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Abstract
The aim of the present review was to summarize the 
current evidence on the role of ultrasonography (US) and 
doppler-US in the diagnosis of celiac disease.
   Several ultrasonographic signs have been reported in 
the association with celiac disease in studies using real-
time US. Firstly, case control studies identified some of 
these US signs and then in a prospective series some 
of these parameters, due to their high specificity, have 
been shown to be of value in confirming CD diagnosis,  
whereas others, due to their high sensitivity, have been 
demonstrated to be useful in excluding the presence of 
the disease. 
  The pattern of splanchnic circulation in CD have 
extensively been investigated by several studies all 
of which reported similar results and identified a hy-
perdynamic mesenteric circulation that reverts to no-
rmal values after successful a gluten-free regimen. 
   The last part of  this review will deal with the possible 
role of US in identyfing the most severe and common 
intestinal complication of CD, i.e. the enteropathy-
associated T cell non-Hodgkin lymphoma.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Celiac disease (CD)  is a chronic systemic autoimmune dis-
order, whose prevalence in the general population ranges 
from 0.2 to 0.94[1]. It occurs when the small bowel mucosa 

of  susceptible subjects is damaged by dietary gluten, and 
its clinical picture ranges from mild to severe forms. The 
most frequent findings include chronic diarrhea, iron-
deficiency anemia and dyspepsia. The diagnosis is sup-
ported by the determination of  endomysial (EmA) and 
tranglutaminase (tTG) antibodies, characterized by a high 
sensitivity and specificity (> 85% and nearly 100%,  respec-
tively) and confirmed by consistent histological duodenal 
findings[2]. Clinical, serological and histologic characteris-
tics have recently been extensively reviewed[1]. 
    As reported above, clinical manifestations are protei-
form and complications include refractory sprue, enter-
opathy-associated-T-cell-lymphomas (EATL), carcinoma 
of  the oropharynx, esophagus and small bowel, ulcerative 
jejuno-ileitis and collagenous sprue[3-7].
    In patients with gastrointestinal symptoms abdomi-
nal ultrasonography (US) represents the initial imaging 
technique, whose accuracy has recently been markedly 
improved by the widespread availability of  high resolu-
tion equipment. In this context  several ultrasonographic 
signs have recently been reported[8 -12] and some of  them 
have been proved to be of  value  in supporting or ruling 
out CD[13]. This review deals with the role of  abdominal 
and doppler ultrasonography in detecting the presence 
of  celiac disease and in assessing its most frequent com-
plication, i.e. EATL.

ABDOMINAL ULTRASOUND IN THE 

DIAGNOSIS OF CELIAC DISEASE
Different US signs have been proved to be of  value in 
suggesting the presence of  CD, case reports[8-10] and two 
preliminary retrospective case-control studies, done in a 
pediatric[11] or adult setting[12] respectively. In the former 
series by Riccabona et al[11], which included 39 children 
with overt malabsorption and histologically proven CD 
(Table 1), an “abnormal” aspect of  small intestine  was 
observed in 36 cases (92%), consisting of  increased peri-
stalsis in 32 (82%) and free abdominal fluid in 30 cases 
(76%); interestingly, a pericardial effusion was observed in 
half  of  the cases. Based on the above findings the Authors 
concluded that even if  intestinal biopsy still remains the 
reference standard for diagnosing CD, the awareness of   
CD-associated sonographic abnormalities could acceler-
ate diagnostic work-up and the introduction of  gluten-
free diet (GFD). The second study, by Rettenbacher et al[12], 
included 11 adults with histologically proven CD and 20 
healthy subjects (Table 2). An increase in intraluminal fluid 
content (11 cases), the presence of  a moderate small bowel 
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dilatation (8 cases) and of  an increased peristalsis (8 cases),  
and the presence of  moderate bowel wall thickness (7 
cases) represented the most relevant findings. Other extra 
intestinal signs, as mesenteric lymph node enlargement, 
free abdominal fluid, superior mesenteric artery or  portal 
vein dilatation , hepatic steatosis  were also identified,  with 
an overall frequency ranging from 52 to 84%. None of  the 
healthy controls showed abnormal US signs.
    Both the above series were aimed to answer a phase I 
question (i.e. are the results of  the index test in patients 
with a target disorder different from those in controls?).  
These type of  studies have the advantage of  being rela-
tively quick and cheap to  perform and serve as a promoter 
for further studies; however they could be affected by the 
presence of  a possible “spectrum bias” as only patients 
with fully expressed disease are usually studied[14]. 
    As a consequence, these types of  studies should be 
confirmed in larger prospective cohorts to obtain both 
higher precision and wider generalizability. 
     In a recent study[13], we have prospectively evaluated 
the diagnostic accuracy of  different  US signs in predicting 
CD in a cohort of  162 consecutive patients investigated  
for chronic diarrhea (# 105), iron-deficiency anemia (# 25)  
and dyspepsia (# 32) (i.e. frequent CD manifestations), 
and characterized by a pre-test probability of  the disease 
ranging from 5 to 10 % as estimated from a previous series[15]. 
All patients underwent anti-endomysial IgA antibodies 
determination and duodenal biopsy. Two operators, blind 
to both the clinical, serological and histological findings 
evaluated six US signs represented by  fasting gallbladder 
volume, transverse diameter of  small bowel loops, small 
bowel wall thickness, peristaltic pattern, presence of  free 
abdominal fluid, and diameter of  the mesenteric lymph 
nodes. 

