (mean ± SD)
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DISCUSSION
In the past, the majority of  the literature has focused 
on the pathogenesis of  gallstone formation rather 

than on the association of  gallbladder motility and 
clinical symptoms[12]. Gallbladder stones may be 
asymptomatic in a considerable number of  patients, and 
the pathogenesis of  symptoms is not understood clearly. 

Figure 1  Image from Tc-99m mebrofenin cholescintigraphy and GBEF curve in a patient with asymptomatic cholelithiasis. Gallbladder emptying was slower 
and was not completed during the study.
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Figure 2  Parameters of gallbladder function. A: Mean GBEF of the patient group was significantly decreased when compared with the control group (P = 0.000); B: 
Mean GBVT was significantly longer in asymptomatic gallbladder patients than in the control group (P = 0.000); C: GBTmax was significantly longer in the patient group 
(P = 0.015); D: GBT1/2 was significantly prolonged in the patient group (P = 0.001); E: There was no significant difference between TTBD in the two groups.
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Theoretically, gallbladder function may be an important 
predictor of  outcome from either cholecystectomy or 
watchful waiting, because the symptoms traditionally are 
believed to arise from gallbladder contraction[13].

Several studies using different techniques and 
protocols have assessed gallbladder function in gallstone 
disease[8,14-16]. In these studies, patients groups were 
generally taken from symptomatic but uncomplicated 
patients.

Gallbladder emptying is under the control of  neural 
and hormonal stimulation. For normal bile flow, Oddi 
sphincter relaxation should synchronize with gallbladder 
contraction. CCK, as a mediator, is responsible for 
relaxation of  the sphincter of  Oddi and gallbladder 
contraction. After a fatty meal is eaten, the gallbladder 
empties with active contraction, which is regulated 
mainly by the release of  endogenous CCK, which 
simultaneously induces Oddi sphincter relaxation, 
therefore allowing maximal bile outflow from the 
common bile duct into the duodenum at the time of  
maximal gallbladder contraction[17].

In this manner, it is important to understand how 
symptoms occur and what the reason is. It is also 
important to know that, if  we perform cholecystectomy 
the pathological bile f low will resolve. It is still 
controversial whether impaired gallbladder emptying/
contraction is the cause or the result of  bile stones[13].

Quantitative hepatobiliary scintigraphy is a well-
established method that can be used in the evaluation of  
hepatocellular function and patency of  the biliary system 
by tracing the production and flow of  bile from the liver 
through the biliary system into the small intestine[18]. Of  
the quantitative parameters of  hepatobiliary scintigraphy, 
time variables of  the gallbladder (GBVT, GBTmax, 
GBT1/2, and TTBD) and GBEF are regarded as sensitive 
parameters for diagnosing gallbladder motor function 
abnormalities.

In previous scintigraphic studies, GBEF and 
gallbladder emptying time were found to be different 
in patients with symptomatic gallbladder stones[14,15,19]. 
Most of  these studies, agreed that, although gallbladder 
emptying was impaired, filling was unaffected. In 
our study, emptying time was significantly longer in 
patients with asymptomatic gallstones and GBEF was 
significantly reduced.

We found that gallbladder filling time was also 
prolonged compared with the controls and Kao et al[20]  
have reported that gallbladder stones may impair 
gallbladder function, especially the filling fraction. 
Abnormal gallbladder filling and emptying of  bile in 
the gallbladder can result from mechanical obstruction 
to bile flow, such as altered cystic duct resistance or 
abnormal sphincter of  Oddi tone, decreased gallbladder 
contractile force, or increased bile viscosity. Patients 
with organic obstruction at the cystic duct could not be 
visualized during hepatobiliary scintigraphy and therefore 
a patient who had a non-visualized gallbladder was 
excluded from the present study. Increased resistance 
to bile flow might occur either at the cystic duct or 
sphincter of  Oddi. In our study, there was no difference 

in TTBD between the control group and asymptomatic 
gallstone group, thus increased resistance to bile flow in 
the sphincter of  Oddi was not the cause of  prolongation 
in emptying time. On the other hand, viscosity tends to 
be higher in gallbladder bile of  patients with gallstones[21] 
and may be another cause abnormal gallbladder 
emptying or filling, but normal TTBD was probably the 
indicator of  normal bile viscosity in our study group. 
The most likely explanation for the abnormal gallbladder 
filling in our patients was increased resistance to bile 
flow at the cystic duct. Similar to our findings Pitt  
et al[22] have reported increased cystic duct resistance 
in rodents with gallstones, but we have not been able 
to find any human study about cystic duct resistance 
in patients with gallbladder stones. Jazrawi et al [23]  
have combined ultrasonography with scintigraphy and 
have shown that turnover of  bile is impaired during 
the refilling phase in patients with gallstones. Moreover 
Cicala et al[24] have demonstrated that there is decreased 
turnover of  bile that may contribute to cholesterol 
crystal precipitation and stone growth, as shown by 
ultrasonographic measurements of  gallbladder volume 
variation. From another point of  view, in the patient 
group, abnormal gallbladder smooth muscle contraction 
was probably the cause of  both impaired emptying time 
and reduced GBEF.

It is also known that, in patients with impaired 
emptying, the contractile defect may have developed at a 
very early stage of  gallstone formation[25]. Furthermore, 
the symptoms in gallstone patients are believed 
traditionally to arise from gallbladder spasm and normal 
gallbladder contractility is thought to be a prerequisite 
for the development of  symptoms[12]. The gallbladder 
motility defect is restricted apparently to asymptomatic 
patients and appears to protect from symptomatic 
disease[26].

In conclusion, our results showed that even if  there 
were not any clinical and laboratory findings, gallbladder 
filling and emptying can be impaired in gallstone 
patients.
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Applications
Their study was designed to analyze the scintigraphic parameters of gallbladder 
motor function (gallbladder ejection fraction, gallbladder visualization time, 
gallbladder time to peak activity, gallbladder half emptying time, and transit time 
of bile to duodenum) in patients with asymptomatic cholelithiasis who had been 
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Terminology
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investigation aimed at assessing the effects of gallbladder stones on gallbladder 
motility and at assessing the dynamics of bile flow in asymptomatic gallstone 
disease patients. The authors report that, even in the absence of any clinical 
and laboratory findings, gallbladder filling and emptying can be impaired in this 
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Abstract
AIM: To investigate the capability of a biochemical 
and clinical model, BioCliM, in predicting the survival of 
cirrhotic patients.

METHODS: We prospectively evaluated the survival 
of 172 cirrhotic patients. The model was constructed 
using clinical (ascites, encephalopathy and variceal 
bleeding) and biochemical (serum creatinine and 
serum total bilirubin) variables that were selected from 
a Cox proportional hazards model. It was applied to 
estimate 12-, 52- and 104-wk survival. The model’s 
calibration using the Hosmer-Lemeshow statistic was 
computed at 104 wk in a validation dataset. Finally, the 
model’s validity was tested among an independent set 
of 85 patients who were stratified into 2 risk groups 
(low risk ≤ 8 and high risk > 8). 

RESULTS: In the validation cohort, all measures of fit, 
discrimination and calibration were improved when the 
biochemical and clinical model was used. The proposed 
model had better predictive values (c-statistic: 0.90, 
0.91, 0.91) than the Model for End-stage Liver Disease 
(MELD) and Child-Pugh (CP) scores for 12-, 52- and 
104-wk mortality, respectively. In addition, the Hosmer-
Lemeshow (H-L) statistic revealed that the biochemical 
and clinical model (H-L, 4.69) is better calibrated than 
MELD (H-L, 17.06) and CP (H-L, 14.23). There were 
no significant differences between the observed and 
expected survival curves in the stratified risk groups 
(low risk, P  = 0.61; high risk, P  = 0.77). 

CONCLUSION: Our data suggest that the proposed 
model is able to accurately predict survival in cirrhotic 
patients.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
The Model for End-stage Liver Disease (MELD) and 
Child-Pugh (CP) scores have been the most widely 
applied prognostic markers for organ allocation in liver 
transplantation, mainly due to their simplicity of  use in 
daily clinical practice[1-5]. The MELD score has gained 
wide acceptance for predicting survival in patients 
undergoing liver transplantation. It has been suggested 
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that it provides more accurate prognosis than the Child-
Pugh (CP) score in patients with decompensated cirrhosis 
and that it therefore improves the evaluation of  priority 
for liver graft allocation[4,5]. It is not surprising, however, 
that the magnitude of  superiority of  the MELD score 
over the CP score is modest and is primarily limited 
to the population at the highest risk of  renal failure[6]. 
Additionally, changes in some objective laboratory 
parameters of  the MELD score may be directly related 
to the extensive use of  diuretics, volume status, albumin 
infusion and the patient’s nutritional status. Finally, 
clinical complications of  portal hypertension such as 
ascites, encephalopathy, spontaneous bacterial peritonitis 
(SBP) and gastrointestinal bleeding are not considered 
in the MELD score, probably underestimating any 
direct association with the severity of  liver disease[7]. 
However, the model has been shown to predict mortality 
independent of  the occurrence of  complications of  
portal hypertension[3,4]. The classification applied to the 
clinical complications of  portal hypertension (ascites, 
encephalopathy, variceal bleeding and SBP) in the 
MELD score does not clearly reveal the different grades 
of  severity of  liver disease and its clinical response to 
medical treatment. Therefore, its utility as a prognostic 
model could be limited. In this regard, several recent 
studies have shown that clinical manifestations secondary 
to portal hypertension (encephalopathy, ascites) are good 
prognostic markers in cirrhotic patients[8,9]. According to 
the results of  these studies, the use of  clinical markers in 
prognostic models may be recommended.

The aim of  this study was to evaluate the short-, 
medium- and long-term prognosis of  a series of  
cirrhotic patients by means of  the BioCliM score using 
biochemical (creatinine and bilirubin) and clinical 
(encephalopathy, bleeding esophageal varices and ascites) 
variables, to compare BioCliM with the MELD and CP 
scores, and to identify those variables with liver-related 
mortality. Our model was developed to improve accuracy 
in predicting survival and consequently improve the 
further evaluation of  priority for liver graft allocation in 
cirrhotic patients.

MATERIALS AND METHODS
Study design, setting and participants
We prospectively evaluated 180 consecutive cirrhotic 
patients who were admitted at the National Institute 
of  Gastroenterology of  Havana during the period May 
2003 to January 2006. Inclusion criteria were histological, 
laparoscopic or clinical diagnosis of  cirrhosis and 
presence of  compensated or decompensated disease 
(stages A, B or C according to the CP classification). 
Patients with hepatocellular carcinoma, severe infection, 
severe primary cardiopulmonary failure, alcohol use 
within one month before initial evaluation, and intrinsic 
kidney disease were excluded from the study. Among 
180 patients who had complete medical profiles and an 
established diagnosis of  hepatic cirrhosis, 172 patients 
fulfilled the above selection criteria.

The model validation was performed by applying it to 

an independent group of  85 patients who were evaluated 
at the “Calixto Garcia” Hospital of  Havana from March 
2005 to August 2007. The baseline characteristics of  the 
patient population are summarized in Table 1.

Variables of interest, measurement, follow-up and ethics 
Detailed medical history, complete physical examination, 
and a battery of  laboratory tests were performed in 
all patients on the day of  admission. Biochemical 
evaluations were carried out by the same laboratory. 
Prothrombin time expressed as PT-ratio (patient-to-
normal coagulation time) was converted to prothrombin 
time international normalized ratio (INR) using an 
internal laboratory standard and was assessed by a single 

Variables Derivation set 
n  = 172

Validation set 
n  = 85

Follow-up period     56 (4-104)    58 (8-104)
Age (yr)     56 (20-79)    59 (23-78)
Sex, n (%)
   Male   106 (62)    58 (68)
   Female     66 (38)    27 (32)
Cause of cirrhosis, n (%)
   Alcohol     30 (17)    16 (19)
   Alcohol plus viral infection     15 (9)      4 (5)
   HBV     20 (12)    12 (14)
   HCV     92 (53)    50 (59)
   Viral co-infection (HBV/HCV)       1 (1)      1 (1)
   Unknown     13 (7)      1 (1)
   NAFL       1 (1)      1 (1)
Complications on admission, n (%)
   Ascites
      Absent or controlled   147 (85)    72 (85)
      Uncontrolled     25 (15)    13 (15)
   BEV
      Absent or present without relapses   167 (97)    79 (94)
      Present with relapses       5 (3)      5 (6)
   Encephalopathy
      Absent or controlled   160 (93)    79 (93)
      Uncontrolled      12 (7)      6 (7)
   SBP
      Absent or present without relapses   168 (98)    82 (96)
      Present with relapses        4 (2)      3 (4)
Hepatorenal syndrome, n (%)       3 (2)      1 (1)
Prothrombin time (s)     19 (13-55)    17 (13-53)
Partial thromboplastin time (s)     38 (26-165)    39 (26-167)
INR for prothrombin time    1.7 (1-7.5)   1.5 (1-6.9)
Albumin (g/L)     37 (20-48)    36 (21-47)
Creatinine (mmol/L)1   100 (42-516)    98 (39-489)
Bilirubin (mmol/L)2     20 (8-130)    23 (12-137)
Cholesterol (mmol/L)    3.8 (1.9-10.2)   3.9 (2-9.6)
Child-Pugh score3       7 (5-14)      7 (5-14)
   Child-Pugh A, n (%)     67 (39)    30 (35)
   Child-Pugh B, n (%)     75 (44)    34 (40)
   Child-Pugh C, n (%)     30 (17)    21 (25)
MELD score     17 (9-42)    18 (10-43)
BioCliM score    7.7 (6.1-13.6)   7.9 (6-13.8)

Table 1  Baseline characteristics of the patient population

HBV: Hepatitis B virus; HCV: Hepatitis C virus; NAFL: Non-alcoholic 
fatty liver; BEV: Bleeding esophageal varices; SBP: Spontaneous bacterial 
peritonitis; INR: International normalized ratio; MELD: Model for End-
stage Liver Disease; BioCliM: Biochemical and Clinical Model. All quan-
titative variables are expressed as median (ranges). 1To convert mmol/L 
into mg/dL, multiply by 0.01131. 2To convert mmol/L into mg/dL, mul-
tiply by 0.0585. 3The Child-Pugh, MELD and BioCliM scores are measures 
of the severity of liver disease.
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operator. The main clinical complications of  portal 
hypertension were initially evaluated and classified by 
an experienced hepatologist depending on the clinical 
response to medical treatment. Bleeding esophageal 
varices (BEV) were diagnosed by clinical signs of  
hematemesis and endoscopic signs of  active bleeding or 
adherent clots on EV[10]; they were classified as absent, 
present with relapses or rebleeding (2 or more bleeding 
episodes in the last 3 mo) or without relapses (one 
bleeding episode in the last 3 mo). Variceal bleeding 
relapse or rebleeding was defined as the occurrence 
of  hematemesis/melena, aspiration of  more than 
100 mL of  fresh blood in patients with a nasogastric 
tube and decrease of  3 g in Hb if  no transfusion was 
given. Portosystemic encephalopathy was defined 
according to the West Haven criteria for grading 
from 0 (subclinical) to 4 (coma)[11]; it was classified as 
absent (no episode of  encephalopathy in the last year), 
medically controlled (episodic hepatic encephalopathy 
developing over hours to days, but does not persist 
with adequate medical treatment) or uncontrolled 
(persistent hepatic encephalopathy that develops upon 
discontinuation of  medication), irrespective of  disease 
severity. Ascites was classified as absent (no clinical and 
ultrasound evidence of  ascites and without therapeutic 
intervention), medically controlled (no clinical and 
ultrasound evidence of  ascites in patients undergoing 
full therapeutic intervention) or uncontrolled (ascites 
that requires repeated paracentesis for control or a 
sodium-restricted diet and intensive diuretic therapy). 
Diagnostic paracentesis and ascitic f luid culture 
were performed in all admitted cirrhotic patients. 
Spontaneous bacterial peritonitis (SBP) was diagnosed 
when the ascites polymorphonuclear leukocyte (PMN) 
count was > 250/mm3, with or without positive ascites 
bacterial culture[12]; it was coded as absent, present 
without relapses (one SBP episode in the last year) and 
present with relapses (2 or more episodes in the last 
year). Patients were followed up from their date of  
initial evaluation until death (related or unrelated to liver 
disease), liver transplantation, or study closure. Patients 
with death unrelated to liver disease were excluded from 
the analysis. Patients lost to follow-up were censored at 
the last date known to be alive and patients undergoing 
liver transplantation were censored at the transplant date.

The study was conducted in compliance with the 
Declaration of  Helsinki and approved by the ethics 
committee and the institutional review board of  the 
National Institute of  Gastroenterology. All patients 
provided written informed consent for participation.

Analysis for survival and derivation of the novel risk 
score
The probable prognostic predictors, including age, sex, 
serum biochemistry and clinical complications of  portal 
hypertension, were analyzed to determine prognostic 
ability. To lessen the influence of  extreme laboratory 
values, quantitative variables were transformed to their 
natural logarithms.

