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Abstract
Computer tomography (CT) and magnetic resonance 
imaging (MRI), as conventional imaging modalities, 
are the preferred methodology for tumor, nodal and 
systemic metastasis (TNM) staging. However, al l 
the noninvasive techniques in current use are not 
sufficiently able to identify primary tumors and even 
unable to define the extent of metastatic spread. In 
addition, relying exclusively on macromorphological 
characteristics to make a conclusion runs the risk of 
misdiagnosis due mainly to the intrinsic limitations of 
the imaging modalities themselves. Solely based on 
the macromorphological characteristics of cancer, one 
cannot give an appropriate assessment of the biological 
characteristics of tumors. Currently, positron emission 
tomography/computer tomography (PET/CT) are more 
and more widely available and their application with 
18F-fluorodeoxyglucose (18F-FDG) in oncology has become 
one of the standard imaging modalities in diagnosing 
and staging of tumors, and monitoring the therapeutic 
efficacy in hepatic malignancies. Recently, investigators 
have measured glucose utilization in liver tumors using 
18F-FDG, PET and PET/CT in order to establish diagnosis 
of tumors, assess their biologic characteristics and 
predict therapeutic effects on hepatic malignancies. PET/
CT with 18F-FDG as a radiotracer may further enhance 
the hepatic malignancy diagnostic algorithm by accurate 
diagnosis, staging, restaging and evaluating its biological 
characteristics, which can benefit the patients suffering 
from hepatic metastases, hepatocellular carcinoma and 
cholangiocarcinoma.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Positron� ����������� ��������� ������ ����������  ������� ����������� ��������� ������ ����������  �������emission tomography ������ ����������  �������(����� ����������  �������PET�� ����������  �������) ����������  �������is a noninvasive 
imaging technique that provides a functional or metabolic 
assessment of  normal tissues or disease������������ d�����������  conditions[1-3]. 
PET is now widely applied in clinical oncology. Th��e� 
development�����  ���� ���������� ����� ����������� ���� ��� of�� ���� ���������� ����� ����������� ���� ��� the resolution and sensitivity of  PET 
have been improved by the availability of  newer scanners 
with a larger field of  view and introduction of  integral 
PET� ������ ��������� ��������� ����� �����������  ���� and computer tomography (���� �����������  ����CT�� �����������  ����)����� �������  ���� systems in 2000[4,5]. 
An additional factor is the decision by the Centers for 
Medicare and Medicaid Services to approve reimbursement 
for several oncologic clinical indications for PET, 
including the staging and restaging of  non-small-cell lung, 
esophageal, colorectal, breast, and head and neck cancers, 
cervical cancer, as well as lymphoma and melanoma, ����and 
the monitoring of  the response to treatment of  breast 
cancer[6].

Asian and Western populations have their own 
characteristic disease spectrum and cancer incidence[7]. 
Hepatocellular carcinoma� ������ ����� ������������������ (HCC) ����� ������������������and cholangiocarcinom��a� 
(CC)� ����� ��� ������ �������� �������� �����������������  ��� are ���� ������ �������� �������� �����������������  ���the major primary �������� �����������������  ���hepatic malignanc��������  ���ies�����  ��� in the 
world. In the United States, about 150 000 patients are 
diagnosed with colon cancer each year, and more than 
50 000 of  them will develop liver metastases[8]. HCC is one 
of  the most common cancers in Asian�� ��������  ���������� ���s ��������  ���������� ���and its mortality is 
just ���������� ���������  ������������  ���� ������� ���� ��������secondary to lung cancer in urban regions and gastric 
carcinoma in ������� ����������  �����rural regions����  ����� in China[��9]. The incidence 
of  ����������  �����������������  ���� ���������   �����������CC��������  �����������������  ���� ���������   ����������� is increasing worldwide and� ���������   ����������� ���������   �����������CC is a devastating 
malignancy with a high mortality that presents late and 
is difficult to diagnose[10]. At present, PET and PET/CT 
with 18F-fluorodeoxyglucose� � (18F-FDG�� ����� �������� ���)� ����� �������� ��� ����� �������� ���have joined the 



team for�� ����������  ���� ���������������  �������� ��������� the workup and management of  selected patients 
suffering from� ������������� ������ ������������� ������  ������������� ������ ������������� ������ h������������ ������ ������������� ������ epatic colorectal metastases, ������� HCC����  ���or� 
CC[11]. ������ ����������� �������  ��� ����������������  ��� ����This�� ����������� �������  ��� ����������������  ��� ���� review focus�������  ��� ����������������  ��� ����es on ���� ����������������  ��� ����the ����������������  ��� ����application of  ���� ����PET and 
PET/CT with 18F-FDG ������  ���������������  ��� �����������as a radiotracer ���� ��� �����������in the evaluation 
of  hepatic malignanc����������������  ������� ����������� ������ies�������������  ������� ����������� ������, including their diagnosis, staging 
and restaging, evaluation of  their biologic characteristics, 
making a treatment plan and monitoring their response���s��, 
detection of  early recurrence and� ���������������  ����� ���������������  �����assessment of  their 
prognosis.

PET AND PET/CT VS CONVENTIONAL 
IMAGING MODALITIES
Compared to �������������� �������� �������������conventional imaging techn���������ologies��, 
including� ��� ������� ���������� ���������� ��������� CT and conventional ���������� ���������magnetic resonance 
imaging (������� ��� ��������MRI���� ��� ��������)��� ��� ��������, PET provides  information about 
functional or metabolic characteristics for detection of  
malignancies, characterization of  tumor stage, assessment 
of  therapeutical response, and tumor recurrence, whereas 
CT predominantly shows the anatomical or morphologic 
features of  tumors (i.e. size,�� �������� ����� ���� ��������� ����� ����density, and shape, etc)[12����,13�]. 
Conventional imaging modalities reveal� ����������� �����������morphology 
of  lesions with�� ������� ������������� ��������� ����������� largely nonspecific features.� ����������� �����������T����������herefore, 
differentiation between malignant and benign �������������� lesions could 
be improved by �������������   ���������� ����������PET����������   ���������� ���������� with its ���������� ����������metabolic assessment[14]. 
Furthermore, PET ������  ������ ����������� ����� ����������has���  ������ ����������� ����� ���������� a high sensitivity in identifying 
areas involving cancer at an early stage. In general, 
accelerated radiotracer activity occurs before changes 
occur in anatomical structure. In many circumstances, 
this specific feature� �������� ����� ��������� ����������� �������� ����� ��������� �����������permits more accurate assessment 
of��� �������� ���� �������� ������ ��������������  ��������� treatment and enables early detection of  cancerous 
lesions[15].

Several radiotracers have been used in ����������detecting 
hepatic malignan������ �� ��������  ������� ���� ��������cies by�� �������  ������� ���� �������� PET ���� ������� ���� ��������or�� ������� ���� �������� PET/CT, ���� ��������and� �������� provide 
insight into their physiologic features, including glucose 
consumption (assessed �����with� 18F-FDG) and lipid synthesis 
(11C-acetate)[16], cell-membrane metabolism and tumor 
proliferation (18F-fluorocholine)[17]. Of  these radiotracers, 
18F-FDG is by far the most commonly used in oncologic 
PET and the only oncologic PET tracer approved by 
the Food and Drug Administration� ������ ������������  (FDA)�������������   for routine 
clinical use[���18]. 18F-FDG is transported into tumor cells 
by glucose transporter proteins on the cell surface and 
then phosphorylated by hexokinase to FDG-6-phosphate. 
FDG-6-phosphate cannot be further metabolized in 
most tumor cells, thereby it selectively accumulates in 
cancer tissues�� ���� ������������  ������.� ���� ������������  ������ The ������������  ������amount������  ������ of  tumoral 18F-FDG uptake 
is often expressed as the standardized uptake value (SUV) 
with a semiquantitative measure.� ������������   ���������� T�����������   ����������he���������   ���������� ��������  ����������SUV is calculated 
by dividing the tissue activity by the injected dos������� ag����� e of  
radioactivity per unit body weight. The SUV ratio is 
expressed as the tumor to non-tumor ratio.��� ���� ������Iwata et al[19] 
found ����� ���� ������� ���� ��� �������������� ���������  ����that ���� ������� ���� ��� �������������� ���������  ����t��� ������� ���� ��� �������������� ���������  ����he median SUV is significantly lower in HCC 
than in metastatic liver cancer or CC, and the median SUV 
ratio is significantly lower in HCC than in metastatic liver 
cancer or CC and significantly higher in multiple HCC 
than in single HCC, while�� ��� �����������  ���� ������� ���� �����������  ���� �������the median SUV and median 
SUV ratio are significantly higher in the presence of  portal 
vein thrombosis than in the absence of  such thrombosis.

However, PET lacks anatomical landmarks for 

topographic orientation, and it is difficult to identify the 
abnormal glucose metabolic activity in regions close to 
organs with variable physiological 18F-FDG uptake. �����Thus 
combination� ������� ����� ������� �������  �������������  ��� with some other forms of  imaging, such as 
CT, is desirable for differentiating normal from abnormal 
radiotracer uptake[20]. PET/CT is an ����������� ����������integral ������������combination 
of  the cross-sectional anatomic information provided 
by CT and the metabolic information provided by PET��. 
Anatomical and metabolic information ��� ���������������� is acquired during 
a single examination and�� ����������  ��������  ������� ������  images of  the two series can be� 
fused. 18F-FDG PET/CT ����� ������� ������������ ����� ���has�� ������� ������������ ����� ��� several advantages over PET 
alone��� ��� ������ �����������������   ��� �������� ��� �����������,�� ��� ������ �����������������   ��� �������� ��� ����������� the most important ��������  ��� �������� ��� �����������one ���� ��� �������� ��� �����������is the ability to accurately 
localize increased 18F-FDG activity to specific normal or 
abnormal anatomic locations, which ��������������������   can� ����������������   be difficult or 
even impossible with PET alone[21]. The main commercially 
available PET/CT system������  ���������  ����� �������� s�����  ���������  ����� ��������  in the world are ��������� PET �����with 
multi-detector computed tomography (MDCT), so �����that 
its most units can perform full dose diagnos���� ����� ���tic ����� ���CT �����scan� 
for selected patients who need additional CT scan after 
conventional 18F-FDG�� ������� �������� ��������������  �������� �������� �������������� PET/CT ��������� �������������� imaging�� �������������� . Com����������� par�������� ison of  
s�������� ������������ ������� �����������������  ������ ��������everal PET-derived imaging modalities with their features 
in detecting liver malignancies�����  ��������  ��������  is shown in Table 1�.

EVALUATION OF HEPATIC MALIGNANCIES
Diagnosis of hepatic metastases
PET has emerged as an important diagnostic tool in 
the evaluation of  metastatic liver disease�s[22-26]. A greater 
metabolic activity in malignant tissue is accompanied with 
a greater glucose uptake�� ����� ����������������������   ���� than that in ��������������� ����surrounding normal 
tissue. This greater focal glucose uptake can be identified 
with 18F-FDG� ����� ������ ������� ���� �������� ��������������  ����� ������ ������� ���� �������� �������������� PET, which allows for the identification of  
malignant tumor foci. Wiering et al[27] reported ����� �������the results 
of  �� ������������������  ������� ������� �������� ������� ���a ������������������  ������� ������� �������� ������� ���m�����������������  ������� ������� �������� ������� ���eta-analysis of  the current literature ������� ���about ����the 
usefulness of  18F-FDG�� ��������  ���� ������������  ��������� ���������  ���� ������������  ���������PET for the selection of  patients 
to undergo resection� �������� �������� ���� ������������ ���� of  ������������� ���� ������������ ����colorectal liver metastases�� ����.� ���� ����T���he 
sensitivity and specificity of�  18F-FDG�� ������  �������� �������  ��������PET ��� ��������in� �������� hepatic 
metastatic disease��� ����� ����� ���� �������� �������������s�� ����� ����� ���� �������� ������������� were 79.9% and 92.3%, respectively, 
and 91.2% and 98.4% ��� ���������������� �������� �������������in ���������������� �������� �������������extrahepatic disease���� �������������s��� �������������, respectively. 
The pooled sensitivity and specificity of  CT were 82.7% 
and 84.1%����  ��������� ��������� ������������� ����� ����� in hepatic lesions��� ������������� ����� �����, respectively, ����� �����and ������60.9% 
and 91.1%����  �������������� ��������� ������������� in� �������������� ��������� ������������� extrahepatic lesions, respectively��. 18F-FDG� 
PET ��������� �������  ����������������  ��� ���������������� results led to changes ��������� ��� ���������������� in clinical management �����from 
the first decision, with a� ������������������  �� �������� percentage ������� �� ��������of  ������ ��������31.6% (range, 
20.0���������� ������ ��������������  ����������� �����%��������� ������ ��������������  ����������� �����-58.0%)�� ������ ��������������  ����������� �����.� ������ ��������������  ����������� ����� ������ ��������������  ����������� �����T����� ��������������  ����������� �����he combin����������  ����������� �����ation ���� ����������� �����of  sensitivity �����with� 
specificity ���in 18F-FDG�� �������� ������ ���� ��������� ������ ����PET������ ������ ���� ����������� ����indicated that 18F-FDG�� ��� ����PET 
has an added value in the diagnostic workup of  patients 
with colorectal liver metastases. 18F-FDG�� ���� ������  ����� ������ PET can be 
considered �������  �������������   ��������������� ������� ��as ���� �������������   ��������������� ������� ��a useful tool in preoperative staging ���by� 

Table 1  Characteristics of PET and its novel sister modalities in 
detecting liver malignancies

Modalities            Characteristics
PET By detecting 18F-FDG uptake, producing functional images

but with very poor anatomical details
PET/CT Integrated PET and CT system, locate 18F-FDG in specific

anatomical sites
PET/MDCT Best to monitor response to treatment, especially early ones

with fine details
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produc������ �������� ��������� ���������������  ����������ing��� �������� ��������� ���������������  ���������� superior results compared with conventional 
diagnostic modalities, especially ��� ��������������  ���������in ��������������  ���������excluding or detecting 
extrahepatic� �������������� ����� metastatic���� ����� disease.

Conventional PET scanning is associated with several 
shortcomings. The major drawback relates to ���� �����its� ����� poor 
resolution ����� ���������������   ���������������� ��������� and lack of  concise anatomic illustration ���of�  
PET images, making exact localization of  18F-FDG uptake 
difficult.�����  �������������  ���� �������� ������ ����������� ���� �������������  ���� �������� ������ �����������For example, a right adrenal gland metastasis 
might����  ��������������� �������  ���� ���������� be misinterpreted as a liver metastasis [28,29]. 
Additionally, confirmation of  a positive 18F-FDG�� ��� ����PET 
uptake by histology is sometimes impossible because of  
the lack of  morphologic information. The new PET/
CT technique allows exact identification of  the lesions, 
which enables accurate biopsies and targeted surgery to 
be performed. Compare������������  ������������� ����d�����������  ������������� ���� with contrast-enhanced CT, 
PET/CT provide�� ����������� ��������� ���� ������ ��������s��� ��������� ��������� ���� ������ �������� comparable findings for the detection 
of  primary liver metastases����� ������� ��������� . However,�� ���������  PET/CT is 
more helpful than ������������������ ��������  ���������contrast-enhanced CT for detection 
of  recurrent intrahepatic tumors after hepatectomy, 
extrahepatic metastases, and local recurrence at the site 
of  the initial colorectal surgery[30]. ������������ ���������I����������� ���������nformation provided 
by PET/CT results in a �������������  �������� ���� ��������change from the initial decision 
on ��������������� �����������  ������������������    ��� ����������therapeutic strateg�������  ������������������    ��� ����������ies����  ������������������    ��� ���������� in about a fifth of  the patients. 
Routinely perform����� ���������  ���� ���������� �����ing�� ���������  ���� ���������� ����� PET/CT on all patients being 
evaluated for liver resection for metastatic colorectal 
cancer is recommended� ����������  (Figure 1)[31].� ���� ��� ��������������  To the patients �����with� 
metastatic colorectal cancer, a routine PET/CT scan is 
recommended for making therapeutic decision��������  ���s�������  ���, such as 
liver resection.

Diagnosis of HCC 
PET is an imaging technique reflecting cellular metabolism. 
However, the feasibility of  PET in diagnosis of  HCC is 
limited because of  ���� ������� ������ ���� ������������  �������its ������� ������ ���� ������������  �������vague ������� ���� ������������  �������images� ���� ������������  ������� and high cost.�� ������� S�������everal 
investigators have reported controversial conclusions 
telling� ����� ���������� ����������� ���� ��� ��������� an inadequate sensitivity ���� ��� ���������of  ���� ���������PET (50������%�����-55%)[���32]. 
Shin et al[33] reported a group of  ��� ����� �������� ���������32 HCC�� �������� ��������� patients verified 

by surgical pathology or clinical course using imaging 
studies (CT, MRI or angiography) within 3 mo after PET. 
The sensitivity and specificity of  18F-FDG�� ���� ���� ����� ����PET were 
65.5% and 33.3% respectively. The positive predictive 
value was 90.5%. The diagnostic accuracy was 62.5%.� 
Chen� et al[34] reported ������ ���� ������������� ����������� ����that the �������������� ����������� ����sensitivity��� ����������� ����,�� ����������� ���� specificity and 
accuracy �������������  ���� ������� ����� ������������ ����were �������� ���� ������� ����� ������������ ����73.3%, 100% and 74.2%,�� ������������ ���� ������������� ����respectively�����  for 
detecting�� ���������������  ���������������� recurrence������  with 18F-FDG�� ������  ��������������  �������  �������������� PET in patients with 
unexplained ris������  ����� ������������������ ������ �������e of  ������ ������������������ ������ �������serum alpha-fetoprotein (AFP) levels 
after the treatment of  HCC. Hanajiri[35] ���� �����������and �����������Beadsmoore� 
et al[36] found that 18F-FDG�� ������  ������ ���������� ���� �������  ������ ���������� ����PET����  ������ ���������� ���� ��� ������ ���������� ����i�� ������ ���������� ����s more ����������� ����sensitive than� 
conventional ��� ����� �������  ������������ ������� �����CT and MRI in ������������� ������� �����detecting���� ������� ����� ���������� �����suspected� ����� �����vein 
tumor thrombus����  ���������������  ���� ����� �������� ��� ���������������  ���� ����� ��������in patient��������  ���� ����� ��������s�������  ���� ����� �������� with HCC�� ����� ��������. ����� ��������The reported� 
positive�� �������  �������������� �����������  �������������  rate of  perihepatic lymph node ��������������� involvement ���in 
patients undergoing hepatic resection� ��� �������������� ��� is �������������� ���approximately 5% 
for hepatocellular carcinoma. 18F-FDG�� ��������  ��������  ���������  �������� PET is useful in 
detecting distant metastases from a variety of  malignancies 

and �������� ������� ��������� ������ ���������� ��� ����shows superior accuracy�������  ���������� ��� ���� to conventional CT and 
MRI ����� ����������������  �������������� ������� ��� ����in identification of� �������������� ������� ��� ���� �������������� ������� ��� ����perihepatic lymph node�� ����s� ���� ����and 
distant metastases[37����,3��8].� 18F-FDG�� ���������  �������� ����� ����������  �������� �����PET could provide addi-
tional information and contribute to the management of  
HCC patients ���� ������� ����������  ������� �������������who are �������������  ������� �������������suspected of  having extrahepatic 
metastases.

Of�� �������� �������� �������� �����������������������   the noninvasive imaging techniques for����������  studying� 
HCC, triple-phase MDCT� ��������� ���� ���������� ��� and contrast enhanced MRI� 
have been� ������� ������� widely applied[39,40]. PET/CT combines the 
advantages of  CT with the functional ��������� �������� ���studying �������� ���ability of  
PET, ��������� ��������������   ��� ���� ���� ������ ���������through�� ��������������   ��� ���� ���� ������ ��������� the fusion of  PET ���� ���� ������ ���������and� ���� ������ ��������� CT images acquired 
at the same time that� ���� ����� ����������� ���������� ������ ��� may� ����� ����������� ���������� ������ ��� help accurately localize the ������focal� 
metabolic activity. Currently available data indicate that 
PET/CT is more sensitive and specific than either of  its 
constituent imaging methods alone and probably more 
so than images obtained separately from PET and CT 
and viewed side by side� �������� ������� ������ (Figure 2)����� ������. However, 18F-FDG 
PET/CT cannot replace separate diagnostic CT for HCC. 
Additional full dose enhanced triple-phase MDCT scan� 
at the same time������� ���� �� follow���� ��ed�� �� by 18F-FDG PET/CT whole 
body scan may be �����������  ���������  ������ �������� ���needed to ����������  ������ �������� ���take in some suspected HCC 
patient��� ����������� ������ ��� ��������� s�� ����������� ������ ��� ��������� , especial��� ������ ��� ��������� ly�� ����� ��� ���������  those at high risk[41].

Diagnosis of CC
Surgical resection is ������������ ������ �� ������������ ������considered ������� �� ������������ ������the only curative strategy 
for intrahepatic ��� ��� �������������� ������ ���������  ����������CC at present������� ������ ���������  ����������. ����������� ���������  ����������A���������� ���������  ����������ccurate staging is essential 
for appropriate management of  patients with CC. MRI ���or� 
CT ���������� ��������������� ������� ����� ��� ��������combining� ��������������� ������� ����� ��� �������� endoscopic ultrasound and PET provide 
useful diagnostic information in certain patients[42]. In 
diagnosing malignant diseases in patients with biliary 
stricture, 18F-FDG�� ��� ���� ������ ������� ����������� ���� ���� ���� ������ ������� ����������� ����PET ���� ������ ������� ����������� ����may give better�� ����������� ���� sensitivity and 
specificity� ����� ���� ����� �� ���������� ����� ������� ���������� than CT�� �������  ������ ���������� ���������� ������, and ��� ������ ���������� ���������� ������is more ����������� ���������� ������sensitive�� ���������� ������ than ������������cytological 
examination of  bile in sensitivity[43]. 18F-FDG�� ���������  ���������� PET could 
be useful in cases of  suspected hilar CC ��� �������������by �������������radiological 
findings with non-confirmatory biopsy[44].���� ����� ��������Anderson  
et al[45] ���������� ����� ���� ����������� ���reported ������ ���� ����������� ���that ����� ����������� ���the sensitivity of  18F-FDG������  �� ��� ����� �� ���is 85% ���in 
detecting nodular morphology, 65% in detecting metastases 
of  CC, 78% ���� ��������� ������������� ���������� ����� ���in detecting� ������������� ���������� ����� ��� gallbladder carcinoma, and 50% 
in detecting� ������������� ������������� ������  ������������  extrahepatic metastases��� ������  ������������ . �������  ������������ PET is accurate in 
predicting the presence of  nodular ��� ������ �� ��� ��� ����CC� ������ �� ��� ��� ���� (mass > 1 cm) but 
may be�����������������    ������ �������� ����� ����������� ��������  not helpful for the ���������� ����� ����������� �������� diagnosis of  ������������� �������� infiltrating type����  of  
CC��� ������  ����� �������������  ���������� �������� ������������. PET is also helpful for detecting residual gallbladder 
carcinoma following cholecystectomy and� ����� ��������   has ���������  led to a 
change in management of  30% of  patients with ���CC.

Figure 1  A 33-year-old man undergoing ascending colon cancer resection two 
years ago. Coronal PET image (A) also showing recurrent lesion (arrow head) 
at the root of mesentery, 18F-FDG PET (B) and PET/CT fused imaging (D) 
demonstrating multiple hepatic metastases (arrow), and non-enhanced CT (C) 
detecting fewer lesions than PET/CT fused imaging (D). 
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The n���������  ������������� �������� �� ��� ���� ����������umber of  metasta������ �������� �� ��� ���� ����������tic ���������� �� ��� ���� ����������lymph nodes is a significant 
prognostic factor for CC�� ����� �������� ���������� ������� .� ����� �������� ���������� �������  The reported positiv��� ������� e�� �������  rate of  
perihepatic lymph node��� ����������� ������� ������� ������������� ������� �������involvement ranges ��������30������%-����50��% 
in patients with ������ ��h����� ��ilar ��CC[46], ���������� �� ���� ���������� and 4������� ���� ���������� 7%-���� ���� ���������� 58�� ���� ���������� % ���� ���������� in those with� 
intrahepatic� �� CC[47]. The involvement of  paraaortic and 
regional nodes in advanced hilar cholangiocarcinoma 
is 14.4%. There is no consensus regarding the optimal 
technique for evaluating the status of  perihepatic lymph 
nodes at the time of  liver resection for intrahepatic CC. 
Some have advocated routine nodal sampling�� ������ before 
resection��� ������� ����� ����� ���������������������  ������, while others have advocated routine subhilar 
lymphadenectomy. ���������� ����� ����������� ���� �������Without liver resection, ����� �������the optimal 
decision to sample lymph nodes can be only guided by 
information gathered from preoperative imaging studies 
and the intraoperative assessment of  perihepatic nodes[48].

Petrowsky� et al[49] reported that� 18F-FDG-PET/CT and 
contrast-enhanced CT ���� ������������  ��������� ���������may ������������  ��������� ���������provide a comparable accuracy 
for the primary intra-� ���� �������������� ���� ��������� ���� �������������� ���� ���������and �������������� ���� ���������e������������� ���� ���������xtra-hepatic ���� ���������CC�� ���������. Regional 
lymph node metastases were detected ������ ������ ����with�� ������ ���� PET/CT and 
contrast-enhanced CT in only 12% vs 24%. All distant 
metastases�� ����� �������������  ������ ������������� were detected �����with� 18F-FDG�� �������� ����� ��������� �����PET/CT, ������while� 
only 2��� ������ ������������������  ������������� ����5�� ������ ������������������  ������������� ����%�� ����� ������������������  ������������� ���� ������ ������������������  ������������� ����were �������������������  ������������� ����detected with ������������������ ����contrast-enhanced CT.� 
PET/CT findings resulted in a change of  management 
in 17% of  patients deemed resectable after standard 
work-up. PET/CT is particularly valuable in detecting 
unsuspected distant metastases which ����������  ����have������  ���� not �����been 
diagnosed ������� �������� �������� ������� �������� ������with ���������� �������� ������� �������� ������standard imaging. Thus, PET/CT staging 
has an important impact on selection of  adequate therapy. 
However, false positive rates have been found in patients 
with inflammatory disease, such as primary sclerosing 
cholangitis and cholecystitis�� �������������  ������������������.� �������������  ������������������ Therefore, a multidisciplinary 
diagnostic approach using 18F-FDG�� �������  ���������  ��������  ��������� PET or PET/CT in 
conjunction with conventional modalities seems essential 
to a precise differential diagnosis.

EVALUATION OF HEPATIC MALIGNANT 
BIOLOGICAL CHARACTERISTICS
T������ �� ������ ���� ����� ���� ���������������� ���� ���� ���������here is a �������� ����� ���� ���������������� ���� ���� ���������dilemma� ����� ���� ���������������� ���� ���� ��������� that t��� ���������������� ���� ���� ���������he five-year survival�� ���� ��������� ����� ���������rate (rang����ing 
from ���� ���� ���� ��� ��������� ��������� ������� ���������30�� ���� ���� ��� ��������� ��������� ������� ���������%�����  ���� ��� ��������� ��������� ������� ��������� to 50%�� ��� ��������� ��������� ������� ���������)����  ��������� ��������� ������� ��������� of  patients after curative resection 
of  HCC ��������� �����������  ���������  ��� ������ �������almost does not increase in the past decade. 
The ���������� ���������������  ������ ������ ����� ���treatment� ���������������  ������ ������ ����� ��� ���������������  ������ ������ ����� ���procedures�����  ������ ������ ����� ��� of  cancer must face the 
core biological characteristics�����  ��������������������� of  cancer-a��������������ggressiveness 
and ����������metastasis[50�]. The diagnosis, ����������� ����������treatment�� ����������, prognosis 
standardization�����  �������� �������������� ���� ������������s of  hepatic malignancies�� ���� ������������ rely� ������������ ������������exclusively 
on the macromorphological characteristics��� �������� , which is 
not enough to evaluate the ������������ ������������������ biological characteristics����  of  
such malignancies. ����������� ����������������  ��� ���� ���Molecular imaging in oncology is the 
noninvasive imaging of  the key molecules and molecul��e�-
based events that are characteristic of  the genotype and 
phenotype of  human cancer.���������  ��������������  ������ �������� ��������������  ������Since tumors with increased 
18F-FDG uptake are more metabolically active and more 
biologically aggressive[51����,5��2],�� ��� ����� �����������  ���� ����� ����������� PET and PET/CT with 
18F-FDG ������ ����� ��� ��� ��������  ������������ �������� ������would play a key role in ������������ �������� ������evaluating the biological 
characteristics����  �������� ������������� �����������  of  hepatic malignancies (Figure 3).

It has been reported ������ ��� �������� ��� ��������that the higher the glucose 
metabolism seen on 18F-FDG PET imaging, the worse 
the prognosis of  tumors, especially untreated tumors[53,54]. 
It is clear that a great deal of  biological information is 
contained within the 18F-FDG�� ��������  ����� �������� ���������  ����� ��������PET������  ����� �������� ����� ����� ��������SUV�� ����� �������� that reflects 
the level����  ������������ ��������� ���� ��������������  ��� of  glycolysis, ��������� ���� ��������������  ���and strongly ��������������  ���correlates ��� ���to� ��� an 
adverse patient prognosis[50]. Although HCC accumulate��s� 
18F-FDG to various degrees, a high positive rate of  
18F-FDG accumulation has been reported in patients with 
high-grade HCC[55] and in those with markedly elevated 
AFP levels. Preoperative 18F-FDG �������� ���������� ����uptake ����������� ����reflects tumor 
differentiation and P-glycoprotein expression and may be 
a good predictor of  outcome in HCC[56]. The SUV ratio 
i�� ���������� ������������ ������� �������������� ����� ��� ����� ���s related significantly to disease-related death�� ��� ����� ���s� ���� ���� ��� as well as 
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Figure 2  A 68-year-old male undergoing HCC resection 28-mo ago. Multiples 
bone metastases (arrow) on the image of whole body PET (A), non-enhanced CT 
(C) detecting no recurrence lesion in the liver, 18F-FDG PET (B) and PET/CT fused 
imaging (D) showing a high metabolism recurrent lesion (arrow head).

C D

Figure 3  A 68-year-old female complaining of uncomfortable left upper abdomen 
for one month with increasing of CA19-9 (> 700 m/L) (A), non-enhanced CT (C) 
detecting a low density lesion in the left lobe of the liver (white arrow), 18F-FDG PET 
(B) and fused imaging of PET/CT (D) showing necrosis (arrow head) in the center of 
the mass with a satellite lesion (black arrow). CC was confirmed by liver biopsy.
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other predictive factors, including the number, size� ���� and� 
stage of  tumors, involvement of  vessels� ����� ���� �������� ����� ���� ��������and the capsule,� 
and �������������� ����������  ������������ ������������ provides information of  prognostic relevance in 
patients with HCC before surgery[57]. A significant survival 
benefit ��� ����������� ��������� i������ ����������������  s ��������������������  correlated with ����low 18F-FDG uptake in ���������patients 
with �������������������  ������� �����metastases of  colorectal cancer[58].

Approximately 50% of  patients with resected hepatic 
malignan��� ���� ���������  ����� ����������� ���������������   cy� ���� ���������  ����� ����������� ���������������    may have a tumor�� ����������� ���������������    recurrence�� ���������������   . Thus, it is of  
importance to predict the relapse and to tackle it with 
additional treatment. A better understanding of  biological 
characteristics of  hepatic malignan��� ������� ������� cy��������  �������  could lead to 
adequate use of  adjuvant surgical treatments and hopefully 
better treatment outcome[���59]. For example, if  patients 
at high risk of  tumor recurrence could be identified 
before the resection, they would benefit from additional 
treatments, ����� ���� ����������� ���� ���������� ��������such as�� ����������� ���� ���������� �������� neoadjuvant and adjuvant therapy, 
biotherapy������  ���� �����������������    ��������� ���� ���������, ���� ���� �����������������    ��������� ���� ���������or ����� �����������������    ��������� ���� ���������the three�������������    ��������� ���� ���������. It���������   ��������� ���� ��������� is not ���������� ���� ���������necessary�����  ��������� ���� ���������for patients 
at a low risk of  tumor recurrence ���� �������� ��� ������to ��������� ��� ������receive�� ��� ������ the above 
therapies�.

SELECTION OF LIVER TRANSPLANTATION 
CANDIDATES
Liver transplantation is the only option capable of  
simultaneously curing both HCC and the underlying liver 
disease. ��������������  ���������������� ����� ����������Prevention of  postoperative tumor recurrence 
to improve the ���������patients’ long-term survival remain��� ���s�� ��� the 
primary concern as well as the major difficulty in liver 
transplantation for HCC[60]. ����� ��� ������������  ����The ���� ������������  ����key� ������������  ���� problem is thus 
the selection of  patients who can benefit from liver 
transplantation, ���� �����������   ��������� ����� ������� ���������so that it is necessary to ��������� ���������identify patients 
at��������������    ����������� ��������� ����� ������������ low����������   ����������� ��������� ����� ������������ risk of  recurrence. The stringent morphologic 
criteria (solitary nodule < 5 cm, 3 nodules < 3 cm� ������ each��) 
have been ���������������������   ��� ���������������  ����implemented����������   ��� ���������������  ���� to ������ ��� ���������������  ����list HCC patients for liver 
transplantation��� �����������������    �����������������  ������, ������������������    �����������������  ������leading to a ����� �����������������  ������big�� �����������������  ������ improvement in survival 
rate ����� ������������ ��� �������������  ���� ��������  ������of��� ������������ ��� �������������  ���� ��������  ������ transplanted HCC patients in the last 10 years��.� 
Nevertheless��� �������� ����������� ��� ������ ������ ���, ��������� ����������� ��� ������ ������ ���several recent studies have shown the 
limitations of  such criteria����  ��������������  ��������� in prediction of  ���������progno���sis[61����,6��2]. 
A������ ����������� ������� ������������������  ��������������   ���ll �������������� ������� ������������������  ��������������   ���conventional imaging modalities ������� ��������������   ���in current use ������ ���with ����the 
common� ������ ������ ����������� ��������� ������� ������ HCC staging procedures (TNM, Milan criteria) 
have ������������  ����������  ������� �������� ������� ���� ����their own limits������  ������� �������� ������� ���� ���� to identify primary tumors and ����may 
be ����� ������� ����������  ����� �������� ���� ������� ��� �������even ������� ����������  ����� �������� ���� ������� ��� �������more limited�����  ����� �������� ���� ������� ��� ������� ���� ����� �������� ���� ������� ��� �������in their ability ���� ������� ��� �������to define the extent 
of  metastatic spread[63]. Furthermore, relying exclusively 
on the macromorphological characteristics of��� ����� ���� tumors� ���� may 
result in misdiagnosis mainly due to the limits of  imaging 
techniques. The macromorphological characteristics of  
cancer also give an imprecise estimate of  the tumor's 
aggressiveness[64].

With the advantages of  whole-body scanning and 
high sensitivity ����� ����� ����������in� ������� ���������� tumor detection, 18F-FDG�� ��� ����PET/
CT can be instrumental in preoperative evaluation of  
liver transplantation for HCC (such as modification of  
clinical staging) and early detection of  postoperative 
recurrent tumors.�������� ������ �������������  ������������ ������������� �������������  ������������Histological grade of  differentiation 
and macroscopic vascular invasion are strong predictors 
of  both survival and tumor recurrence in patients with 
cirrhosis who receive transplants ������������  ��because of�� �� HCC[65]. ������Cillo� 
et al[66] reported ������ ����������������  ������ ��������������that candidates for liver transplantation 
can be selected using HCC grades (G1 and G2) based 
on preoperative fine�� ������ �������������� ������ ��������  ������� �������������� ������ �������� needle aspiration biopsy��� �������� , which����  is 

associated with an extremely low rate of  tumor recurrence, 
comparable with that of  incidentally detected HCC��. 
H������������ ������������������  �������������� ��������� ����istological examination using percutaneous needle biopsy� 
may be the most definite assessment of  HCC grades. 
However, it is invasive and the specimen� ������������ ��� ������������ ���retrieved does 
not always represent the entire lesion owing to�� �������� ���������sampling 
errors[67].�������� ������ ������ ���� ����������� �������� ������ H������������ ������ ���� ����������� �������� ������istological grade and vascular invasion cannot 
be determined preoperatively��� ��� ����� ����������� .�� ��� ����� �����������  PET ����� ����������� and PET/CT with 
18F-FDG�� �������������  ����������   ����� ������������������  ��������������  ����������   ����� ������������������ imaging could also be a good preoperative tool 
for estimating the post-�������� ������������������������   ����l������� ������������������������   ����iver transplantation risk of  tumor 
recurrence, importantly, ������� ����������� ������  �������t������ ����������� ������  �������umor recurrence can be highly 
anticipated for PET-imaging-positive HCC patients who 
satisfy the Milan criteria. �����Yang et al[68] ����������� ����supported that 
P��������������������� ��� ���������� ����������  ��������ET-imaging-positive HCC patients�� ����������  �������� should�����  �������� be selected 
cautiously for �������� ��������������l������� ��������������iver transplantation.

SELECTION OF PATIENTS WITH HEPATIC 
COLORECTAL METASTASES FOR 
HEPATECTOMY
Hepatic resection, a potentially curative approach for 
patients with liver metastases from colorectal carcinoma, 
carries a 5-year survival rate of  30%-50%. The resection 
rate ��� �������� ���������������������  ������� ���������of� �������� ���������������������  ������� ��������� hepatic metastases from colorectal carcinoma 
varies from 20% to 50%[69]. Some clinical and pathological 
factors have been identified as important prognostic 
determinants of  survival after surgical resection ���of�  
colorectal liver metastases�������������  ��� ���� ��������  ���, ����������� ��� ���� ��������  ���includ����� ��� ���� ��������  ���ing�� ��� ���� ��������  ��� sex� ���� ��������  ��� and� ��������  ��� age�����  ��� of  the 
patient����� ���������  ������ ����� ����� ���������  ���� ���� ���s, stage������  ������ ����� ����� ���������  ���� ���� ��� of  tumor��� ����� ����� ���������  ���� ���� ���, ������ ����� ���������  ���� ���� ���the ������� ���������  ���� ���� ���number and size as well as 
distribution� ��� �������� ������������ �������� ������������  ��� �������� ������������ �������� ������������ of  hepatic metast������ �������� ������������ atic lesions�� ������������ , ������������ presence of  
extrahepatic distant metastases, type of  hepatectomy, and 
adjuvant chemotherapy��, etc[70].����������  ���������Antoniou� et a�l[71] reported 
that a ��������� ������������ ���� ���� ���� ���� ��������repeated hepatectomy�����  ���� ���� ���� �������� i��� ���� ���� ���� ��������s ����� ���� ���� ��������safe and ���� ��������may ��������provide� 
survival benefit equal to that of  ������������  ����� ���������the���������  ����� ��������� first liver resection� 
based on ������� ��������������   ������������������  ��������their results �������  ������������������  ��������from���  ������������������  �������� a m�����������������  ��������eta-analysis of  ���������r��������epeat���ed� 
hepatectomy for patients with colorectal cancer metastases��. 

18F-FDG�� ����������   �������������   ��������������� ������� �����������   �������������   ��������������� �������PET is a useful tool in preoperative staging��. 
It may be better than ��������������� ��������� ������������conventional diagnostic modalities��,� 
especially for staging and re-staging after hepatectomy[72].� 
Kinkel� et al[73] ���������� ����� ��� ������ ��������� �����������reported that the mean weighted sensitivity 
of  ultrasonography, CT, MR��� ����I�� ����, and 18F-FDG�� �����������   ������������  PET is 55%, 
72%, 76% and 90% respectively, in the detection of  
hepatic metastases from colorectal, gastric, and esophageal 
cancers.� �����������  ������������  ���������� �������� ������� �����������  ������������  ���������� �������� �������Results of  pair wise comparison between imaging 
modalities demonstrated a greater sensitivity of  18F-FDG� 
PET than ultrasonography, CT� ����� �������  ����������� ����� �������  �����������and MR������  �����������I�����  �����������. At equivalent 
specificity, 18F-FDG�� �������  ��� ������ �������������� ������� ��������  ��� ������ �������������� �������PET is the most sensitive noninvasive 
imaging modality for the diagnosis of  hepatic metastases 
from colorectal, gastric, and esophageal cancers.

18F-FDG�� ������ ���������� ��������� ����������� ������� ���������� ��������� �����������PET/CT provides important additional 
information in patients with presumed resectable 
colorectal metastases to the liver, leading to a change of  
therapy in �������������   ��������one����������   �������� fifth of  patients[74]. The most significant 
additional information relates to the accurate detection 
of  extrahepatic spread of  tumor. 18F-FDG�� ���������  ���������� PET/CT is 
particularly valuable in detecting local recurrence at the 
margin of  a previous liver resection and at the site of  the 
primary colorectal surgery[75]. ��� ��������� ������� ��� ���������It ��������� ������� ��� ���������also����� ������� ��� ��������� ����������� ��� ���������increases the accuracy 
and certainty of  locating lesions in colorectal cancer. More 
definitely normal and abnormal lesions could be identified 
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with PET/CT than with PET alone with an improved 
staging and restaging accuracy of  78%-89%[76].� ������ ���� ������ ����This test 
should be used for� ��������� ��� ��������������   ������������� ��������� ��� ��������������   �������������patient�� ��� ��������������   �������������s� ��� ��������������   ������������� at high risk for extrahepatic 
disease and evaluated prospectively for all patients under 
consideration for liver resection.

VIABLE TUMORS VS NECROSIS OR 
FIBROSIS AFTER TREATMENT
Less than 20% of  patients with hepatic metastases, HCC 
and CC have been treated surgically. Palliative treatment 
of  inoperable hepatic metastases, HCC and CC has 
been reported[77]. Despite initial resection or remission 
of  hepatic malignan����� ������ ������� �������� �������� cy��� ������ ������� �������� �������� , the survival benefits are not 
satisfactory because of  frequent recurrences following 
the treatment[78]. Early detection of  a residual�������  ����� ������ �����or locally 
recurrent tumor after ������������� �����������������  ������  ������p������������ �����������������  ������  ������alliative treatment is������� ������  ������ ������������  ������critical to early 
successful retreatment.� ������������� ��� ����� ��� ���� Conventional ��� ����� ��� ����CT and MRI are 
disadvantageous����  ������ ���������������  ������ ����� �������� in� ������ ���������������  ������ ����� �������� ������ ���������������  ������ ����� ��������early ���������������  ������ ����� ��������evaluation of  the local treatment 
efficacy� ������������������  ���� and�� ������������ ����� recurrent disease�s[79].

An important contribution of  restaging with PET 
among patients without any other clinical or biochemical 
evidence of  disease is the possibility of  distinguishing 
between viable tumors and necrosis or fibrosis in residual 
masses that may be present after treatment[78]. PET and 
PET/CT with 18F-FDG are not affected by scar tissue 
and artificial materials.� 18F-FDG�� ��� ����� ������ ���� ����� ������PET ����� ������and PET/CT 
accurately monitor the local efficacy of  radiofrequency 
ablation (RFA) for treatment of  liver metastases and 
can recognize early incomplete tumor ablation, which� 
may ��������  ������������������  ������������� ��� �������not be detectable on contrast-enhanced CT alone. 
Conversely, CT� ����� ��� ���� ���� �������������� ���� �������  and ���� ���� ���� �������������� ���� ������� MRI may be false-positive at the rim 
of  the lesions because of  hyperperfusion after RFA[80����,81�]. 
Zhao et al[82] reported�� ���� that 18F-FDG�� ����������  ������ �����������  ������PET/CT i��� ������s�� ������ better 
than CT in judging tumor residue of  HCC after��� �������� ����������treatment 
with �������������� ���������� ������������������ �������t������������� ���������� ������������������ �������ranscatheter arterial chemo-embolization (TACE) 
combined with RFA or surgery and in guiding further 
treatment of  HCC.����� ������������ ��������� ������� ��� ���������������� ��������� ������� ���Furthermore, integrated PET/CT can 
provide a value especially for the postoperatively distorted 
liver with scar tissue and artificial materials, where the 
sensitivity and specificity CT and MRI are relatively low.

PREDICTORS OF POSTOPERATIVE 
RECURRENCE IN ASYMPTOMATIC 
PATIENTS
An unexplained ris�������  ���� �������� ������� ������e of��� ���� �������� ������� ������ tumor marker�� ������� ������s (������ ������e.g., among� 
patients with colorectal cancer and elevated levels of  
serum carcinoembryonic antigen� ������ ���� ��� ��������� (CEA) or HCC patients 
with elevated �����������  ������ ������� ����� ��������� ������serum AFP levels after the treatment�� ������) ������after 
the �������������  �������� ����������� ��� ��� ������ ����������treatment����  �������� ����������� ��� ��� ������ ���������� of  �������� ����������� ��� ��� ������ ����������hepatic malignancy����  ��� ������ ���������� is an early indicator 
of  tumor recurrence����  ������������� ���������� or� ������������� ���������� extrahepatic metastases[83]. 
However, conventional imaging techniques have a limited 
sensitivity for detecting recurrent disease in such patients. 
18F-FDG�� ��� ����� ���� �������������   ��� ����������� ����� ���� ����� ���� �������������   ��� ����������� �����PET has�� ���� �������������   ��� ����������� ����� been proved to be� ��� ����������� ����� an effective whole-
body imaging technique that detects metabolic changes 
preceding structural findings.�� ������������ ��� ����� ������������� ��� �����Several studies have 
persuasively demonstrated that tumor restaging with PET 
can detect and localize disease recurrence among patients 

with no ��� ������� ������� ���� ����������� ���� �������or mild ��������� ���� ����������� ���� �������symptoms ���� ����������� ���� �������and� ����������� ���� ������� elevated tumor marker 
level��� ��� ������ ��� ������������� ������� ������� �������� ���.�� ��� ������ ��� ������������� ������� ������� �������� ��� PET also can provide information about whether the 
detected disease is resectable[84,85].

Flamen et al[86] ������ ��������� ���� ���������� have reported ����� ���������� the results����  of  18F-FDG� 
PET for �������������������  �������  ��������������u������������������  �������  ��������������nexplained rising CEA in postoperative 
colorectal cancer� ����������� �������� ������  �������������� patients��� �������� ������  ��������������, showing that a patient-based 
analysis revealed that the sensitivity of  18F-FDG�� ��� ����PET 
in detecting tumor recurrence is 79%, and the positive 
predictive value�����  ����� ��������  ������������ ��������� ���� ����� ��������  ������������ ���������i��� ����� ��������  ������������ ���������s ������ ��������  ������������ ���������89%, while a lesion-based analysis 
displayed that the sensitivity of  18F-FDG�� �������  ��������� ��������  ���������PET in detecting 
tumor recurrence is 7���� ����� ��� ��������� �����������5��� ����� ��� ��������� �����������%, and the positive predictive 
value�����  ���� ���� ����i��� ����s 7����9%��.� 18F-FDG�� ���� ���������� ����� ����� ����� ���������� ����� �����PET whole-body scan also 
provides �� ���������� �����������������   ��������� �������������a� ���������� �����������������   ��������� ������������� valuable imaging tool for detecting extrahepatic 
metastasis� ������������� �������  ��� ���������������  ��� ������������� �������  ��� ���������������  ���and contributes to the management of  HCC 
patients suspected of  having extrahepatic metastases[87].� 
18F-FDG�� ������ ������������ ���� ������� ������������� ������� ������������ ���� ������� �������������PET/CT� ������������ ���� ������� ������������� ������������ ���� ������� �������������provides fused images demonstrating 
the complementary role of  functional and anatomic 
assessment in the diagnosis of  cancer recurrence through 
the precise localization of  suspected 18F-FDG �������uptake 
foci and their characterization as malignant or benign[88]. 
18F-FDG�� ����������  ������� ������ ����� ������  �������� �����������  ������� ������ ����� ������  ��������PET/CT is better than ������� ������  ��������common ������  ��������CT in judging 
tumor residue of  HCC after treatment, and in guiding 
further treatment of  HCC.

EVALUATION OF PROGNOSIS OF HEPATIC 
MALIGNANCIES
At present, ��������� ������� ��������������� ����������� d�������� ������� ��������������� ����������� espite careful preoperative staging �����with� 
conventional imaging� ����������� ������������� ���� ����� ����������� ������������� ���� �����modalities ������������� ���� �����and colonoscopy, most 
patients with ������������� ���� ����������� ������ ����������colorectal liver metastases� ������ ���������� ������ ����������have recurrence 
after liver resection. The overall 5-year survival rate is 
30%, ranging 12%-41%. ������� ������� �����������  �������T������ ������� �����������  �������hese results have not steadily 
improved over time[89,90]. Accordingly, to reduce the 
frequency of  futile hepatic resections, more effective 
staging tools are needed. 18F-FDG� ���� �������� ����� ����� ���� �������� ����� �����PET appears to define 
a new cohort of  patients in whom tumor grade is a 
very important prognostic variable[91]. The current study 
focused on the prognostic value of  pretreatment metabolic 
activity in metastases measured with 18F-FDG�� ����� ����� ������ �����PET, which� 
was ������������� ��� �������� �����������  ��������������  ������investigated ��� �������� �����������  ��������������  ������as an indicator of  survival in colorectal 
cancer.

The overall 5-year survival in patients screened with 
18F-FDG�� ���� ������ ��������� �������������  ����������� ����� ������ ��������� �������������  �����������PET before hepatic resection for metastatic 
colorectal cancer is 58.6%��� ���������������   �������� �������, which ����������  �������� �������is a substantial improve-
ment in overall survival when compared with the results 
from a large number of  historical series in which 18F-FDG� 
PET was not used[92]. A significant survival benefit has 
been ���������  ��������shown� ��� �������� in patients with low 18F-FDG uptake in 
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Table 2  Comparison between PET/CT and conventional 
imaging modalities of their values in examination of liver 
malignancies

Modalities Specificity Sensitivity Accuracy
18F-FDG-PET/CT +++ +++ +++
Ultrasound   +  ++    -
CT  ++ +++   +
MRI  ++  ++  ++

- poor; + fair; ++ good; +++ excellent. 



metastases of  colorectal cancer[93].� 18F-FDG�� ������  ������� PET����  ���is 
useful not only for the evaluation of  malignancy of  
hepatocellular carcinoma but also for the prediction of  
outcome in patients with hepatocellular carcinoma[94]. The 
SUV of  18F-FDG� ���������  ��������� ����� ��� �������������� ���������  ��������� ����� ��� ��������������PET in high-grade HCCs is significantly 
higher than that in low-grade HCCs. The SUV ratio is 
related significantly to disease-related death�� ���� ���� ���s� ���� ���� ��� as well as 
other predictive factors, including the number�������  ����,������  ���� size� ���� and� 
stage of  tumors, and involvement of  vessels ���� ���� ���as well as� 
capsule[95]. ��������������  ������������� �������������  �����Evaluation of  examination ��������������  �����results�������  ����� from these 
imaging ���������������������  ��������  ������ ��modalities�����������  ��������  ������ �� is illustrated in Table 2.

CONCLUSION
18F-FDG�� ��� ���� ������������ ������� ����������� ������� PET� ���� ������������ ������� ����������� ������� has advantages over conventional imaging 
techniques in ���������� ���� ����������� ��������������� designing and evaluating ��������������� managements of  
hepatic malignan���������������  ������� ������������������� cies ���������� ������� ������������������� with biological characteristic������ s�����  for 
an �������� ������������� �����������  ��������������� ���optimal patient outcome���������  ��������������� ���. With c���������������� ���ombined functional 
and anatomical image��� ���������  ����� ���� �������� ����, ����������  ����� ���� �������� ����PET/CT ��� ����� ���� �������� ����is more and more widely 
appli������������  ����� ������������  �� ���������� ����� ��������� ����ed����������  ����� ������������  �� ���������� ����� ��������� ���� in clinical practice. It is more ���������� ��������� ����sensitive� ��������� ���� and ���������specific� 
than PET, with������  ���� �������������� ����� �������������� a���� ���� �������������� ����� �������������� lower ��������������� ����� ��������������false-positive and false-negative� 
rate. ��������� �������������  �����������Multiple avenues of  investigation that can be used to 
improve the �������� ���� ��� ����� ����������� a������� ���� ��� ����� ����������� bility of  PET ����� ����������� and PET/CT �����with 18F-FDG����  ���to 
enhance the diagnostic algorithm ��� �������� ��������������of  �������� ��������������hepatic malignanc�����ies, 
which�� ���� �������� ��� ������������� �����������  �������� ����� �������� ��� ������������� �����������  ��������can benefit the patients suffer���������  ��������ing������  �������� from hepatic 
metastases, HCC� ���� ���� �� ����� ����������� ��������� and ���� �� ����� ����������� ���������CC by more� ����������� ��������� accurate diagnosis, 
staging��� ��������� �������� ���� ���������������  ���������� ����, restaging� �������� ���� ���������������  ���������� ���� and �������� ���������������  ���������� ����further ���������������  ���������� ����evaluation of  their biologic 
characteristics�.
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Abstract
Survivin is a protein that is highly expressed in a vast 
number of malignancies, but is minimally expressed in 
normal tissues. It plays a role as an inhibitor of cell death 
in cancer cells, thus facilitating the growth of these cells. 
In the case of gastric cancer, survivin is over-expressed 
in tumor cells and plays a role in the carcinogenesis 
process. Several studies on gastric cancer have indicated 
that there is a relationship between survivin expression 
and the ultimate behavior of the carcinoma. Since the 
expression pattern of survivin is selective to cancer cells, 
it has been described as an “ideal target” for cancer 
therapy. Currently, several pre-clinical and clinical trials 
are on-going to investigate the effects of interfering 
with survivin function in cancer cells as a biologic 
therapy. Survivin is a potentially significant protein in the 
diagnosis, prognosis and treatment of gastric tumors.
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INTRODUCTION
Carcinomas in the upper gastrointestinal (GI) tract constitute 
a major health problem world wide. It is estimated that 
approximately 36 830 new cases of  upper GI carcinomas 
and 25 200 deaths due to upper GI carcinomas occurred 
in the United States in 2006[1]. This fact emphasizes the 
importance of  identifying useful diagnostic and prognostic 

markers in the earliest stage of  the disease. As to the treat-
ment of  gastric cancer, surgical therapy is the primary treat-
ment, with combination of  adjuvant chemotherapy. Most 
anticancer drugs in use today were discovered based on the 
ability to kill rapidly dividing cancer cells in vitro. Predictably, 
when administered to patients, many of  these drugs also 
injure rapidly dividing normal cells, such as bone-marrow 
haematopoietic precursors and gastrointestinal mucosal 
epithelial cells. In addition, many of  these drugs are toxic 
to normal cells that are not rapidly dividing[2]. The need for 
effective targeted treatment strategies is evident.