    Twelve patients (7 %): six male and six female, aged 
16-77 years with a mean of  49 ± SD 17 years, had EmA 
positive and duodenal histologic findings consistent with  
Marsh’s grade III -IV (11 and one cases, respectively). In 
detail, seven cases were observed among those with chron-
ic diarrhea (6.7 %), four among those with iron-deficieny 
anemia (16 %) and one among dyspeptics (3.1%). The 
frequency of  the above mentioned US findings was com-
parable in pauci-symptomatic celiacs and those with fully 
expressed disease. Of  the 150 EmA negative cases, none 
had duodenal histology consistent with CD; 72 (48 %) and 
78 (52 %), were eventually diagnosed as having functional 
or organic disease, respectively. In the latter group, an ileal 
involvement was observed in nine cases (six with Crohn’
s disease and the remaining three with a final diagnosis of  
giardiasis and common variable immunodeficiency, pri-
mary lymphangiectasia and ileal carcinoid, respectively). 
Interestingly, in those patients with ileal Crohn’s disease,  
US pattern differed completely from that observed in ce-
liac patients based on a localised and marked bowel wall 
thickening. The details concerning the diagnostic accuracy 
of  the six US signs evaluated are given in Table 3. In par-
ticular, the positive likelihood ratio (LR+) > 10 observed 
for increased GB volume, free abdominal fluid and en-
larged mesenteric lymph nodes  allowed a confirmatory 
strategy, whereas the negative likelihood ratio (LR-) of  0.1, 
observed for dilated small bowel loops and increased peri-
stalsis, supported an exclusion strategy. 
     The k values ranging from 0.76 (for increased peristalsis) 
to 0.95 (for dilatation of  small bowel loops) supported 
the  good inter-observer agreement in the evaluation of  
the above reported US signs. Interestingly, strict gluten-
free regimen obtained EmA negativization and a complete 
reversal of   US abnormalities at one year.
    In conclusion, the finding of  increased GB volume, 
abdominal free f luid and mesenteric lymph nodes 
enlargement reliably and accurately predicts CD, whereas 
the lack of  intestinal dilatation and increased peristalsis 
makes it possible to rule out  the diagnosis. The specificity 
of  US was maximized up to 99 % in the presence of  all 
the six US signs considered, with an obvious decrease in 
sensitivity (33 %); moreover an LR + value of  50 allowed a 
confirmatory strategy accounting for a PPV of  80 %. Co-
nversely, in the presence of  at least one US sign, sensitivity 
was 92 % with a negative likelihood ratio value of  0.10 
and a NPV of  99 %, a diagnostic performance that was 
comparable to that of  dilated small bowel loops.
    Taking into account the above results, the actual role 
of  US in the diagnostic strategy of  celiac disease should 
be probably modulated according to the prevalence of  
the disease in the population under examination. As from 
Figure 1, the choice of  the initial test depends on the 
estimated level of  suspicion. In case of  low CD prevalence 
(e.g. ≤ 10 % ), the negativity of  the US signs, mainly the 
lack of  “dilated small bowel loops with increased fluid 
content”, can more effectively exclude the diagnosis and 
also can be very useful in discriminating functional from 
organic disease. Conversely, the concomitance of  all the 
six US signs increases the probability from 10 to up 84 %, 
still requiring a confirmatory intestinal biopsy. Facing with 
a moderate probability of  CD (e.g. of  about 30 %) both 

Table 1 Number of patients showing a positivity of each of 
the four US signs studied in the pediatric series of Riccabona 
et al (11).