Univariate and multivariate forward stepwise Cox 

proportional hazards models were used to determine 
variables associated with survival. Variables that were 
significant (P < 0.05) in univariate analysis were included 
in multivariate analysis. Stepwise probabilities for entry 
or removal were set at 0.05 and 0.10, respectively.

With each Cox model, a risk score for each patient was 
calculated as: R = b 1X1 + b 2X2+…+ b kXk, where X1, 
X2,…, Xk  are the values of  prognostic factors and b 1, b 2,
…, b k are the corresponding regression coefficients. A 
higher risk score corresponds to poorer prognosis.

The forward stepwise selection procedures were 
used for variable selection, assessment for interactions, 
and model development. The likelihood ratio statistic 
tested the significance of  the addition of  each variable 
separately to a predictive model that included ascites 
only. Furthermore, the c-statistic was computed as a 
criterion for the selection of  a group of  variables to be 
used in the new predictive model. The final criterion for 
inclusion in the model was minimization of  the Bayes 
Information Criterion (BIC)[13]. The BIC is a likelihood-
based measure in which lower values indicate better 
fit and in which a penalty is paid for increasing the 
number of  variables. Thus, the variables selected for 
inclusion should provide not only the best fit but also a 
parsimonious prediction model.

Predictive models for survival and discrimination
The CP and MELD scores were calculated on 
parameters obtained at referral. The MELD score was 
calculated according to the original formula proposed by 
the Mayo Clinic group as follows: [9.57 × loge creatinine 
mg/dL + 3.78 × loge bilirubin mg/dL + 11.20 × loge 

INR + 6.43 (constant for liver disease etiology)]. To 
avoid negative scores, laboratory values less than 1 were 
rounded up to 1. The maximal value of  creatinine was  
4 mg/dL[3].

Once a new risk model was determined, it was 
prospectively tested in the validation dataset of  85 patients 
from “Calixto Garcia” Hospital. The discrimination 
ability of  the different models was measured by means 
of  the concordance statistic (c-statistic), a measure of  
discrimination also known as a natural extension of  
the receiving operator characteristic (ROC) curve area 
in survival analysis. P values for the comparison of  the 
c-statistic were computed using the bootstrap method. A 
c-statistic between 0.8 and 0.9 indicates excellent accuracy, 
and a value over 0.7 should be considered clinically useful. 
The concordance c-statistic was assessed for 12-, 52-, and 
104-wk survival. A time-to-event with the censored data 
version for survival analysis was performed to compute 
the c-statistic.

The concordance probability estimates (CPE) 
were computed[14], because the c-statistic seems to 
overestimate the true concordance probability, especially 
if  the censoring proportion is high. Since the CPE is a 
consistent estimate, it is a better measure in the context 
of  using predictions from Cox regression models.

Calibration and external validation of the new risk score
To assess model calibration (or how closely the predicted 
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probabilities reflect actual risk), the Hosmer-Lemeshow 
calibration statistic, as modified by D’Agostino  
et al[15], comparing observed and predicted risk was 
implemented.

In addition, the new risk model was validated in 
a cohort of  85 independent patients from “Calixto 
Garcia” Hospital who were stratified into 2 risk (R) 
groups: R ≤ 8 and R > 8. Within each risk group 
the survival was calculated using the Kaplan-Meier 
procedure and the observed-predicted survivals were 
compared using the log-rank test.

Analyses were performed with the use of  SAS 
software, version 9.1 (SAS Institute).

RESULTS
A total of  180 patients were examined for eligibility, and 
172 were included in the study. The reasons for non-
participation were: 3 patients with HCC, 3 with repeated 
alcohol use, and 2 with severe infection disease. The 
period of  recruitment lasted from May 2003 to February 
2004. One hundred and forty one patients completed 
the follow-up period. Thirty one patients died during 
the study, 29 liver-related and 2 unrelated to liver disease 
(myocardial infarction). One hundred and seventy 
patients were included in the outcome analyses.

The patients’ clinical and serological features are 
summarized in Table 1.

In the derivation data set, the median follow-up 
period was 56 wk (range, 4-104 wk). The CP median 
score was 7 (range, 5-14) with 61% of  the patients being 
CP class B and C. The MELD and BioCliM median 
scores were 17 (range, 8-42) and 7.7 (range, 5.7-13.6), 
respectively. During follow-up, 29 patients (17%) died. 
The 4-, 12-, 24-, 52- and 104-wk survival rates were 
98%, 98%, 90%, 89% and 83%, respectively.

The patients of  the validation group were followed 
for a median of  58 wk (range, 8–104 wk) during which 
13 died. The 4-, 12-, 24-, 52- and 104-wk survival rates 
were 96%, 95%, 88%, 84% and 83%, respectively. 
The CP median score was 7 (range, 5-14) with 65% of  
the patients being CP class B and C. The MELD and 
BioCliM median scores were 18 (range, 9-43) and 7.9 
(range, 6-13.8), respectively.

None of  the patients in the derivation or validation 
groups underwent liver transplantation during the 
follow-up period. 

Overall survival according to single prognostic factors
Univariate analysis for 104-wk overall survival: 
Univariate analysis using Cox proportional hazards 
models showed that serum levels of  creatinine, 
bilirubin, cholesterol, albumin, prothrombin time, partial 
thromboplastin time, ascites, spontaneous bacterial 
peritonitis, encephalopathy and bleeding esophageal varices 
were significantly associated with survival (Table 2).

Multivariate analysis for 104-wk overall survival: 
Multivariate Cox regression analysis included those 
variables independently related to survival resulting from 

univariate analysis. The selected variables were available 
in all patients that entered the forward stepwise model. 
Of  the candidate variables, only ascites, encephalopathy, 
bleeding esophageal varices and serum creatinine were 
independently predictive of  survival (Table 3).

The estimated hazard risk for ascites suggested 
that the risk of  death for uncontrolled ascites was 10.2 
times greater than for those with absent or controlled 
ascites. The risk of  death in those patients with relapsing 
bleeding and uncontrolled encephalopathy increased 
3.25 times compared to those without bleeding or with 
non-relapsing bleeding, and 2.5 times compared to those 
with absent or controlled encephalopathy. In terms 
of  impact in prognosis, the ascites (hazard ratio (HR), 
10.2) and serum creatinine (HR, 3.99) were the most 
important prognostic factors.

Model derivation and development
In the model derivation cohort, 11 potential variables 
selected from the univariate analysis (P < 0.05) were 
calculated for model inclusion. Of  these only 5 were 
included in the model. The likelihood ratio statistic 
showed the significance of  the addition of  each 
variable separately to a predictive model that included 
ascites only (Table 3). The c2 statistic was progressively 
increased with the addition of  creatinine, bleeding 
esophageal varices, hepatic encephalopathy, and 
bilirubin. The c-statistic in the model that included only 
ascites was 0.76, based on the c-statistic for censored 
data. When creatinine, BEV, HE and bilirubin were 
added to the model, the c-statistic was improved to 0.83, 
0.85, 0.89, and 0.90, respectively. In the same context, 

CI: Confidence interval; ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase. Hazard ratios (95% CI) for quantitative variables are 
expressed for 1 relevant unit increase of log. INR: International normal-
ized ratio. 1Prothrombin time (s): Value in seconds. 2Partial thromboplastin 
time (s): Value in seconds.

Variables     P Hazard 
ratio

95% CI for 
Hazard ratio

Age (yr)     0.68 0.56 0.36-1.06
Sex (male)     0.54 0.44 0.89-1.26
Etiology (viral)     0.66 0.58 0.40-1.11
ALT (IU/L) (logn value)     0.85 0.84 0.34-1.12
AST (IU/L) (logn value)     0.43 0.90 0.56-1.34
ALT/AST ratio     0.64 0.87 0.50-1.21
Platelet count (× 109/L) (logn value)     0.54 0.89 0.52-1.30
Prothrombin time (s)1 (logn value)     0.01 2.23 1.24-4.89
INR for prothrombin time (logn value)     0.03 1.99 1.13-3.96
Partial thromboplastin time (s)2 
(logn value)

    0.04 1.78 1.10-3.23

Albumin (mg/dL) (logn value)     0.001 3.12 1.89-5.23
Bilirubin (mmol/L) (logn value) < 0.001 3.89 2.12-6.14
Creatinine (mmol/L) (logn value) < 0.001 3.95 2.18-6.56
Cholesterol (mmol/L) (loge value)     0.03 1.83 1.34-3,42
Ascites < 0.001 4.05 2.27-6.33
Spontaneous bacterial peritonitis     0.001 3.05 2.10-5.07
Encephalopathy < 0.001 4.50 2.90-6.50
Bleeding esophageal varices < 0.001 4.78 3.11-7.11

Table 2  Association of baseline characteristics with mortality 
in 170 cirrhotic patients, results from univariate Cox 
proportional hazards models
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the combination of  ascites, creatinine, BEV, HE and 
bilirubin revealed the smallest BIC value (1951.77), thus, 

in the derivation set, the model with the combination of  
clinical and biochemical variables appeared to improve 
the risk prediction.

Computational formula for 104-wk risk using best-fitting 
model
The regression coefficients of  the formula for 
calculating the new risk score (biochemical and clinical 
model) were selected from a Cox regression model[16] 
and are reported in Table 3.

The risk scores for individual patients were calculated 
using the following equation: [1.370 × loge (creatinine 
mmol/L) + 0.349 × loge (bilirubin mmol/L) + 2.310 
× (ascites: 0 if  absent or medically controlled and 1 if  
uncontrolled) + 0.909 × (encephalopathy: 0 if  absent 
or medically controlled and 1 if  uncontrolled) + 1.195 
× (bleeding esophageal varices: 0 if  absent or present 
without relapses and 1 if  present with relapses). The 
clinical variables were coded depending on the clinical 
response to medical treatment. The variables grouped 
together as “absent or medically controlled” (ascites 
and encephalopathy) and “absent or present without 
relapses” (bleeding esophageal varices) have been so 
grouped because their survival was similar in each one 
of  them (Figure 1). The missing values were imputed for 
survival modeling. 

Survival probabilities were derived from the Cox 
proportional hazards model: S(t) = S0(t)exp(R-R

o
). S(t) is 

the survival probability in wk, S0(t) the baseline survival 
function, R the individual risk score and R0 the risk 
score of  the average patient in the series. For example, 
the 12-wk survival probability is calculated as: S(12 wk)= 
0.981exp(BioCliM score-7), where 0.981 is the 12-wk baseline 
survival and 7 is the reference BioCliM score. To ease its 
use, the score was multiplied by 100.

Predictive models for 12-, 52- and 104-wk survival
Comparison of  the c-statistic values among the CP, 
MELD and BioCliM scores was performed. All scoring 
systems were found to have diagnostic accuracy in 
predicting survival. The BioCliM score, however, showed 
to have better discriminative power in predicting short- 
(12 wk), intermediate- (52 wk) and long-term survival 
(104 wk) than the rest of  the scores (Figure 2).

Variable Variable c2 Regression 
coefficient

Hazard ratio 95% CI for Hazard ratio P  value c-statistic BIC

Ascites 53.90 2.310 10.2 3.78 28.1   < 0.0001 0.76 2014.15
+ Ln (creatinine) 63.43 1.370   3.99 1.57 10.9     0.006 0.83 1988.15
+ BEV 65.71 1.195   3.25 1.01     9.77     0.048 0.85 1970.65
+ HE 68.91 0.909   2.50   0.915     6.88     0.070 0.89 1961.89
+ Ln (bilirubin)2 70.11 0.349   1.46 0.66     3.33     0.427 0.90 1951.77

Table 3  Contributions of different variables to survival prediction at 104 wk, results from multivariate Cox 
regression models1

1Estimated from Cox proportional hazards models. 2Biochemical (bilirubin and creatinine) and Clinical (ascites, encephalopathy 
and bleeding esophageal varices) Model; BEV: Bleeding esophageal varices; HE: Hepatic encephalopathy; BIC: Bayesian Informa-
tion Criterion. Ln was used to normalize distributions and improve the fit for individual predictors. Hazard ratio for quantitative 
variables are expressed for 1 relevant unit increase of log. + indicates the addition of each variable separately to the model with 
ascites only. c2 is the likelihood ratio statistic for each group of variables when added to the model. The risk prediction was based 
on data from the model derivation cohort (n = 170) at 104 wk follow-up.
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Figure 1  Kaplan-Meier estimated survival curves for clinical variables. A: 
Ascites; B: Encephalopathy; C: Bleeding esophageal varices. 
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The c-statistic for the CP and MELD scores were 
almost identical for 12-wk survival (0.82 and 0.82), 
and slightly higher for CP as compared with MELD 
for 52-wk (0.84 and 0.82) and 104-wk (0.86 and 0.82) 
survival.

We used an alternative way of  computing the 
concordance probability for a censored outcome to 
estimate the true concordance probability in samples 
with a high censored proportion. The concordance 
probability estimates for the CP (CPE, 0.71; SE, 0.042), 
MELD (CPE, 0.74; SE, 0.043) and BioCliM (CPE, 0.78; 
SE, 0.050) models were lower at 12 wk in comparison 
with those obtained using the standard c-statistic value. 
Finally, the CPE at 12 wk was consistently higher for 
BioCliM as compared with CP and MELD scores.

Discrimination and model validation
The Hosmer-Lemeshow statistic (H-L) is a measure of  
the discrepancy between the observed and predicted 
risk. A better calibrated model would have a smaller 
discrepancy between the observed and predicted and 
thus a smaller H-L statistic.

A significant P value for the H-L statistic indicates 
a significant deviation between predicted and observed 
outcomes. Figure 3 compares the calibration of  the 
BioCliM, MELD and CP scores in predicting the 
probability of  death at 104 wk. The H-L statistic was 
4.69 for the BioCliM score, 17.06 for the MELD score 
and 14.23 for the CP score, indicating a good calibration 
for all models; however, this analysis clearly shows that 
BioCliM is better calibrated.

Figure 4 illustrates the observed and expected 
Kaplan-Meier survival curves for each score in 2 patient 
subgroups divided according to risk score as low risk (R 
≤ 8) and high risk (R > 8), selected from the “Calixto 
Garcia” Hospital. Using a cutoff  value of  8 (risk score) 
to predict probability of  survival within 104 wk, the 
sensitivity and specificity of  the BioCliM score was 90% 
and 87%, respectively. Median survival was 104 wk and 
47 wk for low- and high-risk groups, respectively. There 
were no significant differences between the observed 
and expected survival curves in the stratified risk groups 
(low risk, P = 0.61; high risk, P = 0.77). Thus, the 
BioCliM score allowed accurate prediction of  survival in 
the cirrhotic patient validation group.

Survival according to the BioCliM score
The differences in the short-, intermediate- and long-
term survival between patients with low risk (≤ 8), and 
high risk (> 8) scores were compared (Figure 5).

Overall survival rates were significantly different 
between low-risk and high-risk patients (P < 0.0001). 
The 12-wk survival rates were 98% and 64% for low 
and high risk, respectively. For low and high risk, 1-year 
survival rates were 97% and 3%, and 2-year survival 
rates were 95% and 0%, respectively. Patients with a high 
risk score had the highest risk of  mortality compared to 
patients with low values. Patients with a BioCliM score 
of  ≥ 8 had a median survival of  < 47 wk in comparison 
to patients with a median survival of  104 wk for patients 
with a BioCliM score of  < 8.

DISCUSSION
The most widely used prognostic model to predict 
survival in cirrhotic patients has been the CP score. 
It is an important tool for the prognostic evaluation 
of  cirrhotic patients and the current organ allocation 
policy. It has, however, several drawbacks such as the 
subjectivity of  clinical parameters, limited discriminative 
capabi l i ty and variabi l i ty in the measurements 
of  laboratory parameters[17,18]. Current CP score 
modifications by adding new variables or utilizing 
sophisticated measures did not improve its accuracy to 
predict survival[19-25]. A relatively new score, the MELD, 
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Figure 2  Comparison of the c-index values of the MELD, Child-Pugh and 
BioCliM scores for 12- (A), 52- (B) and 104-wk (C) survival. SE indicates 
standard errors. The different values were compared with BioCliM score using 
the bootstrap method. 
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has been instituted in patients with end-stage liver 
disease awaiting liver transplantation. MELD has shown 
an advantage over CP by using continuous objective 
variables that are not open to observer interpretation and 
are appropriately weighted according to their impact on 
prognosis[3,4,26]. Its ability to predict mortality, however, 
has been found to be similar or slightly superior to the 
traditional CP score[27-30]. These controversies suggest 
that a better predictive model is necessary to predict 
survival in cirrhotic patients.

In our study, the baseline characteristics were 
comparable with similar studies evaluating survival in 
cirrhotic patients[31-36]. Furthermore, all clinical and 
biochemical variables included in the CP and MELD 
scores were associated with survival in univariate 

analysis. Multivariate Cox proportional hazards analysis 
identified serum creatinine, ascites, encephalopathy and 
bleeding esophageal varices as independent prognostic 
factors for overall survival. The strongest predictors 
of  mortality were ascites and serum creatinine. In 
our proposed model, ascites, encephalopathy and 
variceal bleeding were evaluated depending on medical 
treatment response, and the diagnosis and treatment of  
each of  these was based on the most recent published 
guidelines[10-12,37]. The used nomenclature appeared to be 
more uniform and less subjective than the commonly 
applied classification into CP or MELD scores[2-4].