Survivin is an inhibitor of  apoptosis protein (IAP) 
and is expressed in a large number of  malignancies[3]. Its 
expression levels correlate with more aggressive disease 
and poor clinical outcome. Since its expression is restricted 
in normal differentiated tissues, it has become of  great 
interest as both a tumor diagnostic, prognostic marker and 
as a potential biologic target for future anticancer therapies. 
Recently the use of  survivin has been described in bladder 
cancer[4] and other cancers, but not in gastric cancer. For 
example, urine testing for survivin has been used as a 
diagnostic tool for an early detection of  bladder cancer[5].

This review will provide a brief  introduction about the 
structure of  the survivin gene and protein and survivin 
expression and function in apoptosis will be discussed. The 
significance of  survivin in gastric cancer will be discussed 
in two sections: the possible diagnostic and prognostic 
importance of  its expression, and the possibility of  modu-
lating survivin function for therapeutic gain. Survivin can 
be considered as a potentially significant protein in the 
diagnosis, prognosis and treatment of  gastric tumor.

BIOLOGY OF SURVIVIN
Structure and function
Survivin belongs to the apoptosis inhibitor gene family[6], in 
which the proteins are characterized by a domain of  about 
70 amino acids, termed baculovirus IAP repeat (BIP), which 
is evolutionarily conserved. The human survivin gene, 
spanning 14.7 kb on the telomeric position of  chromosome 
17, contains 4 exons and 3 introns and produces a 16.5-kDa 
protein (Figure 1). Unlike other IAPs, survivin is small and 
has only a single N-terminal BIR domain, a long C-terminal 
alpha-helix coiled region, and forms a stable dimmer in 
solution. The BIR domain is thought to be critical for anti-
apoptotic function, whereas the coiled domain probably 
interacts with tubulin structures[7]. The survivin gene 
locus encodes multiple genetic splice variants with unique 
properties and functions. These isoforms include survivin, 
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survivin-2B, survivin-ΔEx-3, survivin-3B, and survivin-
2alpha. Transcription and translation of  these isoforms have 
been demonstrated by several groups of  investigators[8-10]. In 
malignant cells, all of  these isoforms are expressed at very 
high levels, when compared with normal tissues. Survivin 
has a dual function, playing a roll in cell death regulation and 
mitotic progression.

Survivin inhibits apoptosis, via its BIR domain, by 
either directly or indirectly interfering with the function of  
caspase-3 and caspase-7. It also counteracts cell death by 
interfering with caspase-9 processing, the upstream inhibitor 
in the intrinsic pathway of  apoptosis[11]. Preferentially 
expressed at mitosis in a cell cycle-dependent manner and 
physically associated with the mitotic apparatus, survivin 
is essential for proper completion of  various stages of  cell 
division, from centrosomal functions to proper kinetochore 
attachment to spindle formation, potentially via regulation 
of  microtubule dynamics (Figure 1).

Expression characteristics
The expression of  survivin is tissue specific and cell cycle 
specific. During human development, survivin is expressed 
in fetal lung, heart, liver, kidney, gastrointestinal tract and 
in other fetal tissues where apoptosis occurs, such as the 
stem cell layer of  stratified epithelia, endocrine pancreas 
and thymic medulla. Survivin was strongly expressed in the 
most common solid tumors of  adults, including those of  
the lung, breast, colon, brain, stomach, esophagus, pancreas, 
liver, prostate, uterus, and ovaries, but it was not found in 

normal, adult tissues[12]. These findings suggest that the cell 
division and anti-apoptosis functions of  survivin could be 
important not only during early development but also during 
cancer progression. In actively proliferating cells, survivin 
expression is cell cycle regulated, being virtually undetectable 
in G1 and S phases, with a peak level in G2/M[13].

SURVIVIN EXPRESSION AND DIAGNOSIS 
IN GASTRIC CANCER
Approximately 50% of  patients have gastric carcinoma that 
extends beyond the locoregional confines at diagnosis. In 
addition, approximately 50% of  patients with locoregional 
gastric carcinoma cannot undergo a curative resection 
(R0). About 70% to 80% of  resected gastric carcinoma 
specimens have metastases in the regional lymph nodes[1]. 
Based on these facts, gastric carcinoma is often diagnosed 
at an advanced stage, and continues to pose a major 
challenge for healthcare professionals. Now, with the 
development of  expression microarray technology, a 
large number of  genes and molecules have been studied 
regarding the relationship between the development, 
progression, and metastasis of  gastric cancer[14]. These 
genes include oncogenes, tumor suppressor genes, genes 
controlling apoptosis (e.g., survivin), cell cycle control 
genes, DNA synthesis genes, cell division genes, and 
genes for transcription and translation factors. They offer 
opportunities not only for early cancer diagnosis but for 
molecular-based, histological, exact diagnosis of  tumors. 

Figure 1  Survivin: from basic knowledge to clinicl application. A: the structure of surviving gene, mRNA and protein. The survivin gene is composed of exons 1-4, and 
produces a 16.5 kDa protein. B; Survivin has a dual function in apoptosis and mitotic progression; C: the proposal of modern gastric cancer diagnostic methodology and 
marker panel, with combination of the conventional diagnostic procedure and the new diagnostic methods. The latter was based on the examination of further molecular 
markers in less advanced stages of tumor and can be used for super-early diagnosis; D: the targeted therapy based on survivin nowadays.
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Figure 1 shows a proposal for modern gastric cancer.
Development of  gastric cancer, like many other malig-

nancies, is a multi-step process involving the accumulation 
of  mutations and changes in cell cycle regulatory mecha-
nisms. The detection of  these alterations in the early stage 
of  cancer development may shed new light on the gastric 
carcinogenesis process. In the gastrointestinal tract, there are 
indications that activation of  survivin may be required for 
carcinogenesis. Yu et al[15] showed that survivin expression is 
frequently (68%) present in gastric cancer tissues and is also 
present, albeit at lower frequency (27%), in gastric mucosa 
of  first-degree relatives. Survivin expression was also found 
in 22% of  the non-cancerous tissues adjacent to gastric 
cancer tissues, but was not detectable in all of  the normal, 
non-adjacent gastric mucosal tissues. Survivin expression is 
found in cancerous tissue, as well as in normal adult tissues 
that are predisposed to malignancy, indicating that survivin 
function may be required for carcinogenesis itself.

As we have already mentioned, survivin shows signi-
ficant differential expression between malignant and normal 
adult cells, with very low to absent levels in normal adult 
tissue but increased levels in a wide variety of  tumors. 
Therefore, the detection of  survivin in body fluids could 
serve as a diagnostic marker that allows the early detection 
of  malignancy. Such a study was firstly performed by Smith 
et al[5]. They measured survivin protein in urine samples 
from patients with bladder cancer and controls. Using a 
novel detection method for survivin, urine samples were 
filtered onto nitrocellulose membranes and probed with an 
anti-survivin antibody. Its presence in urine has been used 
to diagnose bladder cancer and to differentiate neoplastic 
lesions from inflammatory conditions with a sensitivity 
of  100% and specificity of  95%. This result suggests 
that survivin can be measured in samples easily obtained 
from patients and can be used to screen for the presence 
of  malignancy. Furthermore, the result suggests that 
survivin expression can identify the lesions at highest risk 
for malignant transformation and invasion. As to gastric 
cancer, Wang et al[16] studied the expression of  survivin in 
the peritoneal lavage fluid from 48 patients with gastric 
carcinoma using RT-PCR. They found survivin expression 
in the peritoneal cavity significantly correlated with depth 
of  cancer invasion, lymph node metastasis, and TNM 
stage. Ninety two percent of  clinically evident peritoneal 
metastasis cases showed detectable survivin expression. This 
result suggests that survivin can serve as a molecular marker 
for detecting peritoneal micrometastasis. Its ubiquitous 
expression in peritoneal cancer cells and metastatic nodules 
also suggests a promising future therapeutic strategy based 
on survivin inhibition for cases of  gastric cancer involving 
peritoneal metastasis. This application, however, has not 
been tested in clinical trial.

SURVIVIN EXPRESSION AND PROGNOSIS 
IN GASTRIC CANCER
The outcome of  gastric cancer depends on the initial stage 
of  the cancer at diagnosis. Surgical therapy is the standard 
treatment for gastric carcinoma, and patients who can 
undergo a curative resection of  the tumor may have a 

better outcome. However, even with surgery, recurrence 
rates range from 30%-60% depending on the pathologic 
stage, and five-year survival rate is only 20%. With the 
emergence of  partially effective but potentially toxic 
(neo-) adjuvant chemotherapy, it has become increasingly 
important to discover biomarkers that will identify those 
patients who have the highest likelihood of  recurrence and 
who might benefit most from adjuvant chemotherapy.

Numerous papers have appeared over the past several 
decades proposing a variety of  molecular markers or 
proteins that may have prognostic significance in gastric 
cancer. Although no single marker has yet been shown to 
be perfect in predicting patient outcome, a profile based 
on survivin may be helpful in directing patient therapy[17-19]. 
The prognostic importance of  survivin expression at 
both the level of  the message and protein has been 
demonstrated in multiple studies (Table 1). Clinical studies 
correlating survivin expression with disease aggression 
in adult cancer have shown that survivin is a reliable 
marker of  unfavorable disease and decreased survival. 
High survivin expression by neoplasms correlates with 
more aggressive behavior and invasive clinical phenotype, 
decreased response to chemotherapeutic agents, increased 
rates of  relapse and shortened survival times. For example, 
in a study of  106 patients with gastric tumors, survivin 
mRNA expression in the tumor was associated with 
tumor size, depth of  invasion, lymph node metastasis, 
tumor stage and decreased overall survival[30]. In addition 
to its level of  expression, the localization of  survivin 
may also be prognostically important. In a study of  84 
patients with esophageal carcinoma, increased nuclear 
survivin expression correlated with reduced overall 
survival (estimated mean survival of  28 mo for patients 
with nuclear survivin versus 108 mo for patients with no 
nuclear survivin), but cytoplasmic levels of  survivin were 
not predictive of  outcome[31]. This discrepancy between 
nuclear and cytoplasmic survivin highlights the different 
anti-apoptotic functions of  survivin and suggests that the 
role of  survivin as a cell cycle regulator may be a more 
important determinant of  patient outcome than its role 
as a caspase inhibitor. This phenomenon has not been 
detected in gastric cancer, and needs further investigation. 
High expression of  survivin also revealed a decreased 
responsiveness to chemotherapeutic agents. Gastric 
carcinoma is one of  the most intractable cancers and is 
known for resistance to various chemotherapeutic agents. 
Although cisplatin demonstrated better clinical efficacy 
against gastric cancer than other anti-neoplastic drugs, 
the overall response rate to CDDP-based treatment was 
only 33%. The mechanism of  CDDP includes inducing 
apoptosis via caspase-3 activation, and therefore, survivin 
may mediate the drug resistance. Nakamura et al [32] 

transfected wild-type and dominant-negative mutants 
of  the survivin gene into gastric cancer cells using a 
lipofection method. Overexpression of  survivin protected 
MKN45 cells from CDDP-induced apoptosis. Expression 
of  the dominant-negative mutant of  the survivin gene 
sensitized NUGC-3 cells to drug-induced apoptosis. These 
results indicate that survivin may be central for exhibition 
of  not only intrinsic resistance, but also acquired resistance 
to CDDP, and could be a predictive marker for response 
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to CDDP-based treatment. Given these compelling 
data, survivin should be considered as a potentially key 
biological marker in gastric cancer. In addition, with the 
emergence of  survivin-targeted therapies that are known 
to be effective in pre-clinical trials, survivin could be 
used as a marker to identify patients that might be good 
candidates for therapies. The prognostic importance 
of  survivin in gastric tumor has been demonstrated re-
peatedly, but the challenge remains how to incorporate 
these molecular markers into clinical algorithms. Perhaps 
patients with elevated survivin could be offered more 
intensive or novel therapies at diagnosis. However, such 
investigational approaches need to be done in a properly 
controlled trial.

TARGETED THERAPY
Because survivin is preferentially expressed in malignant 
cells and is prognostically important, it acts as an attractive 
therapeutic target. Efforts are under way to develop 
surviving inhibitors for clinical use with the dual aim 
to inhibit tumor growth through an increase in sponta-
neous apoptosis and to enhance tumor cell response to 
apoptosis-inducing agents[12]. Different kinds of  survivin 
molecular antagonists, including antisense oligonucleotides, 
ribozymes, small interfering RNAs (siRNAs), as well as 
cancer vaccines, have been used (Figure 1).

Antisense Oligonucleotides
One therapeutic strategy to inhibit survivin uses antisense 
oligonucleotides (ASONDs) to decrease the target survivin 
mRNA and subsequently decrease the protein. ASONDs 
inhibit survivin by forming duplexes with intracellular 
native mRNA. The duplexes disrupt ribosome assembly 
and inhibit protein translation. More importantly, the 
mRNA-ASONDs complex recruits RNase H enzymes 
that cleave the native mRNA strand while leaving the 
ASOND intact. The ASOND is then released back into 

the cytosol, where it is capable of  inhibiting additional 
native mRNA. ASONDs have been actively developed 
against survivin in gastric cancer. The efficacy of  survivin 
ASONDs has been demonstrated both in vitro and in vivo. 
In vitro, several ASONDs that target different regions of  
survivin were designed[33], and one of  them (ASOND3) 
caused a statistically significant loss of  survivin mRNA, 
reduction of  cell viability to 60.6% and inhibition of  cell 
growth. The protein level was significantly decreased 48 
h after survivin ASODN transfection compared with 
untreated controls. This result shows survivin antisense 
molecules directly induce apoptosis in gastric cancer cell 
lines overexpressing survivin. In vivo, antisense survivin 
oligonucleotides, administered by transfecting tumor 
cells with plasmids encoding survivin antisense before 
tumor implantation, reduced tumor growth in xenograft 
models of  gastric carcinoma[34]. Clinical grade antisense 
surviving oligonucleotides (LY2181308) are currently 
under development by Isis Pharmaceuticals and Lily 
Pharmaceuticals in the United Kingdom as a single agent 
in patients with refractory malignancies. In preclinical 
studies, LY2181308 demonstrated activity in multiple 
in vivo models of  cancer. In November 2004[35], Lilly 
initiated phase 1 clinical trials in cancer patients. Given 
the current developmental status of  survivin, antisense 
oligonucleotides against survivin will likely be used in 
clinical practice before chemical inhibitors. Furthermore, a 
synergistic effect was noted when tumor cells were treated 
with ASOND and the chemotherapeutic agent. Targeting 
of  the survivin pathway in cancer, alone or in conjunction 
with chemo-therapeutic agents, has potential as a novel 
therapeutic regimen.

Survivin ribozyme approach
As an alternative strategy for survivin inhibition, ribozymes 
directed against different portions of  survivin mRNA 
were developed. Ribozymes are small RNA molecules that 
possess specific endonucleolytic activity and catalyse the 

Author /Year Number of patients Diagnostic technique Survivin expression Correlation with (P  value) References
LUCD /1998 174 IHC   60 (34.5%) Apoptotic index (< 0.001) 20
Okada E /2001 133 IHC   60 (82.0%) —   21
Krieg A /2002   30 RT-PCR   30 (100.0%) Tumor stage (0.033) 22
Yu J /2002   50 RT-PCR/IHC   34 (68.0%) Apoptotic index (0.02), Cox-2 overexpression (0.001) 15
Tsuburaya A /2002   25 RT-PCR   16 (64.0%) Depth of tumor (< 0.05) peritoneal metastasis (< 0.05) 23
Wakana Y /2002   42 RT-PCR/IHC     — Apoptotic index (< 0.05), histological type (< 0.001) 24
Miyachi /2003 107 RT-PCR 105 (98.1%) Lymph node metastasis (< 0.01) 25
Yao XQ /2004 120 IHC   59 (49.2%) Histological subtypes, lymph node metastasis apoptotic 

index (< 0.05)
26

Wang ZN /2004   48 RT-PCR   32 (66.7%) Depth of cancer invasion, peritoneal lavage fluid, lymph 
node metastasis, TNM stage (< 0.05)

16

Meng H /2005   77 RT-PCR   77 (100.0%)  Survival rate (< 0.01) 27
Docetaxel-resistance (< 0.05) 28

Sun YS /2006   96 IHC   55 (57.2%) Serosal infiltration, lymphatic invasion, regional lymph 
node metastasis, TNM stage, distant metastasis, survival 
rate (< 0.05), VEGF-C (< 0.001)

29

Lee GH /2006 106 IHC   53 (50.0%) Tumor size (0.011), tumor stage (0.002), depth of invasion 
(0.004), poor survival (0.046), lymph node metastasis (0.020)

30

Table 1  Expression of survivin in gastric cancer in association with cancer progression and malignancy

IHC: Immunohistochemistry; RT-PCR: Reverse transcriptase PCR.
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hydrolysis of  specific phosphodiester bonds[36], resulting 
in the cleavage of  the RNA target sequences. In particular, 
the hammerhead ribozyme consists of  a highly conserved 
catalytic core, which cleaves substrate RNA at NHH 
triplets 3’ to the second H, where N is any nucleotide and 
H is any nucleotide but guanidine. Pennati et al[37] have 
done several studies in this area. They found ribozyme-
mediated inhibition of  survivin expression increases 
spontaneous and drug-induced apoptosis and decreases the 
tumorigenic potential of  human prostate cancer cells, and 
it also causes chemosensitization and radiosensitization 
of  human melanoma cells[38,39]. This may be an effective 
alternative tool for research purposes but appears to be 
unsuitable for clinical treatment of  cancer.

Survivin RNA interference approach
Recently, studies suggest that RNA interference (RNAi) 
technology is a powerful approach to silence mamma-
lian gene expression for gene function studies[40]. Two 
approaches can effectively inhibit expression of  the target-
ed genes in mammalian cells without activation of  the 
nonspecific interferon response. These approaches are the 
in vitro synthesized 21-25 nucleotide (nt) double-stranded 
RNAs (small inhibitory RNA, siRNA) or the 21-29 nt short 
hairpin double-stranded RNAs (shRNA). Several studies 
on experimental human tumor models have demonstrated 
the feasibility of  this technology for the inhibition of  
cancer-related genes including survivin[41-43]. Carvalho  
et al[44] first used RNA interference to specifically repress 
survivin in HeLa cells. These authors showed that survivin 
was no longer detectable in cultures 60 h after transfection 
with specific siRNA and that survivin-depleted cells were 
delayed in mitosis and accumulated in prometaphase with 
misaligned chromosomes. Moreover, siRNA-mediated 
survivin knock down caused radio-sensitization, which 
was paralleled by an increased activity of  caspase-3 and 
caspase-7, in wt-p53 but not in mutant-p53 sarcoma cells[45]. 
It is widely accepted that RNAi provides a powerful tool 
for targeted inhibition of  gene expression, with respect to 
conventional antisense strategies presumably, because it 
relies on a natural process. Ribozymes as well as siRNAs can 
lead to nonsequence specific effects (off-target effects) that 
are strongly dependent on the concentration of  oligomers. 
Until recently, there were no studies focused on gastric 
tumor cells and further research is needed in this field.

Survivin-derived cancer immunotherapy
Immunotherapy also appears to be a plausible approach 
for treating survivin-positive tumors. Current research 
suggests that tumors of  different origin appear to be 
able to present the same set of  survivin-derived peptide 
epitopes. CD8+ T cells and monocyte-derived DCs can 
home to the primary solid tumor site, which provides 
the feasibility for cancer cells to act as survivin-antigen 
presenting cells to prime CD8+ T cells. Metastatic tumor 
cells can act as survivin antigen presenting cells to mature 
CD8+ T cells in the immune system (lymph node) into 
CTL, and these can be released into the circulation system 
and home to the primary tumor site[46,47].Spontaneous 
cytotoxic T lymphocyte response to survivin, in a major 

histocompatibility complex classⅠrestricted manner, 
has been detected in patients with chronic lymphocytic 
leukemia, melanoma, and breast cancer. In addition,  
in vitro cytolytic T-cell induction against a survivin epitope 
results in cytolytic activity against a wide variety of  human 
tumors, including gastric cancer[48]. Hence, survivin appears 
to be a universal tumor antigen and immunotherapy is a 
conceivable approach to treating survivin-positive tumors. 
Survivin-directed immunotherapy has been quickly moved 
to the clinic, and several phaseⅠ trials with administration 
of  survivin peptides or survivin-directed autologous 
CTL generated ex vivo have been recently completed. 
In a phase study[49], an HLA-A24-restricted antigenic 
peptide, Survivin-2B80-88, which is recognized by CD8+ 
cytotoxic T-lymphocytes, was used to vaccinate patients 
with recurrent colorectal cancer. Results showed a decrease 
in expression of  tumor markers in 40% of  patients and 
a reduction in tumor size in one of  fifteen patients. An 
open phaseⅠ/Ⅱ cancer vaccine study is evaluating the 
toxicity and efficacy of  HLA-A1, -A2, and -B35 restricted 
survivin epitopes in patients with tumors other than 
gastric cancer[50]. When used as an oral DNA vaccine, 
the survivin-directed immune response affected both 
tumor cells and tumor-associated angiogenesis, eradicating 
pulmonary metastases without toxicity in preclinical 
studies[51]. Survivin-based vaccination was found to be safe, 
devoid of  significant side effects, and frequently associated 
with antigen-specific immunologic responses.

Others therapies
There are many other anti-survivin therapies, for example, 
the dominant negative (DN) mutant approach and 
approaches using small organic compounds or other 
small antagonists such as small peptides. As to dominant 
negative mutant, plasmid constructs expressing survivin 
antisense and DN mutant replacing the cysteine residue 
at amino acid 84 with alanine (Cys84Ala) were prepared 
and introduced into BCG-823 and MKN-45 gastric 
cancer cells[52], with a result of  decreased cell growth 
and increased rate of  apoptosis and mitotic catastrophe. 
This result was found also in nude mice xenografts. This 
approach is a good tool for research on demonstrating 
the principles of  the survivin pathway, but it is not 
suitable for direct cancer therapy. While use of  small 
antagonists will be a very exciting area of  research in the 
coming years, it also appears to be the most practical way 
towards suitable approaches for clinical application. The 
potential small chemical molecules include those that 
either transcriptionally or post-transcriptionally inhibit 
survivin expression or abrogate survivin function, such as 
disruption of  survivin-caspase interactions. For example, 
tetra-O-methyl nordihydroguaiaretic acid was shown to 
function by directly suppressing Sp1-dependent surviving 
gene expression, resulting in activation of  mitochondrial 
apoptosis in tumor cells[53]. These phaseⅠ trials with 
small-molecule inhibitors that directly target survivin 
are approaching completion. Several small-molecule 
antagonists indirectly affect survivin levels include cyclin-
dependent kinase inhibitors[54], antagonists of  STAT3[55], 
T-cell factor[56], Hsp90[57], and ErbB2[58]. These compounds 
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reduce survivin levels by different mechanisms. Molecules 
that target survivin will initially be used as single agents or 
in combination with low-dose chemotherapy in patients 
with relapsed or refractory disease. As more experience 
is gained, these targeted therapies will be used upfront in 
the treatment of  disease in combination with standard 
chemotherapy. In the future, when more small molecules 
that modulate the apoptosis cascade are developed, they 
will be used together to simultaneously target different 
molecular defects.

In summary, survivin is a potent caspase inhibitor, but it 
also inhibits cell death by modulating cell cycle progression, 
cell division, and signal transduction pathways. The vast 
difference in expression patterns of  survivin between 
normal tissues and cancer cells has identified survivin as an 
exciting molecule to consider in the study of  the underlying 
biology of  tumorigenesis and to provide a platform to 
design molecules that can specifically target and eliminate 
cancer cells[11]. Despite its relatively recent discovery in 
1997, survivin has attracted considerable interest from 
several viewpoints in the biochemical sciences. Our basic 
understanding of  the structure and function of  survivin is 
now being translated into clinical practice. Survivin-positive 
neoplasms are often more aggressive and less responsive to 
chemotherapeutic agents making survivin an independent 
negative prognostic parameter in gastric tumors. Survivin 
is also a potential therapeutic target for development of  
new anti-cancer therapies. However, mechanisms by which 
survivin suppresses apoptosis are still under considerable 
debate, and it is not yet known how survivin is upregulated 
in neoplastic cells. The challenge in all of  these studies will 
be to prove that survivin based therapies are both efficacious 
and are, indeed, less toxic for normal human proliferating 
cells than standard therapies.
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Abstract
AIM: To investigate the association between the 
configurational and compositional changes of nuclear 
matrix and the differentiation of carcinoma cells.

METHODS: Cells cultured with or without 5 × 10-3 

mmol/L of hexamethylene bisacetamide (HMBA) on 
Nickel grids were treated by selective extraction and 
prepared for whole mount observation under electron 
microscopy. The samples were examined under  
transmission electron microscope. Nuclear matrix 
proteins were selectively extracted and subjected to 
subcellular proteomics study. The protein expression 
patterns were analyzed by PDQuest software. Spots of 
differentially expressed nuclear matrix proteins were 
excised and subjected to in situ  digestion with trypsin. 
The peptides were analyzed by matrix-assisted laser-
desorption/ionization time of flight mass spectrometry 
(MALDI-TOF-MS). Data were submitted for database 
searching using Mascot tool (www.matrixscience.com).

RESULTS: The nuclear matrix (NM) and intermediate 
filament (IF) in SMMC-7721 hepatocarcinoma cells 
were found relatively sparse and arranged irregularly. 
The nuclear lamina was non-uniform, and two kinds of 
filaments were not tightly connected. After induction 
for differentiation by HMBA, the NM-IF fi laments 
were concentrated and distributed uniformly. The 
heterogeneous population of filaments, including highly 
branched utrathin filaments could also be seen in the 
regular meshwork. The connection between the two 
kinds of filaments and the relatively thin, condensed and 

sharply demarcated lamina composed of intermediate-
sized filaments was relatively fastened. Meanwhile, 21 
NM proteins changed remarkably during SMMC-7721 
cell differentiation. Four proteins, i.e. mutant Pyst1, 
hypothetical protein, nucleophosmin1, and LBP were 
downregulated, whereas four other proteins, eIF6, p44 
subunit, β-tubulin, and SIN3B were upregulated with 
the last one, SR2/ASF found only in the differentiated 
SMMC-7721 cells.

CONCLUSION: The induced differentiation of SMMC-7721 
cells by HMBA is accompanied by the configurational 
changes of nuclear matrix-intermediate filament (NM-IF) 
system and the compositional changes of nuclear matrix 
protein expression. These changes may be important 
morphological or functional indications of the cancer cell 
reversion.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The nuclear matrix not only plays an important role in 
the process of  DNA replication, hRNA processing and 
steroid hormone action, but also has direct effect on 
cell division and proliferation through constructing the 
architecture of  higher order chromatin[1-3]. Moreover, 
it is often the important binding site of  expression and 
regulation of  oncogenes[4,5]. Previous researches have 
proved that the ultrastructural change of  cytoskeleton 
and nuclear matrix was closely related to cell proliferation 
and differentiation[6]. The nuclear matrix or nuclear 
matrix associatied proteins have strong effects on the 
regulation of  signal transduction, mRNA modification 



or translation, and more important, on the expression of  
oncogenes or tumor suppressor genes such as rb, p21, p53, 
which is extremely significant in the cell cycle processing 
and cell differentiation[7-11]. The nuclear matrix in cancer 
cells is not only abnormal in morphology, but also 
apparently different in its composition[12]. Our early studies 
showed distinct changes of  the morphology or protein 
composition of  nuclear matrix during differentiation of  
several cell lines treated with different reagents[13,14]. It is 
implied that those differentially expressed nuclear matrix 
proteins not only have direct association with regulators of  
cell cycle and signal transduction, but also are important 
during the cancerization and its reversion of  the cell. Based 
on our former research of  the effect on differentiation 
of  SMMC-7721 cells with HMBA inducement[15], we 
studied the features and protein alternations of  the 
nuclear matrix-intermediate filament (NM-IF) system in 
human hepatocarcinoma cell line SMMC-7721 during its 
differentiation induced by hexamethylamine bisacetamide 
(HMBA). It is helpful for further exploration and 
illustrating the relationship between the nuclear matrix and 
the cancerization and malignant phenotypic reversion of  
cancer cells. 

MATERIALS AND METHODS
Materials
HMBA (Sigma Chemical Company) was used to induce 
the differentiation of  SMMC-7721 cells. Sequence grade, 
modified trypsin (Promega) and iodoacetamide (Sigma) 
were used in the in-gel digestion. ReadyStrip IPG strips 
(pH 3-10, 11 cm) and IPG buffer pH 3-10 were obtained 
from Amersham Biosciences. Other reagents used in 2-D 
gel electrophoresis and Coomassie blue R250 were from 
Shanghai Sangon Biological Engineering Technology and 
Service Co., Ltd. 

Cell culture and experimental treatment
SMMC-7721 human hepatocarcinoma cells were cultured 
at 37℃ in RPMI-1640 medium (pH 7.2) supplemented 
with 10% newborn calf  serum, 100 U/mL penicillin, 100 
U/mL streptomycin and 50 μg/mL kanamycin. Cells of  
experimental group were cultured at the same medium 
added with 5 × 10-3 mol/L HMBA (Sigma). SMMC-7721 
cells and the treated cells were seeded in small culture 
flasks with cover slip strips on which some nickel grids 
were covered with formvar and carbon film was sticked 
with polylysine, and grown in the normal medium and the 
medium containing 5 × 10-3 mol/L HMBA respectively. 
Fresh culture media were added to the cells every 48 h, and 
cells were harvested at subconfluency. The obtained cells 
were then stored at -80℃. 

Cell selective extraction
The cells were selectively extracted as described in our 
previous article[13]. Cover slip strips were removed from 
the culture medium and rinsed in phosphate-buffered 
saline at 4℃. Then they were placed in high ionic strength 
extraction medium [10 mmol/L PIPES (pH 6.8), 250 
mmol/L (NH4)2SO4, 300 mmol/L sucrose, 3 mmol/L 

MgCl2, 1.2 mmol/L PMSF, 0.5% Triton X-100; CSK-
AS] 4℃ for 3 min. The extracted cells were rinsed briefly 
in digestion medium [10 mmol/L PIPES (pH 6.8), 50 
mmol/L NaCl, 300 mmol/L sucrose, 3 mmol/L MgCl2, 
1.2 mmol/L PMSF, 0.5% Triton X-100] without enzymes. 
Grids with anchored skeletons were placed in the digestion 
medium and appropriate enzymes (400 mg/L DNase I 
and 400 mg/L RNase A) and were incubated for 20 min 
at 23℃. The grids were then placed in high ionic strength 
extraction medium CSK-AS for 5 min at 23℃. Thus, 
only the nuclear matrix-intermediate filament structure 
remained intact.

Sample preparation for whole mount electron microscopy
The NM-IF samples on the grids after the selective 
extraction were prefixed in 2% glutaraldehyde at 4℃ 
for 30 min, followed by 1% OsO4 in 0.1 mol/L sodium 
cacodylate (pH 7.2) for 5 min at 4℃. The cells, still 
attached to grids, were dehydrated in ethanol, dried 
through the CO2 critical point and examined under a JEM-
100CXII/S transmission electron microscopy.

Purification of nuclear matrix proteins
The SMMC-7721 cells were washed with PBS and 
extracted with cytoskeleton buffer (CSK100) (10 mmol/L 
PIPES pH 6.8, 300 mmol/L sucrose, 100 mmol/L NaCl, 
4 mmol/L CaCl2, 1.0 mmol/L PMSF, 0.5% Triton X-100) 
at 0℃ for 10 min, and subjected to centrifugation for 5 
min at 400 r/min. The deposition was washed twice with 
CSK50 (10 mmol/L PIPES pH 6.8, 300 mmol/L sucrose, 
50 mmol/L NaCl, 4 mmol/L CaCl2, 1.0 mmol/L PMSF, 
0.5% Triton X-100) and digested for 30 min at 25℃ in 
the same buffer containing 300 U/mL DNase I. One 
mole per liter ammonium sulfate was added dropwise to 
a final concentration of  0.25 mmol/L. After incubation 
for 15 min, the nuclear matrix proteins were pelleted by 
centrifugation at 1000 r/min for 5 min, and washed once 
with the CSK50 buffer, then stored at -80℃. Protein 
concentrations were determined by the method of  
Bradford. 

Two-dimensional gel electrophoresis
To solubilize nuclear matrix proteins, the pellet of  
purified nuclei was resuspended in 2-D buffer containing 
7 mol/L urea, 2 mol/L thiourea, 4% CHAPS, 50 mmol/L 
DTT and ultrasonicated for 2 min. The supernatant was 
centrifuged for 30 min at 16 000 × g at 4℃. IEF was 
performed in ReadyStrip IPG strips. ReadyStrip IPG strips 
were rehydrated overnight in a reswelling tray with 2-D 
buffer containing 0.5% IPG buffer pH 3-10 and nuclear 
matrix proteins in a final volume of  250 μL (200 μg). 
IEF was carried out on a Protean IEF cell (Investigator) 
at 19℃ with a maximum current setting of  80 mA/strip. 
Focusing was performed for a total of  70 000 V × h. 
Before carrying out the second dimensional SDS-PAGE, 
the strips were equilibrated in an equilibration buffer 
consisting of  20% glycerol, 2% SDS, 65 mmol/L Tris-
HCl, pH 6.8 and 20 mmol/L DTT for 10 min at room 
temperature, then transferred into the second equilibration 
buffer containing 20% glycerol, 2% SDS, 65 mmol/L Tris-
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HCl, pH 6.8 and 2.5% iodoacetamide. The strips were 
transferred onto 1-mm thick SDS-PAGE gels and sealed 
in place with 1% agarose. SDS-PAGE was performed 
on a 12.5% acrylamide/bisacrylamide gel at 50 V for 30 
min followed by 170 V for 8 h. The gels were run in the 
following electrode buffer: 25 mmol/L Tris, 192 mmol/L 
glycine, 0.1% SDS. SDS-PAGE standards were used for 
gel calibration. 

Silver staining
The gel was fixed (50% methanol and 10% glacial 
acetic acid) for more than 40 min, sensitized (70 mL of  
methanol, 10 mL of  10% Sodium thiosulfate, 17 g of  
NaAC, bringing up to 250 mL with dH2O) for 30 min 
and rinsed in dH2O 3 times for 5 min each. The gel was 
stained in stain solution (25 mL of  5% AgNO3, 0.1 mL 
of  formaldehyde, then increasing to 250 mL with dH2O) 
for 30 min rinsed in dH2O 3 times 1 min each and placed 
in developer (250 mL of  dH2O, 6.25g Na2CO3, 50 μL of  
formaldehyde) until spots were almost as dark as desired. 
Development was stopped (3.75 g EDTA in 250 mL 
dH2O) and scanned using Magicscan. 2-DE maps of  
nuclear matrix proteins were subjected to analysis with 
PDQuest (Bio Rad) software.

In-gel trypsin digestion of proteins
Silver-stained spots were excised and washed with 50 mL 
fresh bleaching liquid (100 mmol/L Na2S2O3: 30 mmol/L 
K3Fe (CN)6 = 1:1). Gel spots were dried in a vacuum 
centrifuge and reswelled in 50 mL of  solution containing 
10 mol/L DTT/100 mol/L NH4HCO3 and incubated 
at 57℃ for 1 h. This solution was subsequently replaced 
with 50 mL of  solution containing 55 mol/L IAA,  
100 mol/L NH4HCO3 and incubated at room temperature 
for 30 min. The gel spots were dried again and digested 
with TPCK-tr yps in at 37℃ overnight . After the 
incubation, the liquid was removed from the gel piece 
and the liquid was transferred to a new-labeled tube. This 
solution contains the extracted tryptic peptides.

MALDI-TOF-MS analysis of tryptic peptide
For MALDI-TOF-MS analysis, samples were dissolved in 
2 μL 0.1% TFA. Mass measurements were carried out on a 
Brucker ULTRAFLEXTM TOF/TOF mass spectrometer. 
This instrument was used at a maximum accelerating 
potential of  20 kV (in positive mode) and was operated 
in reflector mode. And 0.5 μL of  saturated solution of  
α-cyano-4-hydroxy cinnamic acid in 0.1% TFA/30% 
acetonitrile was mixed with 0.5 μL sample solution, and 
added to the target. Internal calibration was performed 
with tryptic peptides coming from autodigestion of  trypsin 
(monoisotopic masses at m/z 842.51, and m/z 2 211.10). 
Monoisotopic peptide masses were assigned and used for 
database search.

Database searching and identification of proteins
Peptide mass fingerprints obtained by the MALDI-
TOF-MS were used to search nonredundant protein 
sequence database using Mascot software from Matrix 
Science. Search parameters included a maximum allowed 

peptide mass error of  100 ppm with consideration of  one 
incomplete cleavage per peptide. Accepted modifications 
included carbamidomethylation of  cysteine residues (from 
iodoacetamide exposure) and methionine oxidation, a 
common modification occurring during SDS-PAGE. 
The criteria for positive identification of  proteins were 
set as follows: (1) Statistical significance (P < 0.05) of  the 
match when tested by Mascot; (2) The matched peptides 
covered at least 17% of  the whole protein sequence; (3) 
Concordance (± 15%) with the molecular weight and pI 
of  the parent 2-D PAGE protein spot; and (4) Protein 
identifications not fulfilling criterion 2 were still assigned, 
if  criteria 1 and 3 were fulfilled and no other homo-
sapiens proteins with peptide mass-matched. P < 0.05 was 
identified by Mascot and identified protein wasinferred.

RESULTS
Effect of HMBA on configurational changes of NM-IF 
system under transmission electron microscopy
Selective extraction technique revealed cytoplasmic and 
nuclear meshworks in SMMC-7721 cells. The nuclear 
matrix was mainly composed of  thick filaments. The 
peripheral region of  the nucleus was demarcated by the 
wide band of  densely packed filaments. This structure, 
representing nuclear lamina, was attached to the surroun-
ding intermediate filaments (IF) of  cytoskeleton. The 
nuclear matrix filaments in SMMC-7721 cells were 
relatively few and scattered, not well distributed and 
arranged irregularly within the nucleus region, and there 
were few single filaments while most of  the nuclear 
matrix filaments were quite thick in bundle-like form and 
interweaved into an irregular meshwork (Figure 1A). The 
nuclear lamina was composed of  densely packed fibrils, 
and it was ununiformly thick and compact. The inner 
nuclear lamina was connected with some thick nuclear 
matrix filament bundles or thin and short filaments. 
The intermediate filaments which terminated on the out 
nuclear lamina were few, always in thick bundles or in strip-
rope-like structure, and arranged irregularly, too (Figure 1C 
and 1E). Nevertheless, in the SMMC-7721 cells induced 
by HMBA, the nuclear matrix filaments were abundant 
and well-distributed, different in slender and thick form 
in the nucleus region. The single filaments increased, and 
interweaved into a regular network (Figure 1B). The wide 
nuclear lamina turned into a thin and compact fibroid 
structure, the inner nuclear lamina was connected closely 
with the nuclear matrix filaments, and many long and 
slender intermediate filament bundles were terminated 
directly on the outer nuclear lamina. Both the nuclear 
matrix filaments and the intermediate filaments connected 
to the nuclear lamina increased and appeared quite dense. 
Moreover, the intermediate filaments in the treated cells 
were abundant and well-distributed in the cytoplasmic 
region (Figure 1D and 1F). 

2-D gel map and image analysis
Samples of  nuclear matrix proteins extracted from 
SMMC-7721 cells treated with or without 5 mmol/L 
HMBA were subjected to 2-D gel electrophoresis for at 
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least three repeats per experimental condition. Analysis 
of  proteins was based on evaluation of  at least two gels. 
Twenty-one protein spots were changed remarkably, 
whereas most of  the spots were similar to the control in 
the expression patterns of  nuclear matrix proteins from 
differentiated SMMC-7721 cell. Among the changed 

spots, 8 spots (C4, C5, C7, C9, C11, C13, C19, C20) were 
downregulated, one spot disappeared in the differentiated 
SMMC-7721 cells, whereas 11 spots (C1, C2, C6, C8, C10, 
C12, C15, C16, C17, C18, C21, C3) were upregulated, 
and 1 spot (C14) emerged as a new protein spot in the 
differentiated cells (Figures 2 and 3). Relative expression 
levels of  the changed proteins were shown using Melanie 
software (Figure 4), relative volume (% vol) of  spot was 
employed to make data independent of  uninteresting 
variation between gels, such as differences in protein 
loading or staining. 

MALDI-TOF-MS analysis and protein identification
These 22 protein spots were cut out from the gels and 
analyzed with MALDI-TOF-MS. Peptide mass fingerprint 
(PMF) of  each protein spot was then generated (data not 
shown). By searching the Mascot database, we identified 
9 proteins combined with the searching results. The 
characteristics of  the protein, the number and intensity of  
peptide matching peak, the sequence coverage of  matching 
peptide, the theoretical and approximate values of  Mr and 
pI, the identified protein names, accession numbers, the 
sequence coverages, and the theoretical Mr and pI values 
for each protein spot are listed in Table 1.

DISCUSSION
The abnormality of  NM-IF system is closely associated 
with the canceration of  cells. Previous studies showed 
that the nuclear matrix in cancer cells had some distinctive 
irregular morphology which differed from those of  

Figure 2  2-D PAGE gels of nuclear matrix proteins from SMMC-7721 cells, silver 
stained.
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Figure 3  Enlarged maps of changed nuclear matrix proteins from SMMC-7721 
cells.
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normal cells obviously[16,17]. HMBA could inhibit the 
malignant proliferation of  SMMC-7721 cells, change the 
expression activity of  hepatocarcinoma cell-associated 
enzyme or antigen such as Gamma Glutamyl Transferase 
(γ-GT), α-fetoprotein (AFP), proliferating cell nuclear 
antigen (PCNA), and arrest the cells in G0/G1 phase. 
Furthermore, HMBA could up-regulate the expression 
of  p21WAF1/CIP1 and p16 genes, down-regulate the activity 
of  Cyclin D1-CDK4 and the transcription of  c-myc gene 
which were necessary for cells entering into S phase, arrest 
the cells in G0/G1 phase, and induce the differentiation of  
SMMC-7721 cells[15,18]. This study further displayed that, 
after selective extraction, filaments of  NM-IF system in 
SMMC-7721 cells were relatively few, not well-distributed 
and arranged irregularly, and the single filaments were few, 
the thick nuclear lamina was not closely associated with 
the nuclear matrix and intermediate filaments. It exhibited 
the rapid proliferation and the typical configuration 
characteristics of  NM-IF system in malignant tumor 
cells. While in SMMC-7721 cells induced with HMBA, 
the nuclear matrix filaments and intermediate filaments 
interweaved into a regular and well-distributed meshwork 
in which the quantity of  single filaments increased and 
differed in slender and thick form, moreover, the nuclear 
matrix filaments and intermediate filaments firmly fastened 
to the thin and compact fiber-like nuclear lamina. This 
morphology of  NM-IF system was significantly different 
from those of  rapidly proliferating SMMC-7721 cells but 
similar to those of  some previously reported epithelial or 
normal cells[16,19], and was consistent with our previous 
studies in which we treated the human osteosarcoma 
cell line MG-63 and human gastric adenocarcinoma cell 

line MGC80-3 with retinotic acid (RA) respectively[13,20]. 
It showed that the morphology and function of  NM-IF 
system in SMMC-7721 cells during its differentiation had 
undergone a reverse alteration. This alteration is not only 
important for the reversion of  hepatocarcinoma cells, but 
also the indication of  the differential expression of  nuclear 
matrix proteins.

Through 2-D gel electrophoresis and analysis of  
MALDI-TOF-MS, we found 21 nuclear matrix proteins 
that were differentially expressed during the differentiation 
process. Among the changed spots, 8 were downregulated, 
one disappeared in the differentiated SMMC-7721 cells, 
whereas 11 spots were upregulated, and 1 emerged as 
a new protein spot that appeared in the differentiated 
cells. Nine of  the 21 changed proteins were identified. 
Four proteins-mutant Pyst1, hypothetical protein, 
nucleophosmin1 and LBP were downregulated, whereas 
four proteins-eIF6, p44 subunit, β-tubulin and SIN3B 
were upregulated, and the SR2/ASF was only found in 
the differentiated SMMC-7721 cells. Previous researches 
showed that the composition of  nuclear matrix in other 
cell lines varied apparently in the different stages of  cell 
differentiation[21,22]. Our early studies also confirmed that 
the induced differentiation of  human osteosarcoma cell 
line MG-63 and human gastric adenocarcinoma cell line 
MGC80-3 with HMBA was accompanied with changes 
of  nuclear matrix proteins[14]. In this study, we proved for 
the first time that specific nuclear matrix proteins were 
accompanied with the differentiation of  SMMC-7721 cells.

The identified differentially expressed proteins could 
be grouped into three classes: The first group was the 
important transcription factor that regulated the tumor 

Table 1  Proteins identified by MALDI-TOF-MS

Spot No. NCBInr entry Protein name Mw/pI Sequence 
coverage
(%)

Biological function

Up-regulated
No. 12 gi13785574 p27BBP protein/eIF6 26 845/4.56         27 β4 integrin interactor, a component of NM filaments escorts 60S 

ribosome subunit from nuclear to cytoplasm
No. 16 gi88983724 Similar to TFIIH 36 539/6.79         23 Basic transcriptin factor 2 44 kDa subunit (BTF2-p44) (General 

transcription factor)
Basal transcription factor 
complex p44 subunit

No. 18 gi14043898 Tubulin, beta 2C 50 255/4.79         17 Tubulin β subunit, with GTPase activity
gi27368062 Class Ⅳb beta tubulin 50 177/4.82         17

No. 21 gi13477279 SIN3B protein 49 609/6.56         23 Interact with the Mad components of the Myc/Max/Mad
network of cell growth regulators

New protein
No. 14 gi45708738 SFRS1 protein 22560/7.72         25 arginine/serine-rich 1 alternate splicing factor
Down-regulated
No. 5 gi5822131 Crystal structure of an active 

site mutant of the pyst1
16364/5.31         47 ERK-specific MAP kinase phosphatase PYST1/MKP3

No. 7 gi62088338 Hypothetical protein:
DKFZp434K1815 variant

26 864/5.64         24 From Deutches Krebs-Forschungszentrum cancer research 
centre (German)

No. 19 gi34234 Laminin-binding protein 31 888/4.84         28 Laminin-binding protein, LBP
gi250127 67 kDa laminin receptor 32 860/4.83         27
gi17939541 Integrin beta 4 binding 

protein
27 095/4.56         26

No. 20 gi83641870 Nucleophosmin1 28 497/4.56         23 Also known as NPM, numatrin, No38, B23 protein
Isoform 3

gi40353734 Nucleophosmin 1 29 617/4.47         23 A major nucleolus phosphoprotein, a component of NM
Isoform 2

Tang J� et al . Nuclear matrix of human hepatocarcinoma cells                                                                             2795

www.wjgnet.com



cell proliferation associated gene expression, such as 
the basal transcription factor complex p44 subunit, the 
SIN3B protein which regulated the activation of  Myc 
through interaction with Mad[23], the nucleophosmin 
which regulated gene transcription by binding with many 
factors of  signal transduction[24-26], and the Pyst1 protein 
which played an important role in the MAPK signling[27]. 
The second was the splicing factor that reflected post-
transcription level of  the cell differentiation associated 
gene expression, such as the SFRS1 protein[28]. The 
third group was a kind of  proteins that affected the 
synthesization, processing, and nuclear exportion of  the 
ribosome, such as the multifuctional nucleophosmin, 
P27BBP/eIF6, and the LBP/P40[29,30]. Besides, one 
unknown protein (hypothetical protein) was found in 
this study and its function needs  to be further illustrated. 
These identified nuclear matrix proteins were not only 
significant in the nuclear region, but also could influence 
the cell proliferation and differentiation through regulating 
the gene expression at transcriptional, mRNA processional 
or post-transcriptional level. Further characterization 
of  those proteins and their interaction with the nuclear 
matrix network is important for revealing the mechanism 
of  cancerization and understanding of  the phenotypic 
reversion of  tumor cells.

 COMMENTS
Background
Previous studies showed that different stages of cell differentiation were  
characterized by different morphology of nuclear matrix. However, the relationship 
between alteration of morphology and function of nuclear matrix-intemediate 
filament system in cancer cells and its phenotypic reversion has not been well 
illustrated. The functions of important nuclear matrix proteins which influence the 
cancer cell differentiation have not been investigated in detail. 

Research frontiers
To identify differentially expressed nuclear matrix proteins and analyze their 
function in cancer cell differentiation is one of the most interesting hotspots in 
current studies of nuclear matrix.

Innovations and breakthroughs
The authors showed for the first time that the induced differentiation of human 
hepatocarcinoma cells had not only the morphological changes of nuclear matrix-
intermediate filament system, but also the differential expressed nuclear matrix 
proteins which might be essential for cancer cell reversion. 

Applications
Differentially expressed nuclear matrix proteins can be used as potential targets in 
both diagnosis and treatment of tumors.

Terminology
Nuclear matrix: The residual proteinaseous structure that remains after the nuclei 
are depleted of the nuclear membranes, histones, soluble nuclear proteins and 
nucleic acids. The structures that remain in matrix preparations are the nuclear 
lamina, the residual nucleolus and the fibrillogranular network.

Peer review
This is an interesting paper that links morphological and proteomical techniques in 
the study of nuclear matrix. The results are important for subsequent research on 
the function of those differentially expressed proteins. 
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Abstract
AIM: To evaluate the effect of hydroxyapatite nano-
particles (Nano HAP) by intravenous injection on the 
inhibition of implanted hepatic VX2 tumor growth in 
rabbits and cell p53/c-Myc protein expression.

METHODS: 60 hepatic VX2 tumor-bearing rabbits was 
randomly divided into five groups. Nano HAP collosol 
20 mg/kg, 40 mg/kg, 5-FU solutions 20 mg/mL, mixed 
liquor of 5-FU solution 20 mg/mL and Nano HAP collosol 
20 mg/kg were infused by vein, normal saline conducted 
as the control. The general state, weight, liver function 
and gross tumor volume were detected dynamically. 
The expression of p53 and c-Myc gene protein in tumor 
tissue was detected by immunohistochemistry methods.

RESULTS: The growth of implanted hepatic VX2 tumors 
was significantly inhibited in all therapy groups, 3 wk 
after the injection, the tumor control rates in Nano HAP 
collosol groups were 25.5% and 32.5% respectively, 
and the gross tumor volumes were obviously less than 
that of control group. (24.81 ± 5.17 and 22.73 ± 4.23 
vs  33.32 ± 5.26, P < 0.05). The tumor control rate of 
5-FU group was 43.7% (18.74 ± 4.40 vs  33.32 ± 5.26, 
P  < 0.05), but the general state of the animals after 
injection aggravated; and the adverse reaction in the 
drug combination group obviously decreased. Due to 
the effect of Nano HAP, the positive expression of tumor 
associated the mutated p53 and c-Myc in tumor tissue 
was decreased obviously compared with the control 
group.

CONCLUSION: Nano HAP has evident inhibitory action 
on rabbit implanted hepatic VX2 tumor in vivo , which 
may be the result of decreasing the expression of the 
mutated p53 and c-myc, and drug combination can 
obviously decrease the adverse reaction of 5-FU.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
As the nanometer technique continuous����  ��������� ���� ��� ��������� ����to develop, ����its� 
application in medical area has became a hot spot of  
current investigation. Hydroxyapatite� ������� ������ �������� ������� ������ ��������(HAP), ������ ��������the molecular 
formula of  which is� �� Ca10(PO4)6(OH)2, is the essential 
component of  inorganic composition in human bone. It 
has been found to have obvious inhibitory ������������ fun��������� ction on� 
growth of������  �����������������   ����� ������������  ��������� many kinds of  tumor cells, and its nanoparticle 
has stronger anti-tumor effect than macromolecule 
microparticles. In vitro, HAP has been demonstrated to 
have obvious apoptosis induction and growth inhibition 
effects[1]. Based on the above, we examined the effect of  
HAP on growth inhibition of  implanted hepatic VX2 
tumor in rabbits and cell p53/������ ���������� ������������ c-Myc� ���������� ������������  protein expression ���in 
tumor tissue in vivo.