US signs                 Patients with 
                 a positive sign (#)

Abnormal aspect of small intestine            36 
Increased peristalsis              32 
Abdominal fluid              30 
Pericardial  effusion              18 

Table 2 Number of patients showing a positivity for each of the 
eight US parameters assessed in the adult series of Rettenbacher 
et al  (12).

US signs                Patients with 
                a positive signs (#)

Moderate small bowel dilatation           8/11
Increased intraluminal fluid content  11/11
Small bowel wall thickness      7/11
Increased peristalsis       8/11
Mesenteric limph node hypertrophy    9/11
Free abdominal fluid       5/11
SMA or portal vein dilatation     7/11
Hepatic steatosis        6/11

1002         ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol     February 21, 2006   Volume 12    Number 7
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IgA EmA testing and US can confirm the diagnosis, based 
on a PPV > 90 %, a level at which the diagnostic role 
of  histology could be challenged. Finally, independently 
of  the test sequence, in the presence of  both US and 
EmA results negativity, CD diagnosis can be confidently 
excluded  as the post-test probability drops to less than 1% 
(NPV 99%). Obviously, in case of  discordance, duodenal 
histology remains mandatory.
    Overall, ultrasonography can accurately predict celiac 
disease but its place in the diagnostic algorythm should be 
varied according to the probability of  the disease in a given 
population.

SPLANCHNIC CIRCULATION IN CELIAC 
DISEZSE
Basal and postprandial splanchnic blood flow (i.e. that 
in superior mesenteric artery, SMA, and portal vein, PV) 
was  assessed in celiacs by doppler-US. Uniformly, in fast-
ing condition, there was  an increase in SMA velocity and 
flow, with lower resistivity index , and a higher PV velocity 
and flow as compared to controls[16-19]. As a consequence, 
when determined in postprandial phase all the above men-
tioned parameters showed a significantly lower variation as 
compared to that observed in  healthy subjects[17, 19]. Once 

                                                                                              CD probability   ≤ 10%

First test   US   Other diagnosis 

     Pos Neg
 Post-test
  probability (%)     84  0.8  CD ruled out

Second test                Histology   
        
       CD probability    ~30%

First test                                             US           EmA
      pos  neg                        pos                       neg
 Post-test
 probability (%)            98        4.2                   93                       2.5

Second test      EmA                     US 

     CD  ruled in pos neg          CD ruled in             pos      neg

 Post-test   
  probability (%)      56 0.3             56          0.3     

        Histology       CD ruled out          Histology   CD ruled out

Figure 1  Diagnostic algorithm for celiac disease (CD), according to different pre-test probabilities of the disease. The post-test probability  was calculated considering as a 
negative test the absence of “dilated small bowel loops with increased fluid content” (which showed the highest sensitivity: 92%, and the lowest LR- : 0.10) and as a positive 
test the presence of “all six US signs” (which has the highest specificity:  99%, and the highest  LR+:  50). The post-test probability for EmA was calculated considering a 
LR+ of 31 and LR- 0.06 (where LR indicate the likelihood ratio)(2).

Table 3 Diagnostic performance of six US parameters in predicting celiac disease (CD). 
Sensitivity, specificity, positive or negative likelihood ratio (LR+ and LR-), positive predictive 
value (PPV) and negative predictive value(NPV) (with corresponding 95% CI  in parentheses). 

US parameters  Sens %     Spec %      LR +ve     LR - ve      PPV %     NPV %           

Increased gallbladder volume 73  96 17.0   0.28   57  98
(r.v.≤ 20mL)  (46-99)  (92-99) (7.3-41.0)   (0.1-0.7)   (31-83)  (95-100) 
Dilated small bowel loops + 92  77 4.0   0.10   24  99
increased fluid content (76-100)  (70-84) (2.8-5.5)   (0.1-0.7)   (11-36)  (97-100)
(r.v.≤ 2.5 cm)      
Thickened small bowel wall 75  91 8.0   0.27   39  98
(r.v.≤ 3 mm)  (50-99)  (86-95) (4.4-14.5)   (0.1-0.7)   (19-59)  (95-100)    
Increased peristalsis  83  87 6.6   0.10   34  98
   (62-100)  (82-92) (4.0-10.7)   (0.05-0.7)   (17-51)  (96-100)    
Free abdominal fluid  50  96 12.5   0.52   50  96
   (22-78)  (93-99) (4.7-33)   (0.3-0.9)   (22-78)  (92-99)    
Enlarged mesenteric lymph 42  97 15.6   0.59   55  95
nodes (r.v.≤ 5 mm)  (14-69)  (95-99) (6.8-50.6)   (0.4-0.9)   (23-88)  (92-99) 