The major finding of  this prospective study is that 
the BioCliM score, which is based on a combination of  
3 clinical indices (ascites, encephalopathy and bleeding 
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esophageal varices) and 2 biochemical parameters 
(creatinine and bilirubin), is able to accurately predict 
short-term (12 wk), intermediate-term (52 wk) and long-
term (104 wk) mortality in cirrhotic patients. Our results 
showed that the BioCliM score is superior to the CP 
and MELD scores in ranking patients according to their 
risk of  death. In addition, the BioCliM score showed 
a sustained discriminative power to predict survival 
through the different evaluated periods (12-104 wk). 
Our data further support, as well as previous findings, 
that the MELD score is not significantly superior to 
the CP score in predicting survival in patients with 
hepatic cirrhosis[25,27-30]. Theoretically, the MELD score 
is undoubtedly more objective and robust than the CP 
score for the previously mentioned reasons; however, 
a major limitation of  the MELD score is the poor 
discriminative power to predict survival among patients 
whose clinical course is often affected by other factors 
which are excluded by the model[38]. Recent studies 
have demonstrated that ascites, encephalopathy and 
hyponatremia are important independent predictors 
of  early pretransplant mortality, especially for patients 
with low MELD scores[8,9,39,40], thus affecting the 
consideration for an expedited liver transplant under 

the “sickest first” model. In consequence, as the MELD 
score does not reflect the presence of  ascites and 
encephalopathy, these patients need to be allocated 
separately for liver transplantation if  MELD is used to 
prioritize organ allocation. By contrast, the BioCliM 
scale is able to accurately predict survival in patients with 
clinical complications of  portal hypertension, thus the 
BioCliM score could be recommended in the individual 
management of  these patients. Further studies are 
needed to validate its prognostic accuracy in patients 
undergoing liver transplantation.

Possibly the most important study limitations were 
the relatively small sample size, the poor geographic 
diversity of  the patients included (single and tertiary 
center) and the major drawbacks of  the MELD score 
related to wide variability of  laboratory parameters such 
as serum creatinine and bilirubin[28,41,42].

In conclusion, both the CP and MELD scores 
can accurately predict short-term survival in cirrhotic 
patients, while the BioCliM score appears to have 
great discriminative power for short- (4 and 12 wk), 
intermediate- (24 and 52 wk) and long-term (104 wk) 
survival. In contrast to the MELD score, the use of  the 
BioCliM score in patients with ascites, encephalopathy 
and variceal bleeding could significantly increase survival 
predictive values in patients with end-stage liver disease. 
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Figure 4  Observed and expected 104-wk survival curves for the BioCliM 
score. Survival of 85 independent patients from the “Calixto Garcia” Hospital 
who were stratified according to their risk score into two risk groups (low-risk ≤ 
8 and high-risk > 8). The observed and predicted BioCli Model survival curves 
were compared using log-rank test. The observed and expected survival was 
similar for the low- and high-risk groups.
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Figure 5  Kaplan-Meier estimated survival curves for the BioCli Model 
score.
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ascites and encephalopathy, these patients need to be allocated separately for 
liver transplantation if MELD is used to prioritize organ allocation. By contrast, 
the new biochemical and clinical model is able to accurately predict survival 
in patients with clinical complications of portal hypertension; thus the BioCliM 
score could be recommended in the individual management of these patients.
Applications
In contrast to the MELD score, BioCliM is able to accurately predict survival 
in patients with clinical complications of portal hypertension, thus the BioCliM 
score could be recommended in the individual management of these patients. 
Further studies are needed to validate its prognostic accuracy in patients 
undergoing liver transplantation.
Terminology
BioCliM is a new biochemical and clinical model that is able to accurately 
predict survival in patients with end-stage liver disease.
Peer review
The authors examined the prognostic value and predictive capability of a new 
prognostic model in patients with end-stage liver disease. A less subjective 
nomenclature to assess the clinical complications of portal hypertension was 
evaluated in combination with biochemical variables to determine their influence     
as prognostic factors of survival in cirrhotic patients. The biochemical and 
clinical model was shown to accurately predict survival in patients with 
clinical complications of portal hypertension and it appeared to have great 
discriminative power for short- (4 and 12 wk), intermediate- (24 and 52 wk) and 
long-term (104 wk) survival. 
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Abstract
AIM: To investigate hepatitis C virus (HCV) seropreva
lence in Tunisian patients with diabetes mellitus and in 
a control group. 

METHODS: A crosssectional study was conducted 
to determine the HCV seroprevalence in 1269 patients 
with diabetes (452 male, 817 female) and 1315 non 
diabetic patients, attending health centers in Sousse, 
Tunisia. HCV screening was performed in both groups 
using a fourthgeneration enzyme immunoassay. 

RESULTS: In the diabetic group, 17 (1.3%) were 
found to be HCVinfected compared with eight (0.6%) 
in the control group, although the difference was 
not significant (P  = 0.057). Quantitative PCR was 
performed in 20 patients. Eleven patients were positive 
and showed HCV genotype 1b in all cases. 

CONCLUSION: Frequency of HCV antibodies was low 
in patients with diabetes and in the control group in 
central Tunisia, with no significant difference between 
the groups.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
In recent years, a positive association between hepatitis 
C virus (HCV) infection and diabetes mellitus (DM) had 
been reported in a number of  clinical studies[1-4]. It is 
now clear that hepatitis C conveys a risk for developing 
DM, in particular type 2[5-7]. Moreover, several studies 
have found a high prevalence of  anti-HCV antibodies 
among patients with diabetes, especially those with type 
2 DM[8-13]; however, some authors have not observed an 
association between HCV infection and diabetes[14-16]. 
Since effective therapy has become available for HCV, 
it may be worthwhile to determine virus prevalence in 
patients with and without diabetes, in order to decide 
whether a programme for screening should also focus 
on type 2 diabetes. The aim of  the present study was 
to investigate HCV seroprevalence in Tunisian patients 
with DM and in a control group. 

MATERIALS AND METHODS
Patients
During March 2003, we conducted a cross-sectional study 
of  all consecutive patients with diabetes aged > 16 years 
who were attending the Departments of  Internal Medi-
cine, Infectious Diseases and Endocrinology of  Farhat 
Hached Hospital, and primary health care centers in the 
region of  Sousse, Tunisia. Sample size calculation was 
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based on a 2% HCV seroprevalence estimation with 
an 80% precision rate and a 95% confidence level. The 
formula for sample size determination yielded a total 
of  1223 patients with diabetes. Types 1 and 2 diabetes 
were defined on the basis of  a history of  therapy with 
oral hypoglycemic agents or insulin at the date of  inclu-
sion. Patients older than 40 years of  age, and treated by 
oral hypoglycemic agents or switched from insulin were 
considered to have type 2 diabetes. A control group 
of  non-diabetic patients were recruited from the same 
centers at the same time. Patients who had corticoster-
oid-induced diabetes were excluded. Informed consent 
was obtained from all participants, and the study was 
approved by Farhat Hached Hospital ethics committee. 

Data collection
Data were recorded by using a questionnaire that 
collected information on demographic and clinical 
features of  DM and risk factors for HCV infection. 
Blood samples were collected from all patients for 
HCV serology. Those who were positive for anti-
HCV antibodies were called, and liver function tests, 
glucose blood level, HCV quantitative RNA and HCV 
genotyping were performed. 

Laboratory methods
Serological testing for anti-HCV antibodies was 
performed by using a four th-generation ELISA 
(Murex; Abbot Laboratories, France) according to the 
manufacturer’s instructions. HCV RNA qualitative and 
quantitative testing (Amplicor; Roche Molecular Systems, 
Branchburg, NJ, USA) and HVC genotyping were 
performed at Pasteur Cerba Laboratoire, Cergy Pontoise, 
France). HVC genotyping was performed by RT-PCR on 
a segment from the core region and by hybridization of  
this fragment with oligonucleotide-specific probes. The 
assay was designed to recognize the 1a, 1b, 2a, 2b, 3, 4, 5 
and 6 HCV genotypes.

Statistical analysis
Data were analyzed, using SPSS version 13.0 software 
(Chicago, IL, USA). A descriptive analysis was followed 
by bivariate analysis using the χ2 test for comparison 
of  the two groups, with a 5% statistical significance 
level. A multivariate analysis with logistic regression was 
used to determine predictive variables associated with 
seroprevalence among the significant factors found by 
bivariate analysis. ORs and 95% CI were calculated for 
these variables.

RESULTS
Our study included 1269 patients with diabetes and 
1315 non-diabetic patients. In patients with diabetes, 
1148 (90.5%) and 121 (9.5%) had type 2 and type 1 
DM respectively; 284 (22.5%) were treated by insulin. 
The mean duration of  DM was 8.4 years (1-35 years). 
Furthermore, history of  surgery and hospitalization, and 
scarification were found to be more frequent in patients 

with diabetes. Patients in the control group were much 
younger than those with diabetes; the main demographic 
and clinical characteristics of  both groups are shown in 
Table 1.

Antibodies against HCV were detected in 25 patients 
(1%) among the entire population studied (both diabetic 
and non-diabetic groups). In the diabetes group, 17 
(1.3%) were found to be infected with HCV compared 
with eight (0.6%) control patients. No significant 
difference was found between DM patients and the 
control group (P = 0.057) (Table 1). Moreover, anti-
HCV seropositivity was detected in 16 (1.4%) of  the 
type 2 DM sub-group, which was significantly higher 
than that in the control group (P = 0.04) (Table 2). 
However, in multivariate analysis, this difference between 
seroprevalence of  HCV in type2 DM and controls was 
not confirmed.

Quantitative PCR was performed in 20 patients: 13 
with diabetes and seven without, was and a positive result 

Table 1  Epidemiological features of the study population in 
patients with diabetes and control group  n  (%)

Diabetes patients 
(n  = 1269) 

Control group 
(n  = 1315)

P

Gender 
   Female    817 (64.4) 890 (67.6)   0.06
Age
   Mean age (yr) 55.6 46.9 < 10-3

Risk factors of HCV
   Transfusion    157 (12.5) 185 (14.2) 0.2
   History of surgery    592 (46.8) 551 (42.1)   0.01
   Drug addiction      2 (0.2)   7 (0.5)   0.17
   Scarification    247 (19.8) 301 (23.1)   0.04
   Endoscopic 
   investigation

   276 (21.9)  308(23.6)   0.30

   Alcoholism 164 (13) 178 (13.6)   0.65
   History of 
   hospitalization

   875 (69.3) 785 (59.9) < 10-3

   Anti-HCV antibodies (+)    17 (1.3)   8 (0.6)     0.057

Table 2  Epidemiological features of the study population in 
type 2 DM patients and control group  n  (%)

Type 2 DM 
patients 

(n  = 1148)

Control 
group 

(n  = 1315)

OR P

Gender 
   Female 739 (65.2)  890 (67.6) 0.8 (0.73-1.2)   0.06
Age
   Mean age (yr) 57 ± 10.4 46.9 < 10-3

Risk factors of HCV
   Transfusion 136 (12.1) 185 (14.2) 0.83 (0.65-1.06) 0.2
   History of 
   surgery

528 (46.7) 551 (42.1) 1.18 (1.05-1.39)   0.01

   Drug addiction   2 (0.2)   7 (0.5) 0.33 (0.05-1.78)   0.17
   Scarification 222 (19.8) 301 (23.1) 0.81 (0.66-0.99)   0.04
   Endoscopic 
   investigation

     248 (22) 308 (23.6) 0.90 (0.74-1.09)   0.30

   Alcoholism 144 (12.8) 178 (13.6) 0.92 (0.78-1.17)   0.65
   History of 
   hospitalization

758 (67.1) 785 (59.9) 1.31 (1.11-1.55) < 10-3

   Anti-HCV 
   antibodies (+)

16 (1.4)   8 (0.6) 2.31 (1.01-5.90)   0.04
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was obtained in eight and three patients, respectively. All 
patients were infected by genotype 1b HCV. All non-
diabetic patients who were positive for HCV antibodies 
underwent liver function and blood glucose testing, but 
no new DM was discovered.

DISCUSSION
To the best of  our knowledge, this is the first study 
in which HCV infection prevalence was evaluated in 
Tunisian patients with diabetes. Similar to blood donors 
in whom anti-HCV antibodies were low (0.5%-1.8%)[17-21], 
in our study HCV infection prevalence in the diabetes, 
type 2 DM, and control groups was 1.3%, 1.4% and 0.6%, 
respectively. Despite a high frequency of  scarification, 
history of  surgery and hospitalization in patients with 
diabetes and the type 2 DM subgroup, circumstances 
which increase risk of  HCV infection, prevalence of  
anti-HCV antibodies was not significantly more frequent 
in the diabetes group (P = 0.057). Moreover, comparing 
type 2 DM patients to the control group, although a 
significant difference in HCV infection prevalence was 
observed in type 2 DM patients (P = 0.04), this was not 
confirmed by logistic regression analysis. Therefore, 
we cannot establish the diabetic population as a group 
at high risk for HCV infection. Our findings did not 
confirm other studies that have reported increased 
HCV seroprevalence in patients with diabetes[10,22-26]. In 
a case-control study conducted in the USA, 4.2% of  
594 patients in a cohort with diabetes were found to 
be infected with HCV compared with 1.6% of  control 
patients (377 patients with thyroid diseases)[27]. Other 
studies have reported an increased HCV seroprevalence, 
var y ing from 8% to 11% in European diabet ic 
populations compared with 1%-2% HCV seroprevalence 
in the general population[10,28-30]. However, in a descriptive 
Greek study of  patients with diabetes without a control 
group, HCV antibodies were detected in only seven 
cases, and this prevalence (1.65%) was similar to that in 
the general population[14].

In conclusion, our study confirms a low prevalence 
of  anti-HCV antibodies in Tunisian patients with 
diabetes, and may argue against diabetes as a risk factor 
of  HCV infection in this area. Further studies, possibly 
multicenter, prospective and case-control, are needed 
to establish the temporal relationship between HCV 
infection and DM. 
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Abstract
AIM: To examine whether a dose-up to 900 mg of 
ursodeoxycholic acid (UDCA) decreases transaminases 
in hepatitis C patients.

METHODS: From January to December 2007, patients 
with chronic hepatitis C or compensated liver cirrhosis 
with hepatitis C virus (HCV) (43-80 years old) showing 
positive serum HCV-RNA who had already taken 
600 mg/d of UDCA were recruited into this study. 
Blood parameters were examined at 4, 8 and 24 wk 
after increasing the dose of oral UDCA from 600 to  
900 mg/d. 

RESULTS: Serum alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), and gamma-
glutamyl transpeptidase (GGT) levels were significantly 
decreased following the administration of 900 mg/d 
as compared to 600 mg/d. The decrease in ALT from 
immediately before the dose-up of UDCA to 8 wk 
after the dose-up was 14.3 IU/L, while that for AST 
was 10.5 IU/L and for GGT was 9.8 IU/L. Platelet 
count tended to increase after the dose-up of UDCA, 
although it did not show a statistically significant level 
(P  = 0.05). Minor adverse events were observed in 3 
cases, although no drop-outs from the study occurred. 

CONCLUSION: Oral administration of 900 mg/d of 
UDCA was more effective than 600 mg/d for reducing 
ALT, AST, and GGT levels in patients with HCV-related 
chronic liver disease.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Current treatment for chronic hepatitis C virus (HCV) 
infection is based on the administration of  pegylated 
interferon (IFN) alone or in combination with other 
anti-viral agents such as ribavirin or protease inhibitors. 
However, these treatments are not completely effective 
in all patients with HCV genotype 1 and high viral load 
or in patients with liver cirrhosis[1-4]. Ursodeoxycholic 
acid (UDCA) was identified in 1902 from polar bear 
bile by Hammarsten and was isolated and crystallized 
by Shoda[5]. UDCA is used worldwide for the treatment 
of  primary biliary cirrhosis (PBC) and chronic liver 
diseases[6-14]. Up to 2006, a dose of  150 mg/d of  
UDCA was approved as the standard treatment for 
hepatic protection in patients with chronic viral 
hepatitis by the public health insurance agency of  
Japan. However, this dosage is not effective for the 
treatment of  chronic hepatitis[15]. A randomized, 
controlled-dose study of  UDCA for chronic hepatitis C 
(CH-C) patients reported that UDCA administered at a 
dose of  600 or 900 mg/d resulted in greater decreases 
in the serum levels of  alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), and gamma-glutamyl 
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transpeptidase (GGT) compared to 150 mg/d, which 
was the dose recommended by the Japanese national 
health insurance policy at that time; however, the 
results with doses of  600 mg/d or 900 mg/d were 
similar. In contrast, 600 mg of  UDCA, which is 
the maximum administration dose in PBC or other 
biliary system diseases such as gallstones, was used 
ambiguously in CH-C patients[16].

To determine the effect of  900 mg/d of  UDCA for 
CH-C, the present study was conducted primarily as a 
dose-up trial from 600 mg/d to 900 mg/d in hepatitis 
C patients, with changes in ALT levels as the primary 
endpoint.