MATERIALS AND METHODS
Materials
New Zealand rabbits, female or male, weighing 2.5����� ����-���� ����3.5 kg, 
were obtained from the Laboratory  Animal Center of  
Wuhan University Medical School; tumor bearing rabbits 
were presented by Tangdu Hospital of  the Fourth Military 
Medical University; Nano HAP and 0.2% CMC-Na were 
provided by Biomaterial Center of  East China University 
of  Science and Technology; 5-FU ��������������  ���������i�������������  ���������nject��������  ���������i�������  ���������on was produced 
by Shanghai Xudong Haipu Medicine Company Ltd.; 
rat anti rabbit c-Myc, P53 monoclonal antibody and the 
immunohistochemistry kit were purchased from Fuzhou 
Maixin Biologic Product Company. 20 mg/mL and  
40 mg/mL solutions were prepared with normal saline 
and Nano HAP powder, and 20 mg/mL Nano HAP and 
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20 mg/mL 5-FU were mixed in vol. proportion 1:1, 0.2% 
CMC-Na was separately added as dispersion stabilizer, 
then dispersed to suspending-stable Nano HAP sol and 
mix injection in Sonic V130 ultrasonic cell pulverizer; 5-FU 
injection was diluted with normal saline to 20 mg/mL.

Animal model
VX2 tumor fragments were implanted in rabbit thigh 
muscle, and were taken out when their diameter extended 
to 1.0-1.5 cm. Having removed the connective tissue,we cut 
the tumor tissue�� ����� ������� �� �� ������ ������� ��� ������� �����,� ����� ������� �� �� ������ ������� ��� ������� ����� like flesh of  a fish into small cubes about 
1 mm3 ��������������   ������������������    ����� ����� ���������in size and implanted it in the left lobe visceral 
surface of  healthy rabbit liver, with a depth exceeding 
1 cm. Ultrasound detection was taken 7� ������������   ������������  d after the 
implan�������� ������������������������������������      �������� ta������ ������������������������������������      �������� tion, and the tumor growth state was recorded. If  
the tumor doesn’t have ectopia implan�������� �������������ta������ �������������tion, colliquation 
or cystoid degeneration, the animal implantation model 
is considered successful. The selected 60 tumor bearing 
rabbits were randomly divided into five groups: A,� ��� ��� �� ��� ��� ��B,� ��� �� ��� ��C,� �� ��D 
and E. The drug began to be injected through dorsal ear 
vein 3 w��������������   ������������ �����������  ����� ������k�������������   ������������ �����������  ����� ������ after the implantation every other day. Group 
A was given normal saline, 2 mL every time; group B 
was given Nano HAP sol 20 mg/kg; group C was given 
Nano HAP sol 40 mg/kg; group D was given 5-FU  
20 mg/kg; group E was given the mixed liquor of  Nano 
HAP sol 20 mg/mL and 5 Fu 20 mg/mL, the doses were 
both 20 mg/kg.

Monitoring the growth state of tumor-bearing rabbits
The tumor-bearing rabbits were fed in the standard 
cleaning level lab, the general state changes of  the animals, 
such as color pattern, food-intake, water-drinking, activity, 
oral and nasal discharge were followed up daily. The 
weight of  the animals were taken before feeding in the 
early morning every 3 d, and the liver function� ������ ������(ALT) 
was detected by extracting venous blood������  ����������� of  experimental 
rabbits�� �������� �� every week.

Tissue and sample disposal
3 wk after the injection, rabbits were intravenously 
anesthetized and their abdominal cavit����������  �������ies�������  ������� were opened, 
integrate liver were taken out, abdominal and thoracic 
cavities were examined. tumor volume was calculated by 
the formula V = 0.5 × a × b2 (a: maximum diameter, b: 
maximum transverse diameter), growth inhibition rate of  
tumor (GIR) = ( tumor volume of  control group-tumor 
volume of  therapy group)/tumor volume of  control group 
× 100%.

HE and Immunohistochemistry staining 
The samples were labeled, numbered and placed in 
10% formalin solution for fixation. Then the tissue was 
embedded in paraffin and serially sectioned (4 μm) for 
HE staining. The final diagnosis of  tumor depended on 
pathology. Immunohistochemistry staining was made using 
SABC assay, PBS was used as negative control instead of  
first antibody, and ��������� ����������  ���� ��������� ������exist���� ����������  ���� ��������� ������ing� ����������  ���� ��������� ������ ����������  ���� ��������� ������P53 and c-Myc positive liver 
tumor slide�� �������������  ���������� ������������������  s �������������  ���������� ������������������  (provided by pathology division of  Wuhan 
University Zhongnan Hospital) were used as positive 
control.

Judgement of immunohistochemistry staining result
The m������� ���� ���������������������������    ��������utated p53 positive staining area was located 
in the nuclei, and c-Myc positive staining was mainly 
located in the plasma, but part of  the nuclei can also be 
stained. 5 high power lens fields were chosen and stained 
uniformly to count positive cells. The immunostaining� 
of  the mutated p53 and c-Myc had 4 grades according 
to the staining intensity or positive cell rate: negative� ����� �����(-): 
no positive staining or positive cell rate < 5%;���� ���� �������Weakly 
positive� ����������������  ���������������   ���������������  (+)�������������  ���������������   ��������������� : staining yellow or 6%-20% positive�������  tumor� 
cells; positive� ����������������������������������������      ��� ����������������������������������������      ���(++): staining buffy or 21%-60% tumor cell 
staining; strongly positive� �������������  �������������  � �������������  �������������  �(+++): buffy particles or �> 61%� 
tumor cells staining.

Statistical analysis 
A������ �� ������ ���������������  ��� �� ������������������� ll Data were expressed as means� �� �������������������  �� ������������������� ±���� ����������������  ��������� ����������standard deviation 
(����� ������ ���������� ����������������  ������������ ���SD).� ������ ���������� ����������������  ������������ ��� Means between multi-groups were compared using 
a one-way ANOVA with LSD test and Student-Newman-
Keuls q test. Rates between groups were compared using 
Fisher’s exact propability test. Statistical analysis was 
performed using SPSS 12.0.

RESULTS
Change of general state and weight of tumor-bearing 
rabbits
The general health state of  rabbits ����������������   �����was�������������   ����� fine before drug 
injection in each groups , and the rabbit hair was smooth 
and glossy, food intake and activity were normal, weight 
between groups had no significant difference. The animals 
in control group began to have symptoms of  gradual 
failure 2 wk after injection, the activity and food intake 
worsened, stools got loose, oral and nasal discharge 
increased. The time when two Nano HAP groups ha��d� 
failure symptom were later than the control group, and 
the weight of  the rabbits was also higher than that in 
control group� � (P < 0.05�� �������� ����������������������   ) �������� ����������������������   (Table 1). After 3 continuous 
drug injections, the food intake and activity of  the animals 
decreased obviously, and ����������������    ��������� ����������� at 1 wk after injection, ����������� the weight 
of  the rabbits was lower than that in control group �(P < 
0.0���� ��������������������     ��������� �������������������   ���5), and at 3 wk after injection, the weight of  animals 
w��� ���������������������   ��� �as� ���������������������   ��� � lower than other groups (P < 0.0����������������������    1)��������������������    .�������������������     ������������������   The weight in the 
drug combination group lowered after injection, but had 
no (do they mean no or do they mean “were significantly 
different”) significant difference compared with 5-FU 
group.
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Table 1  Change of average weight of animals in each group 
mean ± SD

Group n
                        Weight (kg)
Before injection One week after 

injection
Three weeks after 
injection

A (Control) 12 2.73 ± 0.21 2.67 ± 0.21 2.32 ± 0.14 
B (HAP) 11 2.66 ± 0.15 2.59 ± 0.14 2.46 ± 0.19a,d

C (HAP) 12 2.70 ± 0.16 2.61 ± 0.14 2.52 ± 0.12a,d

D (5-FU) 11 2.70 ± 0.17 2.47 ± 0.17a 1.95 ± 0.14b 
E (5-FU + HAP) 12 2.78 ± 0.19 2.60 ± 0.18 2.23 ± 0.22d

aP < 0.05, bP < 0.01, vs group A; dP < 0.01, vs group D. 



Result of liver function level detection
Differences in the ALT level of  each group was not 
statistically significant. �����������������   �������� �� ����One��������������   �������� �� ���� w������������  �������� �� ����ee����������  �������� �� ����k after injection , ALT 
in 5-FU group became significantly higher than other 
groups (Table 2�, P < 0.05), and ALT in ����������������� d���������������� rug combination 
group increased obviously compared with control group 
(P < 0.05��� ���� ������������������������������      �)�� ���� ������������������������������      �, but lower than that in 5-FU group (P < 0.05). 
Three weeks���������  ��������� ���� �������������������������    after injection, the liver function got worse 
in control group, displaying an obvious rise in ALT. ALT 
in two Nano HAP group increased slightly, but obviously 
lower than that in control group (P < 0.05). ALT in 
5-FU group was higher than other groups. ALT in drug 
combination group increased compared with control 
group, but lower than that in 5-FU group (P < 0.05).

Tumor pathology
Before treatment, the tumor size of  each group �������� w������� as not 
statistically significant. Table 3 shows the average tumor 
volume and tumor growth inhibition rate 3 wk after 
injection. The tumor growth inhibition rate of  each group 
were 25.5��� ������� �������������  ������ ����������� �������� %�� ������� �������������  ������ ����������� �������� , 32.5��� �������������  ������ ����������� �������� %�� �������������  ������ ����������� �������� , 43.7���������  ������ ����������� �������� % and���� ������ ����������� ��������  60.9����� ����������� �������� %���� ����������� ��������  respectively, and the 
tumor volume had significant differences compared with 
that in control group (P < 0.01). The tumor volume of  
drug combination group also showed significant deference 

compared with B,����  ��� �� �������  ��� ��� �� ������� C and D group (P < 0.05).

Result of Immunohistochemistry Staining
Table 4 shows the result�������������������������   of����������������������  immunohistochemistry 
staining: Figure ���������������   ���������������   �������� 1��������������   ���������������   ��������  show the results of  mutated P53 and 
c-Myc positive staining. In this result 2 groups that injected 
HAP combined to B group, and other groups did not 
change. ������������  ����������  �����������  ��������The m������� ����������  �����������  ��������utated P53 and c-Myc both expressed 
strongly in tumor tissue, and positive cell rates were 83.3%� 
and 75.0%, through the Nano HAP treatment, the positive 
expression rates of  these two protein were 43.5% and 
47.8%, lower than the control group, in which expression 
rate of  mutated P53 has statistical significant difference, 
but there was no significant difference of  the two proteins 
between therapy groups. In tumor tissue of  control group, 
positive expression rate of  both mutated P53 and c-Myc 
was 75.0%, which in Nano HAP group decreased to 
39.1%�.

Simple observation and histological studies 
VX2 liver tumor tissue w�����������������    �������� ��������as���������������    �������� �������� gray and had clear borderline 
with liver tissue, it had no envelope, and the section turned 
like the flesh of  fish� ���������� ���������   ���������� ���������  (Figure �����������  2A���������  ). The VX2 liver tumors 
in control group were much larger than that in therapy 
group, and grew to the surface of  liver, adhering with 
surrounding tissue, most of  them had chest and abdominal 
wall metastasis, moreover two cases had lung metastasis, 
showing many lesser tubercles on the surface of  lung� 
(Figure ����� ��� ������������������  ���������������  ������ 2B��� ��� ������������������  ���������������  ������ ), as diagnosed by histology. Few animals in 
other groups had abdominal cavity and wall metastasis, but 
did not have lung metastasis. Observed in light microscope 
after HE staining, tumor cells turned to be round, and 
fusiform shape����������  ������� ���� �����������������    ������� or������� ������� ���� �����������������    ������� irregular shape, and the size was large, 
irregular shape, less endochylema, Karyomegaly and dense 

Table 2  ALT level before and after treatment in each group 
mean ± SD 

Group n
                         ALT (U/ L)
Before 
injection

One week after 
injection

Three weeks after 
injection

A (Control) 12 43.56 ± 7.24 45.33 ± 8.29 75.33 ± 12.51
B (Nano HAP) 11 39.29 ± 6.52 42.73 ± 10.05d 59.55 ± 15.40a,d

C (Nano HAP) 12 40.38 ± 6.88 43.75 ± 6.30d 62.00 ± 14.49a,d

D (5-FU) 11 42.70 ± 7.08 74.64 ± 15.55b 99.73 ± 14.70b

E (5-FU + HAP) 12 42.86 ± 6.79 59.67 ± 12.66b,c 86.42 ± 11.54a,c

aP < 0.05, bP < 0.01, vs A group; cP < 0.05, dP < 0.01, vs D group.

Table 3  Tumor volume and tumor growth inhibition rate of 
each group 3 wk after treatment mean ± SD 

Group Gross tumor
volume (cm3)

Inhibition
ratio (%)

t  value
(vs  group)

A (control) 33.32 ± 5.26 — —
B (Nano HAP) 24.81 ± 5.17b,d 25.53   3.91
C (Nano HAP) 22.73 ± 4.23b,d 32.52   5.29
D5-FU 18.74 ± 4.40b,d 43.7   7.17
E (5-FU + HAP) 13.10 ± 2.48b 60.97 12.05

bP < 0.01 vs group A; dP < 0.01 vs group E.

Table 4  P53 and c-Myc positive staining in groups

Group n           P53 Positive
(%)

         c-Myc Positive
(%)  - + ++ +++   - + ++ +++

A 12   2 4 5 1 83.3   3 5 3 1 75.0
B 23 13 6 4 0 43.5a 12 5 5 1 47.8
D 11   6 2 3 0 45.5   5 2 3 1 54.5
E 12   7 3 2 0 41.7   6 3 3 0 50.0

aP = 0.034 vs group A.

Figure 1  A: The mutated p53 positive expression in tumor tissue (× 200); B: c-myc 
positive expression in tumor tissue (× 200). 

A B

A B

Figure 2  A: The outward appearance of VX2 liver tumor the metastatic carcinoma 
on lung in control group; B: The metastatic carcinoma on lung in control group.
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staining. The cells ranked a����������� ����� �������� ������������b���������� ����� �������� ������������normal���� ����� �������� ������������l��� ����� �������� ������������y, and initial infiltrative 
hepatic cords distributed at the edge of  cancer nest� �������� ��������(Figure 
3���� ����������������������������������     ��������������� A��� ����������������������������������     ��������������� ), some center�����������������������    ��������������� s����������������������    ���������������  of  ������������������  ��������������� tumors������������  ���������������  occurred colliquation and 
necrosis. At the edge of  necrotic tumor tissue in HAP 
group, many microcalcification focuses were observed� 
(Figure ����� �������������������������������������������      3B��� �������������������������������������������      ), however tumor tissure in control group and 
normal liver tissue did not have same calcification focus.

DISCUSSION
Liver cancer is one of  the most common malignant tumors 
in China, and the incidence of  disease has continuously 
increased, its integral & clinical therapy effect is not still 
ideal due to features of  difficulty in early diagnosis, high 
malignancy and easy relapse etc. Therefore, it is imperative 
to speed-up the research of  biological medicine, to look 
for a highly efficient, low poison chemotherapy medicine 
which is one of  the main directions of  our present study.

HAP has a good issue compatibility both inside and 
outside the body[����2���-��7�], it has been widely used as the biological 
material for bone damage and oral cavity medicine, 
simultaneously used as in body medicine carrier[����8,9�], moreover 
Nano HAP had a very small excitation on blood vessel, 
feeding medicine can be made by intravenous injection[�����5,10�]. 
Nano HAP used for this research is synthesized by sol-
coagel method having a good dispersive effect, its particle 
size with about 50 nm is very uniform, which meets the 
requirement for Nano meter grade� ��������������  ��� ������� ��������������  ��� �������(0.1 nm-100 nm), having 
advantage of  high surface energy etc., that can not exist 
for the large particle size of  HAP. During early out-body 
experiment Nano HAP has been proved to have obvious 
inhibition function for multi-kinds of  tumors.

This research has proved that Nano HAP had obvious 
inhibition effect on the growth on the implanted tumor in 
VX2 liver of  rabbit through its intravenous injection into 
rabbit body. During these experiments the early model 
was selected for implanted tumor of  VX2 liver, different 
concentrations of  Nano HAP have been injected after 3 
wk, their inhibition rates of  tumors reached separately to 
25.3% and 32.5%, which indicated that it could inhibit 
the growth of  tumors. Moreover, liver function on the 
experimental rabbits has also proved that Nano HAP had 
a little effect of  physiological function on the organism. 
Inhibition function for tumor growth in 5-FU group was 
stronger than that in Nano HAP group, but the poisonous 
side effect has also been indicated obviously, after being 
continuously injected of  5-FU, the food-intake & activity 

of  animals were obviously decreased; their body weights 
were obviously lower than that of  other groups; the degree 
of  liver function damaged was obviously higher than that 
of  other groups. These results indicated that Nano HAP 
has no obvious in body adverse reaction.

Through experiment, it was also discovered that not 
only did Nano HAP have an anti-tumor function by itself, 
but also it ha�� ���������������  ���������������������������   d� ���������������  ���������������������������    very strong cooperation effect with other 
anti-tumor medicines. The inhibition rate of  tumor is the 
highest in the combinative therapy group in experiments. 
Moreover after having been injected into tumor-bearing  
rabbit with same dosage of  5-FU, the indication of  
two groups of  animals was quite different. The general 
situation for animal of  combinative therapy group was 
obviously better than that in 5-FU group. Dynamic 
supervision on body weight & liver function indicated 
also that the effect of  5-FU on the animal physiological 
function of  combinative therapy group is obviously less 
than that in 5-FU group.

In combination with feature of  Nano HAP having 
large surface & high surface energy, it, may be, has played 
a role of  its carrier after being mixed of  Nano HAP 
with 5-FU. This adsorption of  carrier[���11�] could obviously 
reduce first blood-medicine concentration of  5-FU, and 
reach to a relaxation effect, it was ������� ��������������  also ����������������  reported in the 
literature that Nano HAP could produce a complex with 
blood serum protein in biological body[12,13], it was inferred 
that the Nano HAP-5-FU protein compound could be 
formed in animal blood after mixing of  Nano HAP with 
5-FU, therefore not only the poisonous by-effect of  high 
con��������������������������    ������ ��������  ������� ����cen�����������������������    ������ ��������  ������� ����tration free 5-FU in body could be reduced, but 
also the blood solubility of  Nano HAP could be increased.

The present researches for various Nano HAP anti-
tumors mechanism indicate the anti-tumor effect can 
be reached through effecting the end grain enzyme of  
cancer cell, cell skeleton, Ca2+ concentration and immunity 
function. In experiment the expression product in tumor 
tissue was detected after reaction of  gene mutated P53� 
and ������������������   �����������  ����� ������������� c-Myc with Nano HAP. The result indicates that 
the positive expression rates of  two kinds of  proteins 
are separately 43.5%, 47.8% after reaction of  Nano 
HAP, which are obviously lower than that in comparison 
control group�� ����������  ��������������   ������������������  .� ����������  ��������������   ������������������   p53 and c-Myc are the important genes for 
controlling proliferation and withering of  tumors cells, 
of  which c-Myc protein positive expression can lead to 
directional development of  non-function, originalization 
of  cells. Low differentiation of  cells with high toxicity 
is early accident occurring malignant tumor, so c-Myc 
protein positive expressi�����������  ��� �������������������  on���������  ��� �������������������   was mainly distributed at the 
edge of  tumor. Nano HAP can lower positive expression 
of  these two kinds of  protein, it was prompted it could 
prevent the��� ���������� ��� �������������������������������    malignant cell proliferation of  tumor through 
effecting control of  cancer cell gene, to reach anti-tumor 
effect. But it has to be further researched carefully for the 
detail mechanism.

To sum up, not only the Nano HAP has expressed 
obvious anti-tumor effect in vivo of  animal, but also, its 
poisonous by-effect was low, and it could bring very 
strong cooperation effect with using other chemotherapy 
medicine, reduce toxicity of  other chemotherapy medicine. 
It might become new clinical anti-tumor medicine.

A B

Figure 3  A: There are apparent morphological differences between VX2 liver 
tumor tissue and the normal liver tissue (× 200); B: There are lots of calcified 
points in tumor tissue in group treated by nano-HAP (× 100).
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Abstract
AIM: To evaluate the role of N-myc downstream-
regulated gene 1 (NDRG1) expression in prognosis and 
survival of colorectal cancer patients with different ethnic 
backgrounds.

METHODS:  Because NDRG1 is a downstream target 
of p53 and hypoxia inducible factor-1α (HIF-1α), we 
examined NDRG1 expression together with p53 and HIF-
1α by immunohistochemistry. A total of 157 colorectal 
cancer specimens including 80 from Japanese patients 
and 77 from US patients were examined. The correlation 
between protein expression with clinicopathological 
features and survival after surgery was analyzed.

RESULTS: NDRG1 protein was significantly increased 

in colorectal tumor compared with normal epithelium 
in both Japanese and US patient groups. Expression 
of NDRG1 protein was significantly correlated with 
lymphatic invasion, venous invasion, depth of invasion, 
histopathological type, and Dukes' stage in Japanese 
colorectal cancer patients. NDRG1 expression was 
correlated to histopathological type, Dukes' stage and 
HIF-1α expression in US-Caucasian patients but not in 
US-African American patients. Interestingly, Kaplan-Meier 
survival analysis demonstrated that NDRG1 expression 
correlated significantly with poorer survival in US-African 
American patients but not in other patient groups. 
However, in p53-positive US cases, NDRG1 positivity 
correlated significantly with better survival. In addition, 
NDRG1 expression also correlated significantly with 
improved survival in US patients with stages Ⅲ and Ⅳ 
tumors without chemotherapy. In Japanese patients with 
stages Ⅱ and Ⅲ tumors, strong NDRG1 staining in p53-
positive tumors correlated significantly with improved 
survival but negatively in patients without chemotherapy.

CONCLUSION: NDRG1 expression was correlated with 
various clinicopathological features and clinical outcomes 
in colorectal cancer depending on the race/ethnicity of 
the patients. NDRG1 may serve as a biological basis for 
the disparity of clinical outcomes of colorectal cancer 
patients with different ethnic backgrounds.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
N-myc downstream-regulated gene 1 (NDRG1) was first 



discovered by two groups under differing physiological 
conditions[1,2]. NDRG1, also termed CAP43, DRG1, 
NDR1, RIT42, and RTP, has been mapped to human 
chromosome 8q24 and encodes for a 394-amino acid 
cytoplasmic protein with a molecular weight of  43 kDa[2-5]. 
Transcription of  the NDRG1 gene is negatively regulated 
by the MYC family proteins including N-MYC and 
c-MYC[6]. The expression of  NDRG1 could be induced 
by diverse agents including metals that mimic hypoxia, 
homocysteine, calcium ionophore, okadaic acid, and 
androgens[3,4,7-10]. The induction of  NDRG1 expression by 
carcinogenic nickel and hypoxia is mediated by hypoxia 
inducible factor-1α (HIF-1α)[7,8,11]. DNA damaging 
agents induced NDRG1 expression in a p53-dependent 
manner[12,13] and a putative p53 binding site had been 
reported within the NDRG1 promoter region[13].

Earlier publications had reported down regulation 
of  NDRG1 expression in colon, breast, and prostate 
cancers[2,14-16]. In contrast, recent studies reported increased 
expression of  NDRG1 protein in malignancy including 
skin, brain, lung, colon, breast and prostate cancers[17-19]. 
The expression of  NDRG1 in colon cancer has also 
been controversial. Wang et al[19] reported that the level 
of  NDRG1 protein was gradually increased in colorectal 
cancers and immunohistochemical staining of  NDRG1 
was correlated with lymph node metastasis in a Chinese 
patient population.  In contrast, Shah et al[20] stated that 
NDRG1 staining in the primary colorectal tumor was 
always less than adjacent normal colon in a US patient 
population. They examined NDRG1 expression in 
colorectal liver metastases and demonstrated a trend for 
unilobar metastases with high NDRG1 expression and a 
suggestion of  improved 2-years survival[20].

It has been reported that African Americans have a 
higher incidence and mortality from colorectal cancer than 
Caucasians[21]. Another recent study reported that African 
American patients received less adjuvant chemotherapy 
than Caucasian patients, providing a plausible reason for 
the higher mortality in African Americans[22]. However, 
a biological basis for the existence of  a more aggressive 
colorectal cancer in African American patients remains 
to be determined. Similarly, disparity in the incidence and 
clinical progression of  prostate cancer between African 
Americans and Caucasians had also been reported.  
When access to care as a possible confounding variable 
in disease outcome was controlled for, Caruso et al[23] 
demonstrated that African American patients presented 
with a significantly worse clinicopathological profile than 
Caucasian patients and that ethnicity was an independent 
factor in disease recurrence after surgical treatment.  
Interestingly, different expression patterns of  the 
NDRG1 protein might reflect differences in the response 
of  prostatic epithelium to hypoxia and androgens in 
African Americans compared with Caucasians, revealing a 
possible biological basis underlying the disparity in clinical 
outcomes of  prostate cancer patients with different ethnic 
background[23]. We hypothesized that NDRG1 expression 
in colorectal cancers, similar to that in prostate cancer, 
might reflect different race/ethnic backgrounds and 
underlie the disparity in clinical outcomes of  colorectal 
cancer patients with different race/ethnic backgrounds.

MATERIALS AND METHODS
Patients
The study population consisted of  157 consecutive 
patients (103 male, 54 female; age range, 37 to 85 years; 
average 66.5 years) observed between January 1995 and 
December 2003, with histologically proven colorectal 
adenocarcinoma. Tumors that met the Bethesda guidelines 
for hereditary nonpolyposis colorectal cancer and/or 
carcinomas associated with inflammatory bowel disease 
were excluded from this study. Patient selection was 
primarily based on the availability of  both adequate 
clinical follow-up and representative specimens for 
immunohistochemical analysis. Out of  a total of  157 
colorectal cancer specimens, 80 were from Japanese 
patients and 77 were from US patients. Among the 
80 Japanese patients, 44 received oral 5-fluorouracil 
chemotherapy in addition to surgery. The number of  
stage Ⅲ and Ⅳ US patients totaled 42, among which 19 
patients had chemotherapy and 23 patients did not receive 
chemotherapy.

Immunohistochemical staining and pathological
evaluation
Immunohistochemical (IHC) staining was performed 
by using serial sections of  paraffin-embedded tumor 
specimens. Antigen retrieval and immunochemical 
staining were performed as described[24]. Sections were 
incubated with a 1:100 dilution of  polyclonal anti-NDRG1 
antibody[5], polyclonal anti-HIF-1α antibody (Santa Cruz), 
and a 1:200 dilution of  monoclonal anti-p53 antibody 
(DAKO). Slides were examined by three independent 
pathologists blinded to each other’s work and with no prior 
knowledge of  clinical and pathological features of  tumors.  
For assessment of  IHC staining, the following criteria 
were used: 0 represented negative staining while positive 
staining was scored from +1 to +3 (+1, weak staining or 
moderate to intense staining in the peripheral region of  < 
10% of  the cancer nests; +2, moderate staining in most of  
the cancer cells or intense staining in the peripheral regions 
in 10%-40% of  the cancer nests; +3, intense staining in 
almost all the cancer cells). NDRG1 negative staining 
means 0 while positivity means +1 to +3.

Statistical analysis
Statistical comparisons for significance between protein 
expression patterns and clinicopathological features were 
evaluated by Mann Whitney U-test and χ2 test. Multivariate 
analyses were performed according to a logistic regression 
analysis. The survival curves were estimated by the Kaplan-
Meier method, and the resulting curves were compared 
using the log-rank test. Statistical analysis was performed 
using StatMate (ATMS Co. Ltd., Tokyo, Japan) and P < 
0.05 was considered statistically significant.

RESULTS
NDRG1 expression in colon cancer
Immunohistochemical analysis demonstrated that 
NDRG1 was expressed in the cytoplasm and membranes 
of  epithelial cells of  colorectal adenocarcinoma from a 
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Japanese patient (Figure 1A) but not in normal adjacent 
colon mucosa (Figure 1B). Non-epithelial cells including 
stroma, muscle, and invading lymphocytes were also 
negative for NDRG1 expression. NDRG1 expression 
was also detected in well-differentiated (Figure 1C) 
and moderately differentiated (Figure 1D) colorectal 
adenocarcinomas from US patients. The correlation of  
NDRG1 expression with clinicopathologic variables in 
Japanese and US cases was shown in Table 1A and B. 
In Japanese colorectal cancer patients, positive NDRG1 
expression was correlated with histopathological type (P 
= 0.017), Dukes’ stage (P = 0.036), lymphatic invasion 
(P = 0.021), venous invasion (P = 0.0077), and depth of  
invasion (P = 0.01) (Table 1A).

Because of  the smaller sizes of  surgical specimens 
available from the US patients, pathological information 
relating lymphatic invasion, venous invasion and depth 
of  invasion could not be obtained. Since the US patient 
population consisted of  two race/ethnic groups, namely, 
Caucasian and African American, analysis of  NDRG1 
expression and clinicopathological variables was also 
performed based on race/ethnicity. As shown in Table 
1B, while there was a trend in the correlation of  NDRG1 
expression with Dukes’ stage in the overall US cases 
(P = 0.056), NDRG1 expression was only significantly 
correlated to Dukes’ stage in Caucasians (P = 0.0063) 
but not in African Americans (P = 0.88). Similarly, when 
comparing well versus moderate differentiated tumors, 
significant correlation with NDRG1 positivity was also 
only observed in Caucasians but not in other populations.

Expression of other biomarkers in colon cancer
Next, we examined the frequency of  NDRG1 expression 
relative to that of  p53 and HIF-1α (Table 2A). Normal 
colonic epithelium showed negative to weak nuclear 
staining of  p53 while HIF-1α was not detected in normal 
colonic mucosa. As shown in Table 2B, while there was a 

trend in the correlation of  NDRG1 expression with HIF-
1α expression in colorectal tumors from Japanese patients 
(P = 0.061), the correlation was significant in the overall 
US patients (P = 0.036). Similar to that observed with 
Dukes’ staging, when analysis was performed based on 
race/ethnicity, significant correlation between NDRG1 
and HIF-1α was only observed in Caucasian patients (P = 
0.015) but not in African American patients (P = 0.73). On 
the other hand, no significant correlation between NDRG1 
and p53 expression was observed in all three groups.

Clinical outcomes of colorectal patients
As shown in Table 1A and B, NDRG1 expression was 
significantly correlated with advanced Dukes’ stages in 
Japanese and Caucasian colorectal cancer patients (P 
= 0.036 and 0.0063, respectively), but not in African 
American patients (P = 0.88). As expected, Kaplan-Meier 
survival curves revealed that prognosis was associated with 
Dukes’ stage in both Japanese and US groups (Figure 2A). 
To examine if  NDRG1 expression correlated with survival 

A B

C D

Figure 1  Expression of NDRG1 in colorectal cancer as analyzed by 
immunohistochemistry. A: Moderately differentiated colorectal adenocarcinoma 
from a Japanese patient demonstrating membranous and cytoplasmic staining 
with NDRG1 antibody; B: No NDRG1 expression was detected in normal adjacent 
colon mucosa; C: Well differentiated colorectal adenocarcinoma from US patient; D: 
Moderately differentiated colorectal adenocarcinoma form US patient.

100 mm 100 mm

100 mm 100 mm

Table 1A  Correlation of NDRG1 expression with clinicopathologic 
variables in Japanese cases

Total cases (%) Positive Negative P  value
n = 80 n = 55 n = 25

Age (yr) 0.622
   > 66 48 (60.0) 34 14
   < 66 32 (40.0) 21 11
Gender 0.649
   Male 45 (56.3) 30 15
   Female 35 (43.7) 25 10
Tumor location 0.164
  Right-hemicolon 28 (35.0) 22   6
  Left-hemicolon 52 (65.0) 33 19
Histopathological Type 0.067
   Well 39 (48.8) 22 17 0.017
   Moderate 38 (47.6) 31   7
   Poor   1 (1.2)   1   0
   Mucinous   1 (1.2)   1   0
   Sig   1 (1.2)   0   1
Dukes’ stage 0.036
   A 22 (27.5) 11 11
   B 21 (26.3) 14   7
   C 27 (33.7) 20   7
   D 10 (12.5) 10   0
Liver metastasis 0.062
   Negative 73 (91.3) 48 25
   Positive   7 (8.7)   7   0
Lymph node metastasis 0.14
   Negative 48 (60.0) 30 18
   Positive 32 (40.0) 25   7
Lymphatic invasion 0.021
   Negative 19 (23.8)   9 10
   Positive 61 (76.2) 46 15
Venous invasion 0.0077
   Negative 15 (18.8)   6   9
   Positive 65 (81.2) 49 16
Depth of invasion 0.01
   m   5 (6.3)   1   4
   sm   8 (10.0)   4   4
   mp 14 (17.5) 10   4
   ss, a1 29 (36.3) 23   6
   se, a2 23 (28.7) 16   7
   si, ai   1 (1.2)   1   0

P < 0.05 is considered significant.

www.wjgnet.com

Koshiji M et al . NDRG1 expression in colorectal cancer                                                                                      2805



of  patients after surgery, Kaplan-Meier analysis was 
performed comparing NDRG1-positive with NDRG1-
negative tumors from Japanese and US patients. As 
depicted in Figure 2B, no significant correlation between 
NDRG1 expression and survival was observed in Japanese 
patients (Log rank, P = 0.36) while NDRG1 positivity was 
significantly correlated with poorer survival compared 
to NDRG1 negativity in US patients (Log rank, P = 
0.025). To examine if  there was differential correlation 
based on race/ethnicity, NDRG1 expression was further 
examined in Caucasian and African American populations. 
Interestingly, NDRG1 positivity was significantly correlated 
with poorer survival only in African Americans but not 
Caucasians (P = 0.035 and P = 0.31, respectively) (Figure 
3A). Since NDRG1 is a possible downstream target of  
p53, survival was further correlated with expression of  the 
p53 protein, generally indicative of  p53 mutations leading 
to a longer protein half-life. In p53-negative tumors in 
US cases, NDRG1 expression had no correlation with 
survival (Figure 3B). In contrast, in p53-positive tumors, 
NDRG1 positivity was significantly correlated with better 
survival (P = 0.005), suggesting that p53 and NDRG1 
could potentially be used as biomarkers for prognosis in 

US colorectal cancer patients.
When similar studies were performed on Japanese 

cases, survival was not significantly correlated with 
NDRG1 and p53 expression. Hence, we analyzed NDRG1 
expression in various stages of  colorectal cancer in 
Japanese patients. As shown in Figure 4A, no significance 
in correlation of  NDRG1 expression with survival was 
observed in stages Ⅱ and Ⅲ colorectal cancers. However, 
when NDRG1 expression was re-classified as weak 

Table 1B  Correlation of NDRG1 expression with clinicopathologic variables in U.S. (Caucasian and African American) cases

All U.S. cases (n = 77) Caucasian (n = 43) African American (n = 34)
         NDRG1        NDRG1         NDRG1
  Total (%)        +      -      P  value  Total (%)     +     -     P  value  Total (%)     +      -     P  value

Age (yr)                                                      0.079                                            0.092                                               0.464
   > 66 45 (58.4)                19       26 26 (60.5)          10      16     19 (55.9)            9       10      
   < 66 32 (41.6)                20       12 17 (39.5)          11        6 15 (44.1)            9         6
Gender                                                      0.074                                            0.255                                               0.153
   Male 58 (75.3)                26       32     32 (74.4)          14      18     26 (76.5)          12       14        
   Female 19 (24.7)                13         6 11 (25.6)            7        4   8 (23.5)            6         2
Histopathological type                                                      0.31                                            0.21                                               0.18
   Well 47 (61.0)                20       27       0.15a 28 (65.1)          11      17    0.049a 19 (55.9)            9        10     0.88a

   Moderate 23 (29.9)                14         9 14 (32.6)          10        4   9 (26.5)            4          5
   Poor   2 (2.6)                    1         1   0 (0)                 0        0   2 (5.9)              1          1
   Mucinous   5 (6.5)                    4         1     1 (2.3)            0        1   4 (11.8)            4          0
Dukes’ stage                                                      0.056                                            0.0063                                               0.88
   A   7 (9.1)                    1         6       4 (9.3)              0        4   3 (8.8)              1          2       
   B 28 (36.4)                14       14 16 (37.2)            8        8 12 (35.3)            6          6
   C 23 (29.9)                16         7 14 (32.6)          11        3   9 (26.5)            5          4
   D 19 (24.6)                  8       11   9 (20.9)            2        7 10 (29.4)            6          4
Liver metastasis                                                      0.39                                            0.072                                               0.59
   Negative 58 (75.3)                31       27       34 (79.1)          19      15    24 (70.6)           12        12      
   Positive 19 (24.7)                  8       11   9 (20.9)            2        7 10 (29.4)             6         4
Lymph node metastasis                                                      0.212                                            0.28                                               0.52
   Negative 35 (45.5)                15       20    20 (46.5)            8      12      15 (44.1)             7         8       
   Positive 42 (54.5)                24       18 23 (53.5)          13      10 19 (55.9)           11         8

aP < 0.05 vs moderate.

Table 2A  Frequency of expression of p53 and HIF-1α in 
Japanese and U.S. patients  n  (%)

            p53        HIF-1a
Positive Negative Positive Negative

Japanese (n = 80) 43 (54.0) 37 (46.0) 42 (52.5) 38 (47.5)
All U.S. cases (n = 77) 48 (62.3) 29 (37.7) 18 (23.4) 59 (76.6)
Caucasian (n = 43) 28 (65.1) 15 (34.9) 13 (30.2) 30 (69.8)
African American (n = 34) 20 (58.8) 14 (41.2)   5 (14.7) 29 (85.3)

Table 2B  Correlation of expression of NDRG1 with p53 and 
HIF-1α

         NDRG1 P value
Positive Negative

Japanese (n = 80)
   p53 + 31 12 0.49

- 24 13
   HIF-1a + 25 17 0.061

- 30   8
All U.S. cases (n = 77)
   p53 + 28 20 0.083

- 11 18
   HIF-1a + 13   5 0.036

- 26 33
Caucasian (n = 43)
   p53 + 16 12 0.14

-   5 10
   HIF-1a + 10   3 0.015

- 11 19
African American (n = 34)
   p53 + 12   8 0.32

-   6   8
   HIF-1a +   3   2 0.73

- 15 14

P < 0.05 is considered significant.
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staining (0, +1) and strong staining (+2, +3), strong 
NDRG1 staining was significantly correlated with better 
survival in patients with stage Ⅱ and Ⅲ colorectal cancers 
(P = 0.036). In combination with p53-positive staining, 
strong NDRG1 staining (+2, +3) also significantly 
correlated with improved survival (P = 0.013) (Figure 4B). 
Since high NDRG1 expression in patients with colorectal 
liver metastases was associated with relative resistance 
to irinotecan [20], NDRG1 expression and survival was 
compared in patients with or without chemotherapy.  
Interestingly, despite the small sample size, strong NDRG1 
staining was significantly correlated with poorer survival 
in stages Ⅱ and Ⅲ colorectal cancer patients without 
chemotherapeutic treatment (P = 0.019) (Figure 4C).

When stages Ⅱ and Ⅲ colorectal cancer patients 
from the US were similarly evaluated, no significance 
was observed between weak or strong NDRG1 staining 
with survival (data not shown). We therefore evaluated 
if  NDRG1 expression correlated with survival of  US 
patients with stages Ⅲ and Ⅳ colorectal cancers. As shown 

in Figure 5A, although it was not statistically significant  
(P = 0.058), a trend for improved survival was observed 
with NDRG1-positive staining. Interestingly, when these 
stages Ⅲ and Ⅳ tumors were analyzed based on the status 
of  chemotherapy, NDRG1 positivity was significantly 
correlated with improved survival in stages Ⅲ and Ⅳ 
patients without chemotherapeutic treatment (P = 0.04) 
while no significant correlation was observed in patients 
who had received chemotherapy (Figure 5B).

DISCUSSION
Despite NDRG1 upregulation in many other tumor 
types[10,17,18,23], NDRG1 expression in colorectal cancer 
has been controversial[2,19,20]. Wang et al[19] demonstrated 
that NDRG1 expression was increased in colorectal 
carcinogenesis and correlated with lymph node metastasis 
in a Chinese population and suggested that NDRG1 might 
be a possible marker for prediction of  early metastasis 
of  colorectal cancers. Consistent with the latter, we 
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demonstrated that NDRG1 expression was significantly 
correlated to lymphatic invasion, venous invasion, depth 
of  invasion, and histopathological type, and Dukes’ 
stage in Japanese colorectal cancer patients (Table 1A), 
suggesting that NDRG1 expression might be correlated 

with more aggressive phenotypes in both Japanese and 
Chinese populations[19]. Although we did not have a 
significant number of  Japanese cases with liver metastasis 
for the analysis of  the correlation between NDRG1 
expression and hepatic metastasis, NDRG1 was expressed 
in the tumors of  all 7 Japanese patients that developed 
liver metastasis (Table 1A). On the other hand, compared 
with Japanese and Chinese patients, the opposite trend was 
observed in Caucasian patients with NDRG1 expression 
correlated negatively with liver metastasis (Table 1B). The 
latter was consistent with a previous report suggesting that 
NDRG1 suppressed colon cancer metastasis, possibly by 
inducing colon cancer cell differentiation[25]. In addition, 
Shah et al[20] demonstrated NDRG1 expression in all 131 
colorectal liver metastases from US patients and observed 
a trend for unilobar metastases with high NDRG1 
expression which was associated with relative resistance to 
irinotecan. However, the race/ethnicity of  the US patient 
population was not analyzed in these studies.

Although NDRG1 expression is inducible by hypoxia 
and its mimetic and is responsive to p53 in vitro[7,8,12,13], there 
was no significant correlation of  NDRG1 expression with 
p53 expression but significant correlation was observed 
with HIF-1α expression in US patients, attributed to 
Caucasian patients, while a trend for association was 
observed in Japanese patients (Table 2B). On the other 
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hand, no significant correlation was observed between 
NDRG1 and HIF-1α expression in African American 
patients, suggesting that there may be other hypoxia-
independent pathway(s) contributing to NDRG1 
expression in African American patients.  Nevertheless, 
NDRG1 expression in African Americans but not 
Caucasians was significantly correlated with poorer 
prognosis in African American patients (Figure 3A). 
However, when the overall US cases were analyzed based 
on p53 and NDRG1 positivity, patients with p53-positive 
and NDRG1-positive tumors have improved survival 
independent of  race/ethnicity (Figure 3B). In p53-
negative tumors, no significant correlation of  NDRG1 
expression with survival was observed, suggesting the 
potential use of  both NDRG1 and p53 as prognostic 
markers for US colorectal cancer patients. Because of  the 
limitation in small sample sizes, the latter was not further 
analyzed in Caucasian and African American patients.  
Future studies with a larger cohort will be needed to 
determine if  NDRG1 and p53 expression can serve 
reliably as prognostic factors for survival after surgery 
for US patients, especially in African American patients.  
Moreover, NDRG1 inducibility may provide a biological 
basis underlying the ethnic disparity in clinical outcomes 
between African American and Caucasian patients.

Interestingly, when we analyzed NDRG1 expression 
in US patients with various stages of  colorectal cancers 
including stagesⅠand Ⅱ, stages Ⅱ and Ⅲ, and stages Ⅲ 
and Ⅳ, we only observed a trend for NDRG1 expression 
with improved survival (Figure 5A) while significant 
association of  NDRG1 positivity with better survival 
was observed in US patients who had not undergone 
chemotherapy (Figure 5B). Since adjuvant chemotherapy 
for stage Ⅲ colon cancer had been associated with a 
5-y�������������������������������������������������        ea�����������������������������������������������        r survival of  16% but the benefits of  adjuvant 
chemotherapy seemed to be lower in African American 
patients[26], future studies with larger sample sizes are 
needed for determining the utility of  NDRG1 expression 
either alone or in combination with p53 expression as 
prognostic marker(s) for adjuvant therapies including 
chemotherapy or radiotherapy to improve survival.

In Japanese patients with stage Ⅱ and Ⅲ colorectal 
cancers, significant positive association of  survival with 
NDRG1 expression was only observed when the latter 
was analyzed as weak (0, +1) or strong (+2, +3) staining 
(Figure 4A). Similar to US cases, strong NDRG1 staining 
and p53 positivity in stages Ⅱ and Ⅲ Japanese tumors 
correlated significantly with improved survival (Figures 
3B and 4B). However, unlike US stages Ⅲ and Ⅳ patients 
without chemotherapy, strong NDRG1 staining was 
significantly correlated with poorer survival in Japanese 
patients with stages Ⅱ and Ⅲ colorectal cancers without 
chemotherapy (Figures 4C and 5B). These differences 
can be due to differences in stages and or race/ethnicity. 
Nevertheless, NDRG1 expression may potentially be used 
as a clinical marker for prognosis and adjuvant therapies.

In summary, the correlation of  NDRG1 expression 
with various clinicopathological features and clinical 
outcomes in colorectal cancers from patients with different 
race/ethnicity suggested that it may serve not only as a 
potential prognostic marker but may provide a biological 

basis underlying the disparity of  clinical outcomes among 
different race/ethnic groups.
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Abstract
AIM: To investigate the anti-cancer mechanisms of 
Korean mistletoe lectin (Viscum album coloratum 
agglutinin, VCA) using a human colon cancer cell line 
(COLO). 

METHODS: Cytotoxic effects of VCA on COLO cells 
were determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay in vitro  and 
tumor-killing effects in vivo. To study the mechanisms 
involved, the expression of various pro-caspases, anti-
apoptotic proteins, and death receptors was determined 
by western blot. To determine which death receptor 
is involved in VCA-induced apoptosis of COLO cells, 
cytotoxicity was examined by MTT assay after treatment 
with agonists or antagonists of death receptors.

RESULTS: VCA killed COLO cells in a time- and dose-
dependent manner and induced complete regression 
of tumors in nude mice transplanted with COLO cells. 
Treatment of COLO cells with VCA activated caspase-2, 
-3, -8, and -9 and decreased expression of anti-apoptotic 
molecules including receptor interacting protein, nuclear 
factor-κB, X-linked inhibitor of apoptosis protein, and 
Akt/protein kinase B. We then examined the involvement 
of death receptors in VCA-induced apoptosis. Only tumor 
necrosis factor receptor 1, among the death receptors 
examined, was involved in apoptosis of COLO cells, 
evidenced by inhibition of VCA-induced apoptosis and 
decreased activation of caspases, particularly caspase-8, 
by tumor necrosis factor receptor 1 antagonizing antibody. 

CONCLUSION: VCA-induced apoptotic COLO cell death 
is due to the activation of caspases and inhibition of anti-
apoptotic proteins, in part through the tumor necrosis 
factor receptor 1 signaling pathway.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Extracts from European white berry mistletoe (Viscum 
album L, Family Viscaceae) have been used in adjuvant 
chemotherapy[1]. Lectins were identified as one of  the 
therapeutically active molecules in mistletoe extracts[2-4]. 
European mistletoe lectins (Viscum album agglutinins, 
VAAs) showed cytotoxic effects on tumor cells by 
apoptotic cell death[3]. Korean mistletoe (Viscum album var. 
coloratum Kom.), a subspecies of  European mistletoe, has 
been used as a medicinal herb and has also been shown 
to be cytotoxic against tumor cells[5]. It was reported that 
a lectin isolated from Korean mistletoe (Viscum album 
var. coloratum agglutinin, VCA) was different from VAAs 
in molecular weight, N-terminal amino acid sequence, 
and structure. VCA has a molecular mass of  60 kDa, 
consisting of  a 31 kDa A chain and a 34 kDa B chain, 
and binds preferentially to galactose and N-acetyl-D-
galactosamine[6-9]. VCA showed strong cytotoxic activity 
against human and murine tumor cells[10]. VCA inhibited 
telomerase activity, resulting in DNA fragmentation and 
tumor cell apoptosis[11-13].

There are two major pathways for apoptosis: the 
death receptor-induced pathway and the mitochondria-
apoptosome-mediated pathway. The death receptor-
induced apoptotic pathway includes ligands such as Fas, 
tumor necrosis factor (TNF), and death receptor (DR)3 
and their receptors and downstream molecules such as 
caspases[14,15]. The mitochondria-apoptosome-mediated 
pathway includes apoptotic stimuli induced by radiation 



or chemotherapy. The caspase cascade is activated by 
the release of  cytochrome c, which is initiated by the 
formation of  apoptosomes[15]. Cross-talk between these 
two apoptotic pathways also exists[15,16]. Both VAAs 
and VCA were shown to induce apoptosis of  tumor 
cells through the mitochondria-mediated pathway[17,18]. 
However, it is not known whether the death receptor-
mediated apoptosis pathway is also involved in the killing 
of  tumor cells by VCA.

In this study, it was found that VCA treatment showed 
a strong killing effect on COLO 320HSR (COLO) cells 
both in vitro and in vivo. VCA treatment of  COLO cells 
resulted in the activation of  caspase-2, -3, -8, and -9, 
induced the degradation of  Akt/protein kinase B (PKB) 
and poly(ADP) ribose polymerase, and decreased the 
expression of  anti-apoptotic proteins such as receptor-
interacting protein (RIP) and X-linked inhibitor of  
apoptosis (XIAP). Antagonizing anti-tumor necrosis 
factor receptor (TNFR)1 antibody treatment partially 
inhibited the activation of  caspases and apoptosis induced 
by VCA. These results suggest that TNFR1, a component 
of  the death receptor-mediated apoptosis pathway, may 
be involved, in part, in activating caspases, resulting in the 
apoptosis of  colon cancer cells by VCA. 

MATERIALS AND METHODS
VCA and antibodies
VCA was extracted from Viscum album L. coloratum and the 
biochemical properties were characterized as described 
elsewhere[6,7]. Anti-phospho-Akt/PKB (Ser-473), anti-
Akt/PKB, anti-caspase-8, anti-caspase-9, and anti-XIAP 
antibodies were purchased from New England Biolabs 
(Beverly, CA). Anti-caspase-2, anti-RIP, anti-FasL, anti-
Fas, and anti-caspase-3 antibodies were purchased from 
BD Pharmingen (San Diego, CA). Anti-nuclear factor 
(NF)-κB, and anti-TNFR2 antibodies were purchased 
from Santa Cruz Biotechnology (Santa Cruz, CA). Anti-
β-actin antibody was purchased from Sigma Chemicals 
(St. Louis, MO). Anti-DR3 and anti-TNFR1 antibodies 
were purchased from Stressgen Biotechnologies Corp. 
(Victoria, BC, Canada). Activating anti-Fas antibody 
(clone CH11) was purchased from Upstate Biotechnology 
(Charlottesville, VA). Antagonizing anti-TNFR1 antibody 
and DR3/Fc chimeric protein were purchased from R & 
D Systems (Minneapolis, MN). 

Cell culture
The COLO 320HSR colon cancer cell line (COLO), 
human epidermoidal cancer cell line (A253), and human 
diploid cell line from normal embryonic lung tissue 
(WI-38) were obtained from American Type Culture 
Collection (Rockville, MD). COLO cells and A253 cells 
were maintained in RPMI 1640 medium supplemented 
with 10% fetal bovine serum (FBS) and gentamycin (50 
μg/mL). WI-38 cells were cultured in Minimum Eagle's 
essential medium containing 2 mmol/L L-glutamine, 
Earle's balanced salts, 0.1 mmol/L non-essential amino 
acids, 1 mmol/L sodium pyruvate and 10% FBS with 
antibiotics as above. Cells were cultured at 37℃ in a 

humidified atmosphere containing 5% CO2.

Viability test
3- (4, 5-Dimethylthiazol-2-yl) -2, 5-diphenyltetrazolium 
bromide (MTT; Sigma Chemicals) was used to measure the 
cytotoxic effect of  VCA. Cells (2 × 104/well) were seeded 
and cultured in 96-well plates for 24 h and treated with 
various reagents. After treatment, 20 μL MTT (5 mg/mL) 
was added and cells were incubated for 4 h at 37℃. After 
removing the supernatant, the produced formazan crystals 
were dissolved in dimethyl sulfoxide, and optical density 
was measured at A570 nm and at A670 nm as reference 
with a microplate reader (Thermo Labsystems, Helsinki, 
Finland). The viability of  the cells was calculated as: % 
viability = (absorbance of  treated cells)/(absorbance of  
untreated cells) × 100. 

FACS analysis
COLO cells were cultured with or without VCA for 9 h, 
harvested, washed twice with PBS, and fixed with cold 
70% ethanol at 4℃ overnight. Fixed cells were stored 
in absolute alcohol until staining with propidium iodide. 
Cells were washed twice with PBS and incubated with a 
propidium iodide mixture containing 100 µg/mL RNase 
A (Sigma Chemicals) and 50 µg/mL propidium iodide 
(Sigma Chemicals) in PBS at 37℃ for 30 min in the dark. 
The numbers of  cells in various phases of  the cell cycle or 
undergoing apoptosis were determined by flow cytometry. 

In vivo tumor-killing effect
Male CD1 nu/nu nude mice (5 wk old) were purchased 
from Charles River (Wilmington, MA). Mice were adapted 
for 1 wk before experiments and were allowed food and 
water ad libitum during the experiments. COLO cells (1 
× 107 cells/mouse) were subcutaneously injected into the 
neck of  nude mice. After 5 wk, the tumor-bearing mice 
were injected with VCA (10 μg/kg in PBS; 30 μL/mouse) 
around the tumor mass every 2 d for 5 wk. The use and 
care of  the animals in this study were approved by the 
Animal Care Committee, Faculty of  Medicine, University 
of  Calgary.