 Fraquelli M  et al.  Ultrasound and celiac disease                                                                                          1003
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again, successful long term gluten-free diet reverted all the 
above abnormalities. 

ABDOMINAL ULTRASOUND IN THE 
DIAGNOSIS OF THE COMPLICATION OF 
CELIAC DISEASE INTESTINAL LYMPHOMA 
AND SMALL BOWEL ADENOCARCINOMA
Enteropathy-associated T cell non-Hodgkin lymphoma 
(EATL-NHL), whose annual incidence is nearly 0.5-1 
per million people, is actually confined to patients with a 
previously or concomitantly diagnosed CD, and also com-
plicates the refractory form of  the enteropathy. Moreover, 
an increased risk of  small bowel adenocarcinoma, an ex-
ceedingly rare malignancy with an annual incidence rate of  
0.6-0.7 per 100 000 of  general population(6), has also been 
reported. 
    In the presence of  both these neoplasms, the typical 
US pattern is closely similar with evidence of  the so called 
“bull’s eye”-, “target”- or “pseudokidney” sign related to 
an eccentric and localized bowel wall thickening(20). 
     In the above conditions, US is useful in both the disease 
location and staging; furthermore, it also allows both a de-
tailed characterization of  adjacent or distant lymph nodes 
and their sampling for histology , whenever indicated. 
    Overall, however, US should not be considered a first 
level technique in diagnosing superimposed intestinal lym-
phoma in CD patients, based on its low sensitivity even if  
performed by well trained operators. Accordingly, US as to 
be considered as ancillary to endoscopy in identifying and 
staging EATL in CD patients. 
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Abstract
AIM: To investigate the extent of oxidative stress in pre-
neoplastic and neoplastic gastric mucosa in relation to 
their pathological criteria and histological subtypes. 

METHODS: A total of 104 gastric adenocarcinomas from 
98 patients (88 infiltrative and 16 intraepithelial tumors) 
were assessed immunohistochemically for expression of 
iNOS and occurrence of nitrotyrosine (NTYR)-containing 
proteins and 8-hydroxy-2’-deoxyguanosine (8-OH-
dG)-containing DNA, as markers of NO production and 
damages to protein and DNA.

RESULTS: Tumor cells staining for iNOS, NTYR and 
8-OH-dG were detected in 41%, 62% and 50% of 
infiltrative carcinoma, respectively. The three markers 
were shown for the first time in intraepithelial carcinoma. 
The expression of iNOS was significantly more frequent 
in tubular carcinoma (TC) compared to diffuse carcinoma 
(DC) (54% vs  18%; P = 0.008) or in polymorphous 
carcinoma (PolyC) (54% vs  21%; P = 0.04). NTYR 
staining was obviously more often found in TC than 
that in PolyC (72% vs  30%; P =0.03). There was a 
tendency towards a higher rate of iNOS staining when 
distant metastasis (pM) was present. In infiltrative 
TC, the presence of oxidative stress markers was not 
significantly correlated with histological grade, density of 
inflammation, the depth of infiltration (pT), lymph nodes 
dissemination (pN) and pathological stages (pTNM).

CONCLUSION: The iNOS-oxidative pathway may play 
an important role in TC, but moderately in PolyC and DC. 
DNA oxidation and protein nitration occur in the three 
subtypes. Based on the significant differences of NTYR 
levels, TC and PolyC appear as two distinct subtypes.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION

Gastric carcinoma is one of  the most common neoplasms 
in the world, and most are adenocarcinomas. According 
to the Lauren classification[5], two epidemiologically 
distinct types[1-4] exist.  Intestinal-type carcinoma (tubular 
carcinoma, TC) is associated with H pylori infection, 
chronic gastritis, atrophy, intestinal metaplasia, and 
dysplasia that evolve as a multi-step process into this type 
of  cancer. Diffuse-type carcinoma (DC), which occurs 
more often in younger patients, is also associated with 
H pylori infection but not with atrophy and intestinal 
metaplasia, and is associated with a worse prognosis. Mixed 
polymorphous carcinoma (PolyC) encompasses tumors 
showing both glandular and diffuse components.