MATERIALS AND METHODS
Patients
From January to December in 2007, patients with 
CH-C or compensated liver cirrhosis with HCV (mean 
age 65.8, range 43 to 80 years) who tested positive for 
serum HCV-RNA were recruited into this study. All 
the enrolled patients had already received 600 mg/d of  
UDCA, and showed over 40 IU/L of  ALT at the two 
points in the 4 wk prior to dose-up of  UDCA. Patients 
were excluded from the study if  they had received 
antiviral treatment with interferon with or without 
ribavirin or anticancer treatment for hepatocellular 
carcinoma (HCC). Patients with other malignancies 
diagnosed within 24 wk before the observation 
period or patients treated with corticosteroids and/or 
immunosuppressive drugs were also excluded. Patients 
with decompensated cirrhosis, hepatitis B, autoimmune 
liver disease, alcoholic or drug-induced liver injury, 
malignant tumors and biliary disorders were excluded. 
Patients receiving intravenous glycyrrhizin were enrolled 
in this study. However, when the dose or frequency of  
administration of  glycyrrhizin was changed, this was 
defined as the study endpoint. Written informed consent 
was obtained from each patient before enrollment into 
the study.

Methods
After the 4-wk observation period, the dose of  UDCA 
(Urso®, Mitsubishi Tanabe Pharma Corp., Osaka, Japan) 
was increased from 600 mg/d to 900 mg/d. Serum 
ALT was measured as a primary endpoint of  liver 
function, and AST and GGT as secondary endpoints, 
using conventional methods. Blood samples were taken 
at the start of  the observation period, at 0, 4, 8 and 
24 wk after initiation of  treatment, and at the final 
observation period. Serum concentrations of  ALT, AST, 
GGT, albumin, total bilirubin and platelet counts were 
measured. CT and ultrasonography for HCC screening 
was carried out every 12 wk or 24 wk. Compliance 
with UDCA administration and adverse effects were 
determined by patient interview or confirmation of  drug 
diaries.

Statistical analysis
Changes in AST, ALT, GGT, total bilirubin, albumin, 

and platelet count were analyzed by paired Student’s 
t-test. P < 0.05 was considered significant.

RESULTS
We enrol led 32 pat ients  to this  s tudy.  Pat ient 
characteristics are described in Table 1. In seven patients 
with liver cirrhosis, five patients were estimated as 
Child A and the others as Child B. Three patients with 
a history of  HCC had been clinically diagnosed by 
dynamic computed tomography as having a complete 
response to trans-catheter arterial embolization and/or 
percutaneous radiofrequency ablation 24 wk or more 
before the start of  the observation period. Compliance 
rate with UDCA administration was over 95%.

Changes in AST, ALT and GGT by dose-up of UDCA
Serum ALT, AST and GGT levels before and after the 
start of  900 mg of  UDCA are shown in Figure 1. Serum 
ALT, AST and GGT levels were significantly decreased 
at 4, 8 and 24 wk after dose-up to 900 mg/d. The 
decrease (decreasing rate, %) in ALT levels before and 
8 wk after dose-up to 900 mg of  UDCA was 14.3 IU/L 
(22.1%) as shown in Figure 1. The decrease in AST and 
GGT were 10.5 IU/L (19.1%), and 9.8 IU/L (22.1%), 
respectively (Figure 1). 

Total (n  = 32)

Mean age (range) 65.8 ± 2.6 (43-80)
Gender (male) 18 (56)
Liver cirrhosis (%)   7 (22)
Controlled hepatocellular carcinoma (%)   4 (12)
Glycyrrhizin administration (%)   6 (19)
AST (IU/L)  66.5 ± 4.1
ALT (IU/L)  57.1 ± 3.4
GGT (IU/L)  44.2 ± 2.1
Total bilirubin (mg/dL)  0.76 ± 0.5
Serum albumin (g/dL)    4.0 ± 0.1
Platelet count (× 1000/mL)  14.5 ± 1.0
HCVRNA (KIU/mL) 1309 ± 469
HCV genotype (1b/non 1b/not decided)   24/6/2

Table 1  Patient characteristics before beginning the study 
(mean ± SE)
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Figure 1  Changes in serum alanine aminotransferase (ALT) levels, serum 
aspartate aminotransferase (AST) levels and serum gamma-glutamyl 
transpeptidase (GGT) levels in patients before and during dose-up to 900 
mg/d. Data are expressed as mean ± SD. aP < 0.05, bP < 0.01; paired t-test 
compared to week 0 in each parameter.
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Changes in serum concentrations of albumin, total 
bilirubin and platelet count
Serum albumin level changed from 4.0 g/dL to 4.1 g/dL  
at 24 wk after the dose-up of  UDCA. Platelet count 
changed from 145 000 to 154 000/mL, and total bilirubin 
changed from 0.76 to 0.73 mg/dL, although the 
difference did not reach a statistically significant level  
(P = 0.05, Figure 2). Serum HCV-RNA level did not 
change during the study period.

Safety
The number of  adverse events during the administration 
of  900 mg UDCA, totaled three (9.4%), mild diarrhea 
in two patients and mouth discomfort in one patient. 
None of  these adverse events influenced compliance 
with UDCA. Although HCC recurrence was detected 
in one patient at just 24 wk after dose-up of  UDCA, 
this lesion was completely treated with percutaneous 
radiofrequency ablation.

DISCUSSION
The results of  this study revealed that the dose-up 
trial of  UDCA from 600 mg/d to 900 mg/d improved 
biochemical markers such as serum AST, ALT and 
GGT as early as the first or second dose-up week 
and continued to improve biochemical markers up to  
24 wk after dose-up of  UDCA was initiated. In addition, 
platelet count tended to increase following this dose-up 
therapy. These results suggested that 900 mg of  UDCA 
can improve liver function tests in patients with chronic 
hepatitis C who have already received 600 mg of  UDCA. 
In this study, the frequency of  adverse events was lower 
than those in previous reports[15-18]. A possible reason 
for this is that patients enrolled in this study were not 
naïve to UDCA and may have quickly gotten used to the 
administration of  UDCA.

In the natural course of  CH-C, patients with normal 
serum aminotransferase levels show a slow fibrosis 
progression and a low incidence of  HCC. Rino et al[19] 
demonstrated that the mode of  reduction therapy 
and ALT levels were the most important factors, by 
multivariate analysis, to affect HCC development 
in patients with HCV-related cirrhosis of  Child A 

classification followed for over 10 years. In addition, 
a previous study of  postoperative patients with HCC 
found that recurrence was more frequent among 
patients with high serum ALT levels over 80 IU/L[20]. 
Moreover, using multivariate analysis in the Inhibition 
of  Hepatocarcinogenesis by Interferon Therapy (IHIT) 
study, the risk of  HCC after interferon treatment 
without virological response was strongly influenced 
by ALT levels, and the odds ratio of  HCC in sustained 
virological responders was the same as that in sustained 
biochemical responders[21]. Therefore, high dose UDCA 
possibly reduced the occurrence and recurrence of  HCC 
through the reduction of  serum ALT level.

The anti-inflammatory mechanism of  UDCA was 
considered to cause a reduction in the cytotoxicity of  
hydrophobic bile acids, stimulation of  hepatobiliary 
s ec re t ion ,  suppres s ion  o f  NF-kB-de pendent 
transcription by binding to the glucocorticoid receptor, 
and a decrease in proinflammatory cytokine-induced 
transcription of  phospholipase A2[22-28].

The long-term effects of  UDCA therapy in CH-C 
patients have not been fully elucidated[29]. Changes in 
liver histology following UDCA administration may not 
be clear from short-term observation periods. In this 
study, the dose-up treatment with 900 mg/d UDCA 
for 24 wk tended to increase serum platelet counts. 
In patients with hepatitis C virus-related chronic liver 
diseases, platelet counts reflect histological findings. 
When the platelet count is low in the patient, progression 
of  liver fibrosis is suggested[30-33]. It is necessary to show 
histologically the morphological hepatic tissue changes 
in future studies.

In conclusion, oral administration of  high dose  
900 mg UDCA, despite the absence of  an anti-viral 
effect, shows beneficial effects in reducing the activity of  
chronic hepatitis or cirrhosis.

COMMENTS
Background
Administration of pegylated interferon alone or in combination with anti-
viral agents has improved the treatment for chronic hepatitis C, but is not 
very effective in some patients-especially those with hepatitis C virus (HCV) 
genotype 1 and high viral load or liver cirrhosis. Such patients may benefit from 
therapies which reduce liver inflammation and fibrosis.
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Figure 2  Changes in serum albumin, platelet count, and total bilirubin levels in chronic hepatitis C patients before and 24 wk after beginning the dose-up 
to 900 mg/d.
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Research frontiers
Researchers assessed the effect of ursodeoxycholic acid (UDCA) on serum 
liver enzyme levels in patients with chronic hepatitis C or compensated 
liver cirrhosis with HCV. Serum alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), and gamma-glutamyl transpeptidase (GGT) levels 
were significantly decreased with 900 mg/d compared with 600 mg/d.
Innovations and breakthroughs
Increasing the oral UDCA dose to 900 mg/d was effective in reducing ALT, AST, 
and GGT levels. Adverse effects were reported in 3 cases (9.4%), but none of 
these adverse effects influenced UDCA compliance.
Applications
The study results suggest that patients with HCV genotype 1 and high viral load 
or liver cirrhosis may benefit from oral UDCA therapy.
Peer review
This manuscript demonstrates that raising the UDCA dose from 600 mg/d 
to 900 mg/d improves liver chemistries including AST, ALT, and GGT over a 
6 mo period. The authors then suggest that this may lead to suppression of 
fibrosis in a HCV population. Also, this research suggests that UDCA is safe at 
this dose. This is novel in a Japanese HCV cohort and the methods are quite 
straightforward. While not particularly novel, it does suggest that higher dose 
UDCA can improve liver chemistries.
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Abstract
AIM: To investigate the spatial distribution patterns of 
anorectal atresia/stenosis in China.

METHODS: Data were collected from the Chinese 
Birth Defects Monitoring Network (CBDMN), a hospital-
based congenital malformations registry system. All 
fetuses more than 28 wk of gestation and neonates 
up to 7 d of age in hospitals within the monitoring 
sites of the CBDMN were monitored from 2001 to 
2005. Two-dimensional graph-theoretical clustering 
was used to divide monitoring sites of the CBDMN into 
different clusters according to the average incidences 
of anorectal atresia/stenosis in the different monitoring 
sites.

RESULTS: The overall average incidence of anorectal 
atresia/stenosis in China was 3.17 per 10 000 from 
2001 to 2005. The areas with the highest average 
incidences of anorectal atresia/stenosis were almost 
always focused in Eastern China. The monitoring 
sites were grouped into 6 clusters of areas. Cluster 

1 comprised the monitoring sites in Heilongjiang 
Province, Jilin Province, and Liaoning Province; 
Cluster 2 was composed of those in Fujian Province, 
Guangdong Province, Hainan Province, Guangxi 
Zhuang Autonomous Region, south Hunan Province, 
and south Jiangxi Province; Cluster 3 consisted of 
those in Beijing Municipal City, Tianjin Municipal City, 
Hebei Province, Shandong Province, north Jiangsu 
Province, and north Anhui Province; Cluster 4 was 
made up of those in Zhejiang Province, Shanghai 
Municipal City, south Anhui Province, south Jiangsu 
Province, north Hunan Province, north Jiangxi Province, 
Hubei Province, Henan Province, Shanxi Province 
and Inner Mongolia Autonomous Region; Cluster 5 
consisted of those in Ningxia Hui Autonomous Region, 
Gansu Province and Qinghai Province; and Cluster 6 
included those in Shaanxi Province, Sichuan Province, 
Chongqing Municipal City, Yunnan Province, Guizhou 
Province, Xinjiang Uygur Autonomous Province and 
Tibet Autonomous Region.

CONCLUSION: The findings in this research allow the 
display of the spatial distribution patterns of anorectal 
atresia/stenosis in China. These will have important 
guiding significance for further analysis of relevant 
environmental factors regarding anorectal atresia/
stenosis and for achieving regional monitoring for 
anorectal atresia/stenosis.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Anorectal atresia/stenosis is a congenital malformation 
characterized by absence of  continuity of  the anorectal 
canal or of  communication between rectum and anus, 
or narrowing of  anal canal, with or without fistula, to 
neighboring organs[1]. Its incidence is rated high amongst 
gastrointestinal tract malformations. Incidence relates 
not only to genetic factors but also to environmental 
factors, especially spatial differences. There is, however, 
very little information available in literature about the 
spatial distribution patterns of  anorectal atresia/stenosis 
in China.

Since 1986 China has been using the hospital-based 
Chinese Birth Defects Monitoring Network (CBDMN) 
to dynamically monitor severe congenital malformations 
such as anorectal atresia/stenosis[2]. We conducted this 
research to divide monitoring sites of  the CBDMN 
into different clusters using two-dimensional graph-
theoretical clustering analysis of  the incidences of  
anorectal atresia/stenosis. Consideration was given to 
the similarities of  the incidences of  anorectal atresia/
stenosis and the adjacent spatial relationships among 
different monitoring sites. This paper will present the 
spatial distribution patterns of  anorectal atresia/stenosis 
and hopes to provide clues for research on its etiology.

MATERIALS AND METHODS
Objects
Research subjects were all perinatal fetal births more 
than 28 wk of  gestation and neonates up to 7 d of  age 
monitored in hospitals in the monitoring sites of  the 
CBDMN from 2001 to 2005. They included live births, 
fetal deaths, stillbirths and those neonates who died 
within the first 7 d in these hospitals.

Monitoring hospitals
Using the hospital-based guidelines for monitoring 
birth defects in developing countries, as recommended 
by World Health Organization (WHO), the CBDMN 
gathered data from about 460 hospitals in this hospital-
based network. These hospitals - all of  them above 
the county level - were located in 138 cities (138 
monitoring sites) of  31 different provinces, municipal 
cities, and autonomous regions in China. The selection 
of  monitoring sites used the method of  stratified 
sampling based on the combination of  geographical 
location, economic development level and infant 
mortality rate. The spatial distribution of  monitoring 
sites is in accordance with the distribution of  nationwide 
births. The nationwide program covers approximately 
450 000-500 000 births annually through all monitoring 
hospitals.

Information collection
The monitoring staff  all received technical training on 
the case ascertainment of  birth defects and the reporting 
of  register forms. The monitoring hospitals collected 
the basic monthly information about the fetuses and 

neonates from units of  delivery, pediatric and pathology 
quarterly reports and filled in the “Quarterly Form 
for Perinatal Births”. The monitoring staff  in these 
hospitals filled in the “Registration Card for Births 
with Congenital Malformations” regarding the cases 
of  diagnosed anorectal atresia/stenosis. All the forms 
were required to be handed over to the provincial birth 
defects monitoring offices; these would be reported to 
the National Center for Birth Defects Monitoring after 
scrutiny. The specific monitoring methods and quality 
control measures complied with those in reference[3].

Inclusion and exclusion criteria 
The perinatal births diagnosed as having anorectal 
atresia/stenosis with reference to criteria in Code Q42.1 
and Code 42.3 in ICD-10 were included in this research. 
According to the criteria authorized by the International 
Clearing house for Birth Defects Surveillance and 
Research (ICBDSR), cases of  mild stenosis which did 
not need correction and ectopic anus were excluded.

Spatial distribution analysis
The Excel Package was used to build the database of  
data of  anorectal atresia/stenosis by monitoring sites. 
The ArcView GIS 3.2 was applied to spatially display 
the average incidences of  anorectal atresia/stenosis in 
different provinces, municipal cities, and autonomous 
regions.

Two-dimensional graph-theoretical clustering: 
The graph is a set of  vertices and edges that connect 
pairs of  vertices in the space[4-6]. According to the basic 
requirements for clustering the two-dimensional ordinal 
samples, the similarities of  the disease-related variables 
between members of  the same cluster and their 
disparities between members of  different clusters need 
to be maintained. The connectivity of  the geographic 
units within the cluster also needs to be conserved. 
The weighted connected graph was supposed to be 
G = (V, E, D), in which (1) V represents the set of  
the locations of  the geographic units (referred to 
monitoring sites in this research), (2) E represents 
the initial location connection matrix B(0) (Formula 1), 
the set of  the adjacent relationships among different 
monitoring sites, and (3) D represents the initial 
disease-related distance matrix D(0) (Formula 2), the 
weights between different vertices in the tree algorithm 
in the graph theory. Based on the weighted connected 
graph G = (V, E, D), minimum spanning trees (MST) 
which were of  biogeographic significance[7,8] were 
constructed by the Kruskal MST algorithm[9]. The two 
vertices with the minimum distance measures were 
selected and connected. One of  the remaining vertices 
was selected and connected with the one of  the two 
connected vertices to which it showed the minimum 
distance measured. The other remaining vertices were 
connected consecutively with those vertices already 
connected in the same manner until all the vertices 
were interconnected. The whole process was completed 
by the DPS7.05 software package[10].
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B(0) = (bik
(0))n × n ;          i, k = 1, 2, ..., n   (Formula 1)

D(0) = (dik
(0))n × n ;          i, k = 1, 2, ..., n  (Formula 2)

Where bik
(0)

 is the labeling of  location connection 
between the monitoring site i and the monitoring site 
k. The value of  bik

(0)
 is 1 if  the two monitoring sites 

are adjacent, while it is 0 when the two monitoring 
sites are not. dik

(0) is the similarity distance between 
the incidence of  the monitoring site i and that of  the 
monitoring site k.