Western blot analysis
Cells cultured under various experimental conditions were 
washed twice with ice-cold PBS and lysed in lysis buffer 
containing 50 mmol/L Tris-HCl, pH 7.5, 150 mmol/L NaCl, 
1 mmol/L EDTA, 0.5 mmol/L dithiothreitol, 1% NP-40, 
0.05 mmol/L phenylmethylsulfonyl fluoride, phosphatase 
inhibitor cocktail, and proteinase inhibitor cocktail (Sigma 
Chemicals). After incubation for 30 min on ice, cell lysates 
were centrifuged at 18 300 × g at 4℃ for 20 min. Protein 
concentrations were determined using a protein assay kit (Bio-
Rad, Richmond, CA). Samples of  cell lysate containing 50 
μg of  total protein were separated by 10%-12% SDS-PAGE 
and transferred onto a polyvinylidene fluoride membrane 
(Amersham Pharmacia Biotech, Buckinghamshire, UK). 
After blocking with 5% skim milk in Tris-buffered saline 
(50 mmol/L Tris-HCl, pH 7.6, 150 mmol/L NaCl, 0.05% 
Tween-20), the membranes were incubated overnight at 4℃ 
with various primary antibodies and further incubated with 
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horseradish peroxidase-conjugated secondary antibodies 
(Santa Cruz). The membranes were visualized by an enhanced 
chemiluminescence detection kit (Amersham Pharmacia 
Biotech).

Statistical analysis
The statistical significance of  differences between groups 
was analyzed by Student’s t-test. A level of  P < 0.05 was 
accepted as significant. 

RESULTS
Ability of VCA to kill human colon cancer cells in vitro and 
in vivo
To determine the cytotoxic effects of  VCA on cancer 
cells, COLO (colon cancer), A253 (epidermal cancer), and 
WI-38 (normal) cells were treated with VCA for 24 h and 
cell viability was examined by MTT assay. VCA showed 
a strong killing effect on COLO cells, significantly less 
on A253 cells, and no effect on WI-38 cells (Figure 1A). 
COLO cells were treated with various doses of  VCA for 
various times and cell viability was examined by MTT 
assay. A dose- and time-dependent killing effect could 
be seen between 10 ng/mL and 100 ng/mL VCA, with 
100 ng/mL showing the maximum effect (Figure 1B). 
Propidium iodide staining and FACS analysis of  VCA-
treated COLO cells showed apoptosis in 64.7% of  the 
cells (Figure 1C). To determine whether VCA shows a 
tumor-killing effect on colon cancer cells in vivo, COLO 
cells were subcutaneously injected into the neck of  6-wk-
old male CD1 nu/nu mice. Five weeks later when tumors 
developed, VCA or PBS, as a control, was injected into the 
tumor every 2 d for 5 wk. We found that treatment with 
VCA for 5 wk resulted in the killing of  tumors (Figure 
2A). All of  the tumors treated with VCA disappeared and 
were replaced by scar tissue, and this scar tissue healed in 
mice kept for an additional 2 mo without further treatment 
(Figure 2B). However, tumors remained in PBS-treated 
mice (data not shown). 

Activation of caspase and inhibition of anti-apoptotic 
proteins in COLO cells by VCA treatment
To examine the apoptosis of  COLO cells by VCA, COLO 
cells were treated with VCA for 12 h and the amount of  
procaspase was examined by western blot. Treatment 
of  COLO cells with VCA decreased the amount of  
procaspases-2, -3, -8, and -9 as compared with untreated 
COLO cells, whereas VCA treatment of  control WI38 
cells did not change the amount of  these procaspases 
(Figure 3A), indicating that VCA treatment activates 
caspases specifically in COLO tumor cells. To determine 
the time-dependent activation of  caspases, COLO cells 
were treated with VCA and harvested at 0.5, 1, 3, 6, 9, and 
12 h after treatment and western blots were performed 
using antibodies specific for each procaspase. It was found 
that cleaved products from procaspase-2, -3, -8, and -9 
were detected from 6 h after VCA treatment and the 
corresponding procaspase bands were almost completely 
absent at 12 h after treatment (Figure 3B). These results 
indicate that VCA treatment activated caspase-2, -3, -8, 

and -9 in a time-dependent manner.
To further determine the mechanisms of  the apoptotic 

pathway involved in VCA-induced killing of  COLO cells, 
we examined the expression of  adaptor molecules of  
death receptors and their downstream molecules, including 
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Figure 1  Cytotoxic effects of VCA on COLO cells in vitro. A: Cells were treated 
with VCA for 24 h and cell viability was determined by MTT assay. Values are 
mean ± SE; n = 4/group; B: COLO cells were incubated with the indicated 
amounts of VCA for various times and cell viability was determined by MTT assay. 
Values are mean ± SE, n = 5/group. aP < 0.05 vs control group; C: COLO cells 
were treated with or without VCA (100 ng/mL) for 9 h. Cells were harvested, fixed 
in ethanol, and stained with propidium iodide in the presence of RNase A. The 
stained cells were analyzed by flow cytometry.
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RIP, Fas-associated death domain (FADD), NF-κB, Akt/
PKB, and XIAP, by western blot. The expression of  RIP 
and FADD started to decrease after 6 h of  VCA treatment 
and was correlated with a decreased expression of  NF-κB, 
Akt/PKB, and XIAP in COLO cells (Figure 4). 

Involvement of TNFR1 in VCA-induced killing of COLO 
cells
To determine whether death receptors are involved in 
VCA-induced apoptosis of  COLO cells, we examined the 
expression of  the death receptors TNFR1, TNFR2, DR3, 

Fas, and FasL in COLO and WI-38 cells by western blot. 
The expression of  TNFR1, TNFR2, DR3, and FasL was 
higher in COLO cells as compared with WI-38 cells. Fas 
expression was not detected in either cell type (data not 
shown). Treatment of  COLO cells with VCA significantly 
decreased the expression of  TNFR2, but not TNFR1, 
DR3, or FasL. Treatment of  WI-38 cells with VCA did not 
change the expression of  these molecules (Figure 5A). 

To determine which death receptor is involved in 
VCA-induced apoptosis of  COLO cells, the killing 
effect of  VCA on COLO cells was examined in the 
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presence or absence of  agonists or antagonists of  death 
receptors. Treatment of  COLO cells with activating anti-
Fas antibody did not induce cell death or affect the killing 
effect of  VCA, which was expected as Fas is not expressed 
in COLO cells (data not shown). In addition, anti-Fas 
antibody did not affect the killing effects of  VCA on 

COLO cells. Treatment with DR3-Fc chimeric protein, 
which inhibits the activation of  DR3, did not affect the 
cytotoxic effect of  VCA on COLO cells (data not shown). 
Treatment with antagonizing anti-TNFR1 antibody, which 
blocks TNF-α-induced apoptosis, inhibited the killing 
effect of  VCA on COLO cells (Figure 5B). 

Inhibition of caspase activation and subsequent apoptosis 
in COLO cells by treatment with antagonizing TNFR1 
antibody
To determine whether blocking TNFR1 inhibits VCA-
induced activation of  caspase-2, -3, -8, and -9, resulting 
in the inhibition of  apoptotic death of  COLO cells, the 
expression of  the respective procaspases in VCA-treated 
COLO cells was determined in the presence or absence of  
antagonizing anti-TNFR1 antibody by western blot. Anti-
TNFR1 antibody significantly inhibited the activation of  
caspase-8 and caspase-2, as shown by the inhibition of  the 
decrease of  their respective procaspase, but not caspase 
-3 or -9 (Figure 6A). VCA treatment of  COLO cells 
decreased the expression of  anti-apoptotic molecules, such 
as Akt/PKB and XIAP, and treatment with antagonizing 
anti-TNFR1 antibody significantly inhibited this decrease 
(Figure 6B). 

DISCUSSION
It was previously reported that Viscum album var. coloratum 
agglutinin (VCA) had cytotoxic effects on cancer cells such 
as hepatocarcinoma and HL-60 leukemia cells by inducing 
apoptosis[12,18]. Consistent with this, it was found that VCA 
selectively killed colon cancer cells (COLO 320HSR) in 
vitro and in vivo, but not normal human diploid cells (WI-38). 
However, the detailed molecular mechanisms involved in 
the killing of  tumor cells by VCA have not been clearly 
elucidated. In this study, it was found that VCA-induced 
apoptosis of  colon cancer cells is due to the activation of  
caspases and inhibition of  anti-apoptotic proteins partly 
through the TNFR1 signaling pathway.

Apoptotic morphological and biochemical changes, 
including chromatin condensation, degradation of  
chromosomal DNA, and membrane blebbing[19-21], occur 
after a cascade of  cell signaling and caspase-mediated 
events that regulate pro-apoptotic and anti-apoptotic 
proteins[14,22,23]. Apoptosis is triggered by two major 
pathways: the death-receptor-induced apoptotic pathway 
and the mitochondria-apoptosome-mediated apoptotic 
pathway[14]. Both of  these pathways lead to caspase 
activation and cleavage of  specific cellular substrates[14,15]. 
Inhibitors of  apoptotic proteins such as XIAP, cellular 
inhibitor of  apoptosis proteins, phosphatidylinositol 
3-kinase, Akt/PKB, NF-κB, and heat shock proteins 
can interact with caspases and inhibit apoptosis[15]. We 
examined the activation of  caspases in VCA-treated 
COLO cells and found that caspase-2, -3, -8, and -9 were 
activated as compared with PBS-treated COLO cells.

While the activation of  caspases is critical for 
the induction of  apoptosis[23,24]. The degradation of  
anti-apoptotic proteins such as RIP, Akt/PKB, and XIAP 
can accelerate the death of  cancer cells. Consistent with 
previous work[14], the present study found that treatment of  
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COLO cells with VCA significantly decreased the amount 
of  RIP, Akt/PKB, and XIAP. The cytotoxic effects of  
VCA on COLO cells was more rapid and intense in serum-
free media (data not shown), probably due to the absence 
of  survival signals mediated by the Akt/PKB pathway by 
growth factors in serum-containing media. These results 
support the hypothesis that degradation of  anti-apoptotic 
proteins by VCA treatment contributes to the induction of  
apoptosis in COLO cells. 

It was previously reported that the activation of  
caspase-8 by VAAs, European mistletoe lectins, was 

not mediated by death receptors[17]. Transfection of  
a dominant-negative FADD into BJAB cells did not 
affect the induction of  apoptosis by VAAs, suggesting 
that VAAs trigger a mitochondria-mediated apoptotic 
pathway[17]. In our study, it was found that VCA treatment 
activated caspase-2, -3 and -8, which are mediated by 
death receptors[15,16,25], and caspase-2 and -9, which are 
mediated by the mitochondrial pathway[25-27]. Therefore, 
VCA appears to induce activation of  caspases by both 
mitochondria-mediated and death receptor-mediated 
pathways. VCA, from Korean mistletoe, and mistletoe 
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lectin (ML) Ⅱ, an isotype of  VAAs from European 
mistletoe, have the same sugar-binding characteristics; 
however, the structures of  these lectins are different. 
Variations in VAAs (MLⅠ, ML Ⅱ, and ML Ⅲ) result from 
different degrees of  glycosylation[28], whereas variations in 
VCA result from amino acid sequence variation in the A 
and B chains, which are 10%-27% different from ML[29]. 
These differences in amino acid sequence may result in 
different cytotoxic mechanisms between VCA and VAAs.

COLO cells were found to express a high level of  
the death receptors TNFR1, TNFR2, and DR3, but did 
not express Fas. The expression of  FasL was also high in 
COLO cells, probably as a mechanism to escape immune 
attack[30]. The expression of  TNFR2 was decreased in 
COLO cells by VCA treatment, suggesting that VCA may 
inhibit survival signals through TNFR2, since TNFR2 
mediates both survival and apoptotic signals[25,31]. However, 
this should be addressed further. To determine if  any 
of  these death receptors is involved in VCA-induced 
apoptosis of  COLO cells, we activated or inhibited their 
signaling pathways in VCA-treated COLO cells using 
antibodies. Activating anti-Fas antibody did not affect the 
viability of  COLO cells, as expected by the absence of  Fas 
in these cells. Since DR3 is expressed on COLO cells, VCA 
may bind to DR3 and trigger apoptotic signals, resulting in 
cell death. Thus, DR3-Fc chimeric protein, which binds to 
the DR3 ligand and inhibits DR3-mediated apoptosis, was 
used to determine whether VCA-mediated apoptosis could 
be inhibited by blocking the interaction between VCA and 
DR3. DR3-Fc chimeric protein did not affect the cytotoxic 
effect of  VCA on COLO cells. 

TNF-α induced apoptosis of  COLO cells sensitized 
with actinomycin D (data not shown)[32], indicating a role 
for TNFR in apoptosis of  COLO cells. In our study, 
antagonizing anti-TNFR1 inhibited the cytotoxicity of  
VCA in COLO cells, suggesting that the TNFR1 pathway 
is involved in VCA-induced cell death. This antibody 
also inhibited VCA-induced apoptosis and activation 
of  caspase-8 and -2, confirming the involvement of  
TNFR1 in VCA-induced apoptosis. This finding is 
supported by previous reports that TNFR1 induces both 
receptor-mediated (activation of  caspase -3 and -8) and 
mitochondria-mediated (activation of  caspase -2 and 
-9) apoptosis[16,25]. The exact mechanism by which VCA 
activates TNFR1 is not known; however, VCA was co-
precipitated when TNFR1 was immunoprecipitated with 
TNFR1 antibody in VCA-treated COLO cells (unpublished 
data). Thus, we speculate that VCA might bind to TNFR1 
and trigger cell death. This mechanism needs further 
investigation. Based on the results obtained in this study, 
we suggest that VCA may induce the activation of  the 
TNFR1 signal transduction pathway, which contributes, in 
part, to the activation of  caspases and degradation of  anti-
apoptotic molecules, resulting in the death of  colon cancer 
cells. 
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Abstract
AIM: To correlate the significance of liver biochemical 
tests in diagnosing post orthotopic liver transplantation 
(OLT) biliary complications and to study their profile 
before and after endoscopic therapy.

METHODS: Patients who developed biliary complications 
were analysed in detail for the clinical information, 
laboratory tests, treatment offered, response to it, 
follow up and outcomes. The profile of liver enzymes 
was determined. The safety, efficacy and outcomes of 
endoscopic retrograde cholangiography (ERC) were also 
analysed.

RESULTS: 40 patients required ERC for 70 biliary 
complications. GGT was found to be > 3 times (388.1 
± 70.9 U/mL vs  168.5 ± 34.2 U/L, P  = 0.007) and SAP 
> 2 times (345.1 ± 59.1 U/L vs  152.7 ± 21.4 U/L, P  = 
0.003) the immediate post OLT values. Most frequent 
complication was isolated anastomotic strictures in 28 (40%). 
Sustained success was achieved in 26 (81%) patients. 

CONCLUSION: Biliary complications still remain an 
important problem post OLT. SAP and GGT can be 
used as early, non-invasive markers for diagnosis and 
also to assess the adequacy of therapy. Endoscopic 
management is usually effective in treating the majority 
of these biliary complications.  

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Chronic liver diseases are an important cause of  morbidity 
and mortality, the impact of  which can be judged by the 
mortality rates due to these diseases. The highest deaths 
rates per 100 000 populations (in Europe) from chronic 
liver disease have been reported from Austria (37.9) while 
the lowest are those from Iceland (0.9)[1].

Only a small fraction of  these patients with end stage 
liver disease end up obtaining a suitable liver transplant. 
Despite standardization of  biliary reconstruction, biliary 
complications after orthotopic liver transplantation (OLT) 
occur in 7% to 51% of  cases and are an important cause 
of  early and late postoperative morbidity and mortality[2-11]. 
The commonest are bile duct strictures and biliary leaks. 
The biliary anastomosis has been rightly termed the 
‘Achilles’ heel’ of  the OLT. Early diagnosis, followed by 
prompt and adequate treatment of  biliary complications 
will not only reduce the unnecessary diagnostic procedures 
but will also be necessary to reduce hospital stays, 
morbidity, mortality and to improve outcomes related to 
OLT. Some of  these patients may ultimately experience 
graft loss. Diagnosing and localizing these obstructive 
biliary complications post OLT could be very challenging 
to the clinician because of  following reasons: (1) hepatic 
denervation leading to right upper quadrant abdominal 
pain, which is normally a feature of  Charcot's triad is 
usually not seen in these patients[12], (2) clinical symptoms 
that may be non-specific like fever, anorexia etc., (3) 
recurrence of  the underlying pretransplant liver illnesses 
(like HBV, HCV reactivation, PSC recurrence etc.) or 
graft rejection which could lead to the elevation of  
liver biochemical parameters and can be misleading, (4) 
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epithelial casts fill up the biliary system thus making its 
visualization difficult by indirect imaging e.g. USG/CT 
scan, (5) the time for the biliary system to dilate upstream 
after being obstructed as compared to that of  native biliary 
system.

Direct cholangiography by endoscopic retrograde 
cholangiography (ERC) or PTC still remains the gold 
standard to diagnose biliary complications; however it is 
an invasive procedure associated with morbidity. There 
are multitudes of  studies reporting the role of  endoscopy 
in diagnosis and management of  biliary complications. 
Shah, et al[13] demonstrated ERC to have a sensitivity and 
specificity of  53% and 98%; respectively in predicting 
overall biliary complications post OLT. But there is a 
scarcity of  information in the literature evaluating the 
significance of  serum levels of  liver biochemistry panels, 
i.e. AST (aspartate aminotransferase), ALT (alanine 
aminotransferase), gamma glutamyl transferase (GGT), and 
serum alkaline phosphatase (SAP) in diagnosing these biliary 
complications. The present study had the primary aim to 
analyse the significance of  deranged liver biochemistry for 
early suspicion of  biliary complications, and also to study 
their profile during post endoscopic therapy and follow up. 

Biliary complications post OLT are usually evaluated 
and treated now-a-days by ERC or by percutaneous 
transhepatic biliary drainage (PTBD); surgical intervention 
(including placement of  T tube drainage)[14] is reserved for 
lesions not managed by the above 2 techniques. ERC being 
the less invasive and safer intervention is generally the 
preferred mode of  management[2,3,15,16]. The secondary aim 
of  this study was to study the efficacy, safety and outcomes 
of  ERC in diagnosing and managing biliary complications 
post OLT from our centre.

MATERIALS AND METHODS
This study included 162 patients (109 males, age 52 ± 
10 years; 53 females, age 49 ± 14 years) who underwent 
OLT between 1994 and 2004, 84 of  these patients were 
transplanted between January 2002 through December 
2004, and who were followed up regularly at Frankfurt 
Liver Transplantation Center. The mean time since OLT 
was 3 ± 2 years. Indications for OLT were as depicted 
in Figure 1. 154 patients received biliary continuity 
by choledocho-choledochostomy (40 with side-to-
side technique and 114 with end to side technique). 
Eight patients underwent OLT with primary biliary 
reconstruction by Roux-en-Y choledocho-jejunostomy.

Routine measurements for liver biochemistry (ALT, 
AST, GGT, AP, and bilirubin) were performed in all 
patients being followed up post OLT at our centre, and 
also before and after initial ERC and on subsequent visits 
thereafter. Rise in values of  these liver biochemical tests 
were further evaluated by doing ultrasonography (USG). 
All these patients except for those with obvious biliary 
leak underwent liver biopsy to exclude rejection and or 
reinfection of  graft with hepatitis B or C virus. This 
was followed by cholangiography which was performed 
through the T tube, if  present at the time of  occurrence 
of  biliary complications (as usually it is removed 6 
wk post transplantation), ERC or PTC (if  ERC had 

failed or was not technically feasible e.g. patients with 
cholecystojejeunostomy). ERC was carried out under 
standard conditions with Propofol and midazolam 
sedation. All the patients received preprocedure antibiotic 
prophylaxis 30 min before ERC with intravenous infusion 
of  500 mg ciprofloxacin. The diagnosis made by ERC, 
methods of  therapeutic intervention, success rates 
and complications were analyzed. Centre practice of  
endoscopic treatment for post OLT biliary complications 
has been biliary sphincterotomy, balloon dilatation, 
placement of  single or multiple (if  indicated) plastic 
biliary endoprosthesis [routinely 10 French (F)]. Balloon 
dilatation of  the stricture was done using 6-8 mm biliary 
balloon dilator (Maxforce; Microvasive Boston Scientific, 
Ireland). Fluoroscopic image of  duodenoscope was 
used as the rough guide to assess the diameter of  bile 
duct and the stricture. Dilatation is started with a 6 mm 
balloon and was upsized until attainment of  adequate 
dilatation which is judged by disappearance of  waist of  
dilating balloon under fluoroscopy control. The pressure 
used for dilation was 6-8 ATM/BAR for 2 min. Before 
placing all 10 F biliary endoprosthesis (stent), standard 
endoscopic biliary sphincterotomy was performed. On 
individual basis, patient’s biliary strictures (anastomotic 
and non anastomotic e.g. ITBL) were treated sequentially 
with balloon dilation and/or consecutive stent placement. 
Those patients with biliary stents underwent elective biliary 
stent exchange every 10-12 wk for 12 mo. All patients were 
followed up regularly (every 3 mo) for signs and symptoms 
suggesting recurrence of  biliary tract complications and 
other relevant issues associated with liver transplant 
throughout the study period. Success of  the therapy 
performed was primarily assessed by evaluating the serum 
levels of  liver biochemistry panel and secondarily on 
cholangiography of  these biliary lesions before and after 
endoscopic treatment. PTBD was resorted to in cases of  
ERC failures (inability to reach the papilla endoscopically), 
which were performed by the endoscopists themselves. 

Statistical analysis
Continuous variables are reported as medians and ranges. 
Categorical and continuous variables were compared by 
using the Fisher’s exact test and Wilcoxon rank-sum test as 
appropriate[17]. P values of  0.05 or less were considered as 
significant.

RESULTS
Out of  all patients undergoing OLT, 40 (24.7%) underwent 
ERC to diagnose and treat biliary complications. The 
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Figure 1  Indications of OLT.
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median time between OLT and the first suspicion of  
biliary complications was 10 mo (range-1 to 54 mo). 

The relevant liver biochemistry panel along with its 
time profile is summarized in Table 1. The initially elevated 
values of  bilirubin, AST and ALT might be caused by 
ongoing reperfusion injury after OLT and/or early viral 
re-infection of  the transplant or rejection (which was ruled 
out by performing liver biopsy). In patients presenting 
with biliary complications it was found that GGT values 
were found to be > 3 times (388.1 ± 70.9 U/mL vs 168.5 
± 34.2 U/L, P = 0.007) and SAP values > 2 times (345.1 ± 
59.1 U/L vs 152.7 ± 21.4 U/L, P = 0.003) the immediate 
post OLT values. In the subgroup of  patients with an early 
onset (≤ 3 mo) of  biliary complications a normalisation of  
GGT and SAP at the end of  treatment could be achieved. 
In contrast the group of  patients with late onset (> 3 mo) 
of  biliary complications showed no normalisation in SAP 
and GGT, although sufficient decrease in laboratory values 
was obvious as compared to these values before treatment. 
70 different biliary tract complications were identified 
in these 40 patients. 20 (50%) patients developed only 
one bil iar y complication post OLT whereas in 14 
(35%) patients two types of  complications were seen 
and the remaining 6 (15%) patients had more than two 
complications. The number and type of  complications are 

shown in Table 2.
Due to our experience and with regard to ERC 

findings, spectrum of  biliary tract complications along 
with their treatment is classified as shown in Table 3. 
The most frequently diagnosed complication was isolated 
anastomotic stricture (IAS) in 24 (40%) of  the patients. 
Upon analysing the complications on time profile, 
maximum number 22 (31.4%) were seen between 4-12 

Table 1  Liver biochemical profile in 40 Patients with biliary complications post OLT depending on time of presentation [Median, (range); mean ± SD]

Liver biochemical
parameters

Post OLT / before any biliary 
complication

On the day of presentation Ist Follow-up (avg-1 mo) after 
endoscopic therapy

IInd Follow-up (avg-3 mo) after
endoscopic therapy

Bilirubin, mg/dL (< 1.3)     1.3     1.3     0.9     1
  (0.5-13.7)   (0.4-35.0)   (0.3-29.0)   (0.4-26.2)
    2.8 ± 0.6     5.1 ± 1.3     2.8 ± 1.0     3.0 ± 1.0

   < 30 d     3.3     4.2     1.2     1.4
   1-3 mo     1.1     1     0.7     0.7
   4-12 mo     1.1     1.2     0.9     0.7
   > 12 mo     0.8     1     1.2     1.1
AST, U/L (< 32)   22.5     48.5   20.5   29.5

  (6.0-378.0)   (8.0-313.0)   (4.0-179.0) (12.0-142.0)
  54.4 ± 14.1   75.4 ± 12.2   38.8 ± 6.5   42.3 ± 5.7

   < 30 d   37   64   18   25
   1-3 mo   19   40   18   20
   4-12 mo   20   46   20   25
   > 12 mo   17   40   34   38
ALT, U/L (< 31)   26.5   90.5   30   24

  (4.0-126.0)   (4.0-891.0)   (4.0-216.0)   (5.0-142.0)
  98.8 ± 22.0 145.7 ± 33.1   46.1 ± 8.0   37.2 ± 5.7

   < 30 d 125 102   23   25
   1-3 mo   97   89   32   23
   4-12 mo   26   97   24   24
   > 12 mo   19   58   37   30
GGT, U/L (< 38)   74.5 236 123 117

(14.0-182.0) (19.0-1748.0)   (9.0-1697.0)   (9.0-1294.0)
168.5 ± 34.2 388.1 ± 70.9 282.2 + 63.9 233.4 ± 60.4

   < 30 d 152 296 123   54
   1-3 mo   82 157   96   38
   4-12 mo   45 367 103   63
   > 12 mo   39 182 235 266
Alkaline phosphatase, 
U/L (< 104)

107 242 141 127.5

(24.0-671.0) (32.0-1799.0) (47.0-1435.0) (46.0-1267.0)
152.7 ± 21.4 345.1 ± 59.1 270.7 ± 51.3 287.3 ± 53.8

   < 30 d 107 240 144 120
   1-3 mo 130 100 138 117
   4-12 mo   75 244 125 110
   > 12 mo 107 263 286 423

Table 2  Type and number of complications in patients post OLT  
(n = 40)

No. of complications No. of patients Type of complication

1 20 10 biliary leakage (50%), 7 
anastomotic strictures(35%), 
1  v a n i s h i n g  b i l e  d u c t 
syndrome,ITBL, and abscess 
(5%) each

2 14 5  a n a s t o m o t i c  s t r i c t u r e s 
and biliary leakage (36%), 5 
anastomotic strictures and ITBL 
(36%), 4 other combinations 
(28%)

> 2 6 2  a n a s t o m o t i c  s t r i c t u r e s 
and stones and secondary 
chonlangitis (33%), 4 other 
combinations (66%)
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mo post OLT and amongst them IAS was the commonest 
one (Table 4 and Figure 2). Out of  6 ITBL patients 2 had 
hepatic artery thrombosis.

32 patients were treated endoscopically, 4 patients were 
treated via the percutaneous route while 4 patients had to 
be referred back for surgery. Nasobiliary drain (NBD) was 
placed in 4 patients and in 7 patients we had to resort to 
multiple 10 F biliary stent placements (2 stents).

Out of  32 endoscopically treated patients sustained 
success was achieved in 26 (81%) of  cases and failure in 
6 (19%). From this failed group, 3 patients needed to be 
re-operated upon with surgical revision of  anastomosis, 
one died while waiting for retransplantation (because 
of  intracerebral bleed), two are still under endoscopic 
treatment and out of  these, 1 young patient with severe 
ITBL had a co-existent development of  advanced lung 
carcinoma and therefore is unfit for retransplantation. 
To da te , none of  these pa t ients had underg one 
retransplantation.

Total numbers of  ERC performed were 302. Number 
of  ERCs performed per patient ranged from 2 to 35, 
in 23 (72%) patients up to 4 ERCs were needed, and in 
the remaining 9 (28%) patients more than 4 ERCs were 

needed to achieve sustained success. There were 5 (1.65%) 
ERC related complications, 2 patients had mild pancreatitis 
i.e. abdominal pain with elevation of  amylase and lipase 
(3 times the upper limit of  normal) and only required 
conservative management including intravenous fluid 
and bowel rest. 3 patients presented with gastrointestinal 
bleeding from biliary sphincterotomy, out of  which 1 
required 2 units of  blood transfusion whereas other 2 
settled with endoscopic injection of  epinephrine. There 
was no procedure related death.

31 (27.1%) out of  114 patients with end to end 
anastomosis, 4 (10%) of  40 patients with side to side 
anastomosis and 5 (62.5%) out of  8 with Roux en Y 
anastomosis developed biliary complications. All the 3 
patients with total thrombosis of  hepatic artery later 
developed IAS.

Late bile leaks are quite rare and we encountered only 
1 patient presenting with this complication in the 5th 
month post OLT. Patient developed abscess and secondary 
cholangitis for which hepaticojejunostomy had to be 
performed.

7 (10%) patients had choledocholithiasis, most of  

Table 3  Spectrum of biliary tract complications (n = 70) and their 
treatment post OLT

Classification No. of 
complications  n (%)

Type of treatment

Isolated bile leak 17 (24.3) Stent +/- Stent exchange
PTBD (2 patients)
Primary re-operation (3 patients)

Isolated anastomotic 
stricture

28 (40) Stent +/- Stent exchange
Multiple stenting
Bougienage, Balloon dilatation
PTBD (2 patients)
Primary re-operation (1 patients)

Ischemic type biliary
lesion (ITBL)

  6 (8.6) Stent +/- Stent exchange
Bougienage, Balloon dilatation

Miscellaneous 19 (27.1) Stent +/- Stent exchange
Stones   7 (10) Multiple stenting
Vanishing bile duct   2 (2.8) Bougienage, Balloon dilatation
Syndrome Stone extraction
Ductopenic rejection   1 (1.4)
Absecss   5 (7.1)
Secondary cholangitis   2 (2.8)
Ampullary 
dyskinesia (SOD)

  2 (2.8)

SOD: sphincter of Oddi; PTBD: percutaneous transhepatic biliary drainage. 

Table 4  Type of complications related to time post OLT

Time elapsed
between OLD & 
complication

No. of 
complication           Type of complication (%)

IBL IAS ITBL Misc.
≤ 30 d 20 11 (55.0)   7 (35.0) 1 (5.0)   1 (5.0)
1-3 mo 13   5 (38.5)   4 (30.1) 1 (7.7)   3 (23.0)
4-12 mo 22   1 (4.5) 11 (50.0) 2 (9.0)   8 (36.4)
> 12 mo 15       -   6 (40.0) 2 (13.3)   7 (46.7)
Total 70 17 (24.3) 28 (40.0) 6 (8.6) 19 (27.1)

IBL: isolated bile leak; IAS: isolated anastomotic stricture; ITBL: ischemic 
type biliary lesion; Misc.: miscellaneous.
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Figure 2  Type of complications related to time post OLT.

C

BA

Figure 3  A patient with recurrent intrahepatic stones had a jejunal stoma made 
so as to reach the bilio-enteric anastomosis endoscopically. A: Jejunal stoma; B:  
Endoscopic view of the bilioenteric anastomosis; C: Fluoroscopic film after stone 
extraction.
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which was late complication developing mean 11.1 mo 
(range 3-26 mo) post OLT. 6 of  these had anastomotic 
stricture distal to the stone which was dilated prior to 
stone extraction.

1 patient presenting with biliary abscess had bile leak 
communicating with biliary system so was managed with 
ERC sphincterotomy and drainage. Another 3 patients 
with liver abscess underwent CT-guided drainage while the 
one with late bile leak needed hepaticojejunostomy.

DISCUSSION
Various serum cholestasis indicating liver enzymes have 
been used to predict early outcomes post OLT[18]. However 
there are mixed results about their utility in predicting 
biliary complications. One study reported that these non-
invasive blood tests are often not sensitive and accurate 
enough to detect any biliary complications post OLT[12]. 
While Hintze, et al[19] had shown in 1999 that ITBLs may 
be diagnosed using alkaline phosphatase levels. Zoepf   
et al[20] found that liver biochemical values do provide a clue 
towards the existence of  post transplant biliary strictures 

but they further stated that it is of  no help in differentiating 
various lesions like IAS or ITBLs. The drawback of  
their study design was that they performed biochemical 
values at the point of  presentation of  complications and 
it was not a continuum like in the present study in which 
these tests were performed immediately after OLT and 
thereafter regularly on every follow up and also before 
and after endoscopic interventions. In fact, ours is the first 
study in which such a detailed and systematic analysis of  
liver biochemical values have been reported in post OLT 
patients. 

Contrary to the understanding we found GGT and 
SAP to be quite sensitive in predicting biliary complications 
on the other hand liver transaminases (AST\ALT) and 
bilirubin were not of  any clinical significance in diagnosing 
these complications. Also there was significant fall in 
serum levels of  SAP and GGT following endoscopic 
therapy to about 0.5 and 0.6 times the preprocedure levels 
respectively but not that of  serum bilirubin. This was also 
reported by Mahajani et al[21]. Thus GGT and SAP can be 
used as early, non-invasive and inexpensive markers for 
diagnosing biliary complications post OLT and can also 
be used to assess adequacy of  endoscopic treatment in the 
group of  patients presenting early (≤ 3 mo).

Abdominal USG is a non invasive, easily available, 
portable and an economical modality for imaging. 
However it has low sensitivity (59%-68%)[20] and specifi-
city; and also it has been shown to be a poor diagnostic 
technique to detect biliary obstruction post transplant 
unlike in non transplant population. It has been shown 
to have a sensitivity of  around 50% in diagnosing 
biliary congestion[22-24]. Various reasons, like acute onset 
occlusion not allowing sufficient time to allow dilatation 
of  prestenotic biliary duct[22-24], inability to assess biliary 
dimensions secondary to their filling with epithelial casts[20] 
etc. have been implicated in this shortcoming of  USG.

Although MRI and MRCP are highly sensitive and 
specific[25] modalities to diagnose biliary complications 
and have been shown to be the most accurate indirect 

techniques to do so[20]. However they have certain 
drawbacks; expensive, not available at all the centres, will 
not be practically feasible to repeat during each follow up, 
contraindicated in certain patient groups (metallic implants, 
pacemakers etc.) and last but not the least, inability to 
perform any therapeutic intervention. 

One of  the studies has reported the occurrence of  
one third of  all biliary complications within a month post 
OLT[4] which was 28.5% in our study. 

IBL has been reported to occur in the range of  
1%-25% of  patients post OLT[9,26]. It has been arbitrarily 
subdivided in the literature in to, early-presenting within 
1-3 mo and late- beyond 3 mo. IBL was found in 17 (24.3%) 
of  our patients, 11 (64.7%) presented early within 1 mo 
while 5 (35.3%) manifested within 3 mo post OLT. ERC 
plus placement of  biliary endoprosthesis with or without 
endoscopic sphincterotomy has been shown to achieve a 
success rate of  over 90%[7,27,28] in treating IBL. We failed 
to treat bile leakage in 1 patient (success rate 95.5%) 
while 3 other patients were shown to have complete 
dissociation and necrosis of  common bile duct on ERC, 
hence were not considered for endoscopic therapy. These 
patients were managed with wide surgical debridement of  
necrotic and infected tissue and conversion to bilio-enteric 
anastomosis, similar to the management done in previous 
studies also[26,29,30]. 

Placement of  T tube during OLT is still a controversial 
issue. There are conflicting results about it in 3 different 
studies. Two of  them demonstrated nearly double the 
rate of  complications in the T tube group as against 
those without it (33% vs 15.5%)[31,32]. However the third 
one showed that T tube prevented development of  
anastomotic strictures, 3.3% vs 20% in the group with and 
without T tube respectively[33]. Pending this issue we still 
use a T tube in all of  our patients undergoing OLT.

IAS are the most common late complications of  OLT 
and usually follow IBL in chronology[4,28]. Biliary strictures 
are usually seen in about 3-14% of  all OLT and could 
constitute up to 40% of  total biliary complications[4,9,34,35]. 
It constituted 28 (40%) of  biliary complications in our 
patient group and half  of  these presented between 4-12 
mo post OLT. Use of  ERC for treating anastomotic 
stricture in older studies had been disappointing[36,37], 
however newer studies have reported the efficacy of  
endoscopic and percutaneous approaches in managing 
these complications[5,36,38-40]. 2 failures of  endoscopic 
treatment for anastomotic stricture in the present study 
had to undergo hepaticojejunostomy after 7 and 8 mo of  
OLT. Our success rate of  81% lies between 70%-100% as 
has been reported in previous studies[21,39,41]. 

The severity and number of  these anastomotic 
strictures will increase in coming times as more and more 
complex biliary anastomoses are being performed (living 
donor, split liver transplant, etc)[42-45], mainly because of  
widening gap of  demand and supply of  the organ. This 
would pose tougher challenges to endoscopists in future. 
Though there are reports of  placement of  self  expandable 
metal stents[46,47] we did not place it in any of  our patient as 
it is a controversial therapy in present scenario. It may lead 
to difficulties in performing surgeries later, if  required and 
also usually undergoes stent blockages which are difficult 
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to manage. Recently one of  the studies has reported 
placement of  T-tube drainage for biliary strictures in 
patients with failed endoscopic or percutaneous therapy[14].

Though the exact cause for ITBL is not known but 
has been postulated to be secondary to microcirculatory 
problems like ischemia-reperfusion injury. It was a late 
complication occurring after a mean time period of  33.8 
mo (range-1 to 95 mo) post OLT and was observed in 6 
(8.6%) which is comparable to the quoted figure of  2.5-19% 
in the literature[19,48]. They have been found difficult to 
treat endoscopically or by PTC[26,29] so was the case in our 
experience. Out of  6 patients with ITBL, 4 (66%) could be 
treated successfully, 1 had to undergo surgery while another 
one had an interesting clinical course. After 5 ERC with 
balloon dilatation and biliary stent placement with only 
partial relief, the patient underwent hepaticojejunostomy. 
This patient had excessively lithogenic bile and presented 
within few months with intrahepatic stones and secondary 
cholangitis. To prevent repeated surgeries for the same, 
a jejunal stoma (Figure 3) was created so as to reach the 
biliary-enteric anastomosis easily using the endoscope. 
Presently the patient gets routine endoscopy through the 
stoma for removal of  biliary stones and sludge and for 
thorough flushing of  the biliary tree every 3-4 mo and 
thus is saved from retransplantation and has undergone 74 
endoscopic procedures till date in last 14 years. 

Two (1.4 %) of  all patients undergoing OLT mani-
fested with significant dilatation of  the bile duct, elevated 
liver biochemistry but no evidence of  obvious obstruction 
on cholangiography which responded to endoscopic 
sphincterotomy. This was most probably papillary 
dyskinesia or sphincter of  Oddi dysfunction. It has been 
reported to occur in 0-7% of  patients[12,49,50]. We did not 
perform biliary manometry in any of  these patients to 
prove it. 1 patient had partial biliary cast.

In conclusion, biliary complications still remain 
an important problem in liver transplant recipients. A 
multidisciplinary approach is required to manage them. 
Serum GGT and SAP should be closely monitored and 
can be used as an early, non invasive and cheap markers 
for diagnosing post OLT biliary complications. They can 
also be of  great help during follow up after endoscopic 
therapy and correlate with adequacy of  therapy in patients 
presenting with early onset (< 3 mo) biliary complications 
post OLT. Endoscopic therapy is usually effective in 
managing majority of  these complications but may require 
multiple procedures especially to treat strictures. Surgical 
intervention is required only in a few selected cases. There 
is a definite need of  prospective multicenter studies to 
further evaluate the role of  liver biochemical markers in 
predicting biliary complications post OLT.
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Abstract
AIM: To compare the anti-inflammatory properties of 
butyrate with two other SCFAs, namely acetate and 
propionate, which have less well-documented effects on 
inflammation.

METHODS: The effect of SCFAs on cytokine release 
from human neutrophils was studied with ELISA. SCFA-
dependent modulation of NF-κB reporter activity was 
assessed in the human colon adenocarcinoma cell 
line, Colo320DM. Finally, the effect of SCFAs on gene 
expression and cytokine release, measured with RT-PCR 
and ELISA, respectively, was studied in mouse colon 
organ cultures established from colitic mice.

RESULTS: Acetate, propionate and butyrate at 30 
mmol/L decreased LPS-stimulated TNFα release from 
neutrophils, without affecting IL-8 protein release. 
All SCFAs dose dependently inhibited NF-κB reporter 
activity in Colo320DM cells. Propionate dose-dependently 
suppressed IL-6 mRNA and protein release from colon 
organ cultures and comparative studies revealed that 
propionate and butyrate at 30 mmol/L caused a strong 
inhibition of immune-related gene expression, whereas 
acetate was less effective. A similar inhibition was 
achieved with the proteasome inhibitor MG-132, but not 
the p38 MAPK inhibitor SB203580. All SCFAs decreased 
IL-6 protein release from organ cultures.

CONCLUSION: In the present study propionate and 
butyrate were equipotent, whereas acetate was less 
effective, at suppressing NF-κB reporter activity, 
immune-related gene expression and cytokine release 
in vitro . Our findings suggest that propionate and 
acetate, in addition to butyrate, could be useful in the 
treatment of inflammatory disorders, including IBD.
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INTRODUCTION
Inflammatory bowel diseases (IBD), Crohn’s disease and 
ulcerative colitis, are chronic inflammatory disorders of  
the gastrointestinal tract which withstand strong influence 
from both genetic and environmental factors [1]. A 
dysfunctional mucosal barrier combined with an aberrant 
mucosal tolerance to pathogens and/or components of  
the endogenous intestinal flora, is suggested to be an 
important cause of  IBD. 

The chronic inflammation that is a hallmark of  IBD 
results from the recruitment and activation of  immune 
cells from the circulation. These in turn release pro-
inflammatory cytokines locally in the submucosa, including 
members of  the interleukin (IL) family and tumour 
necrosis factor-alpha (TNFα), which play a key role in the 
pathogenesis of  IBD[2,3]. Cytokine signalling leads to the 
activation of  two major inflammatory signalling pathways, 
the nuclear factor kappa B (NF-κB) and mitogen activated 
protein kinase (MAPK) pathways, which both have 
been found to be active in mucosal biopsy specimens 
from patients with IBD[4,5]. As expected, these signalling 
pathways are important down-stream targets for current 
therapies including steroids and immunomodulating drugs 
such as azathioprine and 6-mercaptopurine. However, 
these current therapies are also associated with side effects 
and accordingly, there is a great need for alternative 
remedies.

Dietary fibres are complex carbohydrates, which serve 
as substrates for anaerobic fermentation by bacteria in 
the colon. Fermentation gives rise to three major luminal 
Short-Chain Fatty Acids (SCFAs): acetate, propionate, and 
butyrate[6]. SCFAs readily reach millimolar concentrations 
in the colonic lumen[7,8] from which they are absorbed by 
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passive and active transport over the epithelium[7]. Butyrate 
is considered to be the preferred source of  energy for 
colonocytes[9], and is to a major extent metabolized by 
these cells[7,10,11]. Butyrate is, by far, the most extensively 
studied SCFA, and its anti-inflammatory capacity is well 
documented both in vitro and in vivo. Importantly, several 
clinical studies demonstrate beneficial effects of  butyrate 
in IBD[12-14]. The exact mechanism of  action of  butyrate 
on inflammation is only partially understood. Recently, 
several reports have been published describing inhibitory 
effects of  butyrate on NF-κB, one of  the key transcription 
factors regulating genes implicated in innate immunity, cell 
cycle control and apoptosis[15,16]. 

The production of  acetate, propionate and butyrate 
occurs in the molar ratio of  approximately 60: 20: 20[17]. 
Thus, acetate can be considered the predominant SCFA in 
the colon. However, with regard to inflammation, little is 
known about acetate and propionate relative to the well-
established anti-inflammatory properties of  butyrate. 
The purpose of  this study was therefore to investigate 
and compare the in vitro anti-inflammatory properties of  
SCFAs in model systems relevant to IBD.

MATERIALS AND METHODS
Cell culture
Human neutrophils were isolated from whole blood 
of  healthy donors through density gradient separation 
with PolymorphprepTM according to the manufacturer's 
instructions (AXIS-SHIELD PoC AS, Oslo, Norway). 
Briefly, fresh citrate-anticoagulated blood was layered over 
an equal volume of  PolymorphprepTM and centrifuged at 
500 × g for 30 min. The granulocyte fraction was selected 
and washed with PBS (Sigma) followed by removal of  
erythrocytes through hypotonic lysis. Immunophenotyping 
of  the isolated cells was done with a FACSCalibur flow 
cytometer (BectonDickinson, Erembodegem, Belgium). 
Greater than 95% of  the cel ls were ident if ied as 
neutrophils, confirmed by side and forward scatter 
diagrams; CD66b positivity (Acris, Hiddenhausen, 
Germany) and CD14 negativity (Pharmingen, San Diego, 
CA, USA). The neutrophils were cultured in RPMI 1640 
(Invitrogen) supplemented with 0.5% fetal bovine serum 
(FBS; Nordic Biolabs AB) and 1% penicillin/streptomycin 
(PEST; Invitrogen) in 12-well plates at 37℃ in 5% CO2. 
Culture viability was 98.1% determined by a Cedex HiRes 
Analyzer (Innovatis AG, Bielefeld, Germany).

Colo320DM cells (American Type Culture Collection, 
Rockville, MD, USA) were cultured in RPMI 1640 
supplemented with 10% FBS and 1% PEST. 

Transfection and luciferase assay
COLO320DM cells, seeded 24 h prior to transfection, 
were transiently transfected using FuGENE6 transfection 
agent (Roche) and 0.5 µg/mL of  a luciferase reporter 
vector containing three tandem copies of  the NF-κB 
binding consensus sequence fused to firefly luciferase. The 
cells were co-transfected with 25 ng/mL Renilla luciferase-
positive control vector (pRL-SV40: Promega) to normalize 
for transfection efficiency. Five hours post-transfection the 
cells were seeded into a 96 well plate (white/clear bottom, 

Wallac) at a density of  6 × 104 cells/well in assay medium 
(phenol-free RPMI 1640, 10% FBS dextran/charcoal 
stripped serum and 1% L-Glutamine) containing 10 ng/mL 
TNFα with or without 1 nmol/L to 100 mmol/L acetate, 
propionate or butyrate. After 24 h of  treatment the cells 
were lysed and the luciferase activity was measured using 
the Dual-Luciferase Reporter Assay Systems reagent kit 
(Promega) in a Viktor luminometer plate reader (Wallac). 
The firefly luciferase activity was divided by Renilla 
luciferase activity and presented as per cent inhibition with 
TNFα treatment alone representing 0% inhibition and 
assay medium without TNFα as 100% inhibition.

Animals 
Female C57BL/6J mice (Harlan Nederlands B.V.) at 7-9 wk 
of  age were used. 5% (w/v) dextran sulphate sodium 
(DSS, T&D consulting, Uppsala, Sweden) was given in 
the drinking water for five days in order to induce colonic 
inflammation. Water was given one day prior to ending the 
experiment. 

All mice were kept under standard conditions of  
temperature and light, and were fed with standard 
laboratory chow and water ad libitum. All experiments were 
approved by the Animal Ethics Committee at Gothenburg 
University. 

Organ culture
Mice were sacrificed and colons were collected and placed 
in ice-cold Dulbecco's modified Eagle's medium (DMEM). 
Transverse 1 mm sections were cut longitudinally and 
placed in 12-well TranswellTM plates (Costar), containing 
medium with 1% PEST and compounds. Organ cultures 
were maintained at 37℃ in 5% CO2. After six hours the 
medium was replaced with fresh medium containing 
compounds. Cultures were then further incubated 18 h, 
after which medium was collected and frozen until further 
processing. Tissue was placed in Collection microtubes 
(Qiagen) containing stainless steel beads (Qiagen) followed 
by homogenisation in RLT lysis buffer (RNeasy Kit, 
Qiagen) with a TissueLyser (Qiagen) at 30 Hz for 10 min. 
Total RNA was isolated according to the manufacturer’s 
instructions and cDNA was prepared from purified total 
RNA with the iScript cDNA synthesis kit (Bio-Rad). 

Real-time PCR arrays
TaqManTM Low Density mouse immune-arrays (Micro 
Fluidic Cards, Applied Biosystems) were used to assess 
the regulation of  immune-related genes in organ cultures 
established from non-inflamed and colitic mouse colon. 
Samples were assayed in quadruplicate and the expression 
levels were determined with an ABI Prism 7900HT 
Sequence Detector (Applied Biosystems). Data was 
normalized to GAPDH mRNA levels and subsequently 
expressed as the fold change relative to non-inflamed or 
colitic vehicle controls.

ELISA
The levels of  TNFα, IL-8 or IL-6 in conditioned medium 
from neutrophil or organ cultures were determined with 
commercial ELISA kits (human TNFα, BD OptEIA, 
BD Biosciences; human IL-8, QuantiGlo ELISA, R&D 



systems; mouse IL-6, Quantikine ELISA, R&D systems), 
according to the manufacturer’s instructions.

Lactate dehydrogenase activity 
Lactate dehydrogenase (LDH) activity was determined 
with a commercial kit (Cytotoxicity Detection Kit, Roche), 
according to the manufacturer’s instructions.

Statistical analysis
Values are expressed as mean ± SEM and tested for 
statistical significance using Student´s t-test.

RESULTS
SCFAs suppress LPS-induced release of TNFa from 
neutrophils
Protein levels of  TNFα and IL-8, re leased from 
lipopolysaccaride (LPS)-stimulated (1 µg/mL) human 
neutrophils, were determined with ELISA (Figure 1). 
Acetate, propionate and butyrate (all 30 mmol/L) 
decreased LPS-stimulated TNFα release to the culture 
medium from 24 ± 1 pg/mL to 16 ± 0.1 pg/mL (P < 
0.01), 8 ± 0.2 pg/mL (P < 0.01) and 6 ± 0.2 (P < 0.01), 
respectively (Figure 1; upper panel, bars). The LPS-
stimulated increase in IL-8 protein levels from 190 ± 21 
pg/mL to 3753 ± 152 pg/mL was not affected by SCFAs 
(Figure 1; lower panel). Furthermore, SCFAs did not 
have an effect on LDH activity (Figure 1; upper panel, 
diamonds). 

SCFA-induced inhibition of the NF-κB pathway in 
Colo320DM cells
Colo320DM cells were transiently transfected with a NF-

κB luciferase reporter. TNFα at 10 ng/mL was used 
to induce NF-κB activity in the presence of  varying 
concentrations of  SCFAs. All SCFAs dose dependently 
inhibited the TNFα-stimulated NF-κB luciferase activity 
in Colo320DM cells (Figure 2). The EC50 values for 
inhibition of  NF-κB were as follows: acetate 2.4 mmol/L 
(diamonds), propionate 120 µmol/L (open squares) and 
butyrate 64 µmol/L (filled squares). Data points represent 
the mean of  triplicate values.

Anti-inflammatory effects of propionate in colon organ 
cultures
In order to study the anti-inflammatory properties of  
SCFAs in the context of  intestinal inflammation, we 
established an organ culture protocol where pieces of  
colitic mouse colon were cultured in vitro in the absence or 
presence of  SCFAs. Exposure of  organ cultures to 0.3-30 
mmol/L propionate caused a dose dependent decrease in 
IL-6 mRNA levels from 7.5 ± 1.3 fold (relative to non-
inflamed colon) to 1.7 ± 0.2 fold (P < 0.01) at the highest 
propionate concentration (30 mmol/L) (Figure 3; upper 
panel). This was paralleled by a decrease in IL-6 protein 
levels in the culture medium from 253 ± 65 pg/mL per 
mg to 75 ± 31 pg/mL per mg (30 mmol/L propionate; 
P < 0.05) (Figure 3; lower panel, bars). Consistent with 
the results obtained in the previous cell experiments, the 
effect of  propionate was not a result of  SCFA-induced 
cytotoxicity as determined by LDH activity in the culture 
medium (Figure 3; lower panel, diamonds). 

SCFAs inhibit immune-related gene expression in colon 
organ cultures
Quantitative Real-time PCR was used to determine the 
transcriptional regulation of  immune-related genes in 
colon organ cultures (Figure 4). As shown in Figure 
4A, IL-1α, IL-6 and inducible nitric oxide synthetase 
(iNOS) mRNA levels were strongly induced in colon 
organ cultures established from mice treated with 5% 
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dextran sulphate sodium, compared to non-colitic organ 
culture. This induction was heavily suppressed by SCFA 
treatment (all at 30 mmol/L). In order to compare effects 
of  compounds with known anti-inflammatory activity to 
the immune suppressive effects of  SCFAs, the expression 
levels of  twelve selected genes (increased > 3-fold in colitis 
vs. non-inflamed colon) were compiled as a heat map 
representation showing the effect of  treatments relative 
to control levels (Figure 4B). MG-132 (a proteasome and 
NF-κB inhibitor) at 10 µmol/L, acetate, propionate and 
butyrate (all at 30 mmol/L) potently decreased the mRNA 
levels of  selected gene transcripts. In addition, MG-132 
was clearly more potent than SB203580 (a p38 MAPK 
inhibitor) at suppressing transcription of  the selected 
genes at the same dose (Figure 4B).

SCFAs suppress IL-6 release from colon organ cultures
The effects of  SCFAs on IL-6 protein release from colon 
organ cultures were studied (Figure 5). Acetate, propionate 
and butyrate (all 30 mmol/L) decreased the IL-6 levels in 
conditioned medium from colon organ cultures from 507 
± 84 pg/mL per mg to 169 ± 16 pg/mL per mg (P < 0.01), 
39 ± 14 pg/mL per mg (P < 0.01) and 87 ± 11 pg/mL 
per mg (P < 0.01), respectively (Figure 5; bars). SCFA-
treatment did not cause any significant change in LDH 
activity (Figure 5; diamonds).