Inducible nitric oxide synthase (iNOS), which is 
synthesized de novo in response to mucosal inflammation in 
H pylori-associated gastritis[6-10], produces large amounts of  
nitric oxide (NO) over long periods of  time.  Inflammatory 
cells also produce reactive oxygen species such as 
superoxide anion which is subsequently converted into 
hydrogen peroxide and hydroxyl radical[11]. The reaction 
of  NO with oxygen and superoxide produces nitrogen 
oxides and peroxynitrite, respectively. Overproduction 
of  such reactive species leads to oxidation, nitration and 
nitrosation, resulting in protein, DNA and tissue damage. 
Nitrotyrosine (NTYR), formed by nitration of  tyrosine 
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residues in proteins, can be used as a marker of  nitrative 
damage in vivo[12,13], and we[6,14] and others [8,9] have shown 
that its levels are elevated in H pylori-infected gastric 
mucosa. 8-Hydroxy-2’-deoxyguanosine (8-OH-dG) is 
one of  the most commonly used markers of  oxidative 
DNA damage[15]. We[6] and others[16-18]  have demonstrated 
increased levels of  8-OH-dG in H  pylori-infected gastric 
mucosa.  Oxidative stress has been suggested to play a 
major role in carcinogenesis[19,20], but the mechanisms 
involved still remain unclear. Expression of  iNOS in 
various carcinomas has been reported[21-25], but the studies 
of  stomach cancer were performed with small numbers 
of  cases[26-29] and they considered only limited pathological 
data[30-34]. The presence of  NTYR in some carcinomas was 
previously reported[35-37], but no data, to our knowledge, on 
gastric cancer are available. Elevated levels of  8-OH-dG 
were demonstrated in some carcinomas[35,36,38,39], but in only 
two studies on gastric carcinoma[30,40].

 In this study, we therefore aimed to investigate the 
extent of  oxidative stress in pre-neoplastic and neoplastic 
gastric mucosa in relation to the cell compartment 
concerned and pathological criteria, especially the 
cancer subtype, and to identify subsets of  cancers with a 
distinctive profile for the oxidative stress markers.   

MATERIALS AND METHODS
Subjects  
Our retrospective study included 98 consecutive French 
patients with gastric adenocarcinoma and 26 non-tumor-
ous patients. All subjects were endoscopically biopsied 
for diagnostic purposes, between 1989 and 2000. Demo-
graphic information and medical history were obtained in 
all patients from the hospital records. The 104 carcinomas 
from the 98 patients were either infiltrative (n = 88; 58 men 
and 30 women; mean age 70 years, range 30-98 years), or 
intraepithelial (i.e., high-grade dysplasia; n = 16), of  which 
6 had an adjacent infiltrative tumor (4 men and 2 women; 
mean age 64 years, range 54 to 75 years) and 10 had no 
coexisting infiltrative cancer (6 men and 4 women; mean 
age 70 years, range 44 to 85 years).  Of  the 88 infiltrative 
cancers, 57 were classified as tubular/intestinal (TC) (38 
men and 19 women; mean age 64 years, range 44 to 76 
years), 17 as diffuse (DC) (12 men and 5 women; mean age 
68 years, range 49 to 92 years), and 14 as polymorphous 
(PolyC) (8 men and 6 women; mean age 70 years, range 
57 - 98 years). H pylori was detected in 21% (19/92) of  pa-
tients with carcinoma, including 10% (1/10) with intraepi-
thelial carcinoma, 19% (11/54) with TC, 33% (4/12) with 
PolyC, and 19% (3/16) with DC.

Diagnostic biopsy samples with precursor lesions 
(n = 94) were obtained from 57 of  the 98 patients with 
gastric adenocarcinoma and from 26 randomly selected 
non-tumorous subjects. They were classified as low-grade 
dysplasia (n = 19), of  which 12 had no coexisting carcinoma 
(9 men and 3 women; mean age 68 years, range 43 to 88 
years), and 7 were associated with invasive carcinoma, 
either adjacent (n = 3) or distant (n = 4). Of  the 75 atrophic 
gastritis lesions, all but seven in association with intestinal 
metaplasia, 51 cases were in patients with intraepithelial or 
infiltrative cancer, either adjacent (n = 36) or distant (n = 15), 

and 24 cases  had no coexisting cancer. Among the latter 
24 cases, 10 also showed low-grade dysplasia, and of  the 
remaining 14, all but one had intestinal metaplasia (11 men 
and 3 women; mean age 64 years, range 24 to 90 years). H 
pylori infection was found in 32% (6/19) of  patients with 
low-grade dysplasia and in 33% (25/75) of  those with 
atrophic gastritis. 