The MST was deconstructed by the method of  
“necks” in the graph theory[11]. Specific steps processed 
were as follows: (1) calculating the “branches”: All n 
vertices were interconnected by (n-1) edges. Two of  
these vertices were connected only by one edge and the 
others were connected by at least two edges, which thus 
formed a chain without circuits, called the “branch”. The 
branch with the most edges was called the main branch 
(or diameter) of  the MST; (2) calculating the “subsidiary 
main branch”. Starting from any vertex in the main 
branch of  MST, the branch with the most edges, other 
than the main branch, was separated out and called the 
subsidiary main branch. The number of  edges of  the 
subsidiary main branch was called the “depth” of  the 
vertex; (3) identifying “necks”. The task was twofold: (Ⅰ)  
to appoint an integer “a” (that is > 1), and (Ⅱ) to find 
the subsidiary main branch of  every vertex with a depth 
≥ a in the main branch. The edges, which connected the 
vertices with the depth of  0 in the main shared parts of  
every subsidiary main branch, were called the “neck”; and 
(4) the necks were deleted in the graph to deconstruct the 
MST into parts so that the monitoring sites in the graph 
were divided into different clusters accordingly.

The layer of  the deconstructed MST was added to 
the Administrative Boundary Layer of  the 1:4M-scale 
Topographic Database of  the National Fundamental 
Geographic Information System of  China to formulate 
the two-dimensional MST-based cluster graph. The 
clustering results were used to make another cluster map 
for visual observation. This process was performed by 
the ArcView GIS 3.2 package software.

RESULTS
A total of  2 670 367 perinatal births were monitored 
from 2001 to 2005 all over China. Eight hundred and 
forty six cases of  anorectal atresia/stenosis were found, 
equating to a total average incidence of  3.17 per 10 000. 
See Table 1 for the average incidences of  anorectal 
atresia/stenosis in different provinces, municipal cities or 
autonomous regions. The top five incidences appeared 
in Liaoning (4.89 per 10 000 births), Zhejiang (4.83 per 
10 000 births), Guangdong (4.78 per 10 000 births), 
Chongqing (4.59 per 10 000 births) and Beijing (4.10 per 
10 000 births).

Spatial distribution
Regarding the geographic division standard for Eastern, 

Middle and Western China from the National Bureau 
of  Statistics of  China in 2003[12], the areas (provinces, 
autonomous regions, or municipal cities) with the 
highest average incidences of  anorectal atresia/stenosis 
were concentrated in Eastern China, while the areas with 
the lowest average incidence of  less than 1.99 per 10 000 
were mostly located in Western China (Figure 1).

Results of the two-dimensional graph-theoretical 
clustering
The MST was constructed with consideration to the 
similarities of  average incidences of  anorectal atresia/
stenosis and the spatial connectivity between different 
monitoring sites (Figure 2). According to the “neck” 
calculation method in the graph theory, when the 
integral constant, a, was designated as 2, the monitoring 
sites were divided into 6 clusters of  different areas.

Regarding the average incidences of  anorectal 
atresia/stenosis in different provinces, municipal 
cities and autonomous regions from 2001 to 2005, the 
monitoring sites were grouped into 6 clusters. Cluster 
1 comprised the monitoring sites in Heilongjiang 
Province, Jilin Province, and Liaoning Province; 
Cluster 2 was composed of  those in Fujian Province, 
Guangdong Province, Hainan Province, Guangxi 
Zhuang Autonomous Region, south Hunan Province,  

Province/Autonomous 
region/Municipal city

Perinatal births Cases Average incidence 
(per 10 000)

Liaoning      79 760   39 4.89
Zhejiang    111 690   54 4.83
Guangdong    127 648   61 4.78
Chongqing      60 979   28 4.59
Beijing    114 741   47 4.10
Guangxi      64 444   26 4.03
Tianjin      62 542   25 4.00
Anhui    100 631   36 3.58
Fujian      95 970   34 3.54
Ningxia      65 064   23 3.53
Jiangsu    149 984   52 3.47
Jilin    112 606   38 3.37
Shanxi      76 653   24 3.13
Henan    126 082   39 3.09
Hubei      59 964   18 3.00
Hebei    130 441   39 2.99
Gansu      61 629   18 2.92
Hunan      85 919   25 2.91
Heilongjiang      71 224   20 2.81
Hainan      54 234   14 2.58
Shandong    164 141   42 2.56
Guizhou      58 695   15 2.56
Sichuan      88 783   22 2.48
Shanghai    144 361   34 2.36
Inner Mongolia      63 061   14 2.22
Yunnan      85 398   17 1.99
Jiangxi       84 015   15 1.79
Xinjiang       56 214   10 1.78
Shaanxi       64 634   11 1.70
Qinghai       36 666     6 1.64
Tibet       12 194     0 0.00
Total 2 670 367 846 3.17

Table 1  Average incidences of anorectal atresia/stenosis in 
different provinces, municipal cities or autonomous regions of 
China from 2001 to 2005
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and south Jiangxi Province; Cluster 3 consisted of  those 
in Beijing Municipal City, Tianjin Municipal City, Hebei 
Province, Shandong Province, north Jiangsu Province, 

and north Anhui Province; Cluster 4 was made up 
of  those in Zhejiang Province, Shanghai Municipal 
City, south Anhui Province, south Jiangsu Province, 

N

400             0             400             800 Miles

Provincial average incidence (per 10 000)
< 1.99
1.99-
2.58-
3.13-
4.10-

Figure 1  National distribution graph of average incidences of anorectal atresia/stenosis in different provinces, municipal cities 
and autonomous regions from 2001 to 2005.
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Necks

Edges of the MST

Monitoring stations

Figure 2  Two-dimensional MST-based cluster graph of monitoring sites in China from 2001 to 2005.
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north Hunan Province, north Jiangxi Province, Hubei 
Province, Henan Province, Shanxi Province and Inner 
Mongolia Autonomous Region; Cluster 5 consisted 
of  those in Ningxia Hui Autonomous Region, Gansu 
Province and Qinghai Province; and Cluster 6 included 
those in Shaanxi Province, Sichuan Province, Chongqing 
Municipal City, Yunnan Province, Guizhou Province, 
Xinjiang Uygur Autonomous Province and Tibet 
Autonomous Region (Figure 3).

DISCUSSION
Anorectal atresia/stenosis is one of  the most common 
malformations in the gastrointestinal tract. Due to 
pathological changes in the anus and rectum, one-third 
of  the perinatal births with anorectal atresia/stenosis 
suffer from defecation difficulties of  varying degrees 
of  severity following surgery. Most of  these births need 
life-long treatment that severely compromises the quality 
of  life and psychological development in particular. This 
situation is a burden not only to these babies, but also 
to their entire families and even to society as a whole in 
China[13-17]. Some researchers[18-22] suggested that mothers’ 
contact (when they are pregnant) with environmental 
pollutants could increase their risk of  giving birth to 
babies having congenital malformations. The current 
research found that the areas with the highest incidences 
of  anorectal atresia/stenosis were concentrated in 
Eastern China, especially in Liaoning, Zhejiang and 
Guangdong. With a solid industrial and agricultural base, 

economic conditions in Eastern China flourish. Most 
manufacturing plants and industrial factories (including 
marine-aquatic industries) are located in Eastern China. 
It is known that these factories are responsible for water 
pollution and other industrial pollution at a level that is 
deemed severe. Perhaps mothers in Eastern China have 
babies with more congenital malformations because 
of  the mothers’ severe exposure to these physical and 
chemical pollutants when they are pregnant. In addition, 
the regional differences in awareness and uptake of  
available health care for pregnant woman, infrastructure 
of  monitoring hospitals and diagnosis at a technical level 
were also factors likely to explain some of  the observed 
geographical variation in anorectal atresia/stenosis. In 
Western China, limited at economic and cultural levels, 
most pregnant woman have weak awareness and uptake 
of  health care, which means they do not actively seek 
antenatal care, so there is the probability of  under-
reporting of  cases, resulting in the lower incidence. As 
to the health services, in the less developed western 
regions, the maternal and child healthcare facilities may 
lack necessary infrastructure, and the technical levels of  
monitoring staff  may be limited, which may also result 
in the lower detection of  congenital malformation.

Cluster analysis is an exploratory data analysis tool for 
solving classification problems. Assuming the samples as 
the vectorial points in hyperspace, the object of  cluster 
analysis is to sort the samples into clusters so that the 
degree of  association is strong between members of  the 
same cluster and weak between members of  different 

Figure 3  Cluster graph of monitoring sites in China from 2001 to 2005.
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clusters. It has widespread application because of  its 
advantage of  definite classification. In analysis of  spatial 
distribution structures of  disease, both the similarities 
and the adjacent relationships of  geographic units 
of  the same cluster are of  interest to researchers[23]. 
The traditional cluster analysis cannot meet all the 
requirements. Nevertheless, the two-dimensional graph-
theoretical clustering model systematically (1) combines 
the concept of  the two-dimensional constrained spatial 
hierarchical clustering and the MST method in the 
graph theory; (2) utilizes the spatial analysis measures of  
Geographic Information System (GIS) in combination 
with the tree algorithm to divide the geographic units 
into clusters. This model allows researchers to consider 
the similarities as well as the spatial connectivity between 
different units in the same cluster. This is of  significance 
in (1) analyzing the similarities of  different geographic 
units, (2) demonstrating the spatial distribution of  the 
disease, and (3) identifying the boundaries of  the spatial 
heterogeneity of  the disease. Luo et al[24] combined the 
principal component analysis and two-dimensional 
graph-theoretical clustering to identify the evaluation 
method for land consolidation priority. Cao et al[25] 
divided the national corn reserve regions based on the 
two-dimensional graph-theoretical clustering, providing 
references for application of  regional corn reserve 
technology and for the formation of  guidelines for 
macro-regional corn reserve technology. Few researchers, 
however, have reported on the use of  two-dimensional 
graph-theoretical clustering as applied to study the 
spatial distribution of  congenital malformations.

This research utilized the two-dimensional graph-
theoretical clustering to divide monitoring sites of  
the CBDMN into different clusters of  areas based 
on average incidences of  anorectal atresia/stenosis. 
The findings in this research will have important 
guiding significance for further analysis of  relevant 
environmental factors regarding anorectal atresia/
stenosis and for allowing regional monitoring for 
anorectal atresia/stenosis. On the one hand, the 
congenital malformations relate not only to genetic 
factors, but also correspond with the influence of  other 
conditions: geographic environment, climate, economic 
development and even cultural development[26-30]. The 
results from the two-dimensional graph-theoretical 
clustering will enable epidemiologists to determine which 
environmental factors affect the incidence of  anorectal 
atresia/stenosis in each cluster of  areas by considering 
their respective environmental characteristics. On the 
other hand, although these data showed high incidence 
of  anorectal atresia/stenosis in Eastern China and low 
incidence in Western China, it is true that different 
areas within Eastern China and Western China have 
their own demographic, economic and environmental 
characteristics. Large-scale monitoring cannot obtain 
detailed influential factors of  anorectal atresia/stenosis 
in any given region. The results in this research provide 
an approach for researchers to monitor relevant 
environmental influential factors for incidence of  
anorectal atresia/stenosis regionally. By dividing the 

monitoring sites of  the CBDMN into different clusters, 
the detailed relevant environmental risk factors for 
anorectal atresia/stenosis in different geographic units 
can be collected within the same cluster to allow regional 
monitoring.

The current research took account of  the adjacent 
relationship between different monitoring sites rather than 
different provinces, autonomous regions or municipal 
cities, which guaranteed the requirements for geographic 
divisions for this study. However, if  different monitoring 
sites in the same province were incorporated into different 
clusters after two-dimensional graph-theoretical clustering, 
the monitoring work at the provincial level would be 
subjected to increased difficulties.
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Abstract
AIM: To construct p27mt  recombinant adenovirus, 
transfect the colorectal cell line Lovo and observe the 
effects of p27mt  on Lovo cell apoptosis and cell cycle 
inhibition.

METHODS: We constructed recombinant adenovirus 
containing p27mt  by homologous recombination in 
bacteria. The colorectal cancer cell line Lovo was infected 
with recombinant replication-defective adenovirus Ad-
p27mt, and expression of p27mt  was determined by 
Western blotting; the inhibitory effect of p27mt  on 
Lovo cells was detected by cytometry. Cell cycle was 
determined by flow cytometry. DNA fragment analysis 
identified the occurrence of apoptosis.

RESULTS: The recombinant adenovirus which 
already contained p27mt  target gene was successfully 
constructed. When multiplicity of infection was 
≥ 50, the infection efficiency was 100%. After 
transfection of Lovo cells with Ad-p27mt the cells 
had high p27  expression which was identified by 

immunoblotting assay. PI staining and flow cytometry 
showed that 77.96% of colorectal cancer cells were 
inhibited in phase G0/G1, while in the Ad-LacZ group 
and blank control group, 27.57% and 25.29% cells 
were inhibited in the same phase, respectively. DNA 
fragment analysis, flow cytometry and TUNEL assay 
demonstrated that p27mt  is able to induce apoptosis 
in colorectal cancer cells.

CONCLUSION: p27mt  has an obvious blocking effect 
on colorectal cancer cell cycle, and most cells were 
inhibited in phase G0/G1. Therefore, p27mt  can induce 
apoptosis in colorectal cells. 

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
p27Kip1 (p27) is a cyclin dependent kinase inhibitor (CDKI), 
whose specific late G1 destruction allows progression of  
the cell across the G1/S boundary. The protein was ubiqui-
tinated by S-phase kinase-interacting protein-2 (Skp2) fol-
lowing its specific phosphorylation, and was subsequently 
degraded by the 26S proteasome[1]. There was a direct 
relationship between the low level of p27 and rapid pro-
liferation occurring in several benign states and in many 
malignancies. It has been reported that p27 levels were 
markedly reduced in several malignancies, such as those of  
the skin[2], liver[3], bladder[4], thyroid[5], breast[6], prostate[7] 
and endometrium[8]. In some of  the tumors studied, a 
strong correlation was found between the low level of p27, 
the aggressiveness of  the disease and poor prognosis of  
the patients[6]. Interestingly, p27 in all these tumors was of  
the wild-type species (p27wt), and its regulation has been 
attributed to phosphorylation of  Thr-187 and subsequent 
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ubiquitination[9]. Overexpression of p27 via adenoviral gene 
transfer could suppress cancer cell growth regardless of  
p27 mutation[10]. Montagnoli et al[11] showed that the ubiqui-
tination of  p27 did not occur in p27mt with Thr-187 to Ala 
[p27 (T187A)]. Sheaff  et al[12] showed that the transfection 
of  p27 (T187A) plasmid caused a G1 block, which was 
both resistant to and not modulated by cyclin E/Cdk2. 
On the basis of  these observations of  p27 regulation and 
the nature of  the p27 tumor suppressor gene, we con-
structed Adenovirus expressing p27mt (Thr-187/Pro-188 
to Met-187/Ile-188) to infect the colorectal cancer cell line 
Lovo, and then investigated its expression and functional 
significance in the cell proliferation and apoptosis of  Lovo 
cells, by which we aimed to discuss novel methods of  gene 
therapy in colorectal cancer.

MATERIALS AND METHODS
Main reagents
The restriction endonucleases such as AgeⅠ, NheⅠ, KpnⅠ,  
PacⅠ and PmeⅠ were purchased from New England 
Biolabs Co. HindⅢ, EcoRI, λDNA HindⅢ marker, 200 bp  
DNA ladder, dNTP, Tag enzyme and T4 DNA ligase 
were purchased from Huamei Biological Co. (China). 
The Western blotting kit was purchased from KPL Co. 
(USA). The rat anti-human p27kip1 multi-antibody was 
purchased from Santa Cruz Co. (USA). The horseradish 
peroxidase (HRP) labeled sheep anti-rat IgG monoclonal 
antibody was purchase from Zhongshan Co. (China). The 
p27mt primer was designed and synthesized by Beijing 
Saibaisheng Biological Co. (China). The fetal bovine serum 
(FBS) was purchased from Hangzhou Sijiqing Biological 
Engineering Materials Co. (China). The liposome (polyfect) 
was purchased from Qiagen Co. (USA). Trypsin, DMEM 
culture medium, Hepes and Cscl were purchased from 
Sigma Co. (USA).

Plasmid, strain, adenovirus and cell lines
The pORF9-p27mt plasmid was purchased from 
Invivogen (USA). The pAdeasy-1 plasmid, pBluescript 
Ⅱsk (+), Ad293 cell, E. coli BJ5183 and XL10-gold 
were purchased from Stratagene (USA). The LacZ 
recombinant adenovirus (Ad-LacZ with titer 7.15 × 
1015/L)[13] and DH5α were gratefully provided by Doctor 
Wang Jianing, Clinical Research Institute, Yunyang 
Medical College. The Lovo cell line was purchased from 
Type Culture Collection Center, Wuhan University.