DISCUSSION
SCFAs represent a major constituent of  the luminal 
contents of  the colon. Among SCFAs butyrate is believed 

to play an important role for epithelial homeostasis[18]. 
Solutions containing butyrate [12-14] or mixtures of  
SCFAs[19-23] have been used for treatment of  active IBD. 
Unfortunately these studies do not discriminate between 
actions of  individual SCFAs, with the exception of  
butyrate. 

To our knowledge the present study is the first aimed 
at comparing the effects of  acetate, propionate and 
butyrate on markers of  inflammation (i.e., NF-κB activity 
and cytokine production). The findings of  the present 
study substantiate previous findings, relating to butyrate 
and its anti-inflammatory properties. For the first time it 
is also clearly demonstrated that acetate and propionate 
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ameliorate an ongoing inflammatory response at the 
cellular level and thus acetate and propionate may also 
contribute to the anti-inflammatory properties of  SCFA 
mixtures in vivo. 

Because leukocytes are considered the primary effector 
cells in IBD, the properties of  acetate, propionate and 
butyrate, were first investigated in human blood-derived 
neutrophils. Several studies in the past have analysed the 
effects of  SCFAs on neutrophils[24]. Propionic acid has 
been shown to stimulate superoxide generation in human 
neutrophils[25] and recently it has been demonstrated 
that propionate also stimulates neutrophil chemotaxis[26]. 
However, it is not clear how SCFAs influence the response 
to inflammatory mediators, such as LPS in neutrophils. 
We demonstrate that SCFAs strongly inhibit the LPS-
stimulated release of  TNFα in human neutrophils. 
Interestingly, our findings also show that SCFAs do not 
affect LPS-induced release of  IL-8, indicating that LPS 
stimulates TNFα and IL-8 release by separate mechanisms 
in neutrophils. 

The colonic epithelium is considered an important 
target for the beneficial effects of  butyrate[18]. Furthermore, 
butyrate has ant i - inf lammator y act iv i ty in colon 
adenocarcinoma cells, which is mediated by inhibition 
of  the NF-κB pathway[15,27]. We therefore next compared 
the anti-inflammatory actions of  acetate, propionate and 
butyrate on TNFa-induced NF-κB reporter activity in 
the colon adenocarcinoma cell line Colo320DM. Our 
results demonstrate that SCFAs inhibit NF-κB activity in 
Colo320DM cells with the rank order of  potency being 
butyrate > propionate > acetate. Previous studies have 
suggested that butyrate inhibits the NF-κB pathway by 
interfering with proteasome-mediated degradation of  
IκBa in colonocytes[27]. It is possible that acetate and 
propionate also act via this mechanism.

In animal models of  colitis butyrate reduces the ulcer 
index and myeloperoxidase (MPO) activity[28,29]. The 
effect of  other SCFAs in experimental colitis is less clear. 
There are, for example, contrasting results of  propionate-

treatment in trinitrobenzene sulfonic acid (TNBS)-induced 
colitis, demonstrating either a reduced ulcer index[30], or 
an aggravated inflammation[31]. In order to compare the 
effect of  different SCFAs on intestinal inflammatory 
responses in the absence of  confounding factors, such 
as inappropriate uptake or metabolism of  SCFAs, we 
developed an organ culture protocol where colitis is 
established by administering dextran sulphate sodium to 
mice in the drinking water. The inflamed colonic tissue is 
then collected and the effect of  anti-inflammatory agents 
is studied in vitro. A dose finding study with propionate 
revealed a dose dependent suppression of  IL-6 mRNA 
and protein in colon organ cultures with an IC50 of  
approximately 1 mmol/L, without any sign of  cytotoxicity. 
Furthermore, acetate and propionate, along with butyrate 
at 30 mmol/L were shown to reduce the expression levels 
of  selected immune-related genes in colon organ cultures. 
Acetate was less potent than the two other SCFAs at this 
dose, a finding in line with the results in neutrophils and 
in Colo320DM cells. SCFA treatment of  organ cultures 
suppressed a majority of  genes decreased also by MG-132, 
a proteasome and NF-κB inhibitor. Interestingly, at 10 
mmol/L MG-132 was far more potent than the p38 
MAPK inhibitor SB203580 in suppressing immune-related 
gene expression, indicating a central role for the NF-κB 
pathway in DSS-mediated inflammation. Finally, SCFAs 
potently reduced IL-6 protein release from colon organ 
cultures with the rank order being propionate > butyrate > 
acetate. 

The mechanism whereby SCFAs mediate their anti-
inflammatory effects is currently poorly understood. As 
discussed above the NF-κB pathway is an important target 
for butyrate, and possible mechanisms for this could 
involve inhibition of  IκBa kinase activity or proteasome 
function. Interestingly, our findings in Colo320DM cells 
suggest a positive correlation between potency and carbon 
chain length, which may possibly reflect the preferential 
utilization of  larger SCFAs in a specific metabolic pathway. 
One illustrating example of  a component of  intermediary 
metabolism with anti-inflammatory properties is pyruvate 
which has wel l -documented immune suppress ive 
activities in vitro and in vivo[32,33]. Thus, it is likely that the 
metabolism of  SCFAs may give rise to metabolites with 
activity comparable to that of  pyruvate. Alternatively, 
the rank order potency of  SCFAs may result from an 
affinity relationship with a specific receptor. Recently, 
several independent groups have characterized SCFAs 
as ligands for the G-protein coupled receptors, GPR41 
and GPR43[26,34,35]. The transcript for GPR43 is readily 
detectable with real-time PCR in neutrophils as well as 
in the colon (authors unpublished observation), thus it is 
possible that receptor dependent mechanisms may underlie 
some of  the anti-inflammatory effects of  SCFAs described 
in this study. GPR43 deficient mice may become an 
important tool for the understanding of  SCFA signalling 
during inflammatory conditions in future studies. 

As mentioned before, there are few and inconclusive 
studies regarding the ameliorating effects of  acetate 
and propionate on inflammation, hence it is difficult to 
predict the outcome of  treatment with these SCFAs in 
IBD. However, some interesting observations have been 

750

600

450

300

150

0

IL
-6

 (
pg

/m
L 

pe
r 

m
g)

40

30

20

10

0

LD
H

 (U
/m

L per m
g)

b

b
b

DSS
Acetate

Propionate
Butytayate

-           +           +          +           +
-            -           +           -            -
-            -            -           +             -
-            -            -             -             +

Figure 5  Effects of Short-Chain Fatty Acids on IL-6 release and lactate 
dehydrogenase (LDH) activity in organ cultures from inflamed mouse colon. 
Dextran sulphate sodium (DSS) was used to induce colonic inflammation. Organ 
cultures were exposed to acetate, propionate or butyrate (all 30 mmol/L) for 24 
h followed by analysis of IL-6 level (bars) and LDH activity (diamonds) in culture 
medium. Mean ± SEM (n = 4), bP < 0.01.

www.wjgnet.com

2830        ISSN 1007-9327       CN 14-1219/R      World J Gastroenterol       May 28, 2007      Volume 13      Number 20



published which provide indirect evidence that acetate and 
propionate may exhibit immune suppressive activity in vivo. 
Ethanol-intake, which is associated with elevated plasma 
acetate[36], was recently shown to prevent the development 
of  destructive arthritis in rats[37]. In addition lactulose, a 
polysaccharide that is rapidly converted into acetate by 
colonic fermentation[38], ameliorates DSS-induced colitis in 
mice[39]. Noteworthy is also the observation that elevated 
systemic levels of  propionate, due to mutations in the 
propionyl-CoA carboxylase enzyme, are associated with 
progressive immune suppression[40]. 

In conclusion, the present study demonstrates 
that acetate and propionate have anti-inflammatory 
properties, which are comparable to those of  butyrate. 
It is demonstrated for the first time that SCFAs inhibit 
LPS-induced TNFa release, but not IL-8 secretion, from 
human blood-derived neutrophils. Furthermore, we show 
that acetate and propionate, similar to butyrate, inhibit 
TNFa-mediated activation of  the NF-κB pathway in a 
human colon adenocarcinoma cell line with the rank order 
of  potency being, butyrate > propionate > acetate. Finally 
anti-inflammatory activity, comparable to that of  butyrate, 
was demonstrated for acetate and propionate in an in vitro 
model of  murine experimental colitis. Taken together 
these findings suggest that propionate and acetate, in 
addition to butyrate, could be efficacious in the treatment 
of  inflammatory conditions such as IBD.
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Abstract
AIM: To evaluate the effect of glutamine on intestinal 
mucosa integrity, glutathione stores and acute phase 
response in protein-depleted rats during an inflammatory 
shock. 

METHODS: Plasma acute phase proteins (APP), 
jejunal APP mRNA levels, liver and jejunal glutathione 
concentrations were measured before and one, three 
and seven days after turpentine injection in 4 groups 
of control, protein-restricted, protein-restricted rats 
supplemented with glutamine or protein powder. 
Bacterial translocation in mesenteric lymph nodes and 
intestinal morphology were also assessed. 

RESULTS: Protein deprivation and turpentine injection 
significantly reduced jejunal villus height, and crypt 
depths. Mucosal glutathione concentration significantly 
decreased in protein-restricted rats. Before turpentine 
oil, glutamine supplementation restored villus heights 
and glutathione concentration (3.24 ± 1.05 vs  1.72 ± 
0.46 µmol/g tissue, P  < 0.05) in the jejunum, whereas 
in the l iver glutathione remained low. Glutamine 

markedly increased jejunal α1-acid glycoprotein mRNA 
level after turpentine oil but did not affect its plasma 
concentration. Bacterial translocation in protein-restricted 
rats was not prevented by glutamine or protein powder 
supplementation. 

CONCLUSION: Glutamine restored gut glutathione 
stores and villus heights in malnourished rats but had no 
preventive effect on bacterial translocation in our model. 

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Sepsis and endotoxemia impair gut glutamine metabolism[1]. 
This impairment may contribute to the weakening of  the 
gut mucosal barrier and to the development of  bacterial 
translocation[1,2]. The tripeptide glutathione is an active 
free radical scavenging compound[3]. Glutathione has 
been shown to play an important role in the protection of  
intestinal mucosa against exogenous injury both in vitro[4,5] 
and in vivo[6]. Intestinal mucosa glutathione content falls 
markedly following a period of  protein restriction[7] and 
also in patients with inflammatory bowel disease[8,9]. The 
depletion of  reduced glutathione content in the mucosa 
could therefore favor oxidative stress within the mucosa. 
In addition to the liver, intestine also contributes to the 
systemic inflammatory response and acute phase proteins 
expression[10] and this intestinal acute phase response may 
be influenced by protein malnutrition[11,12]. 

Although glutamine has traditionally been recognized 
as a nonessential amino acid, recent studies have demon-
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strated that glutamine plays a major role in the response 
to injury[13], in the enterocyte oxidative metabolism[14], 
and in the maintenance of  the intestinal epithelium[15,16]. 
Glutamine supplementation may prevent gut mucosal 
damage and bacterial translocation in various experimental 
models of  gut injury[13,17]. Moreover, glutamine could with 
stand systemic[18] but also gut-associated[19,20] immune 
response, because glutamine is an important substrate 
for optimal lymphocyte[21] and macrophage[22] function. 
In addition, some reports indicate that glutamine may 
counteract glutathione depletion by supporting gut 
glutathione biosynthesis[23] and may influence cytokines 
production by gut mucosa in rats[24] or in humans[25,26]. 

Therefore, the aim of  this study was to investigate the 
effect of  glutamine supplementation on the integrity of  
the intestinal mucosa and its glutathione stores and on 
acute phase response in protein depleted rats during an 
inflammatory challenge. 

MATERIALS AND METHODS
Animals
Guidelines for the handling and care of  laboratory animals 
conformed to the standards established by the Animal 
Studies Committee of  the Rouen University.

Seventy two adu l t ma le Sprague-Dawley ra t s 
weighing 291 ± 23 g were obtained from Charles River 
(L’Arbresle, France) and were allowed at least 3 d to 
acclimatize to laboratory conditions (constant humidity 
and temperature: 21℃, with a 12 h light-dark cycle) in 
community cages before being studied. During this time 
the rats were allowed ad libitum intake of  water and 
standard rat chow (UAR A03, Epinay-sur-Orge, France). 
Two weeks before the inflammatory challenge (d-14), rats 
were housed in individual metabolism cages at 21℃ with 
12 h periods of  dark and light cycles with a free access to 
food and water. Rats were assigned to 4 groups: a control 
group (CG) fed with a 23% protein diet (23 g casein/100 
g synthetic diet, UAR, Epinay-sur-Orge, France); and  
3 groups fed with an isocaloric protein-free (0% casein) 
diet. The composition of  diets is summarized in Table 1. 
In two protein-restricted groups, rats were supplemented 
after 7 d of  protein-free diet with either glutamine  
(3 g/100 mL) or protein powder (PolypeptalR, Novartis, 
3.75 g/100 mL), and until the end of  the study (Gln 
and PP groups, respectively). These supplements were 
administered in solution with the drinking water, with 
adequate dilution to provide isonitrogenous solutions. 
Equal volumes and thus isonitrogenous supplements 
were given to the rats of  Gln and PP groups. One 
protein-restricted group received no supplementation 
later on (PR group). 

Diet regimens were maintained until sacrifice day. 
During the experimental period, rats were weighted 
weekly, and food and water consumption was monitored 
daily. After 14 d of  regimen, rats received a subcutaneous 
injection of  3 mL/kg of  turpentine oil (TO) to induce 
an acute-phase response. An experimental inflammation 
induced by TO may increase intestinal permeability in 
rats[27]. Rats were sacrificed immediately before TO injection 
(0 h) or 1, 3, and 7 d after TO. The number of  animals 

ranged from 3 to 5 in each group at each time point.

Preparations
The rats were sacrificed and a ventral midline incision was 
made under sterile conditions and mesenteric lymph nodes 
were quickly removed and put into a sterile vial kept at 
4℃ and transferred to the bacteriology laboratory within 
4 h. After excision of  lymph nodes and exsanguination, 
the portal vein was cannulated, the supra hepatic veins 
were cut, and the liver was rinsed with ice cold normal 
saline until it appeared blood free. Then, it was rapidly 
excised and blotted. A sample of  liver (about 1 g) was 
weighed, minced and homogenized in a BraunR potter 
homogenizer with 3 mL of  normal saline for 60 s at 4℃. 
This homogenate was used to determine the liver content 
of  soluble proteins. Another 1 g liver sample was similarly 
homogenized in 3 mL of  perchloric acid (0.4 mol/L). The 
homogenate was centrifuged at 10 000 × g for 20 min at 
4℃. The supernatant was kept at -80℃ for glutathione 
concentration measurement. After removal of  the liver, 
the jejunum was removed and carefully rinsed with ice-
cold phosphate buffer saline to eliminate fecal material. 
This tissue was opened longitudinally and the mucosa 
was immediately scraped off  and prepared as previously 
described for the liver[28]. 

Analytical methods
Total reduced glutathione concentration in the super-
natant was determined according to a modified spectro-
photometric glutathione reductase assay as previously[28]. 
Glutathione assay was performed twice, with a variation 
coefficient of  less than 10%. Results were expressed as 
µmoles glutathione per g wet weight tissue. Intracellular 
glutamine and glutamate levels were determined in 
the supernatant of  jejunal homogenates after protein 
precipitation by using an amino acid analyzer (Biotronik 
LC3000; Eppendorf).

For measurement of  villus height, additional 1 cm 
samples of  jejunum were rinsed with ice-cold saline 

Table 1  Composition of control and protein-deficient diets1

Constituent (g/kg) Control diet 
(23% casein)

Protein-deficient diet 
(0% casein)

Protein   2302       0
Glucose (+ starch)   580   800
Lipids     50     60
Cellulose     60     60
Mineral salts3     70     70
Vitamins4     10     10
Total 1000 1000

1The energy density of each diet was 18 kJ/g. In the protein-restricted (PR) 
group, energy was replaced with isocaloric quantities of carbohydrates 
(glucose + starch in equal amounts); 2Containing (g/kg): L-Arginine 8.5; 
L-Cysteine 3.0; L-Lysine 17.4; L-Methionine 7.1; L-Tryptophane 5.0; L-Glycine 
1.0; 3Containing (mg/kg): phosphorus, 7750; calcium, 10 000; potassium, 6000; 
sodium, 4000; magnesium, 1000; manganese, 80; iron, 300; copper, 12.5; zinc, 
45; cobalt, 0.09; and iodine, 0.49; 4Containing (UI/kg): retinyl acetate, 19 800; 
cholecalciferol, 6000; and (mg/kg): thiamin, 20; riboflavin, 15; D-pantothenic 
acid, 70; pyridoxine, 10; inositol, 150; cyanocobalamine, 0.05; ascorbic acid, 
800; dl-a-tocopherol acetate, 170; menadione sodium bisulfite, 40; nicotinic 
acid, 100; choline, 1360; folic acid, 5; biotin, 0.3. (ND, not detectable).
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and fixed in a 10% formol solution during 24-72 h. The 
samples were coded and further handled in blinded fashion 
by the same observer. The samples were cut longitudinally 
in 3 pieces and embedded in paraffin. The sections 
(40 µm) were placed on a slide and then stained with 
hematoxylin. To minimize the variability of  measurements, 
about 20 villi were studied in jejunal samples, and for each 
villus, epithelial thickness, chorion or lamina propria height 
and crypt depths were measured in duplicate. 

In the bacteriology laboratory, lymph nodes were 
weighed in sterile conditions and then homogenized in 
a Teflon potter homogenizer with sterilized NaCl (10% 
weight/volume). The homogenate was then cultured in 
aerobic atmosphere on 3 different medium: horse blood 
Columbia, CLED (Biomérieux, Marcy l'Etoile, France) and 
nalidixic acid (Pasteur Diagnostics, Marnes-la-Coquette, 
France) agar plates, during 48 h. Colony counts were 
expressed as colony forming units per gram of  organ 
tissue (CFU/g tissue), and culture was considered positive 
for (CFU/g tissue) > 100.

α-1 AGP and α2-macroglobulin plasma concentrations 
were determined by rocket immunoelectrophoresis as 
previously described[12] using rat anti-α-1 AGP or anti-
α2-macroglobulin (UER Sciences Pharmaceutiques et 
Biologiques, Chatenay Malabray, France) antibodies. 

RT-PCR
Total RNAs were extracted from the liver or intestinal 
mucosa by a modified-extraction method as previously 

described[26]. The quality and quantity of  total RNA were 
determined by spectrophotometry using the absorbance 
at A260/A280 nm. The integrity was also controlled 
by visualization of  18S and 28S ribosomal bands. RT-
PCR was performed as previously reported[26]. The 
RT products were amplified by PCR using sense and 
antisense primers (Eurogentec) specific for α-1 AGP and 
glycerladehyde-3 phosphate deshydrogenase (GAPDH) 
used as an internal standard: α-1 AGP, 5'-GCAGCTT
TCCGAGACCCCGT-3' and 5'-CATGCCCACATCT
TTGACAG-3'; GAPDH, 5'-AAAGGGTCATCATCT
CCGCC-3' and 5'-GTGGAGGAATGGGAGTTGC
T-3'. The relative quantification of  the autoradiogram 
bands represents an integrated area under the curve of  
densitometric tracing, estimated as the ratio of  targeted 
gene to GAPDH.

Statistical analysis
Values are expressed as the mean ± SD. Data were 
analyzed by analysis of  variance, and differences 
between means were determined using Scheffe’s multiple 
comparison test. The incidence of  bacterial translocation 
was compared by corrected χ² test. Significance was 
defined as P < 0.05.

RESULTS
Dietary intake and weight of animals
Before starting the specialized regimens, there was no 
significant body weight difference between the groups 
(Table 2). Control group’s body weight rose during the 
whole period before TO injection, slightly diminished 24 
h after TO (not significant) and then remained unchanged 
(Figure 1). In contrast, in the three other groups, the 
animals lost about 60 g of  their body weight during 
the first week of  protein deprivation, and about 10 g 
during the second week, Turpentine oil did not induce an 
additional loss of  weight and no significant difference was 
observed between these 3 groups (Figure 1).

The mean daily energy intake during the first week of  
the feeding period was reduced in all the groups fed with 
0% protein diets (Table 2). During the second week of  
the feeding period, the energy intake (powder or powder 
+ supplementation in the drinking water, see the methods 
section) was not significantly different between the groups 
(Table 2). During the supplementation period, nitrogen 
intake of  Gln and PP groups represented about 18% 
and 14% (expressed in g N/d per 100 g body weight, 
respectively) of  the nitrogen intake of  CG (Table 3). When 
the rats were injected with TO, a significant (about 50%) 

Table 2  Body weight, total energy and nitrogen intake

CG PR Gln PP
Body weight (g)  295 ± 9  288 ± 31  284 ± 30  296 ± 8
Energy intake (kcal/d. 
100 g body weight)
   1st wk    34 ± 2    20 ± 5a    22 ± 7a    19 ± 7a

   2nd wk    30 ± 4    30 ± 4    28 ± 10    28 ± 10
Nitrogen intake (g/100 g
body weight)

0.28 ± 0.02      0.00 0.05 ± 0.03 0.04 ± 0.01

Body weight (g) before the beginning of the study, total energy intake (powder 
or powder + supplementation in the drinking water) expressed in kcal/d per 
100 g of body weight, and total nitrogen intake (g/100 g body weight) in CG 
(control group), protein-restricted group (PR) and  protein-restricted groups 
supplemented with glutamine (Gln) or a protein powder (PP). aP < 0.05 vs CG.

Figure 1  Evolution of body weight from initial weight as a function of time during 
the feeding period and at each time point studied after turpentine oil (TO) injection 
(arrow) for control (CG;  ), protein-restricted (PR;  ), glutamine (Gln;   ) and protein-
powder (PP;  ) groups. Values are means ± SD. P < 0.05, between CG and other 
groups from d-7 until d7. 
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Table 3  Positive cultures (colony forming units per gram of 
organ tissue (CFU) > 100) from cultured lymph nodes/total 
cultures for (CG ), protein-restricted (PR), glutamine-(Gln) and 
protein powder (PP) supplemented groups 

d 0 d 1 d 3
CG 0/4 2/4 1/4
PR 1/5 1/5 1/5
Gln 2/6 4/7 2/5
PP 3/5 3/4 3/4
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reduction of  food intake was observed in all groups, with 
no significant difference between groups, and food intake 
normalized 24 h later. 

Intestinal morphology
The morphometric data of  the four groups are displayed 
on Figure 2. After 14 d of  0% protein diet, both the villus 
and lamina propria heights in the jejunum (446 ± 80 vs 590 
± 43 µm and 388 ± 65 vs 518 ± 39 µm respectively; P < 
0.05) were significantly decreased in comparison to CG. 
The jejunal crypt depths were also decreased, although 
not significantly. There was no significant difference for 
crypt depths and lamina propria height before injection 
of  TO between Gln and PP-supplemented groups. In 
contrast, villus heights were maintained in Gln group but 
not in PP group (Figure 2A). One day after TO injection, 
a significant decrease was observed in jejunal villus height, 
crypt depth and lamina propria for CG group (421 ± 36 
µm vs 590 ± 43 µm, 130 ± 4 µm vs 282 ± 13 µm, 386 ± 
40 µm vs 517 ± 39 µm respectively; P <0.05). In the other 
groups, morphometrics did not change after TO. Three 
days after injury, morphometric parameters were restored 
only in CG group. There was no difference between the 3 
protein restricted groups (PR, Gln, PP; Figure 2).

Bacterial translocation
For the CG, no viable bacteria were detectable in cultured 

mesenteric lymph nodes before TO injection (Table 3). 
In contrast, some positive cultures were observed for 
lymph nodes from PR animals as well as from Gln or PP-
supplemented groups. After TO induced inflammation, 
bacterial translocation was also noted in several animals; 
however, no significant difference between groups was 
observed (Table 3).

Glutathione and glutamine concentrations
The glutathione concentration in liver and jejunum 
is displayed in Figure 3. In both tissues, glutathione 
concentration significantly decreased after protein 
restriction (jejunum: 1.72 ± 0.46 vs 4.24 ± 1.40 µmol/g 
tissue; liver: 2.59 ± 0.38 vs 7.3 ± 0.38 µmol/g tissue, both 
P < 0.05). Glutathione concentration was restored after 
glutamine supplementation in the jejunum (3.24 ± 1.05 vs 
1.72 ± 0.46 µmol/g tissue, P < 0.05), while it remained low 
despite supplementation with protein powder (Figure 3A). 
In the liver, glutamine supplementation had no significant 
effect on glutathione concentration (Figure 3B).

After TO injection, glutathione concentration in the 
jejunum peaked on d 1 and d 3 for CG and PR animals, 
respectively (Figure 3A). In the Gln group, but not in the 
PP group, a marked jejunal glutathione concentration peak 
was also observed on d 3 (Figure 3A, P < 0.05 Gln vs PR). 
Glutathione in the liver was decreased on d 1, and later 
increased on d 3 in CG and PR animals (Figure 3B, P < 0.05 
d 1 vs d 0 for CG , and P < 0.05 on d 3 vs d 1 for PR). In 
both groups of  supplemented rats, liver glutathione rose 
markedly on d 1 and peaked on d 3 after TO injection, 
and returned to initial values on d 7 (Figure 3B). Protein 
concentrations were similar and did not vary significantly 
in the both organs. 

Intracellular glutamine concentration before inflamma-
tion was significantly increased in the Gln group in 
comparison to CG (2.36 ± 2.93 vs 1.05 ± 0.23 µmol/g 
tissue; P < 0.05), while it was not affected by protein 
deprivation alone or by supplementation with protein 
powder. After TO, no significant difference was observed 
between groups and intracellular glutamate was not 
modified by any diet nor by TO induced inflammation (data 
not shown).

Acute phase response
Before TO, α-1 AGP was detected to a low level in the 
plasma but no difference was observed between the groups 
(Figure 4A). In contrast, α2-MG was increased in plasma 
from Gln rats (Figure 4B). After TO, plasma α-1 AGP and 
α2-MG increased in all groups to a similar extent. 

Jejunal α-1 AGP mRNA (Figure 5) was not constitu-
tively expressed in any groups. TO injection induced a 
weak increase of  α-1 AGP mRNA level in CG group 
only at d 1. This increase was prolonged in PR group until 
d 7. However, the peak response of  α-1 AGP mRNA 
was higher in the two supplemented groups (Gln and 
PP, P < 0.05, Figure 5). The highest α-1 AGP mRNA 
peak response was observed in the Gln group at d 1, 
and was significantly higher than that observed in PR 
and PP groups (P < 0.05). Jejunal α2-MG mRNA level 
remained not affected by protein restriction, Gln or PP 
supplementation and TO challenge (data not shown).
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DISCUSSION
In the present study, we measured the effect of  glutamine 
supplementation on gut barrier, glutathione content and 
acute phase response in severely protein-restricted rats 
during TO injection. Our results indicate that glutamine 

restored gut glutathione content and regulated intestinal 
acute phase response without influencing bacterial 
translocation in protein-restricted rats.

In the present study, weight gain was severely impaired 
in rats fed a protein-free diet (PR group). Growth 
retardation has been reported as a consequence of  feeding 
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a poor-protein diet without taking into consideration the 
anorexia associated with the consumption of  low protein 
diets[29]. In our study, the mean daily energy intake during 
the first week of  the feeding period was also diminished 
in all the groups fed with 0% protein diets (see results 
section). Thus, as both diets were isocaloric, this suggests 
that the absence of  proteins may have affected the 
palatability of  the diets or influenced the central regulation 
of  appetite[30]. Neither glutamine nor protein powder 
supplementation restored a growth rate similar to that of  
animals fed the normal-protein diet. However, during the 
second week, the variations in the energy intake between 
the 4 groups did not reach significance. It may appear not 
physiological to have used a protein-free diet. However, 
it is not rare that patients remain with only fluids and 
glucose for several days in postoperative situations while 
undergoing inflammatory stress. In addition, this diet was 
appropriate to test the pharmacological effect of  glutamine 
alone, apart from that of  other amino acids.

Inf lammation was induced by a subcutaneous 
injection of  3 mL/kg of  body weight of  TO. Previous 
studies have shown that this experimental model elicits 
hormonal and metabolic changes similar to those observed 
during the response to injury and infection[12,17,27]. This 
includes the production of  the acute-phase protein α-2 
macroglobulin[12,27] but does not lead to the anorexia 
commonly associated with administration of  endotoxin, 
gavage with bacteria or other injury models[27]. The 
injection of  TO had only a marginal effect upon the 
rate of  weight gain in normally fed animals following 
the injection. This observation confirms similar findings 
observed in pigs[31].

The gastrointestinal tract is a major organ of  glutamine 
utilization[32]. In various models of  stress-induced injury 
(cancer, radiation, and chemotherapy) or malnutrition, 
glutamine supply maintains or restores the normal 
morphometric values of  the small bowel mucosa and 
supports gut function[33]. However, glutamine deprivation 
in an otherwise complete diet prior to TO injury had only 
a marginal detrimental effect on the structural integrity of  
the small intestinal mucosa[17]. This may be due to the fact 
that animals were not otherwise protein-depleted, and were 
thus able to maintain an adequate glutamine endogenous 
de novo synthesis from several other amino acids i.e. 
branched-chain amino acids[34].

In our study, the histological assessment of  the mucosa 
in the jejunum was carried out on 4 rats from each dietary 
group before and 1 and 3 d after TO injection. Protein 

restriction induced a marked, significant decrease of  
jejunal villus and chorion height (Figure 2). In contrast, 
in Gln group, villus height was only modestly reduced 
(not significantly different from CG). This is consistent 
with a beneficial effect of  glutamine supplementation on 
enterocyte proliferation rate as reported in human mucosa 
in vitro[35]. It may also be explained by a prolongation of  
cell life[20] or apoptosis inhibition[36,37].

Bacterial translocation occurred in several animals in 
all protein-restricted rats. This may be due to the passage 
of  viable bacteria through paracellular pathways, as a 
consequence of  altered tight junction selectivity secondary 
to severely impaired metabolism. None of  the supplements 
had any signif icant preventive effect on bacterial 
translocation, which is at variance with some other reports 
in enterally[1] or parenterally fed rats supplemented with 
glutamine[19]. This lack of  preventive effect may be due to 
the fact that other factors involved in gut barrier function, 
such as mucosal immune cells or IgA secretion, had been 
impaired by severe protein restriction[1,19].

Glutathione plays an important role in detoxification 
reactions with xenobiotics and oxygen radicals[3] and is 
also required in large amounts in catabolic states, not only 
by hepatic and intestinal cells but also by inflammatory 
cel ls ; thus, impaired mucosal glutathione content 
increases the susceptibility to oxidative tissue injury[3,5]. 
Glutathione requires glutamate for its biosynthesis and 
the main intracellular source of  glutamate is derived 
from glutamine[38]. Some authors reported that glutamine 
supplementation may increase glutathione concentration 
both in the liver[39] and in the gut[23,40,41]. In both tissues 
studied in the present study ( je junum and l iver) , 
glutathione concentration decreased markedly in PR rats 
before TO injection. After the inflammatory shock, liver 
glutathione slightly decreased in CG and PR groups, 
and later increased up to values not different from initial 
values; in contrast, it was markedly increased in Gln and 
PP groups. The transient initial decrease in CG and PR 
animals may reflect the short-term reduction of  solid food 
intake after TO, since liver glutathione is very sensitive to 
food deprivation. Contrastingly, after TO, rats in all groups 
markedly increased their water intake (data not shown) 
until d 3; this resulted in an increased intake of  both 
glutamine and protein powder. Accordingly, an increase of  
liver glutathione was observed after inflammatory shock 
on d 3 and may have been supported by the increased 
intake of  precursors from glutamine or protein powder. 
The significant decrease in jejunal glutathione of  severely 
protein-restricted rats in the present study is in accordance 
with previous results in rats fed a 3% protein diet[31]. Both 
a decreased synthetic rate of  glutathione in the mucosa[23,42] 
and/or a leakage in the lumen may have contributed to 
this decreased concentration of  glutathione. At most 
time points, glutamine but not protein powder restored 
glutathione concentrations in the jejunum and this effect 
was significant on d 0 and d 3. In contrast, glutathione in 
the liver was best restored with the amino acid mixture 
(PP). The specific beneficial effect of  glutamine on jejunal 
glutathione probably reflects the high capacities of  uptake, 
as reflected by intracellular glutamine concentration and 
of  glutamine utilization in the proximal small intestine[43] 
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for immediate glutathione synthesis. In addition, beneficial 
effects of  glutamine on villus height and GSH content 
in jejunal mucosa could be related to each other since a 
negative correlation between GSH content and apoptosis 
of  epithelial cells has been reported[44]. Despite being 
provided with isonitrogenous drinking solutions, rats in 
the PP group drank somewhat less water than those in 
the Gln group, with consequently a lower nitrogen intake 
in the PP group than in the Gln group. Despite this, 
jejunal glutathione content in the glutamine group was 
even higher than in normally fed rats (Figure 3B). Thus, 
the supply of  free glutamine via the oral route may have 
a distinct kinetic advantage as far as mucosal glutathione 
synthesis is concerned.

Before the induction of  inflammatory shock, the 
mRNA for α-1 AGP was not expressed in the jejunal 
mucosa, which is in accordance with data in cultured rat 
intestinal epithelial cells[45]. In response to TO challenge, 
mRNA expression for α-1 AGP increased in jejunal 
mucosa in normally fed rats. However, protein restriction 
and glutamine-supplementation enhanced jejunal α-1 AGP 
response without altering plasma APP concentrations. The 
α-1 AGP has been reported to have an anti-inflammatory 
effect by increasing the production of  IL-1 receptor 
antagonist[46], by limiting the migration of  leukocytes 
through endothelium[47] and by reducing complement- and 
neutrophil-mediated intestinal injury[48]. Thus, an enhanced 
intestinal α-1 AGP production after supplementation 
with glutamine may contribute to the local protective 
effects of  glutamine, together with the reduction of  
pro-inflammatory cytokine production[49], as well as the 
improvement of  protein metabolism[50].

In summary, our results indicate that glutamine 
supports glutathione stores and may support the intestinal 
acute phase response in the jejunum of  malnourished rats 
during inflammatory shock. Since a marked glutathione 
depletion has been observed during inflammatory bowel 
diseases, specially when combined with malnutrition[8], 
the beneficial effects of  glutamine-supplemented diets on 
antioxidative capacities and gut integrity in inflammatory 
conditions with associated malnutrition should be 
evaluated.
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Abstract
AIM: To evaluate the effects of combined radiofrequen-
cy ablation and transcatheter arterial embolization with 
iodized oil on ablation time, maximum output, coagula-
tion diameter, and portal angiography in a porcine liver 
model.

METHODS: Radiofrequency ablation (RFA) was applied 
to in vivo  livers of 10 normal pigs using a 17-gauge 3.0 
cm expandable LeVeen RF needle electrode with or with-
out transcatheter arterial embolization (TAE) with iodized 
oil (n  = 5). In each animal, 2 areas in the liver were ab-
lated. Direct portography was performed before and af-
ter RFA. Ablation was initiated at an output of 30 W, and 
continued with an increase of 10 W per minute until roll-
off occurred. Ablation time and maximum output until 
roll-off, and coagulated tissue diameter were compared 
between the 2 groups. Angiographic changes on portog-
raphy before and after ablation were also reviewed. 

RESULTS: For groups with and without TAE with iodized 
oil, the ablation times until roll-off were 320.6� �� ����� ± �����30.9 
seconds and 445.1� �� ����� ����������������������������   ± ����� ����������������������������  35.9 seconds, respectively, maxi-
mum outputs were 69.0� �� ����� �����������   �� �������  ± ����� �����������   �� ������� 7.38 W and 87.0� �� �������  ± ������� 4.83 W 
and maximal diameters of coagulation were 41.7� �� ����� ± �����3.85 
mm and 33.2� �� ����� ���� ������������ ����������� ��� ����� ± ����� ���� ������������ ����������� ��� �����2.28 mm. Significant reductions of abla-
tion time and maximum output, and significantly larger 
coagulation diameter were obtained with RFA following 
TAE with iodized oil compared to RFA alone. Portography 
after RFA following TAE with iodized oil revealed more 
occlusion of the larger portal branches than with RFA 
alone.

CONCLUSION: RFA following TAE with iodized oil can 

increase the volume of coagulation necrosis with lower 
output and shorter ablation time than RFA alone in nor-
mal pig liver tissue.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Percutaneous radiofrequency ablation (RFA) is widely used 
to treat focal malignant tumors such as hepatocellular car-
cinoma (HCC) and metastatic liver�������  tumors[1-3]. It has been 
reported by many authors that this is a satisfactory thera-
peutic modality because it results in reliable local control 
and is minimally invasive[4,5]. The greatest disadvantage of  
RF ablation for treating liver tumors is difficulty of  ablat-
ing large tumors due to the limited coagulation area������ , ����fre-
quently observed in the treatment of  large HCC. Inability 
to reliably creating adequate volumes of  complete tumor 
coagulation limits the adoption of  RF ablation for large 
hepatic tumors.

One characteristic of  RF ablation is its susceptibility 
to the cooling effect of  blood flow[6,7], a factor which has 
a considerable effect on RFA treatment. The reduced 
efficacy of  RF ablation for large tumors reflects the  
in vivo biophysiological limitations imposed by perfusion-
mediated vascular cooling, which limits heat-induced 
coagulation necrosis. HCCs, in particular, are supplied 
almost entirely by the hepatic arteries, and the abundant 
tumoral arterial blood flow has a cooling effect, which 
diminishes radiofrequency wave heat ing. Several 
investigators have been able to increase RF-induced 
coagulation necrosis by occluding blood flow to the liver 
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during ablation procedures in animal models[7-10]. 
Transcatheter arterial embolization (TAE) using 

iodized oil mixed with an anticancer drug has been widely 
performed to treat HCC[11-13]. TAE can block hepatic 
arterial blood flow and attenuate the cooling effect of  
tumoral arterial blood flow. Recently, many clinical studies 
have shown that RF combined with TAE is effective on 
large HCC lesions[14,15].

In the present study, we evaluated whether TAE with 
iodized oil can increase RF-induced coagulation necrosis, 
and what modifications and effects are added in terms of  
ablation time, maximum output, and portal angiography by 
TAE with iodized oil.

MATERIALS AND METHODS
Animals and animal care
Approval of  the institutional committee for the care 
of  research animals was obtained before the study was 
initiated. This study was conducted in accordance with the 
guideline for the care and use of  laboratory animals.

Ten healthy male pigs (weighing 52-59 kg; mean,  
56.6 kg) were subjected to laparotomy under general 
anesthesia. The animals were sedated with an intramuscular 
injection of  ketamine (5 mg/kg weight), xylazine (5 mg/kg  
weight), and atropine (0.02 mg/kg weight). General 
anesthesia was maintained with 1.5% fluothane containing 
a mixture of  oxygen and nitrous oxide after tracheal 
intubation. Cardiac and respiratory parameters were 
monitored throughout the procedures. A longitudinal 
midline abdominal incision was made, and the peritoneum 
was opened. A 4 Fr. catheter (RC2; Clinical Supply, Gifu, 
Japan) was inserted into the proper hepatic artery via the 
femoral artery. The portal vein was exposed and punctured 
directly, and the 4 Fr. catheter was inserted. Hepatic 
arteriography and direct portography were performed 
before and after RFA. Hepatic ar teriography was 
performed with an injection of  contrast agent (Iomeprol 
350 Ezai, Tokyo, Japan) at a rate of  3 mL/s for a total 
volume of  15 mL, and direct portography at a rate of   
6 mL/s for a total volume of  24 mL. TAE was performed 
by selectively introducing a microcatheter (Sniper; Clinical 
Supply, Gifu, Japan) into the right and left hepatic arteries, 
and injecting iodized oil (10 mL per body ; lipiodol ultra-
fluid: iodine addition products of  the ethylesters of  the 
fatty acid obtained from poppyseed oil, Nihon Schering, 
Osaka Japan) (LP) and 1 mm gelatin sponge particles in 5 
animals. Animals were divided into 2 groups of  5 animals 
each: RFA-alone group and RFA following TAE with 
iodized oil group (LP-TAE group).

RF procedure
The RF device used was a RF2000 radiofrequency ablation 
system (Boston Scientific Corporation, Natick, MA, USA) 
with an expansion-type electrode (LeVeen needle). A 
17-gauge, 3.0-cm expandable 10-hook needle electrode was 
inserted directly into the liver with ultrasound guidance. 
After the needle position was confirmed with X ray and 
ultrasound, ablation was started. For each pig, 2 areas of  
the right and left lobes were ablated, yielding a total of  20 
areas.

The RF 2000 generator monitors system impedance, 
the level of  which determines the extent of  tissue necrosis. 
In this apparatus, an increase of  tissue impedance to 
current flow, which is caused by decreased conductivity 
of  electrical current due to protein denaturation and loss 
of  intracellular fluids, is measured in ohms. When tissue 
impedance rises above 200 Ω, the power output passively 
decreases to less than 10 W (roll-off). Roll-off  indicates 
a precipitous drop of  power output with a marked 
increase of  tissue impedance because of  tissue necrosis, 
which prohibits the passage of  electrical current[16]. For 
all experiments, impedance and power output status 
were monitored on the display window of  the RF2000 
generator, and recorded on paper every 15 s. 

A 2-phase application process was performed. The 
baseline power output was set at 30 W. Ablation was 
continued with an increase of  10 W per minute until roll-
off  occurred. After the first RO, ablation was resumed 30 
seconds later at 70% of  the maximum power achieved, and 
was completed when RO occurred a second time (Table 1).  
The total RF application time was calculated as the sum of  
the duration of  the first and second phases of  ablation.

Animals were sacrificed using an overdose of  pento-
barbital immediately after post-RFA angiography, and 
their livers were removed for gross pathologic analysis. 
Visible regions of  coagulation necrosis were measured 
with calipers in fresh tissue prior to preservation. 
Measurements of  the diameter of  coagulation were based 
on the consensus of  2 observers. The 2 groups were 
compared with respect to ablation time and maximum 
output required for the occurrence of  the second RO, 
as well as maximum coagulation diameter. Angiographic 
changes on portography before and after ablation were 
also compared. Data were analyzed using Student’s t-test 
with a significance level of  5%. 

RESULTS
Both cardiac and respiratory parameters remained stable 
throughout the experiments. No thermal injuries to 
adjacent structures or organs occurred. Regions of  RF 
ablation were easily distinguished from untreated tissue.

For the RFA-alone group and LP-TAE group, total 
ablation times were 445.1 �� �����������������    �� �������� ± �����������������    �� �������� 35.9 s and 320.6� �� ��������  ± �������� 30.9 s, 
maximum outputs were 87.0� �� �����������   ����� �� ��������  ± �����������   ����� �� �������� 4.83 W and 69.0� �� ��������  ± �������� 7.38 W, 
and maximal diameters of  coagulation were 33.2� �� ����� ± �����2.28 
mm and 41.7� �� �����������������������   ����������������������   ± �����������������������   ����������������������  3.85 mm, respectively (Table 2). Significant 
reductions of  ablation time and maximum output and sig-
nificantly larger coagulation diameter were obtained with 

Table 1  Ablation protocol

Baseline
power output 

Step up rate Maximum 
output

Restart output Application 
process 

30 W 10 W/min Until roll-off 70% of the
maximum output

Twice

The baseline power output was set at 30 W. Ablation was continued with an 
increase of 10 W per minute until roll-off occurred. After the first RO, abla-
tion was resumed 30 s later at 70% of the maximum power achieved, and was 
completed when RO occurred a second time�.
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RFA following LP-TAE compared to RFA alone. 
In the RFA-alone group, disappearance of  the small 

distal branches of  the portal vein was observed on por-
tography (Figure 1A), and a compensatory increase of  
hepatic arterial blood flow was noted on hepatic arteriog-
raphy (Figure 1B). Subsegmental or distal portal branches 
disappeared in 8 ablated areas (80%), and segmental portal 
branches disappeared in 2 ablated areas (20%) on portog-
raphy. 

After LP-TAE, portal venous blood flow was decreased 
(Figure 2A) and the liver- enforced LP-TAE changed to 
dark red���������������������������������������������        ��������������������������������������������      (Figure 2�����������������������������������     B����������������������������������     ). Disappearance of  blood flow in 
large portal branches was recognized after RFA following 
LP-TAE (Figure 3). Segmental portal branches or larger 
branches such as the primary branch of  the portal vein 
disappeared in 8 ablated areas (80%) on portography. 

Gross examination revealed a gray core of  ablated 
tissue surrounded by a dark rim in all ablation areas. The 
RFA-alone group exhibited coagulation necrosis with 
sparing of  large vessels (Figure 4A). In the LP-TAE group, 
the boundaries of  coagulation necrosis were ill-defined, 
and the diameters of  necrotic areas were increased  
(Figure 4B).

DISCUSSION
The results of  the present study demonstrate that RF 
ablation following TAE with iodized oil induce a larger 
coagulation necrosis with lower output and shorter 
ablation time than with RFA alone. To our knowledge, this 
is the first formal animal study evaluating the effects of  
combined RFA and TAE with iodized oil on ablation time, 
maximum power output, and portal angiographic changes.

Radiofrequency tumor ablation has been demon-
strated to be a reliable method for creating heat-induced 
coagulation necrosis using a percutaneous approach[17]. A 

Figure 3  Portography showing large 
branches of portal veins have disa-
ppeared (arrow) after RFA following 
LP-TAE.

A B

Figure 2  ������������ ������������  ��������� ��� ������� ������� ������ ����� ��� ���� �����Portography revealing a decrease of portal venous blood flow in the left 
lobe ���������������������������������     after LP-TAE before RFA����������   (arrow) (A) and photograph of liver showing the 
dark red left lobe ��������������������������������������      after LP-TAE before RFA ��������������  (arrow head) (B).

B

A

Figure 4  ��������������������������������������������������������������         �������� Region of necrosis avoiding large vessels (white arrow) in group with 
RFA alone (A)�� ���� �������� ������������ ����������� ��� ������������ ��������� ����, and� �������� ������������ ����������� ��� ������������ ��������� ���� showing ill-defined boundaries of coagulation necrosis and 
increase of the necrotic area in the group with RFA following LP-TAE (B)�.

Figure 1 ��������������������������  �����������������   �����������������������������    Portography revealing occlusion of distal small portal vein branches in 
the ablated area (arrow) (A) and hepatic arteriography showing a compensatory 
increase in hepatic arterial blood flow in response to occlusion of the portal vein 
branches (arrow head) (B) in group with RFA ������a�����lone.

BA

Table  2 Ablation time to roll-off, maximum output, and 
coagulation diameter

Group with RFA 
alone

Group with RFA 
following LP-TAE 

P  value

Ablation time to roll-off (s) 445.1 ± 35.9 320.6 ± 30.9 P < 0.05 
Maximum output (W)   87.0 ± 4.83   69.0 ± 7.38 P < 0.05 
Coagulation diameter (mm)   33.2 ± 2.28   41.7 ± 3.85 P < 0.05

Significant reductions in roll-off time and output and significantly greater 
coagulation diameter were obtained with RFA following LP-TAE compared 
with RFA alone. LP-TAE: Transcatheter arterial embolization with iodized oil 
(Lipiodol); RFA: radiofrequency ablation.
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RF electrode is inserted into the tumor under ultrasound 
guidance. After attachment to the appropriate generator, a 
radiofrequency current is emitted from the electrode. RF 
energy can cause localized cell desiccation and necrosis. 
Radiofrequency current is emitted from the exposed, non-
insulated portion of  the electrode, and ion agitation is pro-
duced within the tissues surrounding the electrode. This 
agitation is converted by friction into heat, inducing cellu-
lar death via coagulation necrosis[18]. When the temperature 
within the tissue rises above 60℃, a region of  necrosis 
surrounding the electrode begins to develop[19]. The extent 
of  RF-induced coagulation necrosis depends on overall 
energy deposition, the duration of  radiofrequency applica-
tion, and radiofrequency electrode tip length[20]. A larger 
coagulation necrosis is formed with a 3.0 cm expandable 
electrode than with a 2.0 cm expandable electrode. 

RF-induced heating is limited by perfusion-mediated 
vascular cooling[6,7]. A reduction of  blood flow during RF 
application has been shown to increase coagulation ne-
crosis in animal models[7-10]. Goldberg et al[7] applied RF 
to normal in vivo porcine liver with and without balloon 
occlusion of  the portal vein and the hepatic artery, and 
found that greater coagulation could be achieved during 
portal venous occlusion. Chinn et al[9] compared 4 vascular 
occlusion groups: portal vein, hepatic artery, both hepatic 
artery and portal vein, and no occlusion, and reported that 
coagulation volume is the greatest with occlusion of  both 
hepatic artery and portal vein. Sugimori et al[21] applied RF 
to normal pig livers using a 15-gauge LeVeen needle with a 
2.0 cm expandable electrode at the maximum output of  60 
w after transcatheter arterial infusion (TAI) of  iodized oil, 
TAE with gelatin sponge, and TAE with iodized oil and 
gelatin sponge. They reported that RF ablation after TAE 
with iodized oil and gelatin sponge induces the largest co-
agulation necrosis, but there are no significant differences 
in RF ablation times with RFA alone and RFA combined 
TAE. In the present study, we applied RF to normal pig 
livers using a 17-gauge 3.0 cm expandable electrode until 
roll-off, and compared ablation time, maximum power 
output, and coagulation diameter between RFA alone and 
RFA following TAE with iodized oil and gelatin sponge, 
demonstrating that RF ablation following TAE with io-
dized oil and gelatin sponge could induce a larger coagula-
tion necrosis with a lower output and a shorter ablation 
time than RFA alone with a significant difference. It is sug-
gested that the cooling effects of  blood flow are greater, 
so ablation range and expansion diameter of  electrode are 
large. 

Arterioportal communications occur through the sinu-
soids (transsinusoidal communications) and the peribiliary 
vascular plexus (transplexal communications)[22,23]. It is 
postulated that when more than a certain amount of  io-
dized oil (lipiodol) is pooled in the sinusoids, a change oc-
curs in the hepatic microcirculation and iodized oil flows 
into the portal vein through arterioportal communications 
after pooling in the sinusoids[24]. Therefore, injection of  io-
dized oil into the hepatic artery results in a retrograde flow 
to the portal vein through the sinusoids and occlusion of  
portal vein branches[25]. Both hepatic artery and branches 
of  the portal vein are simultaneously blocked after TAE 
with iodized oil, and perfusion-mediated vascular cooling 

effect limiting RF-induced coagulation necrosis is thus re-
duced. As a result, a larger coagulation necrosis is formed 
with lower output and shorter ablation time than with RFA 
alone. Furthermore, disappearance of  blood flow in large 
portal branches was recognized after RFA following TAE 
with iodized oil in the present study, however, the necrosis 
achieved with RFA alone avoided the large vessels, prob-
ably due to the cooling effect of  blood flow.

Because HCCs are hypervascular tumors and have 
abundant tumoral arterial blood flow, which diminishes 
radiofrequency wave heating, higher power output ablation 
compared to normal liver tissue is required until roll-off  in 
opposition to the cooling effect. However, high-output RF 
ablation by RFA alone results in boiling and carbonization 
of  the tissue near the electrode[7,19], leaving an incompletely 
ablated tumor, and increases the frequency of  puncture 
and the risk of  dissemination. It is presumed that scattered 
recurrence or rapid tumor growth after RFA is attributable 
to a rapid increase of  local tissue temperature and intra-
tumoral pressure due to high-output ablation, and bump-
ing (explosion) in the early process of  ablation might cause 
a spreading of  incompletely ablated neoplastic cells via the 
portal vein[26-30]. Moreover, with RFA alone, a compensa-
tory increase of  hepatic arterial blood flow in response to 
occlusion of  the portal vein branches after RFA might be 
related to a rapid growth of  residual tumors. Because TAE 
with iodized oil can block hepatic arterial and portal blood 
flow and attenuate the vascular cooling effect, RF ablation 
with a low output for hypervascular hepatic tumors is en-
abled by combining TAE with iodized oil. Low output RF 
ablation combined with TAE with iodized oil can prevent 
a rapid increase of  local tissue temperature and intra-tu-
moral pressure, and may prevent intraportal disseminations 
and intrahepatic scattered recurrence. Furthermore, TAE 
with iodized oil prior to RFA can cause ischemic necrosis 
of  the tumors, thereby decreasing the number of  neoplas-
tic cells, which can reduce the risk of  dissemination even 
if  bumping (explosion) occurs. Our results strongly sug-
gest that a combination of�����������������������������       ����������������������������     low ������������������������    output �����������������   RFA and TAE with 
iodized oil might be efficacious for treating hypervascular 
large hepatic tumors without complications such as scat-
tered recurrence or rapid tumor growth.

In conclusion, reduction of  arterial and portal blood 
flow due to TAE with iodized oil before RF increases 
coagulation necrosis with lower output and shorter ablation 
time than with RFA alone. Strategies for combining RFA 
with TAE with iodized oil to reduce tumoral blood flow 
might improve treatment effect on hypervascular large 
hepatic tumors.
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INTRODUCTION
Egypt has the highest prevalence of  hepatitis C virus (HCV) 
infection in the world, averaging 12%-24% in the general 
population[1]. HCV Genotype 4 is the prevailing genotype 
in Egypt (90%)[2].