Diagnostic biopsy samples without precursor lesions 
(n = 48) were obtained from non-tumorous mucosa of  
38 of  the 98 patients with gastric carcinoma and from 
5 of  the 12 non-tumorous patients with isolated low-
grade dysplasia. The 43 biopsies from 38 gastric cancer 
patients were taken from mucosa surrounding (n = 36) or 
distant  from (n = 7)  the tumor. Mucosa was classified as 
normal (n = 8, including 3 from non-cancerous subjects), 
or non-metaplastic gastritis (n = 40, including 2 from non-
cancerous subjects). H pylori infection was found in 23% 
(10/ 43) of  subjects.

Histopathology and assessment of H  pylori infection
We examined Bouin-fixed, paraffin-embedded archival 
biopsies from gastric mucosa. Sections (5-µm thick) were 
stained using hematoxylin-eosin-saffron for histological 
d iagnos is and wi th a modif ied Giemsa s ta in for 
identification of  H pylori. Additional serial sections were 
used for immunohistochemistry. H pylori infection was 
graded as absent, mild, moderate or severe[41].  In addition, 
a rapid urease test (CLO test) was performed in one third 
of  cases.

The histological criteria were based on previous 
descriptions. According to the Lauren’s classification[5], 
infiltrative gastric cancers were classified as intestinal-
type or tubular (TC), diffuse-type (DC), or mixed 
polymorphous (PolyC), the latter encompassing all tumors 
showing 5% or more glandular as well as 5% or more 
diffuse components[42]. The DC consisted of  dispersed 
cells or of  minute cellular aggregates. Tumor grade was 
classified into three categories (well, moderately, or poorly 
differentiated). Dysplasia was categorized as low-grade or 
high-grade based on the severity of  neoplastic features[43,44]. 
High-grade dysplasia, as an intra-epithelial non-invasive 
neoplasia, was grouped with intraepithelial carcinoma 
according to the consensus terminology[43,44]. 

Gastritis was classified and intestinal metaplasia (IM) 
was noted according to the guidelines of  the updated 
Sydney system[41]. In view of  the small number of  cases 
with severe gastritis (n  = 4), they were combined with the 
moderate gastritis cases (n = 36) to form one group. 

Pathologic stage (pTNM)
The pathologic stage (pTNM) was determined according 
to the newly revised classification of  the American Joint 
Committee on Cancer (AJCC) and the International Union 
Against Cancer [UICC][45] for 53 patients who benefited 
from a curative resection either by gastrectomy (n = 42), or 
endoscopy (n = 11). Staging laparoscopy was performed for 
four subjects because of  peritoneal metastasis. No surgery 
was performed for some cases because of  either distant 
metastasis (n = 8) or associated neoplasm (n = 5). No 
staging data were available for 28 patients who underwent 
surgery in another centre. 
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We defined early gastric carcinoma as a tumor restricted 
to the mucosa or to the mucosa and submucosa (pT1) 
regardless of  nodal status. 