Main equipment 
This equipment included a high speed freezing centrifuge 
(Universal 32R, Germany), the ultraspeed freezing 
centrifuge (Tokyo Cp80max, Japan), inverted phase 
contrast microscope (Nikon TE2000-u, Japan), CO2 
culture box (CB150#00-17611, wtb-binder), PCR machine 
(Biometra. Germany), ultraviolet spectrophotometer 
(Auriud CE2401, UK), Coulter Epics XL flow cytometer 
(Beckman Co., USA), high speed table-top centrifuge and 
a water bath shaking table (China).

Construction and identification of p27mt recombinant 
adenovirus
After pORF9-p27mt was digested by AgeⅠ and NheⅠ 

enzymes, the 619 bp fragment was recycled and subcloned 
into pBluescript ⅡSK (+) which was digested by XmaⅠ 
and XbaⅠ enzymes, thus obtaining pBluescript-p27mt. 
Then pBluescript-p27mt was digested by NotⅠ and KpnⅠ 
enzymes, and the 699 bp fragment was recycled and inserted 
into the shuttle plasmid vector pShuttle-CMV which was 
digested by the same enzymes, thus the transfer plasmid 
pShuttle-CMV-p27mt was obtained. The competent E. 
coli was transformed by the adenoviral framework plasmid 
pAdeasy-1. According to the ampicillin-resistant gene, the 
BJ5183 containing pAdeasy-1 was picked out and prepared 
into the ultra-competence BJ5183 containing pAdeasy-1. 
Then, the ultra-competence BJ5183 was transformed by 
transfer plasmid pShuttle-CMV-p27mt which was digested 
by PmeⅠ enzyme and dephosphorylated by alkaline 
phosphatase. A little DNA from the transformed clone 
bacterial plasmid was taken out and the suspect DNA of  
the recombinant adenovirus plasmid was chosen according 
to the size of  the plasmid in agarose electrophoresis. 
If  the chosen DNA was identified as the correct DNA 
by digestion of  PacⅠ enzyme, then the recombinant 
adenovirus plasmid pAdeasy-1-p27mt could be prepared. 
Recombinant adenovirus plasmid DNA was excised by 
PacⅠ, then transfected by Ad293 via liposome polyfect 
mediation, where the change in cells at different times after 
transfection was determined. When it appeared that 90% 
had cell lesions, scratch 293 cells from the culture bottle 
were vortexed three times at -80℃ to +37℃ to lyse the 
cells, then centrifuged and the supernatant containing the 
virus was collected, the 293 cells were reinfected with the 
above virus and proliferation of  the virus occurred at a large 
scale. Purification of  recombinant adenovirus was similar 
to the method of  Cortin et al[14]. After purification the 
adenovirus underwent dialysis, test virus titers were detected 
using an ultraviolet spectrophotometer. Fifty microliter  
of  purified adenovirus liquid, 100 g/L SDS 20 μL,  
PBS 430 μL, were assayed at absorbance values of  
A260 and A280, then the granule numbers and purity 
of  adenovirus were determined. If  A260 = 1015pfu/L  
and A260/A280 > 1.3 this indicated that the purity was 
relatively high when virus titers (pfu/L) = A260 × dilution 
× 1015. PCR identification of  recombinant adenovirus Ad-
p27mt was carried out. Recombinant adenovirus genome 
DNA from the high titer virus storage liquid served as a 
template. Using primer toward the reporter gene p27mt, the 
PCR reaction parameters were: pre-denaturation at 95℃ for 
5 min, denaturation at 94℃ for 20 s, annealing at 56℃ for 
30 s, elongate at 72℃ for 30 s, 30 cycles, elongate at 72℃ for 
10 min. Primer 1: 5'CCTAGAGGGCAAGTACGAGTG3'; 
Primer 2: 5'GAAGAATCGTCGGTTGCAGGTCGCT3'.

Detection of p27mt gene expression
Lovo cells were incubated in 100 mL/L FCS and 
RPMI-1640 culture medium at 37℃ in a 50 mL/L CO2 
culture box until the cells spread to 70%-80% of  the 
area and were used in the following experiment.

Lovo cells taken from the 15 cm culture flask were 
infected with Ad-LacZ according to an Multiplicity of  
infection (MOI) of  20, 40, 50 and 100 and then incubated 
for another 48 h. The cells were then fixed by 5 mL/L 
glutaral for 15 min and washed three times with PBS, 
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X-gal staining solution (20:1) was added. The cells were 
then incubated at 37℃ in the 50 mL/L CO2 culture box 
for 4-24 h. The blue-stained cells, i.e. the positive cells in 
which the LacZ gene was expressed, were observed under 
the microscope and the percentage of  positive cells was 
calculated.

Lovo cells taken from the 75 cm culture flask were 
infected with Ad-p27mt (MOI 50) and Ad-LacZ (MOI 
50), respectively. After incubation in the same conditions 
for 48 h, the cells were digested by 0.5 g/L trypsin, 
collected and washed twice with PBS. After lysis by  
500 μL 1 × SDS-PAGE cell lysis solution and boiling for 
5 min, the cells were centrifuged, the supernatant was 
collected and then detected by Western blotting.

Cycle detection and apoptosis of cells infected with 
Ad-p27mt by flow cytometry  
Lovo cells cultured in the 75 cm culture flask were 
infected with Ad-p27mt (MOI 50). After incubation 
for 48 h, the cells were digested by 0.5 g/L trypsin, 
collected and then washed twice with PBS. The cell 
concentration was adjusted to 109/L with PBS. One 
hundred microliter of  cell suspension was taken 
out and mixed with 200 μL DNA-PREP™ LPR 
and placed at room temperature in the dark for  
3 min. The cell suspension was then mixed with 1000 μL  
DNA-PREP stain (PI staining). The cell cycle phase and 
apoptosis were detected by a Coulter Epics XL flow 
cytometer 15 min later. Ad-LacZ (MOI 50) group and 
normal controls (Lovo cells cultivated without adenovirus) 
were used as control groups.

Apoptosis by DNA fragment analysis  
The cells in the three groups (Ad-p27mt and Ad-LacZ 
for 48 h and the normal control), were collected and 
centrifuged at 1000 r/min for 5 min. The supernatant 
was discarded, and 500 μL of  cell lysis solution [1% 
Np40, 20 mmol/L EDTA, 50 mmol/L Tris-HCl (pH7.5)] 
and 10 μL protease K were added to the cell sediment. 
Following incubation in a water bath (56℃) for 1-2 h 
and extraction with phenol and chloroform, DNA was 
precipitated by dehydrated alcohol. After washing once 
with 700 mL/L alcohol, 200 μL TE was added to lyse 
the DNA. Then RNase (final concentration 50 μg/mL) 
was added and placed at 37℃ for one night. The DNA 
was electrophoresed in 10 g/L agarose gel and the 
results were observed under an ultraviolet lamp.

Detection of cell apoptosis by the TUNEL method   
1 × 104 cell suspension was inoculated into a 60 mm dish 
with a cover glass (washed and high-pressure sterilized). 
Each of  the Ad-p27mt group and the normal control 
were inoculated into 6 glasses and incubated for 24 h. The 
glasses were then taken out and washed twice with 1 × PBS 
and fixed with methanol and freezing acetic acid (3:1) for 
30 min. The next procedure was carried out according to 
the kit instructions. One thousand cells were counted on 
each glass and the average number of  apoptotic cells was 
determined. Then the apoptotic index (AI), i.e. the number 
of  apoptotic cells in every 100 cancer cells, was calculated.

Statistical analysis 
One way-ANOVA was used in processing the measured 
data, which were expressed as mean ± SD. χ2 test was 
adopted in the calculation of  enumeration data.

RESULTS
PCR identification of the recombinant adenovirus 
Ad-p27mt
The pathologically changed 293 cells and the culture 
fluid were collected, frozen and thawed three times and 
centrifuged. Five millilitre of  the supernatant was taken out 
and added to 1 mg protease K, 2 mL 1% SDS, 10 mmol/L  
EDTA and 20 mmol/L Tris-HCl for 2 h. After 
centrifugation, the supernatant was extracted with phenol 
and chloroform. After precipitation with dehydrated 
alcohol, the viral DNA was collected. Then forward 
and reverse primers were added and the PCR reaction 
was carried out. The 275 bp target gene was amplified, 
which showed that the recombinant adenovirus already 
contained the p27mt target gene (Figure 1).

X-gal chemical staining 
After Lovo cells were infected with Ad-LacZ, the 
adenovirus-mediated gene transfer rate was evaluated 
by X-gal staining. The results showed that the infection 
efficiency could reach 100% when MOI was larger than 
50, which indicated that recombinant adenovirus could 
effectively transfer the gene to Lovo cells in vitro (Figure 2).

The expression of p27 protein was evaluated after Lovo 
cells were infected with human mutant p27 recombinant 
adenovirus in vitro 
After Lovo cells were infected with Ad-p27mt (MOI 50) 
for 24 h, these cells were collected and lysed using 1 × 
SDS × PAGE cell lysis solution. After boiling at 100℃ 
for 5 min, the cells were centrifuged. The supernatant 
was collected and the protein was detected by the TMB 
system Western blotting kit (KPL, USA). After staining 
with TMB stain, a high expression of  27 KD protein 
was observed in the Ad-p27mt group while only slight 
expression (endogenous expression) was observed in 
the Ad-LacZ group and the normal control group. 
This showed that the p27mt recombinant adenovirus 
constructed in the present study could express p27mt 
gene in Lovo cells and the protein could also be 
expressed at a high level in Lovo cells (Figure 3).
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  1 2 Figure 1  Identification 
of Ad-p27mt by PCR. 1: 
200bp marker; 2: Ad-
p27mt.
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Apoptosis of colorectal cancer cells induced by Ad-p27mt 
After Lovo cells were treated with Ad-p27mt, Ad-LacZ 
and without virus for 24 h, apoptosis was observed by 
flow cytometry and was repeated six times. The average 

value of  hypodiploid cells was: 41.0%, 4.67% and 1.96%, 
respectively. After statistical analysis, there was a significant 
difference among the three groups, (P < 0.01) (Figure 4).
 
Detection of DNA fragments 
The results of  DNA electrophoresis showed that the 
gene bands were intact in the Ad-LacZ and normal 
control group, while there were obvious 180-200 bp 
diploid “trapezia” bands in the Ad-p27mt infected 
group, which was in concordance with the characteristic 
changes of  apoptosis (Figure 5).

Detection of cell apoptosis by the TUNEL method 
The nuclei of  apoptotic cells were dark stained, the 
cytoplasm was concentrated and the cells had shrunk. 
The AI of  the Ad-p27mt and the control group were 
(82.6% ± 3.2%) and (5.0% ± 3.5%), respectively 
and showed a significant difference (P < 0.05). This 
demonstrated that Ad-p27mt could obviously induce 
apoptosis in colorectal cancer cells (Figure 6).

www.wjgnet.com

Figure 2  X-gal chemical staining detected the infection efficiency of Ad-
p27mt (MOI 50).
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Figure 4  Determination of cell apoptosis by Flow cytometry. A: Non-infected 
Lovo cells; B: Ad-lacZ infected Lovo cells; C: Ad-p27mt infected Lovo cells.

Figure 6  Detection of cell apoptosis by the TUNEL method. A: Blank group; 
B: Ad-p27mt.
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Figure 3  Western blotting of expressed p27 protein. 1: Non-infected Lovo 
cells; 2: Ad-lacZ infected Lovo cells; 3: Ad-p27mt infected Lovo cells.
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Figure 5 Determinat ion of  cel l 
apoptosis by DNA fragment analysis. 
1: Marker; 2: Blank group; 3: Ad-lacZ 
group; 4, 5: Ad-p27mt group.
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The effect of exogenous p27mt on the cell cycle (Table 1) 
The cell cycle of  Lovo cells after the various treatments are 
shown in Table 1. It can be seen that in the Ad-LacZ and 
blank control groups, the number of  cells in the G0/G1 
phase decreased gradually and the percentage of  cells in 
the S phase increased, which indicated that the transition 
time of  the cell cycle was shortened and cell proliferation 
was active. However, the percentage of  cells in the G0/G1 
phase decreased and the percentage of  cells in the S phase 
increased and the cell cycle was arrested in the G0/G1 
phase in the Ad-p27mt group, which was significantly 
different from the blank and Ad-LacZ groups (P < 0.01).

DISCUSSION
Currently, functional reconstruction of  anti-oncogenes 
is a reasonable strategy for tumor gene therapy. p27 
protein degradation is mainly caused by phosphorylation 
of  the 187th threonine of p27 which is mediated by 
ubiquitin[15-17]. Park et al[18,19] replaced the 187th threonine 
and the 188th praline of  the wild-type p27 with 
methionine and isoleucine, respectively, by which the 
target phosphorylation site of  CDK would be protected 
from phosphorylation, and thus the mutant p27 was 
prepared. These authors constructed a replication-
deficient recombinant adenovirus which carried p27mt 
and p27wt, respectively and proved that the inhibition 
and apoptotic effects in cancer cells was more obvious in 
the mutant p27 (p27mt) than in the wild-type p27 (p27wt). 

This study constructed a replication-deficient 
recombinant adenovirus which successfully carried p27mt 
(Ad-p27mt). Ad-p27mt was then transfected into Lovo 
cells. When the MOI ≥ 50, the infection efficiency was 
100%. Using Western blotting, high expression of  p27 
was observed, and using FACS, the rate of  apoptosis 
was up to 41.0% in the Ad-p27mt group which was 
significantly different compared to the control group (P < 
0.01). DNA analysis showed a 180-200 bp DNA ladder, 
and using the TUNEL technique, the apoptotic index 
was sharply upregulated to 82.6% which was significantly 
different compared to the control group (P < 0.05). These 
results showed that p27mt is an important gene and is 
related to the incidence of  colorectal carcinoma. The 
downregulation of  p27 may be the main cause of  cell 
differentiation dysfunction and apoptosis dysfunction. 
Mutant p27 promoted the expression of  p27 in Lovo 
cells, which led to apoptosis in tumor cells. This may be a 
potential new therapy for colorectal carcinoma.

The concentration of  cyclin/CDK is the key factor for 

cells passing the G1-S threshold. Cell cycle analysis showed 
that the cleavage of  tumor cells was stopped at the G1 
stage by p27mt suppressing the activity of  the cyclin/CDK 
kinase. Hurteau et al[20] reported that the accumulation 
of  p27 played a role in the cell cycle arrest mechanism at 
the initiation of  cell differentiation. A related report[21] 
in China showed that the p27 gene suppressed DNA 
replication and protein synthesis and reduced cell mitosis 
division and inhibited cell generation.

In our study, apoptosis of  colorectal carcinoma cells 
was successfully induced by the application of  the mutant 
gene p27. The apoptosis rate was significantly higher than 
that of  wild-type p27 reported in our previous study[21], 
which serves as a very useful experimental support for 
tumor suppression function reconstruction in the gene 
therapy of  colorectal carcinoma. The efficacy of  this 
method in vivo and the mechanism of  apoptosis should be 
determined in future studies.
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Abstract
AIM: To investigate the protein and mRNA expression 
of semaphorin 5A and its receptor plexin B3 in gastric 
carcinoma and explore its role in the invasion and 
metastasis of gastric carcinoma.

METHODS: Expression of semaphorin 5A and its 
receptor plexin B3 in 48 samples of primary gastric 
carcinoma, its corresponding non-neoplastic mucosa, 
and matched regional lymph node metastasis was 
assayed by reverse transcription-polymerase chain 
reaction (RT-PCR), real-time RT-PCR and Western 
blotting.

RESULTS: The protein and mRNA expression of 
semaphorin 5A and its receptor plexin B3 increased 
gradually in non-neoplastic mucosa, primary gastric 
carcinoma and lymph node metastasis (P  < 0.05). 
Moreover, the expression of semaphorin 5A was closely 
correlated with that of plexin B3.

CONCLUSION: Semaphorin 5A and its receptor 
plexin B3 play an important role in the invasion and 
metastasis of gastric carcinoma.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Gastric cancer is the leading cause of  cancer-related 
death in some Asian countries including China and 
Japan. Despite the advances in treatment and research 
efforts over the past few decades, the outcome of  gastric 
cancer remains poor. The overall 5-year survival rate of  
gastric cancer patients is 5%-15% in the United States 
and most other Western countries, largely because many 
gastric cancers are diagnosed at an advanced stage. 
The aggressive nature of  human gastric carcinoma is 
related to a variety of  intracellular events, including 
activation of  various oncogenes, inactivation of  tumor 
suppressor genes. Therefore, great attention has been 
given to endogenous factors of  tumors, which appear 
to be responsible for tumor cell growth, progression, 
and invasion. Identification of  such endogenous 
factors not only leads to a better understanding of  the 
carcinogenesis and development of  gastric cancer, but 
also provides new strategies for developing agents that 
specifically suppress this process. 