Worldwide, the major clinical consequence of  chronic 
hepatitis C infection is the progression to cirrhosis and its 
potential complications: hemorrhage, hepatic insufficiency, 
and primary liver cancer[3]. The current understanding of  
HCV infection has been advanced by the concept of  liver 
fibrosis progression[4].

A main characteristic of  HCV infection is the highly 
variable course of  its natural history[5]. A major challenge is 
to distinguish the disease progression in patients according 
to those possessing specific risk factors[6]. Higher risk 
of  disease progression is associated with older age, male 
gender, excessive alcohol consumption, overweight and 
immunodeficiency[7]. The role of  the liver biopsy in chronic 
hepatitis C would seem, at first, to be unquestioned. 
After all, a liver biopsy provides much information in 
such a small package. It provides confirmation of  the 
diagnosis, exclusion of  other liver diseases, and assessment 
of  the grade and stage of  the disease[8]. Furthermore, 
the usefulness of  the liver biopsy in chronic hepatitis C 
has received the endorsement of  several national and 
international consensus conferences on the diagnosis and 
treatment of  hepatitis C[9,10].

The outcome of  HCV infection acquired in childhood 
is uncertain as a result of  the variation of  clinical course 
of  infection and disease in children[11]. HCV infection is 
not always benign in the childhood period, a recent study 
in Egypt showed that, ALT levels were elevated in half  of  
the subjects and histological abnormalities were detected in 
three quarters of  HCV-RNA positive cases[12]. Because of  
the major long-term complications of  chronic HCV, and 
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Abstract
AIM: To assess hepatic fibrosis and factors associated 
with its progression in children with HCV infection.

METHODS: At the Hepatology Unit, Cairo University 
Children’s Hospital, a single liver biopsy was performed 
to 43 children with HCV infection after an informed 
consent between 1998-2004. Their mean age at liver 
biopsy was 8.67 ± 4.3 years.

RESULTS: Among the 43 patients’ biopsies, 12 (27.9%) 
were having no fibrosis, 20 (46.5%) mild fibrosis and 
11 (25.6%) moderate to severe fibrosis. The median 
time for development of fibrosis was estimated to be 5.5 
years. Developing fibrosis was significantly associated 
with shorter duration from first detected ALT elevation to 
biopsy (12 mo vs  1.2 mo, P  = 0.015) and having higher 
levels of direct serum bilirubin (0.3 mg/dL vs  0.5 mg/dL, 
P  = 0.048). No association was found between fibrosis 
stage and the presence of co-morbid conditions (P  = 
0.33). 

CONCLUSION: Hepatic fibrosis was present in 72.1% 
of children with HCV infection. The development of 
fibrosis was associated with higher levels of direct serum 
bilirubin. There was no significant association between 
fibrosis and age, duration of infection, risk factors, co-
morbid conditions and most biochemical parameters.

© 2007 The WJG Press. All rights reserved.
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the development of  cirrhosis and end-stage liver disease, 
the degree of  fibrosis on liver biopsy would seem to be an 
appropriate surrogate marker[13]. Liver biopsy remains the 
gold standard in assessing the stage and progression of  
HCV infection[14].

The aim of  this work was to assess hepatic fibrosis 
and identify factors associated with its progression in liver 
biopsies from a group of  Egyptian children with HCV 
infection. To achieve this goal, we studied factors related 
to HCV acquisition, co-morbid conditions, demographic 
factors and biochemical variables related to disease course 
and finally findings of  liver biopsy.

MATERIALS AND METHODS
The study was carried out at the Pediatric Hepatology 
Unit, Cairo University Children’s Hospital, Egypt, between 
1998 and 2004. HCV genotype in Egypt is mostly (> 90%) 
genotype 4[2]. Among a total of  105 HCV infected children, 
on regular follow-up every 3 mo, 43 cases were fit and 
consented to do liver biopsy. Twenty children had blood 
diseases; 18 thalassemics, 1 sickle cell anemia and 1 pure red 
cell aplasia. Seven were treated in the past for malignancies; 
4 Hodgkin lymphoma and 3 acute lymphocytic leukemia 
(ALL). None of  the children received any therapy for HCV.

Study population
Inclusion criteria: Age below 18 years, both sexes included, 
HCV antibody and HCV-RNA positive, elevation of  ALT, 
at least 1.5 folds, at least once throughout the disease course, 
informed consent signed by the parent of  each patient.

Exclusion criteria: Co-infection with HBV or HIV, 
coagulopathy, or thrombocytopenia, to a degree which 
precludes the safe performance of  a percutaneous biopsy, 
therapy for HCV infection, biopsies less than 10 mm long, 
biopsies including less than 5 portal tracts.

All parents completed a survey regarding possible risk 
factors for HCV acquisition.

Biochemical assessment of  liver function tests (total and 
direct serum bilirubin, AST, ALT, albumin and prothrombin 
time and concentration) was done on the same day of  liver 
biopsy which was performed only once for each patient, in 
addition to a complete blood count. No fresh frozen plasma 
or blood transfusion was offered to correct these tests prior 
to biopsy.

Percutaneous liver biopsy was obtained with the 
Menghini technique using a secure cut biopsy needle 
1.6-mm-diameter needle [Hospital Service S.p.A.Via Naro, 
81-00040 Pomezia (RM) Italia.

Histological evaluation
Percutaneous liver biopsies were fixed in formalin, em-
bedded in paraffin and cut at 4 microns thickness and 
stained with haematoxylin and eosin and mason trichrome. 
Liver sections were evaluated by a single pathologist who 
was blinded of  the patient’s clinical and laboratory data. 
The grade of  activity and stage of  fibrosis were scored 
according to Knodell et al [15]. The HAI system scores 
necroinflammatory activity from 0 to 18 assessing periportal 
necrosis and inflammation (0 to 10), lobular necrosis and 

inflammation (0 to 4), and portal inflammation (0 to 4). 
Fibrosis is staged as 0, 1, 3, or 4, with 1 indicating portal 
fibrosis only (mild), 3 indicating bridging fibrosis (moderate), 
and 4 cirrhosis (extensive). The discontinuous scale allows 
for clear separation of  mild (1+) from extensive (3+). 
The HAI system is simple and has been widely used. We 
considered moderate and extensive fibrosis as one group 
because of  their small numbers. Liver iron deposition was 
evaluated by using the scale developed by Deugnier et al[16]. 
This scoring system was defined as the sum of  three scores: 
hepatocytic iron score (0-36), sinusoidal iron score (0-12), 
and portal iron score (0-12). The sum of  these scores 
defines the total iron score (TIS; range: 0-60). According to 
Halonen et al[17], liver TIS is classified into mild iron overload 
(TIS 0-14), moderate iron overload (TIS 15-29) and severe 
iron overload (TIS 30-60). Steatosis was graded based on 
percent of  hepatocytes involved; mild (< 33%), moderate 
(33%-66%) and severe (> 66%)[18].

Statistical analysis
Frequency analysis of  categorical variables was presented 
as numbers and percentages. Chi square or Fischer’s exact 
tests were used to assess the association between hepatic 
fibrosis and various categorical factors. Descriptive analysis 
of  continuous variables was presented by median and 
range. Kruskal Wallis test was used to compare groups of  
no, moderate and marked fibrosis. Kendall's tau test was 
used to assess the correlation between fibrosis stage and 
other continuous variables. Cumulative hazard function for 
developing fibrosis among patients was done. In all tests, P 
< 0.05 was considered significant.

RESULTS
The present study included 43 HCV infected infants and 
children (24 boys and 19 girls); their mean age at liver 
biopsy was 8.67 ± 4.3 years (median age 9 years, range 2 
mo-18 years). The estimated median duration of  infection 
was 36 mo.

Twelve biopsies showed no fibrosis, 20 showed mild 
fibrosis and 11 had moderate to severe fibrosis. Iron 
staining was not detected in 19 cases, 15 had mild TIS, 9 
had moderate TIS and no cases had severe TIS. Steatosis 
was absent in 30 cases, mild in 5 cases, moderate in 6 cases 
and severe in 2 cases.

According to the parents’ responses to a survey re-
garding risk factors for HCV acquisition, risk factors 
were identified in 39 cases (90.7%). Risk factors included 
blood transfusion (37 cases), injections (11 cases), surgical 
procedures (8 cases) and (1 case) household contact in-
fected with HCV. Among the 39 patients with known risk 
factors, a reliable estimate of  the duration of  infection was 
possible in only 29 cases.

Analysis of  factors that could be associated with 
development of  fibrosis in these patients was performed. 
Development of  fibrosis was not associated with gender, 
elevated ALT and AST, blood transfusion, injections, 
surgical procedures, having a family member with HCV or 
having blood disease. The analysis revealed that all 7 cases 
that had past malignant disease had fibrosis in their liver 



biopsies (Table 1).
The higher grade of  fibrosis was associated with 

shorter duration from first detected ALT elevation to 
biopsy (P = 0.015) and higher levels of  direct bilirubin (P 
= 0.048) (Table 2).

There was no association between the fibrosis stage 
and the presence of  co-morbid condition (having blood 
disease or previous malignancies) (P = 0.33) (Table 3).

The risk for development of  fibrosis, from the time of  
exposure to infection to the time of  biopsy, was estimated 
in only 29 cases with a reliable duration of  infection (1-10 
years) and was expressed in a hazard function curve. Ac-
cordingly, liver biopsy was performed in 9 patients after an 
estimated duration of  infection of  one year. 8 of  them had 
fibrosis, which was extensive in 3 patients. Similarly, when 6 
of  the 29 patients had liver biopsy ten years after exposure 
to infection, 4 of  them had fibrosis (which was extensive in 
3 cases, mild in one) and two had no fibrosis. The median 
time for fibrosis development in liver biopsy was estimated 
to be 63.7 mo (5.5 years) (Figure 1).

DISCUSSION
This is one of  few studies to assess factors associated with 
fibrosis progression using liver biopsies from HCV infected 
children. The purpose of  the study was to determine 
whether any baseline demographic, clinical, biochemical or 
histological factors could be associated with fibrosis stage.

Seventy-two percent of  our cases showed some degree 
of  fibrosis, 47% mild fibrosis and 25% moderate to ex-
tensive. Guido et al[19] reported a similar proportion of  
fibrosis in their HCV infected children.

Analysis of  the risk factors for acquisition of  HCV 
revealed no association with fibrosis. El-Shorbagy et al[20] 

reported that liver fibrosis progression is related to the 
mechanism of  transmission. In contrast, Kage et al[21] and 
Vogt et al[22] described a relatively benign course for trans-

fusion associated hepatitis C. Although the studies presented 
earlier may suggest that the route of  transmission may be 
a contributing factor in the course (mother-to-infant vs 
transfusional), it is not known which patients are most likely 
to develop end-stage liver disease.

Although we noticed that there was a steady increase 
in age with increasing fibrosis, the difference did not reach 
statistical significance. Similar results were reported by 
Marcellin et al[7] where age was not a statistically significant 
feature associated with progression of  fibrosis in patients 
with chronic HCV. Alternatively, some studies reported 
age to be an important factor in prediction of  fibrosis but 
were predominantly reported in adults[4,23].

Only three cases had cirrhosis in our study. These 
results are similar to those reported by Guido et al[24] and 
Badizadegan et al[25]. However, 44% of  the cases in the latter 
study had moderate to severe fibrosis as compared to 25% 
in our series. This might be explained by the older mean age 
of  their cases compared to ours (11.4 vs 8.7 years). Kage  
et al[21] reported that 97% of  their cases had mild fibrosis 
and none had cirrhosis. The mean age of  their patients was 
3.7 years.

Although the hazard of  development of  fibrosis 
increased with the duration of  the disease (Figure 1), a 
longer duration of  infection does not necessarily mean 
more extensive fibrosis. Overall, it is thought that hepatic 
inflammation drives the progression of  fibrosis to cirrhosis 
in a relatively linear manner. However, progression is not 
linear in all patients[26]. In historical studies, approximately 
20% of  patients who developed post-transfusion non-A 
non-B hepatitis, now known to have been HCV, developed 
cirrhosis within 20 years of  infection[27], but these data 
may have been skewed by selection of  those with more 
severe disease at presentation. More recently large cross-
sectional studies have assessed the rate of  progression of  
HCV related hepatic fibrosis retrospectively using a ratio 
of  the stage of  hepatic fibrosis to the estimated duration 
of  infection, such as the time from initial exposure to 
intravenous drugs or from transfusion[4,28]. A median time 
to cirrhosis of  30 years was observed[4]. However this 
finding obscured the observation that the median time to 
cirrhosis was 13 years in those infected over the age of  
40. These had consumed alcohol to excess, while those 
infected at an earlier age and did not abuse alcohol had a 
median time to cirrhosis of  42 years. Notably, 32% were 
thought unlikely to develop progressive disease. These 
findings were based on a single liver biopsy and the rate 
of  fibrosis was calculated assuming a uniform rate of  
progression, although no data exists to indicate whether 
progression occurs in a linear fashion or more erratically[29]. 
Poynard et al[30] observed that fibrosis progression was not 
normally distributed. The distribution suggested at least 
3 populations: “rapid fibrosers”, “intermediate fibrosers” 
and “slow fibrosers”.

Male gender was not associated with fibrosis in this 
study. In adults, male gender seems to be associated with 
fibrosis, particularly in those above 40 years of  age who 
had history of  drinking > 50 g alcohol/day[4].Other studies 
failed to demonstrate the association of  male gender with 
fibrosis stage[31].

Our observation determined that direct serum bilirubin 

Table 1  Characteristic features of studied patients  n  = 43

No Fibrosis Fibrosis P  value
(n  = 12) (n  = 31)

Sex
   Boys   8 16 0.37 (NS)
   Girls   4 15
High ALT (n = 28)   7 21 0.72 (NS)
Injections (n = 11)   2   9 0.41 (NS)
Blood transfusion (n = 37) 12 25 0.10 (NS)
Frequency of transfusion
   Once   2   6 0.61 (NS)
   Multiple 10 19
Surgical procedures (n = 8)   4   4 0.19 (NS)
Household contact infected with
HCV (n = 1)

  0   1 0.53 (NS)

No risk factor (n = 4)   1   3 0.86 (NS)
Blood disease (n = 20)
   Red cell aplasia   1   0 0.14 (NS)
   Sickle cell anemia   0   1
   Thalassemia   8 10
Malignancy (n = 7)
   ALL   0   3 NA
   Lymphoma   0   4

NA: not applicable (as P value cannot be calculated).
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correlated significantly with higher grades of  fibrosis as 
was also reported by Ghany et al[13].

The relationship between serum ALT and liver disease 
progression remains controversial. Although the mean 
value of  ALT appeared to increase hand in hand with 
degree of  fibrosis, yet the results did not reach statistical 
significance (Table 2). Ghany et al [13] found that the 
magnitude of  elevated ALT and AST levels were most 
predictive of  more rapid fibrosis progression. In cross-
sectional studies, serum ALT levels have correlated weakly 
with disease activity and little or not at all with hepatic 
fibrosis[7]. Recent reports state that it is recognized that 
even patients with normal ALT do not necessarily have 
inactive disease by histopathological evaluations. This 
confirms the value of  liver biopsy prior to initiation of  
antiviral therapy to identify those who will benefit from 
therapy[10].

What was interesting in our results was the duration 

from 1st detected ALT elevation to development of  
fibrosis. This duration was significantly shorter in those 
developing moderate to extensive fibrosis. This signifies 
that the earlier the ALT elevation in the course of  hepatitis 
C, the more extensive fibrosis will be. This indirectly 
points to the importance of  ALT elevation in association 

No fibrosis (n  = 12) Mild fibrosis (n = 20) Moderate to extensive fibrosis (n  = 11) P  
Median (min-max) Median (min-max) Median (min-max)

Age at biopsy     9 (3.5 yr-13 yr)     7.3 (1 yr-19 yr)   11 (2 mo-18 yr) 0.394 (NS)
Duration from exposure to biopsy (mo) (n = 29)   43.8   36   12 0.627 (NS)

(12-144) (12-120) (2.4-144)
Duration from first detected ALT elevation to biopsy (mo)   12     6     1.2 0.015 (S)

(0-24) (0-24) (0-7.2)
Duration from exposure to first detected ALT elevation (mo)   30   18   12 0.411 (NS)
(n = 29) (12-132) (0-119) (1.2-141)
Total bilirubin (mg/dL)     1.65     0.8     1.5 0.270 (NS)

(0.-5.2) (0.3-4.3) (0.4-11)
Direct bilirubin (mg/dL)      0.3     0.2     0.5 0.048 (S)

(0.1-2.5) (0.1-1.3) (0.1-10)
ALT (IU/L)   77   88   97 0.649 (NS)

(17-367) (16-432) (30-1200)
AST (IU/L)   69   84   96 0.912 (NS)

(27-273) (28-415) (26-927)
Albumin (mg/dL)     3.6     4.2 3.1 0.119 (NS)

(2.9-4.7) (3.1-5.3) (2.8-4.7)
Prothrombin Concentration (%)   80   87   80 0.458 (NS)

(66-100) (60-100) (55-97)
Platelets count (thousands/mm3) 333 266 306 0.329 (NS)

(110-284) (138-396) (95-302)
HAI     5     5     4 0.574 (NS)

(0-11) (0-10) (0-9)
TIS     9     3     9 0.49 (NS)

(0-27) (0-18) (0-18)
Steatosis n = 12 n = 20 n = 11
None (n = 30)   10   13     7 0.61 (NS)
Mild (n = 5)     0     4     1
Moderate (n = 6)     2     2     2
Severe (n = 2)     0     1     1

Table 2  Analysis of data among patients with no, mild and moderate to extensive fibrosis (Kruskal Wallis test)

P = 0.33 (NS).

Table 3  Association of fibrosis stage with co-morbid condition 

Fibrosis groups Total
No

fibrosis
Minimal
fibrosis

Extensive
fibrosis

n  = 12 n  = 20 n  = 11
Without co-morbid condition 3   7 6 16
With co-morbid condition 9 13 5 27

0.0         2.0         4.0         6.0        8.0        10.0       12.0
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Figure 1  Cumulative hazard of fibrosis development.
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with fibrosis. In addition, liver fibrosis was reported to be 
considerably slower in HCV-infected patients with normal, 
as compared with elevated, ALT levels[32,33].

In the present study, we could not find an association 
between fibrosis and necro-inflammation. Similarly, other 
studies did not show an association between inflammation 
and fibrosis progression[34,35]. On a single liver biopsy, 
there is little or no correlation between severity of  the 
necroinflammatory activity and degree of  fibrosis[4,36]. In a 
cohort of  123 patients, Ghany et al[13] identified age, ALT, 
and periportal inflammation as independent predictors 
of  fibrosis progression from a dataset that included viral, 
demographic, biochemical, and histologic factors.

Poynard et al[30] found that although fibrosis stage and 
inflammatory grade were correlated, however, there was 
discordance in 36% of  their patients. Accordingly, they 
reported that activity grade, which represents necrosis is 
not a good predictor of  fibrosis progression, but fibrosis 
alone is the best marker of  ongoing fibrogenesis.

We reported positive iron staining in 55% of  our 
cases. Iron accumulation was less frequently reported 
by Badizadegan et al[25] and Guido et al[24] (22% and 8.7% 
respectively). Forty percent of  our cases were thalassemics 
which explains the high incidence of  iron staining in our 
study. The role of  hepatic iron stores in hepatic damage 
caused by HCV infection is unclear. Transfusional hemo-
siderosis has been recognized to play a significant role in 
the development of  chronic liver disease, as liver fibrosis 
and cirrhosis are well-known complications in thalassemia 
and sickle cell anemia[37]. Among our studied cases, mean 
TIS showed no statistically significant difference between 
the various fibrosis groups as previously reported by 
Haque et al[38] and Boucher et al[39].

Steatosis was present in nearly one-third of  our cases, 
but was severe in only 2 cases one with mild and the other 
with moderate to extensive fibrosis. Steatosis is a frequent 
finding in chronic hepatitis C, with between 40% and 70% 
(mean 55.9%) of  such biopsies showing some degree of  
fibrosis[8,40,41]. It was suggested that the concurrence of  
steatosis and chronic HCV may be synergistic in causing 
hepatic fibrosis[7]. Perumalswami et al[42] reported that initial 
hepatic steatosis did not predict the degree of  fibrosis 
progression on follow up.

Presence of  co-morbid condition (blood disease or 
malignancy) did not affect the grade of  fibrosis. Although 
during treatment of  malignancies patients are exposed 
to periods of  immune deficiency, the most pronounced 
immune deficient state that was reported to be associated 
with fibrosis progression was co-infection with HIV[4,43] 
and liver transplant recipients[44,45]. None of  our patients 
was HIV positive.

In conclusion, 72.1% of  children with HCV infection 
have hepatic fibrosis. The development of  fibrosis was 
associated with higher levels of  direct serum bilirubin. 
There was no significant association between fibrosis 
and age, duration of  infection, risk factors, co-morbid 
conditions and most biochemical parameters.
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Abstract
AIM: To study the activity of gemcitabine and cisplatin 
in a cohort of patients with inoperable or metastatic 
cholangiocarcinoma.

METHODS: Chemotherapy-na ive pat ients wi th 
pathologically proven cholangiocarcinoma, receiving 
treatment that consisted of gemcitabine at 1250 mg/m2  
in a 30-min infusion on d 1 and 8, and cisplatin at 
75 mg/m2 at every 21-d cycle, were retrospectively 
analyzed.

RESULTS: From June 2003 to December 2005, 42 
patients were evaluated. Twelve patients (28%) had 
unresectable disease and 30 (72%) had metastatic 
disease. There were 28 males and 14 females with 
a median age of 51 years (range 33-67) and median 
ECOG PS of 1 (range 0-2). A total of 171 cycles were 
given with a median number of cycles of 4 (range 1-6). 
There were 0 CR, 9 PR, 11 SD and 13 PD (response rate 
21%). Grade 3-4 hematologic toxicities were: anemia in 
33%, neutropenia in 22% and thrombocytopenia in 5%. 
Non-hematologic toxicity was generally mild. No cases 
of febrile neutropenia or treatment-related death were 
noted. The median survival was 10.8 mo (range 8.4-13 
mo) and progression free survival was 8.5 mo. One-year 
survival rate was 40%. 

CONCLUSION: Ou r r e su l t s i nd i ca t e t ha t t he 
combination of gemcitabine and cisplatin had consistent 
efficacy in patients with unresectable or metastatic 
cholangiocarcinoma.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Cholangiocarcinoma once known as an endemic cancer in 
the northeastern part of  Thailand is now an increasingly 
recognized common malignancy in the north of  the 
country. It is one of  the most difficult malignancies to 
diagnose and it presents late with unresectable disease. 
Consequently, an effective and well tolerated systemic 
therapy is urgently needed in the battle against this deadly 
disease. To date, chemotherapy has played a limited role 
because of  its lack of  activity and the overall toxicity 
of  treatment in this high risk population. As with other 
gastrointestinal cancers, 5-f luorouracil (5-FU) as a 
single agent or in combination is the most tested drug 
for this disease. The wide range of  activity of  a 5-FU 
based regimen had been reported to range from 0% to 
30%[1-3]. Many studies included a heterogeneous group 
of  patients, with tumors arising from different anatomic 
sites along the biliary tract such as gall bladder cancer, 
periampullary cancer and cholangiocarcinoma, which may 
have a different biology and sensitivity to chemotherapy. 
Different chemotherapeutic agents have been evaluated 
in small uncontrolled studies with generally poor results. 
Among the lists, the nucleoside analog gemcitabine seems 
to be the most promising new agent with consistent 
data supporting efficacy and tolerability in biliary tract 
cancer[4,5]. We previously reported a phase Ⅱ study of  
gemcitabine and cisplatin combination in 40 patients (38 
with cholangiocarcinoma, 1 with periampullary cancer 
and 1 with gall bladder cancer) which produced an 
overall response rate of  27.5% with a median survival 
of  36 wk[6]. This combination has been well tolerated 
with predictably mild hematologic toxicity. After the 
completion of  that study in July 2002, we continued to 
treat cholangiocarcinoma patients at our institution with 
this regimen. We hereby report the results after treatment 
of  gemcitabine and cisplatin combination in 42 chemo-
naive cholangiocarcinoma patients.
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MATERIALS AND METHODS
Patients
The retrospective analysis included patients with histo-
logically or cytologically proven unresectable or metastatic 
cholangiocarcinoma, seen at Maharaj Nakorn Chiang Mai 
Hospital. Eligibility, schema of  chemotherapy, dose of  
medication and evaluation criteria were similar to previous 
reports and briefly outlined here.

Only patients with measurable disease and an ECOG 
performance status of  0-2 were included. All patients had 
to have adequate baseline organ functions, as stated in 
the following: absolute neutrophil count (ANC) > 1500/
µL, platelet count > 100 000/µL, total serum bilirubin 
of  5.0 mg/dL, serum AST/ALT < 2.5 above twice the 
institution's normal upper limit and creatinine of  less than 
1.5 mg/dL. Patients who received prior chemotherapy for 
unresectable or metastatic cholangiocarcinoma were not 
included in this analysis. 

Treatment
Patients received gemcitabine at 1250 mg/m2 by short 
30-min infusion on d 1 and 8, and cisplatin at 75 mg/m2 
by 1 to 2 h intravenous infusion on d 1 of  every 3-wk 
interval for a maximum of  6 cycles. Patients were given 
pretreatment intravenous hydration of  at least 1 L over 2 
to 3 h. The patients also received mannitol diuresis and 
post treatment hydration. Appropriate antiemetic regimens 
(e.g. ondansetron and dexamethasone) were given before 
and after the administration of  cisplatin.

Dose modification
The d 8 dose of  gemcitabine was reduced by 20% if  an 
ANC > 1000-1500/µL and platelets of  > 50 000-100 000/
µL were observed. If  ANC and platelets were lower than 
the above, the d 8 dose of  gemcitabine was omitted. 
The dose adjustment criteria also based on the worst 
toxicity observed during the previous course. The dose of  
gemcitabine was reduced by 20% for neutropenic fever 
or a sustained ANC of  less than 500/µL or platelets less 
than 50 000/µL for more than 5 d. Granulocyte colony-
stimulating factor (G-CSF) was generally not used.

Treatment was repeated at every 3-wk interval for 
a maximum of  6 cycles and was discontinued when 
unacceptable toxicities occurred, disease progressed or 
patients had intermittent illness that prevented further 
administration of  treatment.

Patients’ evaluation
Before each chemotherapy administration, the following 
assessments were performed and recorded: medical history 
with toxicity assessment, physical examination, body 
weight, and PS, complete blood count and differential, 
and serum chemistries. The patients were seen on d 1 and 
8 of  each treatment cycle by a physician in the outpatient 
clinic; toxicities were assessed at this time. Toxicities were 
graded according to the NCIC CTG Expanded Common 
Toxicity Criteria version 2.0. Tumor response was 
assessed according to the WHO criteria, with a CT scan 
or ultrasound evaluation of  the indicator lesions after the 
second cycle of  chemotherapy. 

Statistical analysis
The patients were monitored and recorded for treatment-
related toxicity, response and time to death. Those who 
received two or more cycles were evaluated for response, 
while those who received at least 1 cycle were evaluated 
for toxicity and survival. The purpose of  this analysis was 
to determine whether the activity of  this chemotherapy 
is reproducible in an expanded cohort of  patients with 
cholangiocarcinoma. The primary endpoint of  the analysis 
was the overall response rate (complete plus partial 
responses). A secondary objective was to document 
toxicity and survival. Overall survival was estimated using 
the method of  Kaplan and Meier.

RESULTS
From June 2003 to December 2005, 42 patients were 
evaluated retrospectively in the same institution. Patient 
demographics are listed in Table 1. There were 28 males 
(67%) and 14 females (33%). The median age was 51 years 
(range, 33 to 67) and the median ECOG performance 
status was 1 (range 0-2). Twelve patients (28%) had 
unresectable disease and 30 (72%) had metastatic disease. 
A total of  171 cycles of  therapy were delivered and 
the median number of  cycles was 4 (range 1-6). There 
were no complete responses, 9 patients (22%) achieved 
partial response, 11 patients (26%) had stable disease 
and the remaining 22 patients (52%) had PD disease 
progression. Severe toxicities are listed in Table 2. Grade 3 
toxicities were observed in the following: anemia in 31%, 
neutropenia in 19% and thrombocytopenia in 5%. One 
patient (2%) had grade 4 neutropenia and the others had 
grade 4 anemia. Non-hematologic toxicity was generally 
mild including nausea, vomiting and fatigue. There was 

Characteristics No. of patients (n  = 42)
Age (yr)
   Median 51
   (range) (33-67)
Sex
   Female 14 (33%)
   Male 28 (67%)
ECOG performance status
   0-1 35 (83%)
   2   7 (17%)
Disease
   Unresectable 12 (28%)
   Metastatic disease 30 (72%)

Table 1  Patient characteristics

Table 2  Major toxicity

Toxicity %
Anemia grade 3/4 31/2
Neutropenia grade 3/4 19/2
Thrombocytopenia grade 3/4    5/0
Nephrotoxicity (Creatinine) grade ≥ 2 0
Nausea/vomiting grade ≥ 2 0
Neuropathy grade ≥ 2 0
AST/ALT grade ≥ 2 0



no episode of  neutropenic fever or treatment-related 
death. The median time to progression was 8.5 mo and the 
median survival was 10.8 mo (range 8.4-13 mo) (Figure 1). 
One-year survival rate was 40%. 

DISCUSSION
We report here one of  the largest case series in cholan-
giocarcinoma. The combination of  gemcitabine and 
cisplatin achieved a response rate of  22% plus an 
additional disease stabilization rate of  26% giving an 
overall disease control rate of  48%. The median survival 
was 10.8 mo with a 1-year survival rate of  40% which were 
encouraging in the majority of  patients with metastatic 
disease. These efficacy data compared favorably with our 
previous report and other trials using this gemcitabine and 
cisplatin combination, with slightly different doses and 
schedules[6-8]. However, grade 3 anemia occurred more 
frequently in this patient cohort. Anemia was not in the 
exclusion criteria for receiving or delaying the initiation 
of  chemotherapy and about 28% of  the patients already 
had grade 1 anemia at baseline. This could explain the 
high incidence of  severe anemia during treatment in this 
analysis.

Single agent gemcitabine also demonstrated a response 
rate of  22% to 30% in previous reports with generally 
mild toxicity[4,5]. A randomized study comparing single 
agent gemcitabine or gemcitabine plus cisplatin, similar to 
our regimen in the biliary cancer, is warranted and ongoing 
in the United Kingdom. The results of  this large trial from 
a cooperative group will provide more definite conclusions 
on tolerability and efficacy between these regimens and 
potentially set a new reference regimen for this disease. 
Many new chemotherapy agents including oxaliplatin and 
capecitabine have also been tested in combination with 
gemcitabine and they were shown as well to be active 
regimens with a response rate ranging from 22% to 36% 
that make a reasonable comparative arm with the single 

agent gemcitabine[9,10]. Moreover, recent data suggest 
a therapeutic benefit of  targeted agents with different 
mechanisms of  action and toxicity such as epidermal 
growth factor receptor (EGFR) blockade, i.e. erlotinib, 
which warrants further study in combination with other 
existing active agents to take another step forward in 
treating this disease[11].

In conclusion, therapy with gemcitabine and cisplatin 
as seen here has consistent activity and is a well tolerated 
therapeutic option for patients with unresectable and 
metastatic cholangiocarcinoma. Further study is warranted 
to determine the optimal dose and schedule. To clarify 
the survival advantage, a randomized study needs to be 
performed.
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Abstract
AIM: To prove that the terminal ileum is intussuscepted 
into the cecum creating the ileocecal junction, contrary 
to previous valvular concept which has been widely 
believed.  

METHODS: This study is based on gross and microscopic 
examinations of fresh specimens derived from colonic 
operations (right hemicolectomy or subtotal colectomy). 
Data compiled from observing and dissecting of 
specimens of seven patients are used to examine both 
gross and microscopic appearance of ileocecal junction.

RESULTS: Intussusception of the terminal i leum 
was found in every specimen. However, the length of 
intussusception was different in each specimen.

CONCLUSION: Gross and microscopic appearance 
studies suggest that the terminal ileum is intussuscepted 
into the cecum.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The anatomy of  the ileocecal junction (IC junction) was 
first described as ileocecal valve concept; fold of  mucosa 
into the lumen of  cecum[1,2]. Later studies described 
a thickened muscular eminence, and the concept of  
sphincter at IC junction was emerged. Manometric studies 
had shown characteristic of  IC junction [3-8]. A four-
centimeter zone of  elevated pressure was demonstrated 
at the junction[3]. Physiological study of  the IC junction 
has suggested that "ceco-ileal excitatory reflex", initiated 
by Ileal distension stimulate the reflex relaxation of  IC 
junction and cecal, is the main mechanism in allowing the 
chime to pass into the cecum. Cecal distension appears 
to evoke reflex ileal and IC junction, thus preventing 
ceco-ileal reflux[4]. Kumar and Phillips[1,8] proposed that 
competency of  IC junction is facilitated by angulation of  
the ileum on the cecum, an anatomic arrangement which 
maintained by external (superior and inferior ileocecal) 
ligaments.

However, from our observation, during the operation 
and examination of  specimens reveal that the appearance 
of  i l eoceca l junct ion as the te r mina l i l eum was 
intussuscepted into the cecum, of  which is the point that 
this study attempts to prove.

MATERIALS AND METHODS
Seven specimens of  colon and terminal ileum (including 
ileocecal junction) from seven patients were collected for 
this study.

Inclusion ��������c�������riteria
(1) Specimens derived from right hemicolectomy or 
extended right hemicolectomy; (2) Specimens derived from 
subtotal colectomy.

Exclusion ��������c�������riteria
(1) Specimens of  patients who had disease or pathology 
of  ileocecal junction; (2) Specimens of  patients who 



underwent appen-dectomy.

Methods of studying the ileocecal junction from 
specimens
Gross anatomy examination is conducted to investigate 
the possibility of  terminal ileum intussuscepted into the 
cecum. In case of  detecting the intussusception, the length 
of  the terminal ileum which is intussuscepted in to the 
cecum will be measured. 

Microscopic examination with H&E staining is conducted 
to determine the intussusception of  terminal ileum into 
the cecum by dissecting specimens from the ileocecal 
junction area.

RESULTS
Seven specimens from seven patients were used in this 
study. Details of  patients are shown in Table 1.

Findings of  gross appearance reveal that the terminal 
ileum is intussuscepted into the cecum in all seven 
specimens (Figures 1 and 2). However, the length of  the 
intussusception is different as shown in Table 2.

The microscopic examination supports our postulation 
that there is the intussusception of  the terminal ileum into 
the cecum at the ileocecal junction. Figures 3 and 4 show 
both muscular layers of  the terminal ileum and the cecum 
in the area of  intussusception.

DISCUSSION
In 1859 John Hunter proposed his valvular concept of  the 
ileocecal junction of  which the mucosa fold extending into 
the cecum (Flap-valve)[1]. However, our findings from the 
observation during the operation of  the ileocecal junction 
area and examination of  specimens, revealed that there is 
an intussusception of  the terminal ileum into the cecum in 
every specimen. Cross section of  ileocecal junction display 
both muscular and mucosal layers of  the terminal ileum fold 

Patient’s diagnosis Age (yr) Gender Operation

Colonic cancer of the 
ascending colon

58 Male Right hemicolectomy

Colonic cancer of the 
hepatic flexure

64 Male Right hemicolectomy

Colonic cancer of the 
sigmoid colon

53 Male Subtotal colectomy

Bleeding diverticulosis 70 Female Subtotal colectomy
Colonic cancer of the 
hepatic flexure

74 Male Extended right hemicolectomy

Colonic cancer of the 
hepatic flexure

64 Female Extended right hemicolectomy

Colonic cancer of the 
transverse colon

64 Male Extended right hemicolectomy

Table1  Details of patients and operations

Figure 1  Intussusception of the terminal ileum into the cecum.

Figure 2  Reduction of the intussusceptum part of the terminal ileum from the 
cecal wall (blue marker). A: Point of intussusception; B: Dissection and reduction 
of intussusception; C: Length of intussusception, after reduction.

C

BA

Specimen Intussusception Length of intussusception (cm)
Patient 1’s specimen Yes 1.6
Patient 2’s specimen Yes 1
Patient 3’s specimen Yes 0.5
Patient 4’s specimen Yes 2
Patient 5’s specimen Yes 1.4
Patient 6’s specimen Yes 1.6
Patient 7’s specimen Yes 1.9

Table 2  Findings of specimen examination and the length of 
the intussusception of the terminal ileum

Cecum

Ileum

Figure 3  Cross section of the specimen reveals wall of the terminal ileum  
intussuscepted into the cecum (arrow).
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into the cecum wall (Figuers 3 and 4). The intussusceptum 
can be reduced from the cecum by dissection between layers 
of  the terminal ileum and cecum. These findings further 
refute the flap-valve concept previously believed. Moreover, 
additional microscopic study reveals that the terminal ileum 
and cecum are bundled together. Muscle fibers of  the 
cecum and terminal ileum can be depicted separately though 
bundled up together in the ileocecal junction.

According to these findings, our impression that 
all layers of  the terminal ileum is intussuscepted into 
the cecum wall is the important role in the anatomy of  
ileocecal junction which contrary to the previous belief  of  
merely the mucosa.

We will later explore the relationship between the 
intussusception of  the terminal ileum into the cecum and 
the competency for the ileocecal junction.
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Abstract
AIM: To reserve the rare Chinese familial adenomas 
polyp (FAP) family resource and to investigate the clinical 
features of FAP in Chinese for its diagnosis.

METHODS: Clinical features of patients with FAP were 
investigated. If there is any question, their medical 
records were verified. Blood sample was taken and 
lymphocyte immortal cell lines were established with 
modified EB-transformation methods. Congenital 
hypertrophy of retinal pigment epithelium (CHRPE) was 
checked by an experienced ophthalmologist. 

RESULTS: Twenty seven families including 21 classical 
FAP (CFAP) families, 3 attenuated FAP (AFAP) families, 
and 3 suspected AFAP families were investigated. A total 
of 116 lymphocyte immortal cell lines were established 
from 26 families. In all the FAP families, colorectal 
cancer occurred at the mean age of 42.84 years. Of 
the 16 families checked, 15 (93.75%) had CHRPE. The 
mean number of patients suffering from colorectal 
neoplasm was 3.14 in CFAP families and 2.0 in AFAP 
families (P  < 0.01). The mean oldest age at diagnosis of 
FAP was 41.75 years in CFAP families, and 58.67 years 
in AFAP families, respectively (P  < 0.01). Mean age of 
development of colorectal cancer was 42.23 in CFAP and 
57.33 years old in AFAP (P  < 0.01). Mean of the earliest 
age at diagnosis of FAP was 29.95 years in the FAP 
families with a positive family history and 46.80 years 
in the FAP families with a negative family history (P  < 
0.01). The ratio of extra-intestinal tumors to colorectal 
neoplasms was different in the two kinds of families with 
positive and negative family history (P  < 0.01). 

CONCLUSION: Additional use of ciclosporin wil l 
effectively improve to establish lymphocyte immortal 
cell lines with modified EB- transformation methods. In 
Chinese FAP, there was a high frequency of CHRPE , and 

a later age at diagnosis and a later age of development 
of colorectal cancer in AFAP. And earlier age at diagnosis 
in FAP with positive family history was also found that 
will help to diagnose various kinds of FAP in Chinese. 

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Familial adenomatous polyposis (FAP) is one of  the 
two commonest familial syndromes that predispose to 
colorectal cancer in China. Classically, FAP is characterized 
by the occur rence of  hundreds to thousands of  
colorectal polyps, which give rise to colorectal cancer if  
left untreated. The disease is caused by mutations in the 
adenomatous polyposis coli (APC) tumor suppressor 
gene. Approximately 50% of  offsprings in FAP family 
will be affected, and prophylactic surgical intervention 
is fundamental to avoid the development of  colorectal 
cancer[1]. Classical FAP is defined clinically by the finding 
of  at least 100 colorectal adenomas polyps. Another 
different kind of  FAP named attenuated FAP (AFAP) 
in which adenomas are less than one hundreds, and the 
average age of  cancer onset is also older (55 years old) 
than that of  classical FAP (39 years old)[2,3]. However, little 
is known about the clinical manifestations of  these two 
kinds of  FAP in Chinese. It is also of  vital importance to 
collect and reserve FAP family resource and to analyze 
FAP’s phenotype that will extend our understanding of  
FAP and its diagnosis in Chinese. 

MATERIALS AND METHODS
Methods
All FAP families were collected from the People’s Republic 
of  China, mainly from Zhejiang Province (24 families). 
Classical FAP (CFAP) is defined clinically by the finding of  
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at least 100 colorectal adenoma polyps. In attenuated FAP 
(AFAP), less than 100 adenomas could be found at the 
age of  over 40 years, and at least one of  the following has 
a family history of  FAP or colorectal cancer, congenital 
hypertrophy of  retinal pigment epithelium (CHRPE). If  a 
proband was found in less than 100 adenomas and the age 
was less than 40 years, this family was defined as suspected 
AFAP. The clinical features of  patients in one FAP family 
were investigated. If  there is any question, medical records 
in hospital were verified. Blood samples were taken to 
establish immortal lymphocyte cell lines with informed 
consent. 
Lymphocyte separation and cultivation: About 5 mL 
blood was drawn into two BD vacutainers containing 3.6 
mg k2 EDTA, and 2-2.5 mL blood was doubly diluted 
with wash media such as RPMI 1640 culture, and added 
into one tube containing Ficoll-plaque, then centrifuged at 
2400 r/min for 13 min. The lymphocytes at the interface 
were collected and washed with RPMI 1640.
EB virus transformation (immortalization)[4,5]: B95-8 
cell line producing Epstein-barr virus (EBV) was cultured 
and 1000 mL cell mixture was centrifuged at 2000 r/min 
for 5 min at 4℃. The supernatants were collected and 
centrifuged at 10 000 r/min for 2 h at 4℃. After the 
supernatants were discarded, EBV was stayed in the 
tube and resolved in 10 mL RPMI 1640 culture through 
a 0.45 μm filter and stored at -80℃. Lymphocytes after 
separation were resolved in an initiation medium (RPMI 
1640, + 10%-15% heat-inactivated fetal bovine serum, 
+ 2 μg/mL ciclosporin) in 24-well plates (Falcon), and 50 
μL EB virus suspension was added. The lymphocytes were 
incubated at 37℃ in an atmosphere containing 5% CO2 
for one week without changing the medium. Then, the 
medium was replaced with about half  of  the total volume 
of  the initiation medium every 2-3 d. After 10-15 d, clones 
apppeared and grew rapidly. If  the cell density was over 
5 × 105, they transfomed into another 25 mL plate and 
cultured for 10-15 d and freezed in liquid nitrogen. 

Statistical analysis 
Student's t test was used to analyze the mean between 
different kinds of  FAP, and chi-square test was used to 
compare the ratio of  extra-intestinal tumors and colorectal 
neoplasms with SPSS 10.0 software.

RESULTS
Twenty-seven FAP families were investigated. Pedigrees 

such as classical FAP were plotted (Figure 1). 
In the 27 families, one family refused to afford blood 

samples although its members received investigation. One 
hundred and thirty-two blood samples were taken from 26 
FAP families and 125 blood samples were used to establish 
EB-transformed cell lines, in which 116 lymphocyte 
immortal cell lines were successfully established (Figure 2) and 
9 relatives’ lymphocytes failed to set up immortal cell lines 
due to epiphyte contamination. The rate of  successfully 
transformed cell lines was 92.8% (116/125).

In the 27 families, there were 80 cases of  colorectal 
neoplasm (including adenoma and cancer). Among them, 
colorectal cancer was diagnosed in 29 members from 19 
FAP families at the age of  19-67 years, and colorectal 
cancer occurred at the mean age of  42.84 years. Six 
families were diagnosed with AFAP and suspected AFAP 
in which the number of  polyps in probands was less 
than 100. Of  the 6 families, 5 had 8 persons suffering 
from extra colonic cancer including 3 lung cancers, 2 
live cancers, 1 vocal, stomach and small intestine cancer, 
respectively.

The phenotype in the three different FAP families 
is listed in Table 1A and 1B, and the phenotype in FAP 
families with positive and negative family history is listed 
in Table 2A and B.

There was a difference in the number of  colorectal 
neoplasms (due to their definitions) between CFAP and 
AFAP families and the mean oldest age at diagnosis 
of  FAP and colorectal cancer. The mean oldest age at 
diagnosis of  FAP and the mean age of  colorectal cancer 
development in AFAP families were later than those in 
CFAP families.

There was a difference in the mean number of  
colorectal neoplasms (due to classification), the mean 
youngest age at diagnosis of  FAP and the ratio of  extra-
intestinal tumors to colorectal neoplasms in the FAP 
families with a different family history. In the FAP families 
with a positive history, onset of  FAP was 15 years earlier 
than which in the FAP families with a negative family 
history.

DISCUSSION
In Western countries, there is a national or international 
collection net of  FAP. In China, no national net for 
collection of  FAP has been established. However, more 
attention is paid to the collection and reservation of  the 
rare resource of  hereditary cancer families such as FAP 
and hereditary nonpolyposis colorectal cancer families than 
before. We have established 116 lymphocyte immortal cell 

Ⅰ

Ⅱ

Ⅲ

Ⅳ

Female cases
Male cases
Dead
Proband

Figure 1  Classical FAP pedigrees.

Figure 2  Established lymphocyte 
immortal cell lines (× 40).

10 × 40



lines (92.8%) with modified EB-transformation method 
for the reservation of  FAP family resource. Additional 
use of  2 μg/mL ciclosporin can effectively prevent T 
lymphocytes to attack B lymphocytes. 

The phenotypic variability in patients with FAP 
has been recognized for many years[6]. However, it 
is uncertain whether FAP clinical manifestations are 
different in Chinese and Western individuals. It was 
reported that colorectal cancer occurs at the age of  39 
years in Western populations[3] and in Chinese at the 
mean age of  42.23 years. It was also reported that, in 
AFAP families, colorectal cancer occurs at the age of  55 
years in Western populations[2] and at the age of  57.33 
years in Chinese. In Chinese, Symptoms of  colorectal 
cancer appear 10 years later in AFAP families than in 
CFAP families, while symptoms of  colorectal cancer 
appear in Western population at the age of  33 years[5]. 
In addition, some items are different in the two kinds of  
FAP families in Chinese. In the present study, the mean 
number of  colorectal neoplasms was higher in CFAP 
families (3.14) than in AFAP families (2.0, P < 0.01), the 

mean oldest age at diagnosis of  FAP in one family was 
later in AFAP than in CFAP (P <0.01). All these findings 
may further improve our ability to predict AFAP and 
CFAP. Based on these data, it may be concluded that the 
development time of  colorectal cancer may be later in 
Chinese than which in Western populations. To confirm 
these hypotheses may need a larger sample of  Chinese 
FAP families. 

In Chinese FAP families, the mean youngest age at 
diagnosis of  FAP in one family was 29.95 and 46.8 years, 
respectively in the two groups with positive (22 families) 
and negative (5 families) family history (P < 0.01), 
indicating that a positive FAP family history is a high-risk 
factor for developing colorectal cancer at a young age. The 
ratio of  extra-intestinal tumors to colorectal neoplasms 
was 5/75 and 3/5 in the two kinds of  families with a 
different family history (P < 0.01). 

CHRPE is a common symptom of  FAP. It was 
reported that there is no association between CHRPE 
characteristics and FAP phenotype variants[7]. It was 
reported that the rate of  CHRPE is 75%-80% in Western 

Table 1A  Phenotype of different kinds of FAP families  mean ± SD

Kinds of FAP families Number of families Families withpositive 
family history

Mean number of 
colorectal neoplasmsb 

Mean number of 
colorectal cancer

Mean of the earliest age at 
diagnosis in one family 

CFAP           21           16    3.14 ± 1.59    1.29 ± 1.10       32.9 ± 10.31
AFAP             3             3    2.00 ± 0.00    1.50 ± 0.71       42.0 ± 14.0
Suspected AFAP             3             3    2.67 ± 0.58    0.67 ± 0.58       25.0 ± 3.61

CFAP: Classical familial adenomatous polyposisp; AFAP: attenuated familial adenomatous polyposisp. bP < 0.01, comparison between CFAP and AFAP.

Table 1B  Phenotype of different kinds of FAP families

CFAP: Classical familial adenomatous polyposisp; AFAP: attenuated familial adenomatous polyposisp. bP < 0.01, comparison between CFAP and AFAP.

Kinds of FAP families Mean of the latest age at
diagnosis in one familyb

Mean age of 
symptom appearing

Mean age of colorectal
cancer developmentb

Extra colonic 
cancers/colorectal neoplasms

Positive CHRPE 
families/total checked families

CFAP 41.75 ± 7.75 26.56 ± 12.36 42.23 ± 9.24         6/66         11/12
AFAP 58.67 ± 7.37 37.50 ± 21.92 57.33 ± 8.39         2/6           2/2
Suspected AFAP   41.6 ± 10.02 18.00 ± 4.24 33.67 ± 13.58         0           2/2

Table 2A  Phenotype in FAP families with a different family history  mean ± SD

bP < 0.01, comparison between CFAP and AFAP.

Status of family history Number of families Mean number of 
colorectal neoplasmsb

Mean number of 
colorectal cancers

Mean of the youngest age at 
diagnosis of FAP in one familyb

Positive           22 3.41 ± 1.22 1.68 ± 0.82 29.95 ± 8.25
Negaitive             5 1.00 ± 0.00         0 46.80 ± 9.91

Table 2B  Phenotype in FAP families with different family history  mean ± SD

bP < 0.01, comparison between CFAP and AFAP.

Status of 
family history

Mean of the latest age at
diagnosis in  one family

Mean age of 
symptom appearing

Mean age of colorectal
cancer development

Extra colonic 
cancers/colorectal neoplasmsb

Positive CHRPE families/total
checked families

Positive 44.05 ± 9.64 25.64 ± 12.36 43.15 ± 11.48 5/75 12/13
Negaitive 33.33 ± 17.01 3/5   3/3
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FAP patients[8] and 93.75% in Chinese FAP families. 
CHRPE is more frequent in Chinese FAP families. In 
the present study, 8 asymptomatic family members with 
CHRPE were diagnosed with FAP, indicating that CHRPE 
is a good marker for the diagnosis of  FAP in Chinese.

Clinicians must be aware of  the broad range of  variable 
clinical features of  FAP due to its different variants. In 
China, it is of  vital importance to establish a national 
net to collect FAP families and to analyze its phenotype 
characteristics and its association with genotype.
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Abstract
AIM: To determine whether the elevated vascular 
endothelial growth factor (VEGF) expression produced 
by the transfected vascular endothelial cells (VECs) could 
stimulate angiogenesis of the graft islets and exert its 
effect on the graft function. 

METHODS: Thirty diabetic recipient rats were divided 
into three groups (n  = 10 per group). In the control 
group, 300 IEQ islets were transplanted in each rat 
under the capsule of the right kidney, which were 
considered as marginal grafts. In the VEC group, VEC 
together with the islets were transplanted in each rat. 
In the VEGF group, VEC transfected by pIRES2-EGFP/
VEGF165 plasmid and the islets were transplanted in 
each rat. Blood glucose and insulin levels were evaluated 
every other day after operation. Intravenous glucose 
tolerance test (IVGTT) was performed 10 d after the 
transplantation. Hematoxylin and eosin (HE) staining was 
used to evaluate the histological features of the graft 
islets. Immunohistochemical staining was used to detect 
insulin-6, VEGF and CD34 (MVD) expression in the graft 
islets. 

RESULTS: Blood glucose and insulin levels in the VEGF 
group restored to normal 3 d after transplantation. In 
contrast, diabetic rats receiving the same islets with or 
without normal VECs displayed moderate hyperglycemia 
and insulin, without a significant difference between 
these two groups. IVGTT showed that both the 
amplitude of blood glucose induction and the kinetics 
of blood glucose in the VEGF group restored to normal 
after transplantation. H&E and immunohistochemical 
staining showed the presence of a large amount of 
graft islets under the capsule of the kidney, which were 

positively stained with insulin-6 and VEGF antibodies in 
the VEGF group. In the cell masses, CD34-stained VECs 
were observed. The similar masses were also seen in the 
other two groups, but with a fewer positive cells stained 
with insulin-6 and CD34 antibodies. No VEGF-positive 
cells appeared in these groups. Microvessel density (MVD) 
was significantly higher in the VEGF group compared to 
the other two groups. 

CONCLUSION: Elevated VEGF production by trans-
fected vascular endothelial cells in the site of islet 
transplantation stimulates angiogenesis of the islet 
grafts. The accelerated islet revascularization in early 
stage could improve the outcome of islet transplantation, 
and enhance the graft survival.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Islet transplantation is considered a potentially curative 
treatment for diabetes mellitus. However, the protocol 
depends on the sufficiently large amounts of  graft islets, 
requiring two to four cadaveric pancreas. The native islet 
vascular network has been ruined during the isolation[1]. 
It is estimated that > 70% of  islet mass becomes stably 
engrafted[2]. So apart from immune rejection, another 
critical limitation to islet transplantation is the rate and 
extent of  islet revascularization[3]. In this study, we 
used rat vascular endothelial cells (VECs) transfected 
with VEGF165 to elevate the production of  vascular 
endothelial growth factor (VEGF) in the site of  islet 
transplantation, and then determined whether the elevated 
VEGF expression could stimulate the angiogenesis in the 
grafts. These results would provide proof-of-principle that 
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local expression of  angiogenic molecules may enhance 
islet revascularization, thereby improving the outcome of  
marginal islet transplantation with better glycemic control 
in diabetic rats.