Immunohistochemistry
Bouin-fixed paraffin-embedded sections (4-µm thick) were 
routinely deparaffinized in xylene and rehydrated through 
a series of  ethanol solutions. The immunohistochemical 
procedures were performed as previously described[6,7]. 
The avidin-biotin complex method was applied to the 
serial sections mounted on poly-L-lysine-coated plates. 
Brief ly, after deparaffinization and inactivation of  
endogenous peroxidases, non-specific immunolabelling 
was blocked and overnight incubation was carried out 
with the primary antibody at 4 °C. Primary antibodies 
used were as follows: (1) Polyclonal antibodies raised in 
the rabbit against iNOS (dilution 1:100), purified from rat 
livers with acute liver necrosis induced by iv administration 
of  Propionibac t er iu im acnes and l ipopolysaccharide 
provided by one of  us (HO)[7,46,47]; (2) mouse monoclonal 
antinitrotyrosine antibody (dilution 1:250) supplied 
by Upstate Biotechnology (Lake Placid, NY); and (3) 
purified mouse monoclonal antibody against 8-hydroxy-2’
-deoxyguanosine (N45.l, 3 µg/mL)[48,49]. A secondary 
biotinyl-labeled goat antirabbit or horse antimouse lgG 
serum and avidin-biotinylated horseradish peroxidase 
macromolecular complex (ABC Kit, Elite Vectastain, 
Vector Lab, Burlingame, CA) were sequentially used 
as previously described[7]. Colorimetric reaction was 
performed with 3,3’-diaminobenzidine tetrachloride and 
counterstaining was carried out with hematoxylin. The 
degree of  immunopositivity was expressed according to 
the percentage of  positive cells as follows:  <2%, negative 
(score 0); 2-10%, slightly positive (score 1); 10-50%, 
positive (score 2); and >50%, strongly positive (score 3). 
In addition, the intensity of  staining was rated from weak 
to intense. Because the scoring system and the rating of  
intensities (data not shown) brought a great complexity 
that was useless for interpretation of  the study, the results 
were simplified by collapsing in positive or negative 
groups. Sections in which the primary antibody was 
omitted or those treated with normal mouse serum instead 
of  the primary antibody showed no staining. Furthermore, 
immunostaining of  iNOS and NTYR was completely 
removed by absorption tests with iNOS purified from rat 
liver or with free NTYR (data not shown).

Statistical analysis
Statistical analysis was performed using the Fisher and 
Chi-square tests for contingency tables. P < 0.05 was 
considered statistically significant.

RESULTS
Correlations of  the three markers with clinicopathological 
data and with pTNM pathologic classification and stage 
grouping are shown in Table 1, Table 2 and Table 3, 
respectively. The co-occurrence of  staining for all the three 
markers is shown in Table 4.

INOS immunostaining
Immunostaining for iNOS was located in the cytoplasm of  

tumor cells (Figure 1A). It was more frequently observed 
in men than in women (Table 1), but the correlation was 
borderline (P = 0.06). Of  the 85 infiltrative carcinoma 
cases, 41% showed weak to strong immunoreactivity. The 
staining was significantly correlated with infiltrative cancer 
histological subtype (Table 1), being markedly higher in 
TC than in DC (P = 0.008) and than in PolyC (P = 0.04). 
Comparing TC with DC + PolyC, the cor relat ion 
remained significant (P = 0.04).  However, in infiltrative 
TC, the iNOS immunoreactivity was not significantly 
correlated with either the depth of  invasion (pT) or 
lymph node dissemination (pN) (Table 2). A higher rate 
of  iNOS staining was observed when distant metastasis 
(pM) was present (Table 2), but this correlation did not 
reach statistical significance, presumably because of  the 
small number of  patients. The importance of  iNOS in 
TC metastasis was reflected by its higher staining rate in 
stage IV than that in other stages (Table 3), although the 
difference was not statistically significant. The frequency 
of  iNOS in intraepithelial carcinoma (not coexisting with 
infiltrative cancer - pTis) was lower than that in infiltrative 
TC (Table 1), but this was not statistically significant 
(p = 0.10).  Similarly, staining was less common in early 
cancer than in other stages (Table 3), but not statistically 
significant (p = 0.48). The small number of  DC and PolyC 
samples did not permit the study of  any correlation of  
iNOS with pTNM and stage grouping criteria.  There 
was no significant association of  iNOS expression 
with histological grade for infiltrative TC [well (n = 32), 
moderately (n = 3) and poorly (n = 9) differentiated; iNOS 
positivity 56%, 46%, and 56%, respectively], H pylori 
infection (Table 1) or density of  inflammation [weak 
(n = 36) vs strong (n = 56); iNOS positivity 42% and 38%). 
In addition, iNOS expression was not found to depend 
on the cancer site (Table 1), such as body, cardia, gastric 
stump, and antrum with angulus and pylorus. 

Non-metaplastic mucosa in the same patient, either 
adjacent to or distant from the tumor, showed lower 
epithelial reactivity than atrophic metaplastic gastritis 
mucosa from cancer and non-cancer patients (Table 1), 
but the tendency was not statistically significant (P = 0.13). 
A similar observation was found when comparing non-
metaplastic mucosa and low-grade dysplasia.  