Semaphorins are the products of  a large family of  
genes currently containing more than 30 members, 
all of  which share a conserved N-terminal domain 
called the “sema” domain, a segment of  approximately 
400-500 amino acids[1]. Based on sequence similarity 
and distinctive structural features, these genes have been 
grouped into eight subclasses[1-8], of  which classes 3-7 
are the products of  vertebrate semaphorins. Plexins 
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are identified as the best characterized semaphorin 
receptors, which are segregated into four sub-families 
containing nine members. It has been shown that some 
vertebrate semaphorins belonging to classes 4-7 can 
bind directly to plexins and activate plexin-mediated 
signal transduction[2,3]. These semaphorins and plexins 
have been originally characterized as constituents of  
the complex regulatory system responsible for the 
guidance of  axons during the development of  the 
central nervous system[4,5]. However, a growing body 
of  evidence suggests that certain semaphorins, through 
interacting with its receptors, play a regulatory role in the 
occurrence and development of  tumor[6-9]. Semaphorin 
5A is a member of  class 5 semaphorins. Plexin B3, 
belonging to class B plexin subfamily, is a receptor 
for semaphorin 5A[10]. However, it is unclear whether 
semaphorin 5A exerts certain biological functions in 
the progression of  human cancers including gastric 
carcinoma through plexin B3. 

In the present study, we investigated the protein 
and mRNA expression of  semaphorin 5A, plexin B3 in 
primary gastric carcinoma as well as in its corresponding 
non-neoplastic mucosa and matched regional lymph 
node metastasis, and preliminarily analyzed their relation 
with the invasion and metastasis of  gastric cancer.

MATERIALS AND METHODS
Patients and specimens
Forty-eight advanced gastric adenocarcinoma (TNM 
stage Ⅲ-Ⅳ) patients (28 male and 20 female) with lymph 
node metastasis diagnosed by postoperative pathology 
were investigated in this study. Their mean age was 58.7 
years (range 45-68 years). The patients received neither 
chemotherapy nor radiation therapy prior to tumor 
resection and provided their consent for use of  tumor 
tissue. Tissue blocks of  non-neoplastic mucosa (> 5 cm 
away from the edge of  tumor), primary tumor and its 
corresponding metastatic lymph nodes were obtained 
within 30 min after they were removed from the patients. 
Each block was cut into two pieces, one for routine 
pathologic diagnosis and the other for molecular analysis. 
Samples were frozen in liquid nitrogen immediately and 
stored at -260℃ until use.

Reverse transcription-polymerase chain reaction (RT-
PCR)
Tissues were lysed using Trizol reagent (Invitrogen, 
Carlsbad, CA), and total RNA was isolated using 
chloroform and isopropyl alcohol according to the 
manufacturer’s instructions. After RNA was quantified, 
1-5 μg of  RNA was annealed to Oligo (dT) at 65℃ 
for 5 min and cooled at room temperature. Using a 
proSTAR first strand RT-PCR kit (Stratagene, La Jolla, 
CA, USA), reverse transcriptase and dNTPs were 
added to the RNA-Oligo (dT) mixture and the reaction 
was performed at 42℃ for 1 h. Each single-strand 
cDNA was used for subsequent PCR amplification of  
semaphorin 5A, plexin B3 and β-actin with the latter 

used as a quantitative control. PCR was carried out 
in a reaction volume of  25 μL under the following 
conditions: an initial denaturation at 95℃ for 5 min, 
followed by 30 cycles at 94℃ for 30 s, at 55℃ for 50 s, 
at 72℃ for 40 s, and a final extension at 72℃ for 5 min 
on an authorized thermal cycler. The primer sequences 
used amplification are 5'-CTCAGTCGCTGTGAGCG
TTAT-3' and 5'-CAGATGTTGGACCGCCAAATA-3' 
for semaphorin 5A, 5'-TCTGCTGCTGCGGTTCTG-3' 
and 5'-CCTCTCCACCATCTGCTTGTAG-3' for plexin 
B3, 5'-CGCACCACTGGCATTGTCAT-3' and 5'-TTC
TCCTTGATGTCACGCAC-3' for β-actin, respectively. 
The primer sequences were synthesized by Beijing 
Genomics Institute (China). The PCR products were 
resolved in 1.5 % agarose gels and visualized by staining 
with ethidium bromide. To quantify the PCR products, 
bands representing the amplified products were analyzed 
by Quantity One Analysis Software (BIO-RAD Co., 
USA).

Real-time PCR
The reaction mixture volume was made up to 50 μL.  
Quantitative RT-PCR was performed using SYBR 
GreenER qPCR SuperMix reagents (Invitrogen) and 
a Bio-Rad iCycler. Relative transcript quantities were 
calculated using the ΔΔCt method with β-actin as the 
endogenous reference gene amplified from the samples. 
PCR conditions were as follows: an initial melting step 
at 95℃ for 1 min followed by 35 cycles at 95℃ for 90 s, 
at 60℃ for 30 s, at 72℃ for 30 s, and a final extension 
at 72℃ for 10 min. The primers used for RT-PCR 
are 5'-GGTACTGTTCTAGCGACGGC-3' and 5'- 
ATACTTGGGTTCGGGGTTGT-3' for semaphorin 
5A, 5'-AAAGCCACCGAGGAGCCAGAA-3' and 
5'-ACTTGACGGCGATGGGGATG-3' for plexin B3, 
5'-TGACGTGGACATCCGCAAAG-3' and 5'-CTGGA
AGGTGGACAGCGAGG-3' for β-actin, respectively.

Western blotting
Frozen specimens were homogenized in a lysis buffer [50 
mmol/L Tris-HCl (pH 7.5), 150 mmol/L NaCl, 1 mmol/L  
EDTA, 0.25 % sodium deoxycholate, 1 % Triton 
X-100, 0.1 % sodium dodecyl sulfate (SDS), 1 mmol/L  
NaF, 1 mmol/L Na3VO4], and protease inhibitors  
(10 mg/L aprotinin and 1 mmol/L phenylmethylsulfonyl 
fluoride) were added to obtain total protein. An equal 
amount of  protein, quantified with a bicinchoninic 
acid protein assay kit (Pierce Biotechnology, Rockford, 
IL, USA), was subjected to 10% SDS-polyacrylamide 
gel electrophoresis, and transferred to polyvinylidene 
difluoride membrane. The membranes were blocked 
with 5 % nonfat milk in Tris buffered saline with Tween 
20 [TBST, 50 mmol/L Tris-HCl (pH 7.6), 150 mmol/L 
NaCl, 0.1 % Tween 20] for 2 h at room temperature, 
and subsequently incubated with primary anti-rabbit 
polyclonal antibody (anti-semaphorin 5A diluted at 1:400 
and plexin B3 diluted at 1:500 and β-actin diluted at 
1:2000 were purchased from Santa Cruz Biotechnology) 
in a blocking buffer at 4℃ overnight. Following a 
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washing with TBST, the membranes were incubated with 
horseradish peroxidase-conjugated rabbit anti-mouse 
secondary antibody (1:1000, Dako, Glostrup, Denmark) 
for 2 h at room temperature. The membranes were 
washed with TBST, and protein bands were visualized 
with enhanced chemiluminescence according to its 
manufacturer’s instructions (KPL, Gaithersburg, USA). 
β-actin bands were taken as a loading control. Protein 
quantity was analyzed using the UTHSCSA Image Tool 
3.0. Target protein expression was evaluated using the 
relative intensity ratio of  target protein/loading control.

Statistical analysis
Results were expressed as mean ± SD. Statistical 
differences between different groups were assessed by 
ANOVA using SPSS12.0 statistical software. P < 0.05 
was considered statistically significant. 

RESULTS
Semaphorin 5A and plexin B3 mRNA expression 
To infer the status of  semaphorin 5A and plexin B3 in 
the invasion and metastasis of  gastric carcinogenesis, 
we evaluated the mRNA expression of  semaphorin 
5A and plexin B3 using semi-quantitative RT-PCR in 
48 samples of  primary gastric carcinoma tissue and its 
corresponding non-neoplastic mucosa as well as matched 
regional lymph node metastasis. A representative result 
of  RT-PCR for semaphorin 5A and plexin B3 expression 
is shown in Figure 1A. The expression of  semaphorin 

5A and plexin B3 mRNA gradually increased in 
nonneoplastic mucosa, primary gastric carcinoma 
and lymph node metastasis (P < 0.05). Moreover, the 
expression of  semaphorin 5A was closely correlated 
with that of  plexin B3. To confirm the RT-PCR result 
of  semaphorin 5A and plexin B3, we performed real-
time RT-PCR analysis in 20 samples of  cDNAs from 
primary gastric cancer and non-neoplastic mucosa as 
well as matched regional lymph node metastasis. Similar 
results were observed (Figure 1B). 

Semaphorin 5A and plexin B3 protein expression 
The expression levels of  semaphorin 5A, and plexin B3 
were also measured by Western blotting in primary gastric 
carcinoma tissue and its corresponding nonneoplastic 
mucosa as well as matched regional lymph node 
metastasis. A representative result of  Western blotting 
for the expression of  semaphorin 5A and plexin B3 is 
shown in Figure 2. After normalization with β-actin, the 
expression of  Semaphorin 5A and plexin B3 protein 
gradually increased in non-neoplastic mucosa, primary 
gastric carcinoma and lymph node metastasis (P < 0.05), 
which was consistent with the result from RT-PCR 
analysis.

DISCUSSION
Semaphorin 5A is a member of  class 5 semaphorins 
which are anchored to cell membranes and characterized 
by seven type 1 thrombospondin repeats. Plexin B3, 
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Figure 1  Expression of semaphorin 5A and plexin B3 mRNA in 48 samples of primary gastric carcinoma tissues and its corresponding non-neoplastic 
mucosa as well as matched regional lymph node metastasis. A: A representative result (left panel) and summary (right panel) of semaphorin 5A and plexin B3 
expression in 48 samples of primary gastric carcinoma (Ca) and its corresponding nonneoplastic mucosa (M) as well as matched regional lymph node metastasis (L) 
examined by RT-PCR. The expression of β-actin was used as an internal control; B: Real time RT-PCR for relative expression levels of semaphorin 5A and plexin B3 
in 48 samples of primary gastric carcinoma (Ca) and its corresponding nonneoplastic mucosa (M) as well as matched regional lymph node metastasis (L).
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result (left panel) and summary 
(right panel) of semaphorin 
5A and plexin B3 protein 
expression in 48 samples of 
primary gastric carcinoma 
(Ca) and its corresponding 
nonneoplastic mucosa (M) 
as well as matched regional 
lymph node metastasis (L) 
examined by Western blotting. 
The expression of β-actin was 
used as an internal control.
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belonging to class B plexin subfamily, was identified 
as a specific and functional receptor for semaphorin 
5A. Semaphorin 5A and plexin B3 have been originally 
characterized as constituents of  the complex regulatory 
system responsible for the wiring of  neural networks 
during the development of  the central nervous system, 
and subsequently found to participate in the activities 
outside of  the nervous system such as migration of  
neural crest cells and heart development to name but a 
few examples[11,12]. However, very little is known about 
the expression and role of  semaphorin 5A and plexin 
B3 in human cancers including gastric carcinoma. A 
random p-element insertion screen has been used to 
identify genes that modulate tumor progression and 
tumorigenicity in Drosophila study[13]. One of  the genes 
identified in this screen is the Drosophila homologue 
of  semaphorin 5C, with which semaphorin 5A shares 
a high sequence similarity[13]. In addition, experiments 
performed by Paolo Conrotto and co-workers revealed 
that semaphorin 5A, through plexin B3, stimulates the 
tyrosine kinase activity of  Met and RON which has been 
shown to play a role in tumor progression[14,15]. Most 
importantly, there is cumulative evidence that certain 
semaphorins and their receptors implicated in axonal 
path finding in the developing nervous system are 
expressed in multiple types of  cancer cells, modulate the 
behavior of  cancer cells, promote tumor angiogenesis 
and progression by multiple mechanisms[16]. Taken 
together, these observations implicate that semaphorin 
5A may play a role in the development and progression 
of  human tumors by interacting with plexin B3. 

To explore whether semaphorin 5A and plexin B3 
are associated with the invasion and metastasis of  gastric 
cancer and exert certain biological functions outside 
of  the nervous system, we investigated the protein 
and mRNA expression of  semaphorin 5A and plexin 
B3 in primary gastric carcinoma and its corresponding 
nonneoplastic mucosa as well as matched regional lymph 
node metastasis by RT-PCR and Western blotting assay. 
Our experimental results showed that the protein and 
mRNA expression level of  semaphorin 5A was the 
lowest in normal gastric mucosa, moderate in primary 
gastric carcinoma, and the highest in lymph nodes with 
metastatic gastric carcinoma, respectively (P < 0.05). In 
contrast, plexin B3 and semaphorin 5A had a similar 
expression pattern, suggesting that the expression of  
plexin B3 is closely correlated with that of  semaphorin 
5A. These findings demonstrate that the expression of  
semaphorin 5A and its receptor plexin B3 increased 
gradually with gastric cancer procession, indicating 
that semaphorin 5A may play an important role in the 
invasion and metastasis of  gastric carcinoma through 
plexin B3, displaying a novel expression and function of  
semaphorin 5A and plexin B3 outside of  the nervous 
system. To our knowledge, this is the first report on the 
expression of  semaphorin 5A and plexin B3 mRNA 
and protein in gastric carcinoma, and the functional role 
of  semaphorin 5A and plexin B3 in the invasion and 
metastasis of  gastric cancer.

In conclusion, semaphorin 5A and plexin B3 

expression increases significantly with gastric carcinoma 
progression, and semaphorin 5A and plexin B3 may be 
involved in the processes of  gastric cancer invasion and 
metastasis. Therefore, the novel expression and function 
of  semaphorin 5A and plexin B3 outside of  the nervous 
system not only add more knowledge about semaphorin 
5A and plexin B3, but also shed some lights on the 
pathogenesis of  gastric carcinoma, and probably represent 
a new therapeutic target for gastric carcinoma.
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Abstract
Heterotopic pancreas is a congenital anomaly 
characterized by ectopic pancreatic tissue. Treatment 
of heterotopic pancreas may include expectant 
observation, endoscopic resection or surgery. The 
aim of this report was to describe the technique of 
ligation-assisted endoscopic mucosal resection (EMR) 
for resection of heterotopic pancreas of the stomach. 
Two patients (both female, mean age 32 years) were 
referred for management of gastric subepithelial 
tumors. Endoscopic ultrasound in both disclosed small 
hypoechoic masses in the mucosa and submucosa.  
Band ligation-assisted EMR was performed in both 
cases without complications. Pathology from the 
resected tumors revealed heterotopic pancreas arising 
from the submucosa. Margins were free of pancreatic 
tissue. Ligation-assisted EMR is technically feasible and 
may be considered for the endoscopic management of 
heterotopic pancreas.

© 2009 The WJG Press and Baishideng. All rights reserved.

Key words: Endoscopic mucosal resection; Endoscopic 
ultrasound; Heterotopic pancreas

Peer reviewers: Atsushi Nakajima, Professor, Division of 
Gastroenterology, Yokohama City University Graduate School 
of Medicine, 3-9 Fuku-ura, Kanazawa-ku, Yokohama 236-0004, 
Japan; Dr. Mitsuhiro Fujishiro, Department of Gastroenterology, 
Faculty of Medicine, University of Tokyo, 7-3-1 Hongo, Bunkyo-

ku, Tokyo, Japan; Dr. Peter Draganov, University of Florida, 
1600 SW Archer Rd., Gainesville, FL 32610, United States

Khashab MA, Cummings OW, DeWitt JM. Ligation-assisted 
endoscopic mucosal resection of gastric heterotopic pancreas. 
World J Gastroenterol 2009; 15(22): 2805-2808  Available 
from: URL: http://www.wjgnet.com/1007-9327/15/2805.asp  
DOI: http://dx.doi.org/10.3748/wjg.15.2805

INTRODUCTION
Heterotopic pancreas (HP), also known as pancreatic 
rest, was first described in 1727 when it was found in an 
ileal diverticulum[1]. It refers to an uncommon congenital 
anomaly characterized by the presence of  ectopic 
pancreatic tissue far from the pancreas and without 
any anatomical or vascular communication with this 
organ. It occurs in 2% of  the general population[2] and 
is more common in males than females[3]. HP may occur 
throughout the gastrointestinal tract but has a proclivity 
for involving the stomach and proximal small intestine. 
Most affected patients are asymptomatic although a 
minority may present with a variety of  symptoms, most 
common being epigastric pain[2]. Options for treatment 
for heterotopic pancreas in the stomach include 
surgery[2-4], endoscopic resection[5-8] or conservative 
management. This report describes the first two cases 
of  HP treated with band ligation-assisted endoscopic 
mucosal resection (EMR).