MATERIALS AND METHODS
Animals and materials  
Wistar rats (body weight, 150 ± 20 g) were purchased 
from Animal Center of  China Medical University. Diabetic 
rats were induced by streptozocin (STZ, IP, 60 mg/kg), 
and diabetes mellitus was defined when the non-fasting 
blood glucose level was greater than 16.8 mmol/L on two 
consecutive measurement[4]. Then the diabetic recipients 
were randomly divided into three groups (n = 10 in each 
group). In the control group, the islets were transplanted 
under the capsule of  the right kidney. In the VEC group, 
vascular endothelial cells (VECs) were transplanted 
together with the islets. In the VEGF group, VECs 
transfected with pIRES2-EGFP/VEGF165 plasmid were 
transplanted together with the islets. 

pIRES2-EGFP/VEGF165 was propagated in 
permissive cells and purified by CsCl density gradient 
centrifugation as previously described[5]. The titer of  
pIRES2-EGFP/VEGF165 was 1.1 × 1011 plaque-forming 
unit (pfu)/mL.

Islet isolation and transplant
Islets were isolated and purified according to the modified 
Minnesota program[6]. Briefly, after intraductal infusion 
of  10-12 mL of  cold Hank’s balanced solution containing  
1.5 mg/mL type V collagenase (C9263, Sigma), the 
pancreas was surgically procured and digested at 37℃ for 
15-20 min. During the digestion, the pancreas was observed 
closely, and digestion was stopped by RPMI1640 containing  
200 mL/L serum when the emulsion appeared. The islets 
were purified by discontinuous Ficoll density gradient (25%, 
23%, 20.5% and 11%) centrifugation at 3000 r/min for 10 
min at 4℃. The distinct islets were collected and washed, 
and finally the 300 IEQ islets free of  acinar cells, vessels, 
lymph nodes and ducts, which were considered as marginal 
grafts, were used for transplantation. 

For the islet transduction by vectors, aliquots of  the 
islets were incubated with VEGF vector at a defined 
multiplicity of  infection (MOI) in 2 mL of  serum-free 
RPMI1640 medium at 37℃ for 2 h. After washing with 
Hanks’ balanced salt solution, transduced islets were used 
for transplantation.

Detection of islet function
Blood glucose and insulin levels were evaluated every other 
day after operation. The intravenous glucose tolerance test 
(IVGTT) was performed 10 d after transplantation. Rats 
were fasted for 5 h and injected intravenously with 500 g/L 
dextrose solution at a dose of  0.5 g/kg body weight, as 
previously described[7]. Blood glucose levels were measured 
before and at 1, 5, 10, 15, 30, 60 and 90 min after glucose 
infusion. 

Histological observation
Hematoxylin and eosin (H&E) and immunohistochemical 

staining of  islet grafts were performed. Briefly, animals 
were killed 14 d after transplantation, and islet grafts were 
retrieved from individual animals. After fixing in 10% 
phosphate-buffered formalin overnight, islet grafts were 
embedded in paraffin. The paraffin-embedded islet grafts 
were cut into consecutive sections (4-μm thick), which 
were immunostained with anti-insulin-6, rat anti-CD31 and 
rabbit anti-VEGF165 antibodies, respectively. Microvessel 
density (MVD) was determined under light microscopy 
after sections were immunostained with anti-CD34 
antibodies, as previously described[8]. Clusters of  stained 
endothelial cells were counted as a single microvessel. 
MVD expressed as average number of  three highest area 
identified within a single 200 × field.

Statistical analysis
Data were expressed as mean ± SE. Statistical analyses 
of  data were performed by ANOVA. Unpaired ANOVA 
analysis of  variance was used to compare between two 
different treatment groups. P value < 0.05 was considered 
statistically significant.

RESULTS
Graft islet function after transplantation  
The blood glucose and plasma insulin levels in the diabetic 
recipients of  the VEGF group restored to normal 3 d after 
transplantation. In contrast, diabetic rats receiving the same 
islets with or without normal VECs displayed moderate 
hyperglycemia (13-14 mmol/L), and insulin (? μIU/mL), 
without a significant difference between these two groups 
(Figure 1). We observed a significant difference in both 
the amplitude of  blood glucose induction and kinetics 
of  blood glucose decline between VEGF group and the 
other two groups, but no obvious difference between 
the control and VEC groups. In response to injection of  
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Figure 1  Glucose (A) and insulin (B) levels in the diabetic rats after 
transplantation. 



a high dose of  glucose, elevated blood glucose levels in 
the VEGF group were restored to a normal range within  
90 min, whereas blood glucose levels in the control and 
VEC groups were increased to a significantly higher 
amplitude after glucose infusion and remained at the 
hyperglycemic level. 

Histological findings
HE staining showed that a large amount of  cell masses, 
which were different from the kidney native cells, were 
seen under the capsule of  the kidney in the VEGF group. 
There were some vascular endothelial cells around and in 
the center of  the masses. In the control and VEC groups, 
the similar cell masses were observed, but more fibrosis 
was seen in the center of  the masses, where no vascular 
endothelial cells were seen (Figure 2).

Immunohistochemistry showed a large amount of  
insulin-6-positive cells in cell masses of  the VEGF group, 
whereas insulin-6-positive cells were seldom seen in the 
other two groups (Figure 3).

VEGF165 was expressed in the VEGF group but not 
in the control and VEC groups (Figure 4). As shown in 
Figure 5, a significant difference in the relative intensity 
of  immunostaining for anti-CD34 antibody was observed 
between the VEGF and the other two groups, thereby 
indicating an increased degree of  revascularization of  
transplanted islets in the VEGF group. MVD in the islet 
grafts was significantly higher in the VEGF group (74.3 
± 6.74) compared to the VEC group (11.43 ± 2.22) and 
control groups (10.9 ± 2.45) (P < 0.05).

DISCUSSION
Pancreatic islet transplantation has been proposed as 
a treatment for diabetic patients in order to restore 
physiological insulin secretion, to reduce hyper-/hypogly-
cemia events and consequently to improve the quality 
of  life. Successful islet transplantation depends on the 
infusion of  sufficiently large quantities of  islets, but 
more than 70% islets would become inactive in the early 

Figure 2  HE staining of the graft islets under the kidney capsule (× 400). A: Control group; B: VEC group; C: VEGF group.

A B C

A B C

Figure 3  Immunohistochemical staining of insulin-6 in graft islets transplanted under the kidney capsule (× 400). A: Control group; B: VEC group; C: VEGF group. 

A B C

Figure 4  Immunohistochemical staining of VEGF in graft islets transplanted under the kidney capsule (× 400). A: Control group; B: VEC group; C: VEGF group.
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stage (7-14 d after transplantation)[9]. Many factors may 
contribute to islet death, including initial blood-mediated 
inflammation reaction (IBMIR), immunoattack, and 
ischemic injury due to insufficient blood supply[10-12]. Islet 
survival depends on the diffusion of  oxygen and nutrients. 
Pancreatic islets are heavily vascularized, and they receive 
their blood supply from an afferent arteriole that branches 
into a glomerular-like network of  microvessels, which 
forms a local intra-islet portal system through which 
blood flows from the central core of  β cells to the non-β 
cell mantle. Islet capillaries are fenestrated, which may be 
important for the efficient release of  secreted products 
into the bloodstream[13]. Moreover, β cells may require 
more oxygen than most other cell types, as suggested by 
the finding that islets constitute only 1% of  the pancreatic 
mass but receive 10% of  the pancreatic blood supply[14].

During the process of  islet isolation, the circulation 
within the islets and the extra-islet vascularization are 
disrupted. Formation of  new vessels may be too slow 
to allow survival of  an optimal number of  cells. Furuya  
et al[15] demonstrated that the native endothelial cell in 
the graft islets reduced gradually, and disappeared 5 d 
after the transplantation. New blood vessels develop over 
a period of  about 14 d, or even 4 wk which is not fast 
enough to prevent the marked loss of  islet cells occurring 
during the first few days after transplantation[16]. The 
mechanisms that regulate the revascularization of  islets 
are poorly understood. Some studies[16] have suggested 
that the reduction of  the endothelial cells from the donors 
may contribute to the poor revascularization. However, in 
our experiment, a large number of  endothelial cells were 
transplanted together with the graft islets. We observed 
that in the early stage after transplantation, the process 
of  revascularization was not changed and no vessels were 
formed although the endothelial cells survived. 

It has been suggested that growth factors may be 
important in this process. VEGF is known to be one 
of  the most important factors associated with angioge-
nesis [17,18]. Therapeutic angiogenesis has been used 
for treating coronary and peripheral artery diseases 
by facilitating new vessel formation using plasmid or 
adenoviral vector-mediated VEGF gene delivery in a 
number of  clinical trials[19-21]. VEGF may be a mediator 
in islets because it increases vascular permeability[22], 
which is important for the maintenance of  normal 
endocrine function in highly vascularized organs and 
in devascularized islets[23]. VEGF may play a role in the 

maintenance of  the islet capillary system[24] and initiate the 
revascularization of  islets during transplantation[25]. VEGF 
expression is increased in the graft islets, but significantly 
reduced 2-3 d after transplantation and is not sufficient for 
revascularization[26,27]. Therefore, evaluation of  local VEGF 
expression may provide a crucial clue for improving 
revascularization and survival of  graft islets. 

Our study aimed to investigate the effect of  VEGF 
production on islet revascularization and function 
by transplanting the endothelial cells transducted by 
VEGF165 together with 300 IEQ islets, which is 
considered a marginal mass for diabetic rats. In the 
presence of  islet impairment, revascularization appears 
to ensue irrespective of  whether islets are transplanted 
intra-portally in the liver, retrogradely into the spleen, or 
under the kidney capsule. In our experiment, the islets 
were transplanted under the kidney capsule in order 
to facilitate histological observations. Unlike previous 
studies, we used endothelial cells, not the graft islets, as 
the “target cells” in our experiment. Endothelial cells take 
part in the revascularization, and are easy to obtain and 
be transducted. Our results validated the concept that 
elevated local production of  VEGF helps facilitate islet 
revascularization, as reflected by the significantly increased 
CD34 immunostaining under the kidney capsule that was 
grafted with the VEGF vector-transduced endothelial cells. 

The newly transplanted islets are hypoxic, causing 
islet cells to undergo apoptosis and/or necrosis, which 
contribute to the loss of  functional β-cell mass after 
transplantation[28]. Our results also showed that the elevated 
VEGF expression contributed to the increased islet 
masses as reflected by H&E and immunohistochemical 
staining for insulin, which was associated with improved 
glycemic control in the diabetic recipient rats. Taken 
together, these results demonstrate that local VEGF 
production significantly enhances islet revascularization 
and improve glycemic control in STZ-induced diabetic 
rats. Our study may provide a novel strategy to accelerate 
islet revascularization and improve long-term survival of  
functional islet masses after transplantation.
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that ODC may be used as a good biomarker in the 
screening and diagnosis of precancerous lesions.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Ornithine decarboxylase (ODC) is the first-rate limiting 
enzyme in the polyamine biosynthesis pathway[1]. 
ODC plays a critical role in cell proliferation[2], and it is 
implicated as an essential promoter in normal cell cycles. 
The activation of  ODC is similarly related to tumor 
promotion and progression[3,4]. ODC activity appears to 
be directly coupled to the expression of  ODC protein and 
increases with eukaryotic cell division in neoplasia and 
fetal development. Convincing evidence has confirmed 
that ODC plays an important role in the chemical 
carcinogenesis of  mouse skin, and tumor formation can 
be blocked by the irreversible inhibitor of  ODC, α-diflu
oromethylornithine[5-7]. ODC is overexpressed in a variety 
of  cancers. Elevated levels of  ODC have been found 
in gastric cancer[8], gliomas[9], breast cancer[10,11], colon 
cancer[12], pancreatic cancer[13], lung cancer[14], and prostate 
cancer[15]. In addition, increased expression of  ODC has 
been found associated with gastric atrophy[16]. 

Although ODC overexpression is clearly associated 
with cancer development, a definitive causal role for ODC 
overexpression in carcinogenesis has only been shown 
in NIH/3T3 fibroblast cells[17]. Overexpression of  ODC 
is sufficient to transform fibroblast cells in vitro, causing 
increased frequency of  skin tumors in a transgenic mouse 
model[5,17].

Although several studies have evaluated ODC expre-
ssion in gastric cancer, to date, no one has investigated 
its associations with precancerous gastric lesions, namely, 
in chronic atrophic gastritis (CAG), intestinal metaplasia 
(IM) and gastric dysplasia (DYS). There is no information 
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Abstract
AIM: To invest igate the expression of ornithine 
decarboxylase (ODC) in precancerous and cancerous 
gastric lesions.

METHODS: We studied the expression of ODC in gastric 
mucosa from patients with chronic superficial gastritis 
(CSG, n  = 32), chronic atrophic gastritis [CAG, n = 43; 
15 with and 28 without intestinal metaplasia (IM)], 
gastric dysplasia (DYS, n = 11) and gastric cancer (GC, 
n = 48) tissues using immunohistochemical staining. All 
134 biopsy specimens of gastric mucosa were collected 
by gastroscopy.

METHODS: The positive rate of ODC expression was 
34.4%, 42.9%, 73.3%, 81.8% and 91.7% in cases 
with CSG, CAG without IM, CAG with IM, DYS and 
GC, respectively (P < 0.01), The positive rate of ODC 
expression increased in the order of CSG < CAG (without 
IM) < CAG (with IM) < DYS and finally, GC. In addition, 
ODC positive immunostaining rate was lower in well-
differentiated GC than in poorly-differentiated GC (P < 
0.05). 

CONCLUSION: The expression of ODC is positively 
correlated with the degree of malignity of gastric mucosa 
and development of gastric lesions. This finding indicates 
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presently available about the protein status of  ODC in 
stomach mucosa collected by gastroscopy. A detailed 
study comparing the expression patterns of  ODC in 
gastric carcinoma and precancerous tissues has not been 
conducted. Furthermore, whether overexpression of  
ODC is involved in the initiation or promotion of  gastric 
cancer (GC) has not been established. Therefore, the aim 
of  the present study was to investigate the expression 
of  ornithine decarboxylase (ODC) in precancerous and 
cancerous gastric lesions.

MATERIALS AND METHODS
Tissue samples
We collected gastric mucosal specimens from 134 patients 
including 32 with chronic superficial gastritis (CSG), 
43 with CAG (15 with and 28 without IM), 11 with 
DYS and 48 with antral GC, during gastroscopy. These 
specimens were obtained from symptom-free subjects 
who volunteered to participate in gastroscopic screening 
for gastric cancer in the Department of  Gastroenterology 
of  the First Affiliated Hospital of  Zhengzhou University. 
The 48 GC patients had not received any radiation therapy 
or chemotherapy. GC tissues could be further separated 
on the basis of  differentiation grade. Histopathologically, 
a l l the 48 g as t r i c spec imens were conf i r med as 
adenocarcinoma. All of  the biopsies were taken from 
gastric antrum. The tumors were histologically graded 
as well-differentiated (17 patients, 35%), moderately-
differentiated (10 patients, 21%) and poorly-differentiated 
(21 patients, 44%).The study protocol was approved by 
the Ethics Committee of  the First Affiliated Hospital of  
Zhengzhou University.

Immunohistochemical staining for anti-ODC antibody
Tissues were fixed in 96% ethanol for 6 h at 4℃, embed-
ded in paraffin, and cut into 5-mm thick sections. For 
Immunohistochemical (IHC) analysis, endogenous 
peroxidase activity was neutralized by treating the section 
in 1% hydrogen peroxide in phosphate-buffered saline for 
20 min. For the microwave antigen retrieval procedure, 
slides were immersed in 10 mmol/L citrate buffer (pH 6.0) 
in a clean polyethylene chamber and placed inside a full-
powered microwave, then heated for 10 min at 95℃ to 
repair antigens, and subsequently cooled for 10-20 min. 
After being washed 3 times with phosphate-buffered 
saline, the sections were blocked in 10% mouse serum for  
30-60 min to suppress nonspecific binding of  IgG. Each 
tissue section was then incubated with primary mouse 
antihuman ODC monoclonal antibody (1:1000, Westbury, 
NY) for 2 h at room temperature. The slides were washed 
3 times with phosphate-buffered saline and incubated 
with anti-mouse biotinylated secondary antibody (Vector, 
Burlingame, CA). The slides were colorized by DAB 
Reagent (Vectastain) and counterstained with hematoxylin. 
Negative controls were established by replacing the 
primary antibody with PBS supplemented with normal 
mouse or rabbit serum. 

The staining results were evaluated according to the 
immunodetection of  stain intensity and positive cells by 

two pathologists (Z Tan and L H Jiao), who discussed 
each case until they reached a consensus. Stain intensity 
is up to the standard of  the relative stain intensity of  
most cells. The stain intensity could be from 0 to 3 (0, no 
staining; 1, shallow brown; 2, brown; 3, dark brown); and 
the positive cells in the observed stomach mucous cells 
ranged from 0 to 3 in percentage (0,no staining; 1, < 30%; 2, 
30%-70%; and 3 > 70%). The samples were scored by their 
summation: 0-1 (-); 2-3 (+); 4 (++); 5-6 (+++).Any staining 
score ≥ 2 (+) was considered as positive expression. 

Histopathological diagnosis for gastric epithelia was 
made according to the cellular morphological changes and 
tissue architecture using previously established criteria[18,19]. 
In brief, SCG, an inflammation manifested by mild 
lymphocyte and plasma-cell infiltration; CAG, glandular 
morphology disappeared partially or completely absent 
in the mucosa and replaced by connective tissues, inter-
glandular space was infiltrated mainly by plasma cells and 
lymphocytes; IM, confirmed by the presence of  goblet 
cells in gastric mucosa; and DYS, characterized by nuclear 
atypia with or without architectural abnormalities in the 
gastric epithelium without invasion. GC is characterized by 
invasion of  neoplastic gastric cells through the basement 
membrane. Carcinomas were classified according to the 
histological classification of  WHO and the Japanese 
Gastric Cancer Association[20,21].

Statistical analysis
The χ2 test was used for the percentage of  samples with 
positive staining among lesions of  different severities. 
SPSS 12.0 was used for statistical analyses. P < 0.05 was 
considered statistically significant.

RESULTS
Positive immunostaining for ODC was observed in the 
gastric epithelial cells and cancer cells with different rates 
in the lesions of  CSG, CAG (without IM), CAG (with 
IM), DYS and GC. To estimate the difference, staining 
for ODC was carried out on whole sections. The positive 
immunostaining rate for ODC was 34.4% (11 of  32), 
42.9% (12 of  28), 73.3% (11 of  15), 81.8% (9 of  11), and 
91.7% (44 of  48), respectively (P < 0.001) (Table 1). ODC 

Table 1  Immunohistochemical assay of ODC protein in gastric 
precancerous and cancerous lesions

Histological grade ODC protein  expression (n) Total   Positive 
rate (%)a  

–    +    ++ +++

CSG 21 9   2   0 32  34.4b 
CAG (without IM) 16 9   1   2 28    42.9b,c

CAG (with IM)   4 2   6   3 15 73.3
DYS   2 1   4   4 11 81.8
GC    4 4 23 17 48 91.7

aP < 0.01, by treand; bP < 0.01, CSG vs CAG (with IM), CSG vs DYS, CSG vs 
GC, CAG (without IM) vs DYS and CAG (without IM) vs GC; and cP < 0.05, 
CAG (without IM) vs CAG (with IM). CSG: chronic superficial gastritis; CAG: 
chronic atrophic gastritis; IM: intestinal metaplasia; DYS: dysplasia; GC: 
gastric cancer.
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immunoreactivity was located mainly in the cytoplasm and 
cell membrane (Figure 1A-E).

The positive immunostaining rate for ODC was very 
low in CSG and CAG (without IM), and slightly increased 
in CAG (with IM) and DYS, and significantly increased 
in GC. ODC protein accumulation was higher in the 
GC than in CSG and CAG (without IM). In the cases of  
CAG (with IM) and DYS, it was also higher than in CSG 
and CAG (without IM). But it did not show significant 
difference among the groups with CAG (with IM), DYS 
and GC (Table 1). ODC positive immunostaining rate in 

the well-differentiated GC was lower than that in poorly-
differentiated GC (Table 2).

DISCUSSION
Gastric cancer has a high incidence in China and around 
the world. Gastric carcinogenesis is considered as a 
multistage, progressive process. It is of  great importance 
to understand the biological processes of  cancer initiation 
for early cancer detection. An early indicator for a patient 
predisposed to GC is abnormal hyperproliferation of  
gastric epithelial cells, such as in CAG, DYS and IM, 
which have all been considered as precancerous lesions 
for GC[22,23]. However, information about the mechanism 
of  gastric carcinogenesis is very limited. Studies of  ODC 
protein expression levels at different stages of  gastric 
carcinogenesis may help answer why different stages of  
cancerous development occur. 

Polyamines, such as putrescine, spermidine and 
spermine, play important roles in cell proliferation 
and differentiation. ODC is a rate-limiting enzyme in 
the biosynthesis of  polyamines, and the ODC gene 
is considered as an immediate early gene as well as an 
oncogene[2,23,24]. The expression rate of  ODC is invariably 
associated with a cell’s proliferate activity. ODC protein 
is 50 kDa monomer and about 100 kDa as the active 

A B

C D

E

Figure 1  Immunoreactivity of ODC 
protein in gastric precancerous 
a n d  c a n c e r o u s  l e s i o n s .  A : 
Immunostaining of ODC in CSG, 
SP × 200; B: Immunostaining of 
ODC in CAG (Without IM). SP ×
200; C: Immunostaining of ODC 
in CAG (with IM) SP × 200; D: 
Immunostaining of ODC in DYS, 
SP × 200; E: Immunostaining 
of ODC in GC, SP × 200. CSG: 
chronic  super f ic ia l  gast r i t is ; 
CAG: chronic atrophic gastritis; 
IM: intestinal metaplasia; DYS: 
dysplasia; GC: gastric cancer.

Table 2  IHC assay of ODC protein in gastric cancer

Histological 
grade

ODC protein  expression (n) Total Positive 
rate (%)

- + ++ +++

Well 
differentiated

9 1 5 2 17      47.1a

Moderately 
differentiated

1 3 2 4 10 90

Poorly 
differentiated

1 5 6 9 21    95.2

aP < 0.05, well differentiated tissue vs either moderately or poorly 
differentiated tissues.
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homodimer is formed. It has a rapid turnover rate with 
a half-life at 15 min[25]. While ODC activity may be 
correlated with the oncogenesis and progression of  gastric 
cancer, the expression pattern of  ODC in precancerous 
gastric lesions have not yet been elucidated. 

In the present study, we conducted a detailed IHC 
comparison between precancerous and cancerous gastric 
lesions. The expression of  ODC is positively correlated 
with the degree of  malignity of  gastric mucosa and the 
development of  gastric lesions. With the likelihood of  
malignant lesions progressed from normal to CSG < CAG 
< DYS < GC, the positive immunostaining rates for ODC 
similarly increased, showing a good linear correlation 
between ODC expression and lesion progression. We 
found that the positive immunostaining rate of  ODC 
is abnormally high in CAG (with IM), DYS and GC, 
indicative of  abnormally high cell proliferation activity. 
This indicates that ODC expression may be related to 
the proliferative status of  gastric mucosa epithelial cells. 
These data are consistent with the views of  Patchett and 
others who have suggested that the presence of  atrophy 
and intestinal metaplasia are strongly associated with 
increased levels of  ODC activity[26]. The present results 
indicate that increased expression of  ODC may be an 
important molecular event, involved in the early stages of  
gastric carcinogenesis. The high coincidental expression 
of  ODC protein accumulation may be an important event 
to enhance GC and a useful biomarker to assess risk for 
the development of  GC[27]. This conclusion differs from 
Patchett’s, which suggested that measurement of  mucosal 
ODC activity may not be a valuable clinical marker of  
increased cancer risk [28]. We believe that variations in 
technique, materials and methods may partly explain these 
distinctions. 

Another interesting observation is that the expression 
of  ODC directly correlates with the differentiable 
condition of  GC. The ODC positive immunostaining 
rate in well-differentiated GC was lower than in both the 
poorly-differentiated and moderately-differentiated GC. 
This result is consistent with findings in human colon 
carcinomas[29]. The present results indicate that increased 
expression of  ODC may ref lect the differentiated 
condition of  stomach mucosa.

The regulation of  ODC expression can occur at 
multiple levels including transcription, translation and 
protein degradation[30-32]. The ODC antizyme is a major 
factor in the regulation of  ODC[33,34]. ODC antizyme 
binds to monomeric ODC, stimulating the degradation of  
ODC, and therefore, decreasing the exogenous level of  
ODC protein[35]. We presume that gastric mucosa epithelial 
cells may have different intrinsic ODC antizyme levels. 
ODC antizyme levels may decrease significantly while 
the degree of  malignity of  the gastric mucosa increases. 
This hypothesis requires careful investigation in follow-up 
studies. 

In conclusion, the expression of  ODC is positively 
correlated with the degree of  malignity of  gastric mucosa 
and development of  gastric lesions. This finding indicates 
that ODC may be used as a good biomarker in the 
screening and diagnosis of  precancerous lesions. 
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 comments
Background
Ornithine decarboxylase (ODC) catalyzes the first step in the polyamine 
biosynthetic pathway forming putrescine, which is then converted into the 
polyamines spermidine and spermine. Polyamine content plays an important role 
in both normal and neoplastic growth and alterations of polyamine synthesis via 
changes in ODC content occur in response to tumor promoters and carcinogens. 
The amount of ODC is altered in response to many growth factors, oncogenes, 
and tumor promoters and to changes in polyamine levels. ODC is overexpressed 
in a variety of cancers. Gastric cancer has a high incidence in China and around 
the world. Gastric carcinogenesis is considered as a multistage, progressive 
process. It is of great importance to understand the biological processes of cancer 
initiation for early cancer detection. An early indicator for a patient predisposed to 
GC is abnormal hyperproliferation of gastric epithelial cells, such as in CAG, DYS 
and IM, which have all been considered as precancerous lesions for GC. Studies 
of ODC protein expression levels at different stages of gastric carcinogenesis may 
help answer why different stages of cancerous development occur.

Research frontiers
It can be seen in the following four aspects: (1) expression of ODC in cancers; 
(2)regulation of ornithine decarboxylase; (3) inhibitor of ODC-antizyme; and (4)role 
of ODC and antizyme in carcinogenesis

Innovations and breakthroughs
Although several studies have evaluated ODC expression in gastric cancer, to 
date, no one has investigated its associations with precancerous gastric lesions, 
namely, in chronic atrophic gastritis (CAG), intestinal metaplasia (IM) and gastric 
dysplasia (DYS). The authors found the expression of ODC is positively correlated 
with the degree of malignity of gastric mucosa and the development of gastric 
lesions. The positive immunostaining rates for ODC similarly increased, showing 
a good linear correlation between ODC expression and lesion progression. This 
finding indicates that ODC may be used as a good biomarker in the screening and 
diagnosis of precancerous lesions. 

Applications 
The authors found the expression of ODC is positively correlated with the degree 
of malignity of gastric mucosa and the development of gastric lesions. With the 
likelihood of malignant lesions progressed from normal to CSG < CAG < DYS 
< GC, the positive immunostaining rates for ODC similarly increased, showing 
a good linear correlation between ODC expression and lesion progression. 
Therefore, ODC may be used as a good biomarker in future in screening and 
diagnosing precancerous and cancerous gastric lesions 

Terminology 
ODC: ornithine decarboxylase; CAG: chronic atrophic gastritis; IM: intestinal 
metaplasia; DYS: gastric dysplasia; GC: gastric cancer.

Peer review
This paper investigates the expression and diagnostic value of ODC, a key rate-
limiting enzyme in polyamine biosynthesis, in gastric precursor and cancer. 
The expression of ODC is positively correlated with the degree of malignancy 
of gastric mucosa, in the order of chronic superficial gastritis, chronic atrophic 
gastritis (without intestinal metaplasia), chronic atrophic gastritis (with intestinal 
metaplasia), gastric dysplasia and gastric cancer. They concluded that ODC 
can be a good indicator in the screening and diagnosis of gastric precursor and 
cancerous lesions.
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Abstract
AIM: To investigate the effects of 5-aminosalicylic 
acid (5-ASA) in combination with nimesulide on the 
proliferation of HT-29 colon carcinoma cells and its 
potential mechanisms. 

METHODS: Inhib i tory effects of drugs (5-ASA, 
nimesulide and their combination) on HT-29 colon 
carcinoma cells were investigated by thiazolyl blue 
tetrazolium bromide (MTT) assay. Cellular apoptosis 
and proliferation were detected by TUNEL assay and 
immunocytochemical staining, respectively.

RESULTS: Pretreatment with 5-ASA or nimesulide at the 
concentration of 10-1000 μmol/L inhibited proliferation 
of HT-29 colon carcinoma cells in a dose-dependent 
manner in vitro  (t  = 5.122, P  < 0.05; t = 3.086, P  < 
0.05, respectively). The inhibition rate of HT-29 colon 
carcinoma cell proliferation was also increased when 
pretreated with 5-ASA (100 μmol/L) or nimesulide (100 
μmol/L) for 12-96 h, which showed an obvious time-
effect relationship (t  = 6.149, P  < 0.05; t = 4.159, P  
< 0.05, respectively). At the concentration of 10-500 
μmol/L, the apoptotic rate of HT-29 colon carcinoma 
cells significantly increased (t  = 18.156, P  < 0.001; t = 
19.983, P  < 0.001, respectively), while expression of 
proliferating cell nuclear antigen (PCNA) was remarkably 
decreased (t = 6.828, P  < 0.05; t = 14.024, P  < 0.05, 
respectively). 5-ASA in combination with nimesulide 
suppressed the proliferation of HT-29 colon carcinoma 
cells more than either of these agents in a dose-

dependent and time-dependent manner (t = 5.448, P  < 
0.05; t = 4.428, P  < 0.05, respectively).

CONCLUSION: 5-ASA and nimesulide may inhibit 
the proliferation of HT-29 colon carcinoma cells and 
coadministration of these agents may have additional 
chemopreventive potential.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Inflammatory bowel disease (IBD) is associated with an 
increased risk of  developing colorectal cancer (CRC)[1-5]. 
Primary prevention of  CRC in IBD has received more 
attention in recent years. Epidemiological, experimental 
and preliminary clinical work strongly suggests that 
5-aminosalicylic acid (5-ASA) may have potentially 
chemopreventive properties against CRC[6-10]. On the 
other hand, aspirin, sulindac and other non-steroid anti-
inflammatory drugs (NSAIDs) are also known to reduce 
the risk of  developing colon cancer[6,11-13]. However, 
the potential mechanisms of  either 5-ASA or NSAIDs 
underlying chemoprevention of  CRC in IBD remain 
largely unexplored.

Inhibition of  inflammatory cascades involved in 
cell growth is the popular putative actions of  5-ASA. 
Arachidonic acid (AA) metabolism has obtained popular 
attention and can be metabolized in two major pathways 
including cycloxygenase (COX) pathway and lipoxygenase 
(LOX) pathway. Metabolites of  the former are prostag-
landins which regulate cell proliferation and those of  the 
latter are responsible for the subsequent expression of  
pro-inflammatory molecules[14-16]. 5-LOX and COX-2 
activities have recently attracted considerable interest 
in CRC and data demonstrate that 5-LOX and COX-2 
are both up-regulated in CRC[17,18]. It was reported that 
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COX-2 inhibitors or 5-LOX inhibitors may suppress CRC 
development[13,17]. Lots of  studies[13,15,19-21] indicate that the 
chemopreventive effect of  5-ASA on CRC is correlated 
with inhibiting 5-LOX activity and COX-2 is the main 
target of  NSAIDs to suppress CRC development. 5-LOX 
and COX-2 are the key enzymes for AA metabolism. 
Since inhibition of  one pathway alone, especially the 
5-LOX pathway, may change the metabolism of  the other, 
just inhibiting the activity of  5-LOX or COX-2 may not 
suppress CRC development effectively. However, few 
studies[22] are available on the chemopreventive effect of  
coadministration of  these agents. It makes this method 
an interesting new alternative to CRC chemoprevention. 
This study was performed to investigate the effect of  
5-ASA and a selective COX-2 inhibitor, nimesulide, on the 
proliferation of  human colon carcinoma cells (HT-29) in 
vitro and its potential mechanisms. 

MATERIALS AND METHODS
Cell culture
HT-29 colon carcinoma cells were obtained from Institute 
of  Biochemistry and Cell Biology, Shanghai Institutes for 
Biological Sciences.The cells were maintained in RPMI 
1640 medium, supplemented with 10% heat-inactivated 
fetal calf  serum (FCS), 50 U/mL penicillin, 50 μg/mL 
streptomycin, in a humidified atmosphere containing 95% 
air and 5% CO2 at 37℃ and routinely trypsinized with 
0.25% trypsin solution.

Reagents 
5-ASA, nimesulide, MTT were purchased from Sigma 
Corp (Steinheim, Germany). FCS was purchased from 
Hangzhou Sijiqing Biological Corp (Hangzhou, China). 
Dimethylcarbinol was purchased from Bengbu Chemical 
Corp (Bengbu, China). TUNEL assay kits for apoptosis 
were purchased from Nanjing Keygen Corp (Nanjing, 
China). PCNA polyclonal antibody was purchased from 
Santa Cruz Biotechnology Corp (California, USA). S-P 
immunocytochemical assay kits were purchased from 
Fuzhou Maixin Reagent Corp (Fuzhou, China). Other 
reagents used in the present study were of  analytical grade.

Cell proliferation assay 
Cytostatic effects were measured by MTT assay. The 
cells were detached with a 0.25% trypsin solution for 5 
min. Subsequently, the cells were seeded onto 96-well 
plates (1 × 106 cells/well), supplemented with 10% FCS 
and allowed to attach for 24 h before the addition of  test 
compounds (5-ASA, nimesulide, and their combination). 
Test compounds were diluted in serum-free culture 
medium. Then the cells were incubated in a medium or 
at different concentrations of  drugs for 48 h, 20 μL of  
MTT solution (5 g/L) in PBS was added. Four hours 
later, the medium in each well was removed, and 120 
μL of  0.04 mmol/L muriatic isopropanol was added, 
slightly concussed for 10 min. Dye uptake was measured 
at 490 nm with an ELISA reader. Five wells were used for 
each concentration or as a control group. On the other 
hand, the cells were seeded onto 96-well plates (1 × 106 

cells/well) according to the method described above 
and allowed to attach for 24 h, then treated with test 
compounds (5-ASA, nimesulide, and their combination). 
The final concentration was 100 μmol/L. The same 
medium was added into the control group and dye uptake 
was then measured according to the method described 
above. Five wells were used for each test compound or 
control group.

Immunocytochemical determination of cellular 
proliferation and apoptosis in cells 
The procedure for the determination of  cell proliferation 
has been described elsewhere[23]. In brief, exponentially 
growing cells (3 × 105/mL) were trypsinized and seeded 
onto 24-well plates with a 10 mm × 10 mm sterile slide, 
supplemented with 10% FCS, allowed to attach for 24 h. 
The cells were then treated with different doses of  drugs 
(5-ASA, nimesulide, and their combination). After 48-h 
incubation, the slides were washed twice with PBS. After 
blocked with normal serum, polyclonal PCNA antibody 
(1:200) was applied to the slides overnight at 4℃. The 
following steps were performed in kits following the 
manufacturer’s introductions. Negatively expressed cells 
were manifested as blue-stained nuclei and the positive 
cells had brown-yellow cytoplasma or nuclear membrane. 
The expression of  target protein was further semi-
quantitated according to the percentage of  positively-
stained cells and evaluated by two blinded investigators. 
Negative cells were scored as 0, positive cells less than 
25% were scored as 1, 25%-50% as 2, 51%-75% as 3, and 
higher than 75% as 4, respectively. 

Apoptotic cells were visualized with the terminal 
deoxytransferase (TdT)-mediated dUTP biotin nick end 
labeling (TUNEL) method[24]. In brief, cell slides were 
subjected to digestion by proteinase K. TdT buffer 
solution was added to the slides together with 50 U TdT 
and 5 nmol/L dUTP and incubated at 37℃ for 90 min. 
The reaction was then terminated by adding 30 mmol/L 
sodium citrate buffer. Peroxidase-conjugated streptavidin 
from the DAKO kit was added, followed by the addition 
of  DAB. The number of  apoptotic cells was counted 
under a microscope (× 400) and negatively expressed cells 
were manifested as blue-stained nuclei and the positive 
cells gad brown-yellow cytoplasma or nuclear membrane. 
Apoptotic index was determined by counting the number 
of  positive cells among 200 cells and indicated as 
percentages, less than 25% was graded as 1, 26%-50% as 2, 
51%-75% as 3, and higher than 76% as 4, respectively.

Statistical analysis
Experimental results were analyzed by ANOVA and 
t-test for multiple comparisons between groups. Data 
were expressed as mean ± SD. P < 0.05 was considered 
statistically significant.

RESULTS
Effect of 5-ASA and nimesulide on growth of HT-29 colon 
carcinoma cells 
Pretreatment with 5-ASA or nimesulide at different 



concentration (10-1000 μmol/L) for 12-96 h, inhibited 
the growth of  HT-29 colon carcinoma cells in a dose and 
time-dependent manner (Figures 1 and 2). However, the 
suppression of  5-ASA or nimesulide had no statistical 
significance.

Effect of combined 5-ASA and nimesulide on the growth 
of HT-29 colon carcinoma cells 
Interestingly, the growth of  HT-29 colon carcinoma cells 
was inhibited dose-dependently when pretreated with 
different doses of  combined 5-ASA and nimesulide. 
Combined 5-ASA (final concentration 100 μmol/L) and 
nimesulide (final concentration 10-1000 μmol/L) inhibited 
the proliferation of  HT-29 colon carcinoma cells in a dose-
dependent manner, being more potent than corresponding 
dose of  nimesulide (Figure 3). Similarly, combined 
nimesulide (final concentration 100 μmol/L) and 5-ASA 
(final concentration 10-1000 μmol/L) also inhibited the 
proliferation of  these cells dose-dependently, being more 

potent than corresponding dose of  5-ASA (Figure 4).
Pretreatment with combined 5-ASA and nimesulide 

(final concentration 100 μmol/L) for 12-96 h, inhibited 
the growth of  HT-29 colon carcinoma cells in a time-
dependent manner (Figure 5).

Effect of 5-ASA or nimesulide alone or their combination 
on proliferation and apoptosis of HT-29 colon carcinoma 
cells 
The proliferation of  HT-29 carcinoma cells was significantly 
inhibited when pretreated with different doses of  5-ASA. 
The expression of  PCNA was remarkably down-regulated 
while cell apoptosis was remarkably up-regulated in a 
dose-dependent manner. Similarly, nimesulide inhibited 
the proliferation of  HT-29 carcinoma cells and promoted 
cell apoptosis significantly (Table 1). Co-administration 
of  5-ASA and nimesulide inhibited the proliferation of  
HT-29 colon carcinoma cells and promoted cell apoptosis 
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Figure 1  Dose-dependent inhibitory effect of 5-ASA and nimesulide on 
proliferation of HT-29 colon carcinoma cells. The cells were pretreated with 
different doses of 5-ASA or nimesulide respectively (10, 50, 100, 500, 1000 μmol/L) 
for 48 h, then dye uptake was measured at 490 nm using an ELISA reader. Data 
were expressed as mean ± SE of five independent samples. Compared with the 
control group, the inhibitory rate was markedly increased in a dose-dependent 
manner (P < 0.05). 
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Figure 3  Inhibitory effect of 5-ASA in combination with nimesulide on proliferation 
of HT-29 colon carcinoma cells. The cells were pretreated with 100 μmol/L 5-ASA 
(final concentration) in combination with different doses of nimesulide (10,100, 
500, 1000 μmol/L) for 48 h, then dye uptake was measured at 490 nm using an 
ELISA reader. The inhibitory rate was markedly increased in a dose-dependent 
manner. Data were expressed as mean ± SE of three independent samples. a,c,eP < 0.05 
vs the corresponding concentration of nimesulide.

In
hi

bi
to

ry
 r

at
e

0.6

0.5

0.4

0.3

0.2

0.1

   0
10                100                500               1000

Dose (μmol/L)

Nimesulide + 5-ASA
5-ASA

a

c

Figure 4  Dose-dependent inhibitory effect of nimesulide in combination with 5-ASA 
on proliferation of HT-29 colon carcinoma cells. The cells were pretreated with 
100 μmol/L nimesulide (final concentration) in combination with different doses of 
5-ASA (10, 100, 500,1000 μmol/L) for 48 h, then dye uptake was measured at 490 
nm using an ELISA reader. The inhibitory rate was markedly increased in a dose-
dependent manner. Data were expressed as mean ± SE of three independent 
samples. a,c,eP < 0.05 vs the corresponding concentration of 5-ASA .

Figure 2  Time-dependent inhibitory effect of 5-ASA or nimesulide on proliferation 
of HT-29 colon carcinoma cells. The cells were pretreated with 100 μmol/L 5-ASA 
or 100 μmol/L Nimesulide respectively for 12, 24, 48, 72, 96 h), then dye uptake 
was measured at 490 nm using an ELISA reader. Data were expressed as mean 
± SE of five independent samples. The inhibitory rate was markedly increased in a 
time-dependent manner. 
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significantly, being more potent than the corresponding 
dose of  5-ASA and nimesulide (Figure 6).

DISCUSSION
IBD is associated with an increased risk of  developing 
CRC at sites of  chronic colon inflammation[1-5]. Primary 
prevention of  CRC in IBD has received more attention in 
recent years. A body of  evidence now suggests that 5-ASA 
can protect against development of  CRC in individuals 
with IBD[6-10]. Eaden et al[8] performed a case-control study 
comparing 102 cases of  CRC in ulcerative colitis (UC) 
with matched IBD controls, and found that a history of  
regular 5-ASA use significantly reduces the risk of  CRC by 
75%. When the results were adjusted for other variables, 
the protective effect of  5-ASA reduced the risk of  CRC by 
81% at a dose of  1.2 g/d or greater. In the present study, 
5-ASA inhibited the proliferation of  HT-29 carcinoma 
cells and promoted cell apoptosis in vitro in a dose- and 
time- dependent manner, indicating 5-ASA has significant 
chemopreventive properties against CRC, which is also 

consistent with previous reports[18,25,26].
5-ASA is the most commonly prescribed anti-

inflammatory agents for IBD and exerts its action on 
IBD by inhibiting 5-LOX activity. Wang et al[18] performed 
a follow-up study of  99 patients with CRC, and found 
that 5-LOX expression is significantly higher in colon 
carcinoma cells than in normal colon mucosa, and 
correlates with Duke’s staging, diversion and infiltration of  
CRC. The biological functions of  5-LOX in cancer cells 
have been examined using pharmacological inhibitors and/
or antisense technology[15,17]. It was reported that 5-LOX 
and its metabolites, especially LTB4 are over-expressed 
in colon cancer, the inhibitors of  5-LOX activity may 
remarkably inhibit the proliferation of  colon carcinoma 
cells[17]. It also showed in our other study that 5-ASA may 
down-regulate 5-LOX expression in HT-29 carcinoma 
cells in a dose-depend manner (data not shown), indicating 
that 5-ASA anticancer property may be correlated with 
inhibiting 5-LOX activity.

On the other hand, many studies over the past decade 
have demonstrated that NSAIDs, including indomethacin, 
piroxicam and sulindac as well as aspirin, have a potent 
inhibitory effect on the growth of  colorectal cancer[6,11-13]. 
It is postulated that this antitumor effect is mediated by 
inhibiting the COX-2 activity[20,21,27]. Over-expression of  
COX-2 in CRC may activate epidermal growth factor 
receptor, up-regulate the bcl-2 gene to promote cell 
proliferation, and inhibit cell apoptosis[28]. Being consistent 
with these effects, nimesulide, a selective COX-2 inhibitor, 
could down-regulate COX-2 expression in a dose-depend 
manner (data not shown) and significantly inhibit the 
proliferation of  HT-29 carcinoma cells and promote cell 
apoptosis in vitro in a dose- and time- dependent manner.

In the present study, 5-ASA or nimesulide suppressed 
the proliferation of  HT-29 carcinoma cells and promoted 
cell apoptosis in vitro remarkably, the possible mechanism 
may correlate with the inhibition of  5-LOX or COX-2 
activity when pretreated with 5-ASA or nimesulide alone. 
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Figure 6  Inhibitory effect of 5-ASA in combination with nimesulide on proliferation 
and apoptosis of HT-29 colon carcinoma cells. The cells were pretreated with 
5-ASA in combination with nimesulide (the final concentration was 100 μmol/L) for 
48 h, then the expression of PCNA and apoptosis was detected with kits according 
the manufacturer's introductions. Data were expressed as mean ± SE of three 
independent samples. aP < 0.05, cP < 0.05, vs 5-ASA or nimesulide alone.

Table 1  Effect of 5-ASA and nimesulide administrated alone on 
apoptosis and proliferation of HT-29 colon carcinoma cells

Group Dose (μmol/L) Percentage of 
apoptosis (%)

PCNA label 
index (%) 

Control     0 22.12 ± 3.61 75.13 ± 2.55
5-ASA   10 31.82 ± 2.61 61.73 ± 7.51

100 52.96 ± 3.73a 56.47 ± 3.21a

500 75.76 ± 3.28a 31.13 ± 1.96a

Nimesulide   10 29.13 ± 2.73 63.37 ± 3.23
100 50.46 ± 1.83a 57.42 ± 2.14a

500 70.54 ± 2.33a 33.15 ± 1.87a

The cells were pretreated with different doses of 5-ASA and nimesulide 
respectively (10-500 μmol/L) for 48 h, then the expression of PCNA 
and apoptosis were detected with kits according the the manufacturer's 
introductions. Data were expressed as mean ± SE of three independent 
samples. aP < 0.001 vs control group.

Figure 5  Time-dependent inhibitory effect of 5-ASA in combination with nimesulide 
on proliferation of HT-29 colon carcinoma cells. The cells were pretreated with 
5-ASA in combination with nimesulide at the final dose of 100 μmol/L for different 
times (0, 12, 24, 48, 72, 96 h), then dye uptake was measured at 490 nm using an 
ELISA reader. Data were expressed as mean ± SE of five independent samples.
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However, both 5-LOX and COX-2 were up-regulated in 
colon cancer cells. Ye et al[22] demonstrated that inhibition 
of  COX-2 or 5-LOX reduces the tumor size. Treatment 
with a COX-2 inhibitor could decrease the PGE2 level 
and increase the LTB4 level. In contrast, treatment with 
a 5-LOX-inhibitor reduced the LTB4 level and did not 
change the PGE2 level, suggesting that just inhibiting 
5-LOX or COX-2 activity alone may not suppress CRC 
development effectively[22]. However, treatment with 
COX-2 and 5-LOX inhibitors further could inhibit the 
tumor growth[29-32], which was accompanied with the down 
regulation of  PGE2 and LTB4 simultaneously[22]. Both 
5-ASA and nimesulide, which are the most commonly 
prescribed anti-inflammatory agents in clinic, could 
suppress colon cancer proliferation by inhibiting 5-LOX or 
COX-2 activity. Can we hypothesize that co-administration 
of  5-ASA and nimesulide may inhibit colon cancer cell 
proliferation more effectively? Co-administration of  these 
agents has more chemopreventive properties against 
the proliferation of  HT-29 carcinoma cells in vitro than 
administration of  5-ASA or nimesulide alone, showing a 
dose and time dependent correlation.

In conclusion, co-administration of  5-ASA and NSAIDs, 
especially at a low dose may have chemopreventive effect 
on CRC, which may reduce the side effect of  theses agents 
when administrated alone. This approach should present a 
superior anticancer profile, and a new therapy for cancers 
associated with IBD.
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Abstract
AIM: To evaluate the effect of antiviral agents on 
intrahepatic HBV DNA in HBeAg-positive chronic hepatitis 
B patients. 

METHODS: Seventy-one patients received treatment 
with lamivudine, interferon alpha (IFN-α2b) or sequential 
therapy with lamivudine-IFN-α2b for 48 wk. All subjects 
were followed up for 24 wk. Serum and intrahepatic 
HBV DNA were measured quantitatively by PCR. HBV 
genotypes were analyzed by PCR-RFLP.

RESULTS: At the end of treatment, the intrahepatic 
HBV DNA level in 71 patients decreased from a mean of 
(6.1 ± 1.0) log10 to (4.9 ± 1.4) log10. Further, a larger 
decrease was seen in the intrahepatic HBV DNA level 
in patients with HBeAg seroconversion. Intrahepatic 
HBV DNA level (before and after treatment) was not 
significantly affected by the patients’ HBV genotype, or 
by the probability of virological flare after treatment. 

CONCLUSION: Intrahepatic HBV DNA can be effectively 
lowered by antiviral agents and is a significant marker 
for monitoring antivirus treatment. Low intrahepatic 
HBV DNA level may achieve better efficacy of antivirus 
treatment. 

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) is one of  the major causes of  
liver disease worldwide. Approximately more than 350 
million people in the world are chronic carriers, and 
eventually 15%-25% of  them could progress to end-stage 
liver disease and hepatocellular carcinoma, ranking ninth 
globally among all causes of  mortality (up to 1 million 
deaths annually)[1]. Fortunately, several therapies have 
been developed for chronic hepatitis B. Anti-viral therapy 
is believed to be the most important strategy. Currently 
available anti-viral drugs include interferon-alpha[2-4] 
and nucleoside analogue agents[5-9]. It was reported that 
long-term anti-viral treatment can improve fibrosis and 
cirrhosis, increase survival rate and decrease the incidence 
of  hepatocellular carcinoma in patients with chronic 
hepatitis B[10,11]. Nonetheless, when the treatment with anti-
viral drugs is stopped, relapse occurs in a great majority of  
patients, even if  they have undetectable serum HBV DNA, 
normal serum alanine aminotransferase level and HBeAg 
seroconversion. 

Therefore, it is important to determine which end 
points should be used to judge the success or failure of  
treatment and assist in determining how long therapy 
should be maintained. Since biopsy specimens from 
chronic HBV patients are not easy to obtain, intrahepatic 
HBV DNA level is not often studied. The aim of  the 
present study was to analyze the effect of  anti-viral drugs 
on intrahepatic HBV DNA and the relationship between 
intrahepatic HBV DNA and the long-term efficacy of  
antivirus treatment.

MATERIALS AND METHODS
Subjects
Between March 2003 and March 2005, 71 patients (59 
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males and 12 females) with HBeAg-positive chronic 
hepatitis B were recruited. Their age was 19-47 (mean 
32 ± 9) years. Informed consent was obtained from 
all patients. The patients were matched according to 
the following criteria: positive for HBsAg and HBeAg, 
serum HBV DNA ≥ 1 × 105 copies/L, serum alanine 
aminotransferase (ALT) level above at least two-fold the 
normal range (normal range 0-667 nkat/L) for more 
than 6 mo. Exclusion criteria were as follows: alcoholism, 
pregnancy, cirrhosis, chronic renal failure, concurrent 
autoimmune disease, serious neurological disorders, 
human immunodeficiency virus (HIV) infection and viral 
hepatitis A, C, delta or E. Patients treated with interferon 
or other anti-viral therapies for 6 mo prior to enrollment 
in this study were also excluded. Patients were treated with  
100 mg oral lamivudine daily (n = 35), or lamivudine 
during the first 8 mo and IFN-α from mo 7 to 12 (n = 24) 
or 5 million units of  interferon-alpha (IFN-α), three times 
per week (n = 12). Treatment groups were randomized at 
the ratio 3:2:1. The total duration of  therapy was 12 mo. 
All subjects were followed up for 24 wk after the 12 mo of  
treatment. Presence of  serum HBV DNA level ≤ 1 × 103 
and normalization of  serum ALT level were assessed as 
treatment response.

Measurement of hepatitis B virus markers and biochemical 
tests 
Blood samples were obtained before and after treatment 
and at the 24 wk follow-up visit. Liver biochemistry and 
HBV marker test (enzyme-linked immunosorbant assay) 
were performed on these samples. 

Liver biopsy specimens were collected by needle 
biopsies (0.5 cm-1.5 cm) before and after treatment. The 
tissue was washed several times in cold phosphate buffered 
saline (PBS) and stored at -70℃. Total DNA was extracted 
from liver tissue with Qiaamp DNA tissue Mini DNA kit 
(Qiagen, Germany). Serum and intrahepatic HBV DNA 
were measured quantitatively by real-time polymerase chain 
reaction (PCR) (Model 5700, ABI Company, USA) with a 
lower limit of  detection of  1 × 103 HBV DNA copies/L and 
1 × 103 copies/g total DNA, respectively. HBV genotypes 
were determined by PCR restriction fragment length 
polymorphism (PCR-RFLP) analysis[12].

Detection of histological inflammatory score
Histological inflammatory score was detected with the 
Knodell scoring system. Histological response was defined 

as a decrease by at least two points in the Knodell scoring 
system[13]. 

Statistical analysis
Data were analyzed with the Statistical Program for Social 
Sciences (SPSS 13.0 for Windows). Categorical variables 
were tested using chi-square test or Fisher’s exact test. 
Normally distributed variables were tested using t-test 
or ANOVA, whereas continuous variables with skewed 
distribution were tested using the Kruskal Wallis test. A 
regression model was used for univariate and multivariate 
analysis. P < 0.05 was considered statistically significant.

RESULTS
Histological, biochemical and virological data 
At the end of  treatment, the mean values of  Knodell 
score, serum HBV DNA level, intrahepatic HBV DNA 
level, and serum ALT level in all the 71 patients declined 
significantly (P < 0.05). HBeAg seroconversion occurred 
in 17 out of  the 71 patients. There was no significant 
difference in above mentioned parameters between HBeAg 
seroconversion group and HBeAg positive group before 
treatment (P > 0.05), except for the baseline intrahepatic 
HBV DNA levels (5.6 ± 1.2) log10 and (6.3 ± 0.8 ) 
log10, respectively (P = 0.02). After treatment, HBeAg 
seroconversion group had better improvement than 
HBeAg positive group. The mean intrahepatic HBV DNA 
decreased to (4.1 ± 0.8) log10 in seroconversion group (P 
= 0.0124), and to (5.1 ± 1.5) log10 (P = 0.0872) in HBeAg 
positive group (Table 1).

Intrahepatic HBV DNA level and HBV genotype
At the end of  treatment, the intrahepatic HBV DNA 
load was less than 5 log10 in 38 patients, and higher than 
5 log10 in 33 patients (P < 0.05). The difference was 
not statistically significant in serum HBV DNA load, 
histology and serum ALT level before treatment. After 
treatment, compared with the patients with intrahepatic 
HBV DNA load greater than 5 log10, greater reduction 
in above mentioned parameters was seen in patients with 
intrahepatic HBV DNA load less than 5 log10. After 
24 wk of  treatment, sustained virological response rate 
and ALT normalization rate were very similar between two 
groups (P > 0.05) (Table 2). Regression analysis showed 
that virological flares after antiviral treatment were not 
correlated with the baseline or post-treatment level of  

Table 1  Histological and virological characteristics of 71 patients with chronic HBV infection  mean ± SD

Parameter Total (n = 71) HBeAg positive (n = 54) HBeAg seroconversion (n = 17)

Knodell score: pretreatment    8.2 ± 4.1         8.4 ± 4.1               7.1 ± 4.2 
                          post-treatment     5.8 ± 3.4a         6.0 ± 3.6               5.1 ± 3.1a

Intrahepatic HBV DNA (log10): pretreatment    6.1 ± 1.0         6.3 ± 0.8               5.6 ± 1.2
                                                         post-treatment    4.9 ± 1.4a         5.1 ± 1.5               4.1 ± 0.8a

Serum HBV DNA (log10): pretreatment      7.7 ± 1.1         7.9 ± 0.9               7.5 ± 1.0
                                               post-treatment     4.0 ± 1.3a         4.4 ± 1.4a               3.0 ± 0.2a

ALT (nkat/L): pretreatmen 3390 ± 2321      3206 ± 2354            3841 ± 2371
                          post-treatment                  868 ± 885a      9853 ± 985              618 ± 659a

aP < 0.05 vs pretreatment.



intrahepatic HBV DNA load (P > 0.05). 
HBV genotype C accounted for 85.9% (n = 61), and 

genotype B for 14.1% (n = 10). The mean intrahepatic 
HBV DNA loads in genotype C patients before and after 
treatment were (6.1 ± 0.9) log10 and (4.9 ± 1.4) log10 
(P < 0.05), and (5.6 ± 1.5) log10 and (4.7 ± 1.2) log10 in 
genotype B patients, respectively (P > 0.05). There was 
no statistically significant difference in serum intrahepatic 
HBV DNA load and ALT level between the two groups 
at the end of  treatment and in any of  the parameters 
measured after 24 wk of  treatment (P > 0.05). After 24 wk 
of  treatment, sustained virological response rate and ALT 
normalization rate were similar (Table 2).

Antiviral outcome 
There was no significant difference in all the parameters 
among the three groups before treatment (P > 0.05). At 
the end of  treatment, the antiviral effect of  sequential 
lamivudine-INF-α therapy and lamivudine monotherapy 
was similar (P > 0.05), which was superior to that of  
INF-α monotherapy (P < 0.05). Reduction of  intrahepatic 
HBV DNA was greater in lamivudine-INF-α therapy 
group and lamivudine monotherapy group than in INF-α 
monotherapy group, suggesting that the nucleoside 
analogue agents might play a stronger role than INF-α in 
inhibiting intrahepatic HBV DNA (data not shown). 

DISCUSSION
Due to recent advancements, chronic hepatitis B has 
become a treatable disease. The short-term efficacy 
of  IFN-α is about 40%-60%[12,17]. Peginterferon-alpha 
(PEG IFN-α) is more effective against HBeAg-positive 
chronic hepatitis B than either lamivudine or standard 
IFN-α monotherapy[3,4]. Nucleoside analogue agents 
markedly suppress HBV DNA polymerase, and have 
numerous advantages, such as minimal side effects, ease 
of  administration. Furthermore, they show good effects 
on chronic hepatitis B, liver decompensation, cirrhosis, or 
other coexisting conditions. It was reported that serum 
HBV DNA is undectable in 80% of  patients, HBeAg 
is eliminated in 20%-25% of  them, and 60% ALT level 
becomes normal in 60% of  them after treatment with 

lamivudine[14-16]. 
Nonetheless, the efficacy of  antiviral treatment is far 

from perfect. IFN-α can achieve a sustained response 
after one year in only 20%-30% of  chronic HBV infection 
patients[17]. Relapse occurs in the majority of  patients after 
therapy. The main reason is that HBV covalently closed 
circular DNA (cccDNA) in infected hepatocytes cannot be 
eliminated by antiviral agents, leading to rebound of  HBV 
DNA after antiviral therapy[18]. The life cycle of  HBV 
relies on a covalently closed circular form of  the viral 
genome, which provides the template for viral pregenomic 
messenger RNA. Replication of  cccDNA is not semi-
conservative, and needs viral DNA cycling back to the 
nuclei to amplify and maintain the pool of  cccDNA[19,20]. 
It was reported that intrahepatic HBV cccDNA correlates 
positively with the total intrahepatic HBV DNA[21], 
suggesting that intrahepatic HBV DNA should be 
eliminated first in order to clear HBV cccDNA and 
intrahepatic HBV DNA level can be taken as a reasonable 
parameter in evaluating the efficacy of  antiviral therapy, 
thus helping decide the duration of  therapy.

The results of  our study show that antiviral treatment 
decreased the serum and intrahepatic HBV DNA as 
well as alanine aminotransferase levels in 71 patients (P 
< 0.05). HBeAg seroconversion occurred in 17 out of  
the 71 patients at the end of  treatment. There was no 
significant difference in the baseline levels of  Knodell 
score, serum ALT and HBV DNA levels between HBeAg 
seroconversion and HBeAg positive groups (P > 0.05). 
Only the intrahepatic HBV DNA level was obviously lower 
in HBeAg seroconversion group than in HBeAg positive 
group (P = 0.02). After treatment, greater improvement 
in above mentioned parameters was seen in patients with 
HBeAg seroconversion than in HBeAg positive patients. 
The mean intrahepatic HBV DNA level was lower in the 
HBeAg seroconversion group than in the HBeAg positive 
group (P = 0.010), suggesting that intrahepatic HBV DNA 
can be effectively lowered by antiviral agents and a lower 
intrahepatic HBV DNA level is able to predict the efficacy 
of  antiviral therapy. 

At the end of  treatment, the intrahepatic HBV DNA 
load was less than 5 log10 in 38 patients and greater than 
5 log10 in 33 patients. The mean intrahepatic HBV DNA 

Table 2  Intrahepatic HBV DNA level in chronic HBV patients and HBV genotypes  mean ± SD

Parameter Intrahepatic HBV DNA
< 5 log10 (n  = 38)

Intrahepatic HBV DNA
≥ 5 log10 (n  = 33)

                              HBV genotypes
Genotype C group (n  = 61)  Genotype B (n = 10)

Knodell score: pretreatment          7.6 ± 4.0          8.2 ± 4.1            8.1 ± 4.1                5.7 ± 3.2
                          post-treatment          4.8 ± 2.2a          7.4 ± 4.1            6.0 ± 3.4a                5.4 ± 3.1
Intrahepatic HBV DNA (log10): pretreatment          5.8 ± 1.0          6.3 ± 0.9            6.1 ± 0.9                5.6 ± 1.5
                                                         post-treatment          3.8 ± 0.9a          6.1 ± 0.7            4.9 ± 1.4a                4.7 ± 1.2
Serum HBV DNA (log10): pretreatment          7.6 ± 1.0          7.8 ± 1.3            7.7 ± 1.2                7.6 ± 0.8
                                               post-treatment          3.3 ± 0.7a          4.7 ± 1.4a          4.05 ± 1.3a                4.9 ± 1.2a 

Off- treatment 24 wk          5.1 ± 1.4          5.2 ± 1.7            5.1 ± 1.6                4.3 ± 1.3
ALT (nkat/L): pretreatment       4342 ± 2788       2571 ± 1519         3390 ± 2438             4509 ± 2338
                          post-treatment          634 ± 567a       1135 ± 1052           912 ± 918a               551 ± 236a 

Off-treatment 24 wk       1519 ± 1519       1637 ± 1369         1503 ± 1336             1987 ± 1720
Off-treatment 24 wk virological response rate       23.7% (9/38)       27.3% (9/33)         31.1% (19/51)             30% (3/10)
Off-treatment 24 wk ALT normalization rate       16.7% (15/38)       13.3% (10/33)         39.3% (24/51)             30% (3/10)

aP < 0.05 vs pretreatment.
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load before and after treatment was obviously lower in 
the patients with intrahepatic HBV DNA load less than 
5 log10 than in the patients with intrahepatic HBV DNA 
load greater than 5 log10 (P < 0.05), and the difference 
was not statistically significant in the other parameters. At 
the end of  treatment, greater reduction in the measured 
parameters was seen in patients with intrahepatic HBV 
DNA load less than 5 log10, indicating that reduction in 
intrahepatic HBV DNA load is also very important in 
antiviral treatment. After 24 wk of  treatment, sustained 
virus response rate and ALT normalization rate for the 
two groups were very similar (23.7% and 16.7%, 27.3% 
and 13.3%, respectively, P > 0.05). Regression analysis 
showed that virus flares after antiviral treatment were not 
correlated with the baseline or with the post-treatment 
level of  serum and intrahepatic HBV DNA load (r < 0.05, 
P > 0.05). A possible reason is that the duration of  antiviral 
treatment in this study was too short to eliminate or largely 
lessen the intrahepatic HBV DNA load. Therefore, once 
the antiviral drugs are withdrawn, the majority of  patients 
would experience virus rebound. Intrahepatic HBV DNA 
was undetectable even if  the patients had undetectable 
serum HBV DNA, indicating that intrahepatic HBV DNA 
is more useful than serum HBV DNA in monitoring the 
efficacy of  antivirus therapy, and loss of  intrahepatic HBV 
DNA might be crucial for the patients to achieve sustained 
antiviral response.

HBV is classified into 8 genotypes (A-H), each showing 
a distinct geographical distribution and disease progression. 
HBV genotype C is believed to be associated with a 
higher risk of  reactivation and progression to cirrhosis 
compared to HBV genotype B[22,23]. Whether hepatitis B 
virus (HBV) genotypes influence the response to antiviral 
treatment remains controversial. It was reported that HBV 
genotypes do not influence the development of  resistance 
to lamivudine, but influence the severity of  liver disease[24]. 
In the present study, 85.9% of  patients were infected with 
the HBV genotype C and 14.1% with the HBV genotype 
B. There was no significant difference in intrahepatic HBV 
DNA load, serum ALT and HBV DNA level, as well as in 
histological findings before and after treatment between 
the two groups (P > 0.05). After 24 wk of  treatment, both 
sustained virological response rate and ALT normalization 
rate for the two groups were very similar (P > 0.05), 
indicating that HBV genotypes have no influence on 
intrahepatic HBV DNA load. In this study, there was no 
statistically significant difference in the long-term effect of  
antiviral therapy between HBV genotypes B and C.

In conclusion, antiviral therapy can effectively suppress 
intrahepatic HBV DNA replication. Better efficacy of  
antivirus treatment can be achieved in patients with a 
low intrahepatic HBV DNA level. Intrahepatic HBV 
DNA level at the end of  antiviral treatment is correlated 
with the effect of  antiviral therapy, suggesting that loss 
of  intrahepatic HBV DNA may induces less virus flare 
and can be taken as the optimal endpoint of  antiviral 
treatment. There is no significant difference in intrahepatic 
HBV DNA level between HBV genotypes C and B.
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Abstract
AIM: To establish an accurate and rapid stem-loop 
reverse transcriptional real-time PCR (RT-PCR) method 
to quantify human let-7a miRNA in gastric cancer.

METHODS: According to the sequence of let-7a miRNA, 
the stem-loop reverse transcriptional primer, the primers 
and quantitative MGB probes of real-time PCR were 
designed and synthesized. The dynamic range and the 
sensitivity of quantitative reverse transcriptional real-time 
PCR were determined. The levels of let-7a miRNA were 
examined in 32 gastric carcinoma samples by stem-loop 
RT-PCR method.

RESULTS: The dynamic range and sensitivity of the 
let-7a miRNA quantification scheme were evaluated, 
the result showed the assay could precisely detect 10 
copies of mature let-7a miRNA in as few as 0.05 ng of 
total RNA of gastric mucosa. The results of specificity 
analysis showed no fluorescence signal occurred even 
though 50 ng of human genomic DNA was added to the 
reverse transcription (RT) reaction. The expression level 
of let-7a miRNA in gastric tumor tissues was significantly 
lower compared to normal tissues in 14 samples from 32 
patients.

CONCLUSION: The stem-loop RT-PCR is a reliable 
method to detect let-7a miRNA which may play an 
important role in the development of gastric carcinoma.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Mature microRNAs (miRNAs) were a recently discovered 
class of  endogenous, small non-encoding RNAs with the 
length of  21-25 nucleotides[1]. Their primary function 
was believed as translational repression of  protein 
coding mRNAs at post-transcriptional level[2-4]. miRNAs 
were found in the genomes of  animals[5,6] and plants[7,8]. 
There are about 4000 unique transcripts, including 462 
human miRNAs in the Sanger Center miRNA registry[9]. 
Otherwise, it is estimated that human genome has more 
than 1000 miRNAs[10].

Although the biological functions and the target genes 
of  miRNAs are poorly understood, it has been confirmed 
that they regulate complicated biological behaviors, such 
as cell differentiation, proliferation and death, etc[11]. Recent 
studies have shown that miRNA is closely related to tumor 
genesis and differentiation[12], especially, the expression 
level of  let-7a miRNA was reduced in human lung cancer 
and colon cancer[13,14], and it was shown to be anticancer 
miRNA that repressed Ras and c-myc expression at 
translational level[15]. As Ras and c-myc are universal 
pathways of  several tumors, let-7a miRNA may be the 
target of  tumor genesis.

Since miRNAs are very different from other traditional 
RNAs, different methods are needed to quantify their 
expression. We, therefore, established an accurate and 
rapid real-time PCR fluorescence quantitative method to 
quantify human let-7a miRNA in human gastric carcinoma 
and normal tissue. Based on this method, we preliminarily 
discussed the relationship between let-7a expression level 
and gastric carcinoma genesis.

MATERIALS AND METHODS
Patients and specimens
All human tissue samples were obtained from surgical 
specimens of  32 patients with gastric carcinoma from 
2005 to 2006 at Hangzhou First People’s Hospital, China. 
All tissues, including gastric carcinoma and corresponding 
adjacent normal tissue, were divided into two parts and 
preserved in liquid nitrogen for 30 min after removing 
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from the body. Informed consent was taken from all 
subjects.

Total RNA and genomic DNA preparation 
Total RNA and genomic DNA were extracted from the 
gastric carcinoma tissues and normal gastric mucous 
tissues. Total RNA was extracted by using Trizol 
(Invitrogen, Carlsbad CA) and genomic DNA was 
extracted by using QIAamp DNA Mini Kit (Qiagene, 
Germany) according to the manufacturer’s instructions. 
The total RNA and genomic DNA were quantified by 
ultraviolet spectrophotometer (UVPC2401, SHIMADZU) 
at a wavelength of  260 nm. Total RNA from normal 
gastric mucosa was quantified to 5 µg, and then diluted to 
500 ng, 50 ng, 5 ng, 0.5 ng, 0.05 ng, 0.005 ng, respectively.

Stem-loop RT primer and TaqMan MGB probe
All of  the oligonucleotides described are displayed 
in Table 1. The stem-loop RT primer, real-time PCR 
primes and TaqMan MGB probe were designed as 
previously described by Chen et al[16]. The let-7a miRNA 
template sequence was accessed from http://microrna. 
sanger.ac.uk/cgi-bin/sequences/mirna_entry.pl? acc = 
MI0000060. All primers, and probes were synthesized by 
Shanghai GeneCore Biotechnologies Co., Ltd.

Reverse transcription 
The miRNAs were reverse transcribed into cDNAs by 
SuperScript Ⅲ reverse transcription kits (Invitrogen). Ten 
microliters of  the total RNA or artificially synthesized 
let-7a miRNA template, 1.0 µl of  1.0 µmmol/µL stem-
loop RT primer (let-7aPRT), 1.0 µl of  10 mmol/L dNTPs 
(Promega) and 1.0 µl of  H2O were mixed and heated at 
65℃ for 5 min. The mixture was immediately placed on ice 
for 2 min. Then 4.0 µl of  5 × First-Strand buffer, 1.0 µl 
of  0.1 mol/L DTT, 1.0 µl of  RNase inhibitor (Invitrogen) 
and 1.0 µl of  SuperScript Ⅲ reverse transcriptase were 
added and mixed. The 20 µl of  reaction volume was 
incubated for 60 min at 55℃, 15 min at 70℃ and then held 
at 4℃. All reverse transcriptions as well as no-template 
controls were run at the same time.

Real-time PCR
Real-time PCR was performed using a standard TaqMan 
PCR protocol on an Applied Biosystems 7000 Sequence 
Detection System (Applied Biosystems). The 50 µl of  
PCR mixture included 5.0 µl of  RT product, 5.0 µl 
of  10 × PCR buffer (Takara), 1.0 µl of  10 mmol/L 
dNTPs (Takara), 7.0 µl of  25 mmol/L Mg2+ (Takara), 
0.6 µl of  AmpliTaq DNA polymerase (5 U/µl, Takara),  

0.2 µl of  TaqMan probe (let-7aT, 10 µmol/µl), 1.5 µl of  
amplification primerⅠ(let-7aPf, 10 µmol/µl), 0.7 µl of  
amplification primer Ⅱ (let-7aPr, 10 µmol/µl) and 29 µl 
of  autoclaved distilled water. The reaction mixtures were 
incubated at 95℃ for 10 min, followed by 40 amplification 
cycles of  95℃ for 15 s and 60℃ for 1 min. The threshold 
cycle (CT) is defined as the fractional cycle number at 
which the fluorescence passes the fixed threshold. TaqMan 
CT values were converted into absolute copy numbers 
using a standard curve from synthetic let-7a miRNA. We 
also quantified transcripts of  beta-actin as the endogenous 
RNA control, and each sample was normalized on the 
basis of  its beta-actin content[17].

RESULTS
Sensitivity and dynamic range
The dynamic range and the sensitivity of  the let-7a miRNA 
quantification scheme were evaluated using synthesized let-
7a miRNA. The synthesized let-7a miRNA was quantified 
at the ultraviolet (UV) wavelength of  260 nm (A260) and 
diluted by ten orders of  magnitude, including 1010, 109, 
108, 107, 106, 105, 104, 103, 102, 101 and 1 copies/µl. The 
real-time PCR assay showed excellent linearity between the 
log of  target input and CT value, suggesting that the assay 
has a dynamic range of  at least 8 logs and is capable of  
detecting as few as ten copies let-7a in the reaction (Figure 
1), and the correlation coefficient was 0.996. The total 
RNA input ranged from 0.005 ng to 5 µg, and the result 
showed the method could detect the let-7a miRNA as few 
as 0.05 ng of  total RNA from gastric mucosa (Figure 2).

Specificity analysis
The effect of  non-specific genomic DNA on let-7a 
miRNA assay was tested. The results showed that no 
fluorescence signal occurred even though 50 ng of  human 
genomic DNA was added to the RT reaction, indicating 
that the method has a good specificity without disturbance 
of  genome.

Expression of let-7a miRNA in gastric carcinoma
In order to confirm whether the level of  let-7a miRNA 
was reduced in human gastric cancer, we examined the 
expression of  mature let-7a miRNA and beta-actin in the 
samples from 32 patients with gastric cancer. As shown in 
Table 2 and Figure 3, the expression level of  let-7a miRNA 
in tumors was significantly lower (down-regulation rate 
over 2-fold) in 14 patients tested. However, in the other 
18 patients, no significant difference in let-7a miRNA 
expression was observed between tumors and normal 
tissues, and the up- or down-regulation rates were within 
two-fold.

DISCUSSION
MicroRNAs are endogenous short non-coding RNA 
molecules that regulate cell differentiation, proliferation, 
and apoptosis through post-transcriptional suppression of  
gene expression by binding to the complementary sequence 
in the 3’-untranslated region (3’-UTR) of  target messenger 

Table 1  Oligonucleotides used in this study

let-7aPRT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGAT  
                 ACGACAACTA
let-7aPf: GCCGCTGAGGTAGTAGGTTGTA
let-7aPr: GTGCAGGGTCCGAGGT
let-7aT: (6-FAM) TGGATACGACAACTATAC (MGB)
let-7aSeq: 6-ugagguaguagguuguauaguu-27 (MIMAT0000062) 
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RNAs (mRNAs)[3]. Recently, it has been revealed that the 
change of  miRNA expressions contributes to the initiation 
and progression of  carcinoma. More than 50% of  
miRNAs are located in cancer-associated genomic regions 
or in fragile sites[18]. The relationship between miRNA and 
tumor has currently become the focus of  many scientists. 
Current methods for detection and quantification of  
let-7a miRNA are largely based on cloning, Northern 
blotting[19], or primer extension[20]. Although microarrays 
could improve the throughput of  miRNA profiling, the 

method is relatively limited in terms of  sensitivity and 
specificity[21,22]. Low sensitivity becomes a problem for 
miRNA quantification because it is difficult to amplify 
these short RNA targets. Furthermore, low specificity 
may lead to a false-positive signal. They are not only 
low-sensitive, but also low-specific, because of  the non-
specificity of  let-7a pre-miRNA and genome.

Real-time PCR is the gold standard for gene expression 
quantification[23,24]. It has been a long challenge for 
scientists to design a conventional PCR assay from 
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Figure 1  Sensitivity and dynamic range of let-7a miRNA assay. A: Amplification curve of the synthesized let-7a miRNA, the well-behaved assay exhibited high sensitivity 
and broad dynamic range between the signal of 10 copies and 108 copies input template and the no-template-control background; B: Standard curve of the let-7a miRNA (r2 
= 0.996, slope = -2.92).
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Figure 2  Total RNA sensitivity and dynamic range of let-7a miRNA assay. A: Amplification plot of total RNA from gastric mucosa at six orders of magnitude. The total RNA 
input ranged from 50 pg to 5 µg in per stem-loop RT-PCR reaction; B: Correlation of total RNA input with the threshold of cycle (Ct) values for let-7a miRNA assays.

miRNAs with 22 nt in length on average. We specifically 
quantified the let-7a miRNA expression levels in gastric 
carcinoma using TaqMan PCR assays designed by Chen 
et al[16]. This assay can precisely detect 10 copies let-7a in 
50 pg of  total RNA. Furthermore, the results showed this 
method could detect let-7a miRNA without disturbance of  
genome.

Gastric carcinoma develops through the accumulation 
of  multiple genetic lesions that involve oncogenes, tumor 
suppressor genes and DNA mismatch repair genes. The 
relationship between gastric carcinoma genesis and the 
expression of  let-7a miRNA is rarely reported. In the 
present study, we examined, using real-time PCR, the 

expression of  let-7a mature miRNA in 32 matched pairs 
of  gastric tumoral and non-tumoral tissues from patients. 
The results showed let-7a miRNA was significantly 
down-regulated in 14 of  32 patients with gastric cancer. 
Similarly, the expression of  let-7a miRNA was reduced 
in lung cancer[13] and colon cancer[14]. The 3’UTRs of  the 
human Ras genes contain multiple let-7a complementary 
sites (LCSs), allowing let-7a to regulate Ras expression. It 
has been reported that the expression of  let-7a is lower 
in gastric tumors than in normal gastric tissue, while Ras 
protein is significantly higher in gastric tumors, which 
provides a possible mechanism for the association of  let-7a 
in gastric cancer. Further studies on relationship between 
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Table 2  Expression of let-7a miRNA in gastric carcinoma tissue

Sample No.                             T (copies/µg)                           N (copies/µg) T/N

let-7a β-actin let-7a/β-actin let-7a β-actin let-7a/β-actin
50901 7.37 × 104 1.05 × 105 0.7 2.15 × 105 1.43 × 105 1.5 0.47
51005 1.15 × 104 3.83 × 104 0.3 4.35 × 104 2.90 × 104 1.5 0.20
51006 1.03 × 105 5.15 × 105 0.2 8.57 × 105 4.76 × 105 1.8 0.11
51208 6.30 × 105 1.26 × 106 0.5 1.98 × 106 1.65 × 106 1.2 0.42
06031 1.03 × 103 8.58 × 102 1.2 2.63 × 103 1.05 × 103 2.5 0.48
60412 1.35 × 105 2.70 × 105 0.5 5.88 × 105 2.45 × 105 2.4 0.21
60418 6.53 × 105 1.09 × 106 0.6 2.74 × 106 1.37 × 106 2.0 0.30
60519 6.31 × 104 2.10 × 105 0.3 4.94 × 105 2.35 × 105 2.1 0.14
60524 3.05 × 105 7.63 × 105 0.4 6.22 × 105 6.91 × 105 0.9 0.44
60625 1.53 × 105 5.10 × 105 0.3 5.78 × 105 4.82 × 105 1.2 0.25
60726 8.24 × 104 1.03 × 105 0.8 2.55 × 105 9.46 × 104 2.7 0.30
60729 5.61 × 106 5.61 × 107 0.1 3.49 × 107 4.36 × 107 0.8 0.13
60731 4.35 × 104 8.70 × 104 0.5 1.32 × 105 9.41 × 104 1.4 0.36
60832 7.28 × 105 3.64 × 106 0.2 3.78 × 106 3.15 × 106 1.2 0.17

T: Gastric carcinoma tissue; N: Normal tissue; T/N: Difference in let-7a expression between tumor and normal tissue.
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Figure 3  Expression of let-7a miRNA in gastric cancer. 
Difference in let-7a miRNA expression between in tumor 
tissues (T) and the adjacent non-tumor tissues (N). The 
patient numbers correspond to those in Table 2. Compared 
to normal tissues, let-7a miRNAs expression in tumor tissue 
from 14 patients was significantly down-regulated.

gastric carcinoma and let-7a are currently underway in our 
laboratory.
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Successful endoscopic repair of an unusual colonic perforation 
following polypectomy using an endoclip device

Francesco Barbagallo, Giorgio Castello, Saverio Latteri, Emanuele Grasso, Salvatrice Gagliardo, 
Gaetano La Greca, Michele Di Blasi

 CASE REPORT

INTRODUCTION
Colonic perforation, together with haemorrhage, 
represents the most common complication of  therapeutic 
colonoscopy, although its incidence is very low and ranges 
between 0.1% and 2% of  all colonoscopic procedure[1]. The 
occurrence of  colonic perforations during polypectomy 
can depend on several factors alone or in association with 
each other. Some of  these risk factors are from physicians, 
and others depend on the polyp and the shape of  its 
peduncle. There are few cases in which the main risk factor 
is represented by a malfunctioning therapeutic device. 
We report a case of  a perforation of  the colonic wall 
during an endoscopic polypectomy, caused by a defective 
device, which was promptly treated endoscopically by the 
apposition of  endoclips. 

CASE REPORT
A 48-year-old male patient was admitted complaining of  
rectal bleeding for the past two months accompanied with 
frequent episodes of  constipation and diarrhoea. The 
patient underwent colonoscopy after preparation with 
4 L PEG-Electrolyte solution. Endoscopy was performed 
after light sedation with intravenous 10 mg benzodiazepine 
(Valium®). The procedure showed a 1 cm in diameter 
sigmoid polyp with a short peduncle, and two other polyps 
of  about 3 cm in diameter. One of  these was larger with 
a 1.5 cm peduncle on the left flexure of  the colon and the 
other was a sessile polyp on the right flexure. Endoscopic 
resection was started with the polyp at the right flexure 
after a submucosal injection of  12 mL 0.9% saline. Using 
an oval diathermic loop and electrocautery Olympus EUS 
30®, the peduncle was sectioned with a mixed current 
(cutting 40W, coagulating 35W). During the initial section 
of  the peduncle, the diathermy loop broke at one of  its 
roots because of  a manufacturing defect (Figure 1) so 
that its elastic tension was discharged on the colonic wall 
producing a transmural perforation. This was about 2 cm 
long and 3 cm away from the polyp and not bleeding 
possibly because of  the high temperature of  the device 
(Figure 2). The perforation was immediately noticed and 
promptly closed using two endoclips Olympus® (Figure 3). 
As the closure seemed stable and resistant, the patient was 
in good condition. Considering the bleeding risk of  the 
partially excised polyp, the polypectomy was successfully 
and easily completed with a new diathermy loop as the 
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Abstract
Colonic perforation during endoscopic diagnostic or 
therapeutic procedures, represents an uncommon 
occurrence even if, together with haemorrhage, it is 
still the most common complication of colonoscopy, 
with an incidence ranging between 0.1% and 2% of 
all colonoscopic procedures. The ideal treatment in 
these cases remains elusive as the endoscopist and the 
surgeon have to make a choice case by case, depending 
on many factors such as how promptly the rupture is 
identified, the condition of the patient, the degree of 
contamination and the evidence of peritoneal irritation. 
Surgical interventions both laparotomic and laparoscopic, 
and other medical non-operative solutions are described 
in the literature. Only three cases have been reported 
in the literature in which the endoscopic apposition of 
endoclips was used to repair a colonic perforation during 
colonoscopy. Ours is the first case that the perforation 
itself was caused by the improper functioning of a 
therapeutic device.

© 2007 The WJG Press. All rights reserved.
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other two polypectomies, simpler and more distal, not 
needing further air insufflations. After the procedure, 
the patient reported modest right hypochondria pain, 
with no signs of  shock, or peritonism. An abdominal 
X-ray examination was performed (Figure 4) and showed 
bilateral sub-diaphragmatic free air. Based on the stable 
general condition of  the patient, his age and the very good 
colonic preparation, we decided to adopt a conservative 
attitude. The patient was kept with fluids and peripheral 
parenteral nutrition, and two doses of  metronidazole  
500 mg and amoxyci l l in-clavulonic acid 1 g were 
administered. The general condition of  the patient 
consistently remained good without any increase of  
temperature, variation of  haemodynamic parameters, 
or increase of  WBC count. A second abdominal X-ray 
examination three days after the procedure showed a 
significant resorption of  the sub-diaphragmatic air. Since 
there were no sufficient experiences in literature, we 
preferred to extend the hospital stay of  the patient even 
if  she was already dischargeable. The modest abdominal 
pain disappeared slowly and intestinal motility became 
normal after the 4th post-procedural day so that a light diet 
was introduced. The patient was finally discharged in good 
condition eight days after the procedure. A further X-ray 
examination 18 d later showed the complete resorption 
of  the intra-peritoneal air and the patient was completely 
asymptomatic. The histopathological examination of  

all the resected polyps were classified as tubulo-villous 
adenomas with moderate dysplasia and free peduncles, 
requiring no more surgical procedure.

DISCUSSION
The ideal management of  colonic perforation following 
colonoscopic polypectomy remains elusive because its 
incidence is very low and estimated to be between 0.1% 
and 2% of  all colonoscopic procedures[1]. The possibility 
of  such a rare occurrence can be related to several factors, 
some depending on the experience and the training 
of  the endoscopist. Colonic perforation can be due to 
technical errors with consequent direct perforation of  the 
colonic wall, or to the use of  the wrong cutting current 
causing extensive necrotic damage of  the wall. Other 
important risk factors are related to the pathology, the 
polyp itself, its shape and dimensions, and the type and 
size of  its peduncle. Sessile polyps and polyps with short 
and thick peduncle are certainly associated with a higher 
risk of  colonic perforation, as the procedures required 
for the endoscopic excision are not always simple. Rare 
but still possible, there are cases of  perforation resulting 
from the improper functioning of  a therapeutic device 
which is not related to the type of  the polyp or the 
experience of  the endoscopist. The treatment of  colonic 
perforation during polypectomy is still controversial and 

Figure 1  Defective device captured after the offending procedure.

Figure 2  Transmural perforation of the colon, about 2 cm long and 3 cm from the 
polyp.

Figure 3  Two endoclips Olympus® are endoscopically positioned to repair the 
perforation of the colonic wall.

Figure 4  Abdominal X-ray examination performed soon after the successful 
conclusion of the endoscopic procedure, showing bilateral sub-diaphragmatic free 
air. 
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there are different treatment options to evaluate: the 
surgical treatment, either laparoscopic or laparotomic, the 
conservative non-operative treatment, and the endoscopic 
treatment. An endoscopist must maintain a high index 
of  suspicion despite minimal or atypical symptoms and 
negative radiological studies, because perforation can be a 
complication with a high morbidity and mortality[2]. The 
research of  the best possible management is mandatory 
in all cases and immediate surgical consultation should 
always be sought. The trend is to be less invasive, 
using no surgery given the advantages in ICU care and 
antibiotics. Laparoscopically or laparoscopically assisted 
(minilaparotomy) surgery is also being increasingly used, 
with outcomes comparable to conventional laparotomy. 
Moreover, experience and advantages in accessories have 
enabled the endoscopic repair of  iatrogenic perforation 
in recent years[2]. There are only three cases in the 
English literature (PubMed) which report the endoscopic 
apposition of  endoclips to repair a colonic perforation[3-5], 
and all of  them obtained as good results as ours. In our 
opinion, an individualized approach must be taken to 
manage the patient with an iatrogenic perforation, and 
several factors should be taken into consideration before 
making a choice of  the treatment. Local factors such as 
the suspected septic contamination, the localization of  
the polyp, the dimensions of  the lesion and the quality of  
colonic preparation before the procedure, are important in 
order to make the right treatment choice. Other factors are 
the general condition of  the patient, the symptoms and the 
eventual peritoneal irritation. In case of  a risk of  peritoneal 
septic contamination, especially in a patient with uncertain 
conditions, the surgical treatment on an emergency basis 
has to be considered the only reasonable choice. In these 
cases, according to the literature, a laparoscopic repair, 
other than minimally invasive, can be also safe, effective 
and fast[6], while a delayed surgery may sometimes prove 
fatal[7]. The main benefit of  the laparoscopic approach, 
compared to the traditional laparotomy, is seen in a more 
favourable postoperative status and in the possibility 
of  definitive injury management[8]. The possibility of  a 
conservative or endoscopic solution by apposition of  
endoclips should also be considered in the patient in 
good general condition and when colonic preparation 
before the procedure is performed properly to minimize 
the risk of  septic contamination. The case we reported 
is the fourth case described in the English literature of  
perforation following colonoscopy treated endoscopically 

as a definitive treatment. There are also a few cases of  
endoclip apposition to treat duodenal perforation[9,10] and 
colocutaneous fistula[11]. To our knowledge, ours is the 
first case due to the improper functioning of  a therapeutic 
device. Although a very careful consideration of  the case 
is required, endoscopic repair may represent a feasible, 
simple, fast and successful procedure, which meets with 
the satisfaction of  both patient and surgeon, with a 
high favorable cost-benefit ratio and a relatively short 
hospital stay of  the patients when compared to an urgent 
surgical procedure after colonic perforation. The reported 
procedure is clearly considered to be neither always 
feasible nor a gold standard. In our opinion, a non-surgical 
endoscopic repair of  iatrogenic rupture of  the colonic 
wall during endoscopic manoeuvres in this case should be 
taken into high consideration.
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common benign cause of  this situation is adenoma of  
the ������ �������major papilla[2,3].� ������ �����������������������    ���� Other benign mass������������   ����es����������   ���� of  the major 
papilla presenting as acute recurrent pancreatitis ����are� 
extremely rare[����4-6]. �������������������������������      ������We describe a rare case of  unexposed 
type ampullary adenomyoma presenting as acute recurrent 
pancreatitis. 

CASE REPORT
A� ������������ ������ ������������������   �� ���������������  74-year-old woman ������������������   �� ��������������� was ��������������  �� ��������������� admitted to our department ����due 
to �������� ���������� ������� �� ���������  ������������  �������severe ����������� ������� �� ���������  ������������  �������epigastric� ������� �� ���������  ������������  ������� pain for one day. She denied alcohol 
intake and use of  any drugs or medications. ����������������  Five������������   years ago, 
she ������������������   �� ����������� �� �������� ����������was admitted������  �� ����������� �� �������� ���������� ����� �� ����������� �� �������� ����������to our hospital ���� �������� ����������for similar ����������symptoms��. 
At the time, serum chemistry analysis revealed 37/11 
U/L (0-40 U/L) ������������������������������������ asp��������������������������������� a�������������������������������� r������������������������������� t������������������������������ ate��������������������������� /alanine aminotransferase, 
85 U/L (39-117 U/L)�� �������� �����������������������   ��������� �����������������������  alkaline phosphatase, 1.3 mg/dL 
(0.2-1.2 mg/dL) total bilirubin, 4290 IU/L (60-160 IU/L) 
a������������������������    ����������  ������������������ mylase, and 1526 IU����� ����������  ������������������ /���� ����������  ������������������ L (0-60 IU/L) lipase. ����������A���������bdominal 
CT scan showed acute pancreat i t i s ������ ��� � ���and mult ipl e 
peripancreatic �������� ����������� ���� ����������������� fluid collect������ ���� ����������������� ions. For personal reasons 
she refused further evaluation and was discharged after 
receiving conservative treatment for 1 mo. ����������� During the� 
second admission, laboratory data revealed 47/49 U/L 
(0-40 U/L)��� �����������������������������������������     aspirate�����������������������������������    /alanine amino transferase, 90 U/L 
(39-117 U/L) alkaline phosphatase, 0.7 mg/dL����� ����� (0.������2-1.2 
mg/dL) total bilirubin��� ����������  ����������������  ������, �����������  ����������������  ������1417 IU/L (60-160 IU/L) amylase, 
and 1353 U/L (0-60 IU/L) lipase�� ������ �����������.� ������ ����������� Other �����������laboratory� 
results were within normal range. ������������������  A�����������������  bdominal CT �����scan 
showed acute pancreatitis with peripancreatic f luid 
collections presenting as grade E. Magnetic resonance 
cholangiopancreatography��� �������� ��������������   (M�������� ��������������  RCP����� ��������������  ) �����������������  showed ���������� a ��������diffuse 
dilated common bile duct without any signal void. ����The 
p���������������  �������������� ���� �����������  ��������ancreatic duct was unremarkable (Fig��������  ��������ure ���� ��������1). Because 
the terminal����������  ����������  ��������� ����� ���� ��������� ����������  ��������� ����� ����common bile duct (���������� ����� ����CBD������� ����� ����)������ ����� ���� narrowing was 
suspicious, �������������������������  ���������������endoscopic retrograde choledochopancrea-
tography (������ ���� ����������� �������������ERCP�� ���� ����������� �������������)� ���� ����������� ������������� was performed. �������������D������������uodenoscopy� 
showed�������  ���� ���������� ������������������������    the major papilla bulging into the duodenal 
lumen. The overlying mucosa was intact (Fig��������� ure �����2A).  
After endoscopic biliary sphincterotomy, an even and firm 
nodular mass with a granular and villous mucosa was seen 
originating from the peripancreatic orifice (Fig����� ����ure �����2B).  
Multiple biopsies were taken from the mass. T������h�����ough 
the�����������������   ��������  ����������� ����� �������������  ����������������  ��������  ����������� ����� ������������� distal common bile duct was diffusely dilated, there 
was no definite delay of  passage after contrast injection. 
S����������������� ����� ������������������ ������ ����ubsequent endoscopic ultrasonography (EUS����� ����)���� ���� showed 
slightly elevated echogenic lesions on the major papilla 
(Fig���� ���� ����������������������������������������������       ure ���� ����������������������������������������������       3). ����������������������������������������������       T���������������������������������������������       here was no definite echogenic lesion in the 

 CASE REPORT

Ampullary adenomyoma presenting as acute recurrent 
pancreatitis

Tae-Hee Kwon, Do Hyun Park, Kwang Yeon Shim,�����������  ����� �������������������   ������ ����� ���������� ����� �������������������   ������ �����Hyun-Deuk Cho, Jeong Hoon Park, Suck-Ho Lee, 
Il-Kwun Chung, Hong-Soo Kim, Sang-Heum Park, Sun-Joo Kim

www.wjgnet.com

Tae-Hee Kwon, Do Hyun Park, Kwang Yeon Shim, Jeong 
Hoon Park, Suck-Ho Lee, Il-Kwun Chung, Hong-Soo Kim, 
Sang-Heum Park, Sun-Joo Kim, Division of Gastroenterology, 
Department of Internal Medicine, Soon Chun Hyang University 
Cheonan Hospital, Cheonan, Choongnam 330-721, Korea
Hyun-Deuk Cho, Division of Gastroenterology, Department 
of Pathology, Soon Chun Hyang University Cheonan Hospital, 
Cheonan, Choongnam 330-721, Korea
Correspondence to: Do Hyun Park, MD, PhD, Division of 
Gastroenterology, Department of Internal Medicine, Soon Chun 
Hyang University Cheonan Hospital 23-20 Bongmyung-dong, 
Cheonan, Choongnam 330-721, Korea. dhpark@schch.co.kr
Telephone:  +82-41-5703675  Fax: +82-41-5745762
Received: 2007-02-11	    Accepted: 2007-03-15

Abstract
Adenomyoma is a term generally applied to nodular 
lesions showing proliferation of both epithelial and 
smooth muscle components. Despite its benign nature, 
ampullary adenomyoma is usually presented as biliary 
obstruction. Most cases are misdiagnosed as carcinoma 
or adenoma by preoperative endoscopic or radiologic 
procedure. Therefore, it is frequently treated �����with� 
extensive surgery. To our knowledge, this is the first 
reported case in English literature of adenomyoma 
located in the peripancreatic orif ice result ing in 
intermittent pancreatic duct obstruction and recurrent 
pancreatitis ����������������������   ��������� �������diagnosed�������������   ��������� ������� by the endoscopic ����������piecemeal� 
resection. 
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INTRODUCTION
Ampullary tumors, both benign and malignant, may 
present as acute recurrent pancreatitis[��1]. The m����ost 
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gallbladder. ���������� ������������������������  �������� ���T��������� ������������������������  �������� ���entative pathologic diagnosis showed muscle 
proliferation without atypia. To confirm the diagnosis of  
u����������� �����������  ��� ������������  ���������������nexposed��� �����������  ��� ������������  ��������������� type �������� ��� ������������  ���������������adenoma� ��� ������������  ��������������� we perform�����  ���������������ed���  ��������������� �� ���������������a� ��������������� large-particle 
biopsy (piecemeal resection) using an electrocautery 
snare. ������ ����������������������������  ���� �����������A����� ����������������������������  ���� �����������fter piecemeal resection, endoscopic pancreatic 
duct sphincterotomy ���� ����������������   �������������was performed ������  �������������and a prophylactic 
pancreatic stent was inserted. �����������������  �������Additional�������  ������� argon plasma 
coagulation (APC) was applied to obliterate remnant 
villous mucosa. No procedure������������ ����������-����������� ����������related complication 
occurred��� ������������  ����������� ���������������� following the procedure. Histopathologic 
analysis of  ��������������  ����������� �����������������  the ���������� ����������� �����������������  resected specimen showed an admixture 
of  numerous ductules and a prominent proliferation of  
smooth muscle in the duodenal submucosa. ��������� ����T�������� ����he ductules 
were lined by columnar epithelial cells (Fig���� ���������� ure ���������� 4). ������T�����here 
w�������������������������������������������������������������        ere����������������������������������������������������������         no definite pancreatic acini ����������������������������   i���������������������������   n the pathologic finding���s��. 
Based on ���� ��������������������������������������    the ��������������������������������������    pathologic findings, the diagnosis of  
unexposed type ampullary adenomyoma was confirmed. 
F������������������� ������ �������������   ����������� ollow-up duodenoscopy showed ���������  ����������� a ������� ����������� normal looking ���of  
major papilla orifice with scar change. ���� �������� ����T��� �������� ����he patient ����was 
doing well at the ����� �� ����������1 year��� �������� ����������follow-up.

Discussion
Adenomyoma is a term generally applied to nodular lesions 
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showing proliferation of  both epithelial and smooth 
muscle components[����7,8�]. I����������  �� ����������������  t can occur anywhere in the 
gastrointestinal tract��� �������������������������    ��������� .� ��������������������������    ���������  Although it is most commonly found 
in the fundus of  the gallbladder, it rarely occur���������  s��������   in the 
extrahepatic biliary tract����� �������������  ���������  �����,���� �������������  ���������  ����� including the ampulla of  Vater [��8�].

Despite its benign nature, in previous reports, 
ampullary adenomyoma is usually presented as biliary 
obstruction[�����9,10�]. �����������������������������������������     Most cases are misdiagnosed as carcinoma 
or adenoma by preoperative endoscopic or radiologic 
procedure. Therefore, it is frequently treated ������������ ���with�������� ��� extensive 
surgery[8,9]. ����� �� �������������������������������     �������To our knowledge, this is the first reported 
case in  English literature of  adenomyoma located in the 
peripancreatic orifice resulting in intermittent pancreatic 
duct obstruction and recurrent pancreatitis ������������� diagnosed����  by 
the endoscopic ��������������������� piecemeal������������  resection. 

Unexposed type ampullary adenomyoma should be 
differentiated from chronic papillitis associated with benign 
conditions such as gallstones�������������������������    and���������������������   duodenitis. Chronic 
papillitis may ��������������������������������    ����������present�������������������������    ���������� as adenomatoid ductal hyperplasia 
with fibrosis and chronic inflammation[���10�]. In contrast��, 
the intraampullary mass in our case ��������������������  showed ������������� admixture of  
numerous ductules and prominent proliferation of  smooth 
muscle in the submucosa of  the duodenum�� ������ ����, which was� 
devoid of  definite fibrosis. 

It may be difficult to detect small ampullary lesions��,� 
especially����������������     ��������������������   ����� if  they do not protrude into ������ �����the �������ampulla[��1�]. 
T������������ ������ ������� �����������������������   ������hus��������� ������ ������� �����������������������   ������,�������� ������ ������� �����������������������   ������ endoscopic biliary sphincterotomy may be helpful 
in detection of  �������� �������� ���������  ���������������� the ������������ ���������  ���������������� unexposed types of  ampullary tumors, 
especially in case��������������   ����������  ������������ s�������������   ����������  ������������  of  common bile duct dilatation in 
the absence of  gallstones or in cases of  unexplained 
recurrent pancreatitis[�����1,11�]. ���������� ������� ���������On �������������� ���������endoscopic inspection, 
the unexposed��� ����� ����������������������  ���� type ampullary �������������� ����adenomyoma showed 
lobulated, firm, villous, and mucosal ���������������granularities��. 
These endoscopic findings����������  �� ����������������  are rather nonspecific and 
may be observed in nonneoplastic conditions such as a 

Figure 1  MRCP showing 
a diffuse dilated common 
bile duct without signal 
void and the remarkable 
pancreatic duct.

Figure 2  Duodeno-
s c o p y  s h o w i n g  a 
bulged major papilla 
with overlying intact 
mucosa (A) and an 
even and firm nodular 
mass with mucosal and 
vil lous granularit ies 
origionating from the 
peripancreatic orifice 
after endoscopic biliary 
sphinctertomy (B) (the 
arrow indicates the 
main pancreatic duct 
orifice).

A

B

Figure 3  EUS showing 
slightly elevated echo-
genic lesions on major 
papilla.

Figure 4  Histology 
of the resected spe-
c imen showing nu-
merous ductules in 
association with promi-
nent proliferation of 
smooth muscle in the 
s u b m u c o s a  o f  t h e 
duodenum ( inse r t , 
HE, × 2). The ductules 
were lined by columnar 
epithelial cells (HE, × 
200).



choledochocele, impacted ampullary stones, or papillitis[���12�]. 
T������������������������������������������������������       hus, endoscopic findings are by no means pathognomic��,� 
and tissue diagnosis is essential for accurate ���������diagnosis[���12�]. 
However, tissue samples obtained using conventional 
biopsy forceps may have a low diagnostic yield[���11�]. L�����arge-
particle biopsy using an electric cautery snare has been 
shown to increase diagnostic accuracy as shown in 
previous��������  studies[���12�] and ���� ����������������������������    �������the patient discussed in this report���.  

In summary, unexposed type ampullary adenomyoma 
may be added to the list of  rare entities causing recurrent 
pancreatitis.
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The cover of  this well-illustrated, monochrome book has 
mini-portraits of  eight surgical pioneers that suggest the 
scope of  this coffee table sized hardback. Andreas Vesalius 
rubs shoulders with Lister, Wangensteen, Pasteur and 
Ambroise Paré. Indeed this multi-author publication is the 
most comprehensive tome of  the history of  what is the 
core of  general surgery (i.e. surgery of  the gastrointestinal 
tract) published to date and browsing through it was an 
utter delight. 

I was particularly pleased to find, in an English 
language publication, not just contributors from the UK, 
the US and Australia but also from France, the Netherlands 
and Uruguay. Their scholarly efforts are well referenced, 
well-edited and hardly ever repetitive. Each chapter is 
written by obvious experts in their fields in which they 
describe their chose sub-specialty in great historical detail. 
I enjoyed the Biographical Notes in the appendix detailing 
the life histories of  the hundred or so most important 
pioneers (all men!) in gastrointestinal surgery. These 
vignettes only partly made up for the absence of  an index 
which I think the book deserves. The chapters detail the 

history of  how the anatomy of  the intestines was revealed, 
the battle against infection and pain, the development of  
anaesthesia and then cover the GI tract organ by organ 
from oesophagus to anus. Specific topics such as bariatric 
surgery, intestinal obstruction and the use of  mechanical 
staplers are well covered and it was especially pleasing to 
see how the pioneers in the Soviet Union were given due 
credit for the mechanical devices.

The chapter on alimentary tract disorders in infants 
and children is extraordinarily detailed and throughout this 
book I came across snippets of  knowledge that had until 
now passed me by such as the fact that the word pancreas 
is derived from the Greek pan-kreas (“all-meat”) and that 
Professor (later Lord) Lister migrated from Glasgow (where 
he trained my great-grandfather) to Edinburgh (which he 
loved) to King’s College London (which he did reluctantly) 
in order to take his message of  antisepsis to that sceptical 
southern metropolis. 

Between the chapters there are a few more detailed 
biographical footnotes on some of  the pioneers and these 
seem to have been chosen somewhat at random (e.g. On 
Billroth, Ravitch, Wangensteen, Sir Alan Parks and others). 
However, this bit of  serendipity does not detract from the 
overall impression of  a book of  high scholarship which 
is easy to read and will probably remain the best historical 
reference book in this subject for many years to come. 
If  Winston Churchill was right when he stated that “The 
further you look back the easier it is to look forward!” 
then every student and practitioner of  gastroenterological 
chirurgery must purchase a copy of  Pioneers In Surgical 
Gastroenterology as soon as possible!

Pioneers In Surgical Gastroenterology
Edited by Walford Gillison and Henry Buckwald
Shrewsbury, tfm Publishing Ltd, 2007
ISBN 1-903378-35-4   UK £45 US $85 4 Euro Є68
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p (CEA) = 8.6 24.5 µg/L; CO2 volume fraction, 50 mL/L CO2  not 5% CO2; 
likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction, 
8 ng/g, etc. Arabic numerals such as 23, 243, 641 should be read 23 243 641.

The format about how to accurately write common units and quantum 
is at: http://www.wjgnet.com/wjg/help/15.doc
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Abbreviations
Standard abbreviations should be defined in the abstract and on first mention 
in the text. In general, terms should not be abbreviated unless they are 
used repeatedly and the abbreviation is helpful to the reader. Permissible 
abbreviations are listed in Units, Symbols and Abbreviations: A Guide for 
Biological and Medical Editors and Authors (Ed. Baron DN, 1988) published 
by The Royal Society of  Medicine, London. Certain commonly used 
abbreviations, such as DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, 
RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used 
directly without further mention.

Italics
Quantities: t time or temperature, c concentration, A area, l length, m mass, 
V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H pylori, E coli, etc.
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Please revise your article according to the revision policies of  WJG. The 
revised version including manuscript and high-resolution image figures (if  
any) should be copied on a floppy or compact disk. Author should send the 
revised manuscript, along with printed high-resolution color or black and 
white photos, copyright transfer letter, the final check list for authors, and 
responses to reviewers by a courier (such as EMS) (submission of  revised 
manuscript by e-mail or on the WJG Editorial Office Online System is NOT 
available at present).

Language evaluation 
The language of  a manuscript will be graded before sending for revision. 
(1) Grade A: priority publishing; (2) Grade B: minor language polishing; 
(3) Grade C: a great deal of  language polishing; (4) Grade D: rejected. The 
revised articles should be in grade B or grade A.
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Final check list for authors
The format is at: http://www.wjgnet.com/wjg/help/13.doc

Responses to reviewers
Please revise your article according to the comments/suggestions of  
reviewers. The format for responses to the reviewers’ comments is at: http://
www.wjgnet.com/wjg/help/10.doc
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