CASE REPORT
Case 1
A 49-year-old white female presented to her primary 
gastroenterologist with abdominal bloating and 
constipation. She was report anemic and found to 
have heme-occult positive stools. Work-up included a 
computer tomography (CT) scan of  the abdomen and 
pelvis, colonoscopy and esophagogastroduodenoscopy 
(EGD). CT revealed small liver cysts but no other 
abnormalities. Colonoscopy demonstrated two small 
polyps that were removed. EGD showed a small, firm, 
umbilicated subepithelial antral mass. The mucosa 
overlying the mass was biopsied and showed chronic 
gastritis with no submucosal tissue present. The 
patient was referred to our endoscopy unit for upper 
endoscopic ultrasonography (EUS) of  the antral lesion. 
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She denied abdominal pain, nausea, vomiting, overt 
gastrointestinal bleeding or weight loss. Her physical 
examination revealed a healthy middle-aged white female 
in no apparent distress. Her abdominal examination 
was normal without tenderness. Prior to EUS, she 
was informed that the lesion most likely represented 
a pancreatic rest and that if  suspected diagnosis was 
confirmed, then conservative management would 
be reasonable. Nevertheless, the patient expressed 
her preference for resection of  the mass if  possible. 
Informed consent was obtained and sedation was 
performed using a combination of  intravenous 
midazolam and propofol. Initial EGD confirmed a 
single medium-sized subepithelial nodule along the 
greater curvature of  the gastric antrum (Figure 1). The 
patient was then placed into the right lateral decubitus 
position and water was instilled into the distal stomach. 
Radial endosonography (GF-UE160-AL5; Olympus 
America Inc., Center Valley PA; USA) revealed a well-
defined hypoechoic lesion from the deep mucosa/
submucosa that measured 8 mm × 6 mm in maximal 
diameter (Figure 2A and B). There was no evidence of  
peritumoral adenopathy. Ligator-assisted EMR (Duette 
Multi-Band Mucosectomy; Cook Medical Inc., Winston-
Salem, NC; USA) of  the tumor was successfully 
performed using one band (Figure 3). The residual 
ulcer was closed using three endoclips (Resolution Clip; 

Boston Scientific Inc., Natick MA; USA). There were 
no complications. Surgical pathology from the resected 
specimen revealed heterotopic pancreatic tissue confined 
to the submucosa (Figure 4).

Case 2
A 15-year-old white female presented to her primary 
gastroenterologist with left upper quadrant abdominal 
pain. EGD showed a small subepithelial antral mass. 
The mucosa overlying the tumor was normal and 
biopsies showed only mild gastritis. The patient was 
then referred for an upper EUS. She denied nausea, 
vomiting, overt gastrointestinal bleeding or weight loss. 
Physical examination including abdominal examination 
was normal. Prior to EUS, review of  endoscopic 
pictures from outside EGD suggested a pancreatic rest.  
Information was provided to the patient and parents that 
if  suspected diagnosis was confirmed, then conservative 
management would be reasonable. Nevertheless, the 
patient and parents both expressed preference for tumor 
resection, if  possible. Initial EGD confirmed a single 
medium-sized subepithelial nodule along the greater 
curvature of  the prepyloric stomach (Figure 5). The 
patient was then placed into the right lateral decubitus 
position and water was instilled into the distal stomach. 
Radial endosonography revealed a well-defined 9 mm 
× 7 mm hypoechoic lesion from the deep mucosa and 
submucosa (Figure 6). The outer endosonographic 
borders were well defined. Ligator-assisted EMR of  
the tumor was successfully performed using one band 
(Figure 7). There were no complications. The resected 
specimen was submitted for pathologic examination, 
which revealed the presence of  HP tissue confined to 
the submucosa with negative margins.

DISCUSSION
Heterotopic pancreas (HP), also known as pancreatic 
rest, is most often detected as an incidental finding during 
routine upper endoscopy. The typical endoscopic appear-
ance in the stomach is as a firm round or oval umbilicated 
subepithelial nodule along the greater curvature situated 

Figure 1  Endoscopic view of heterotopic pancreas of 
the stomach showing a medium-sized subepithelial 
nodule with central umbilication and normal overlying 
mucosa. The pylorus is visible distally.

A B

Figure 2  Radial EUS images. A pancreatic rest showing an 8 mm × 6 mm hypoechoic subepithelial 
mass appearing to involve the mucosa (A) and submucosa (B). The tumor was confirmed as submu-
cosal in origin after resection without involvement of the mucosa.

A B

Figure 3  Ligation-assisted EMR of pancreatic rest. The banding device 
was positioned over the target lesion (A), suction was applied and a band was 
deployed. The lesion was then resected using electrocautery snare. Residual 
ulcer is shown (B).
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several centimeters proximal to the pylorus. Most patients 
are asymptomatic, but symptoms may rarely occur due 
to the irritative effect of  the hormones and enzymes se-
creted by the HP at a particular site[3]. Histologically, pan-
creatic rests vary from resembling the normal pancreas 
(acini, ducts and islets of  Langerhans) to widely separated 
ducts within a muscular stroma[4,9]. Hence, complications 
in HP resemble those seen with the pancreas itself  includ-
ing acute pancreatitis[10,11], pancreatic cancer[12], cystic de-
generation[13] and islet cell tumors[14]. Other rare reported 
complications include gastrointestinal bleeding[15], gastric 
outlet obstruction[16], jaundice[13] and abscess formation[10]. 
Asymptomatic HP can generally be followed expectantly 
with treatment reserved for patients who are symptomatic, 
have enlarging lesions or to ensure diagnostic certainty. 
Both pancreatic rests in these two patients were inciden-
tally discovered during EGD for investigation of  anemia 
and left upper quadrant pain, respectively. Nevertheless, 
removal was requested by both patients to ensure the sus-
pected pre-procedural diagnosis.

The diagnosis of  HP is not straightforward. Al-
though umbilication is characteristic, the specificity of  
this endoscopic finding for HP remains unknown. The 
typical EUS image of  a pancreatic rest in the stomach is 
a hypoechoic, heterogeneous submucosal mass, although 
the muscularis propria and mucosa may be occasion-

ally involved. A ductal structure may also be discernible 
within the lesion. Although these endosonographic find-
ings are suggestive of  HP, the accuracy of  EUS for the 
diagnosis of  subepithelial tumors (other than gastroin-
testinal stromal tumors such as HP) is limited[7,17]. This 
fact is illustrated in our cases as the mucosa was incor-
rectly predicted to be involved in both patients.

Since HP is usually a submucosal tumor, pinch mu-
cosal biopsies are invariably non-diagnostic. Neverthe-
less, Shalaby et al[18] reported a case of  esophageal HP 
diagnosed with biopsies obtained with a jumbo forceps. 
Teixeira[19] has described the use of  ethanol injection to 
create an artificial ulcer that then facilitated the removal 
of  sufficient submucosal tissue to establish the diagnosis 
of  HP. Goto et al[20] reported a case of  esophageal HP 
diagnosed by EUS-guided FNA. Historically, the diag-
nosis of  HP was often made by histological examination 
of  surgical specimens. Some authors believe that it is 
difficult to obtain a definitive diagnosis of  HP preopera-
tively[21] and therefore advocate surgical resection[3].

Although there are some reports of  surgical resection 
of  HP[2-4], EMR may be an attractive, less invasive option 
for resection of  accessible lesions. However, there have 
only been a few reports[5-8] that describe the use EMR for 
HP resection (Table 1). Two groups have described the 
use of  cap-assisted EMR[5,6]. The “inject, lift and cut”, 
or “strip biopsy” EMR technique[7] was reported for the 
resection of  6 HP submucosal masses. Finally, Sun et al[8] 

Figure 4  Photomicrograph of the resection specimen showing pancreatic 
tissue within the gastric submucosa (HE, × 10).

Figure 5  Endoscopic view of heterotopic pancreas of the stomach show-
ing a medium-sized subepithelial nodule with central umbilication and 
normal overlying mucosa. The pylorus is visible distally.

Figure 6  Radial EUS images of a pancreatic rest showing a 9 mm × 7 mm 
hypoechoic subepithelial mass appearing to involve the deep mucosa and 
submucosa. The tumor was confirmed as submucosal in origin after resection 
without involvement of the mucosa.

Figure 7  Ligation-assisted EMR of pancreatic rest.
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Table 1  Literature summary of HP cases treated with EMR

Author  Yr Number of tumors Mean tumor size (mm) Tumor location EMR technique Follow-up1 (mo)

Lee et al[5] 1999 1                Small Stomach CAP-assisted NR
Faigel et al[6] 2001 1                   10 Stomach CAP-assisted   6 
Kojima et al[7] 1999 6                   13.5 Stomach Strip biopsy 15  
Sun et al[8] 2002 2                   NR Stomach Inject and cut 12-17
Khashab et al (current study) 2008 2                     8.5 Stomach Ligation-assisted NR

EMR: Endoscopic mucosal resection; NR: Not reported. 1All cases with reported follow-up were without any recurrence.

studied the use of  EUS-guided injection and the “inject 
and cut” EMR technique for the resection of  16 upper 
gastrointestinal submucosal tumors, two of  which were 
gastric HP tumors. Ligation-assisted EMR may be more 
operator-friendly than the other EMR techniques. It 
requires neither saline injection nor snare prepositioning, 
and the concept of  tissue capture is similar to the 
familiar variceal ligation technique. The current series, 
to our knowledge, is the first to describe the use of  
ligation-assisted EMR for gastric HP. This technique 
permitted a histologic confirmation of  the suspected 
diagnosis and in both cases achieved a margin-negative 
resection without complication.
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Abstract
Meckel’s diverticulum (MD) is the most frequent con-
genital abnormality of the small bowel and it is often 
difficult to diagnose. It is usually asymptomatic but ap-
proximately 4% are symptomatic with complications 
such as bleeding, intestinal obstruction, and inflamma-
tion. The authors report a case of a 7-year-old boy with 
a one-year history of recurrent periumbilical colicky pain 
with associated alimentary vomiting, symptoms errone-
ously related to a cyclic vomiting syndrome but not to 
MD. The clinical features and the differential diagnostic 
methods employed for diagnosis of MD are discussed.
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INTRODUCTION
Meckel’s diverticulum (MD) occurs in about 2% of  the 
population, making it the most prevalent congenital ab-
normality of  the gastrointestinal tract. It can be asymp-
tomatic or mimic common abdominal disorders. We 
report a case of  a child with an intraoperative diagnosis 
of  MD, with a long history of  recurrent abdominal pain 
and vomiting misdiagnosed as a cyclic vomiting syn-
drome.

CASE REPORT
A 7-year-old boy was referred with a one-year history 
of  periumbilical colicky pain with associated alimentary 
vomiting. The frequency of  the episodes increased 
from one per month to weekly and then daily vomiting. 
The pain usually spontaneously disappeared within 
a few hours. During the weeks before our visit, the 
painful episodes lasted longer and were reported to 
occur also at night. The child lost one kilogram in 
one month. No diarrhoea was reported, the boy was 
rather constipated. Previous medical investigations, 
abdominal ultrasonography and plain abdominal film 
were negative. 

Neither abdominal tenderness, nor liver or spleen 
enlargement, nor abdominal masses were identified at 
palpation. Intestinal bacterial overgrowth and celiac 
disease were excluded by laboratory tests. Complete 
blood cell count, electrolytes, glycemia, blood ammonia, 
renal and hepatic function, pancreatic enzymes, C-reactive 
protein, erythrocyte sedimentation rate, and gamma 
globulins were within normal ranges.

A plain abdominal film was unremarkable, and a 
small bowel enema indicated normal transit and normal 
appearance of  the intestinal loops. An abdominal ultra-
sound (US) revealed a supravesical anechoic mass of  
about 4 cm × 3 cm × 2 cm, with fluid inside (Figure 1).

Pelvic magnetic resonance imaging (MRI) confirmed 
the presence of  the 4 cm mass, located above and be-
hind the bladder, slightly to the right of  the midline, with 
liquid content (Figure 2).

With the suspicion of  a mesenteric cyst or an intes-
tinal duplication, the child underwent an exploratory 
laparoscopy. The intraoperative macroscopic finding was 
that of  MD. Diagnosis was confirmed by histological 
features.
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DISCUSSION
MD is the most common congenital anomaly of  the 
gastrointestinal tract. The “rule of  two” can remind us 
of  some of  its main features: occurs in 2% of  the popu-
lation; usually discovered before 2 years of  age; occurs 
within 2 feet of  the ileocecal valve; is 2 inches long and 
2 cm in diameter[1]. It is the result of  an incomplete atro-
phy of  the omphalomesenteric duct. The location of  the 
diverticulum is on the antimesenteric border of  the small 
intestine, most frequently between 30 cm and 90 cm from 
the ileocecal valve; there can be a fibrous connection to 
the umbilicus, as the remnant of  the partially obliterated 
vitelline duct. 

MD is a true diverticulum, composed of  all layers of  
the intestinal wall, and is lined by normal small intestine 
epithelium. Gastric heterotopias can be found in roughly 
50% of  cases, and pancreatic, duodenal, colonic, or 
biliary mucosa have rarely been reported.

MD can be silent all through a lifetime: clinical 
symptoms arise from complications (MD carriers have 
a 4% lifetime risk of  developing a complication) [2]. 
Hemorrhage is the result of  peptic ulceration of  the 
ileal mucosa next to an acid-producing gastric mucosal 
heterotopia: the presentation of  the blood loss varies 
from recurrent minimal intestinal bleeding, to a massive, 
shock-producing hemorrhage, and it is usually painless. 
Diverticulitis can mimic an acute appendicitis: pain is 
frequently localized in the midline or slightly to the 
right and, as in appendiceal disease, inflammation can 
progress until perforation. The diverticulum can invert 
into the ileal lumen and become the starting point of  an 
ileo-ileal or ileo-ileo-colic intussusception: symptoms can 
not be discriminated from those ascribed to idiopathic 
intussusception, even though the onset of  the former is 
described to occur at an earlier age. A further mechanism 
by which MD can produce intestinal obstruction is to 
turn around a fibrous remnant: symptoms may vary 
from intermittent recurrent subocclusive episodes, as 
in our patient, to frank occlusion with strangulation 
features if  a complete volvulus occurs[3]. “Littre hernia” 
occurs when a MD protrudes into a potential abdominal 
opening such as umbilical, inguinal, or femoral, and 
can be accompanied in some cases by entrapment, 

inflammation, and necrosis[1]. Tumors are reported in 
0.5% to 3% of  symptomatic diverticula in adulthood 
(carcinomas in one third of  the cases)[3].

Preoperative diagnosis of  a complicated MD can 
be challenging and often difficult to establish because 
clinical symptoms and imaging features overlap with 
those of  other disorders causing acute abdominal pain 
or gastrointestinal bleeding[4]. 

Initially, our case was misdiagnosed as a cyclic vom-
iting syndrome and a functional abdominal pain, since 
neither inflammatory nor bleeding clinical features were 
present, and laboratory tests were substantially within 
normal ranges. If  any bleeding episode had been report-
ed, a 99mTc-pertechnetate scintigraphy would have been 
indicated: the principle is that a bleeding diverticulum 
consists of  ulcerated ectopic gastric mucosa that can be 
revealed with 99mTc-pertechnetate. This concentrates in 
gastric tissue leading to a reported sensitivity of  between 
60% and 80%[5]. 

The progressive worsening of  painful episodes, how-
ever, prompted us to exclude causes of  pain and vom-
iting requiring surgery, such as intestinal malrotation, 
which was ruled out by a normal small bowel enema. It 
is reported in the literature that enteroclysis may be of  
help in detecting MD but in our case the diverticular im-
age was missed[6]. 

The US findings of  a cyst supported the suspicion 
of  a surgery-indicated cause for the painful episodes, 
but other gut malformations such as mesenteric cysts 
or enteric duplications, both of  which can present with 
subocclusive symptoms, were taken into account in the 
differential diagnoses of  our child. US and computed 
tomography are reported in the literature to be valuable 
radiological investigations in MD patients without the 
classical history of  painless hemorrhage[7,8]. 

Complicated MD has a spectrum of  radiological fea-
tures which may help in the preoperative investigations, 
but are not always diagnostic[7-9]. Our rationale in choos-
ing MRI as a second-line radiological examination lay in 
the fact that we needed a better anatomical definition of  
what we suspected was a pelvic mass, without further 
irradiation of  the child: there is no evidence for the use 
of  MRI to detect MD in the literature. Final diagnosis is 
almost always done at surgery: exploratory laparoscopy 
is recommended because it affords the possibility of  
simultaneous surgical resection, which is the definitive 
cure of  a symptomatic MD[10] . 
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Figure 1  Abdominal ultrasound: anechoic oval supravesical lesion with 
fluid-fluid level (A); bladder (B); bowel (C).
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A
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Figure 2  Abdominal MRI; 
T1 weighted sequence with 
fat-suppression (SPIR) after 
contrast medium, saggital 
plane: hypointense oval sup-
ravesical lesion with air-fluid 
level and thin enhanced wall 
(A); bladder (B); rectum (C).
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In conclusion, Although MD is the most prevalent 
congenital abnormality of  the gastrointestinal tract, 
it is often difficult to diagnose. The diagnosis of  MD 
should be considered in children with intestinal bleeding, 
unexplained recurrent abdominal pain, and nausea and 
vomiting suggestive of  cyclic vomiting syndrome.
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