Moreover, we detected iNOS expression in 44% (39/89) 
of  infiltrating lymphocytes, regardless of  their density and 
the carcinoma subtype.

NTYR immunostaining
NTYR immunostaining was also observed in the cytoplasm 
of  tumor cells (Figure 1B). Of  the 65 infiltrative carcinoma 
cases, 62% showed weak to strong immunoreactivity. The 
staining was significantly correlated with the histological 
subtype of  infiltrative cancer, being significantly higher 
in TC than in PolyC (P = 0.03) (Table 1). However, when 
comparing TC with DC or PolyC + DC, the correlation 
was not statistically significant. In infiltrative TC, NTYR 
was not significantly correlated with the depth of  invasion 
(pT), lymph node dissemination (pN) or distant metastasis 
(pM) (Table 2), nor was any relationship observed with 
pathological stages in TC (Table 3). The level of  NTYR in 
intraepithelial carcinoma (not coexisting with infiltrative 

 Bancel B et al.  Oxidative stress and gastric cancer                                                                                       1007



www.wjgnet.com

cancer – pTis) was not significantly different from that in 
infiltrative TC (Table 1). Similarly, the level of  NTYR in 
early gastric cancer was not different from that of  other 
stages (Table 3). There was no significant association 
between NTYR expression and sex, cancer site (Table 1), 
histological grade in TC [well (n = 28), moderately (n = 10) 
and poorly (n = 5) differentiated; NTYR positivity 75%, 
60%, and 80%, respectively], H pylori infection (Table 1) or 
density of  inflammation [weak (n = 27) vs strong (n = 45); 
NTYR staining 63% and 64%). 

Non-metaplastic mucosa in the same patient, either 
adjacent to or distant from the tumor, showed lower 
epithelial staining for NTYR than atrophic metaplastic 
mucosa from cancer and non-cancer patients (Table 1), 
but the tendency was not statistically significant (P = 0.18). 
A similar observation was found when comparing non-
metaplastic mucosa and low-grade dysplasia (Figure 1F).  

In addition, immunostaining of  NTYR was detected 
in the cytosol of  inflammatory cells at a higher rate 
in intraepithelial carcinoma (n = 7, 71%) than that in 
inflammatory cells in all subtypes of  infiltrative cancer 
(n = 67, mean 33%).  

8-OH-dG immunostaining
Staining was predominantly confined to the nuclei of  
tumor cells (Figures 1C and 1D). Because the lymphoid 
follicles were strongly reactive, they could be used as in-
ternal positive controls (Figure 1C). Of  the 82 cases of  
infiltrative cancer, 50% showed strong immunoreactivity. 

In contrast with iNOS and NTYR, no significant differ-
ence in the percentage of  positive staining was observed 
among different histological subtypes of  infiltrative cancer 
(Table 1). The presence of  8-OH-dG was not significantly 
associated with sex, cancer site (Table 1), histological grade 
in TC [well (n = 32), moderately (n = 12) and poorly (n = 10) 
differentiated; positivity 47%, 67%, and 50%, respectively], 
H pylori infection (Table 1), depth of  invasion (pT), lymph 
node dissemination (pN), distant metastasis (pM) (Table 
2), or pathological stage in TC (Table 3). The levels of  
8-OH-dG in intraepithelial carcinoma (not coexisting with 
infiltrative cancer - pTis) (Figure 1E) and in infiltrative TC 
were not significantly different (Table 1). Immunostaining 
of  8-OH-dG in early cancer was similar to that in all other 
stages (Table 3).

Staining of  8-OH-dG in non-metaplastic mucosa from 
cancer patients was significantly lower than that in atrophic 
metaplastic mucosa from cancer and non-cancer patients 
and than that in low-grade dysplasia (P = 0.005) (Table 1). 
Immunoreactivity of  8-OH-dG was significantly higher 
in the nuclei of  inflammatory cells in cases with mild 
inflammatory stroma (38%, 12/32) than that with dense 
inflammatory stroma (24%, 12/49).

Co-staining for iNOS, NTYR and 8-OH-dG
The expressions of  all three markers were determined 
simultaneously in 62 cases (Table 4). The absence of  all 
three markers was more frequent in PolyC (50%), but less 
frequent in TC (12%) and DC (16%). When iNOS was the 

(a) TC: Intestinal or tubular 
c a r c i n o m a ;  D C :  D i f f u s e 
carcinoma; PolyC: Mixed 
polymorphous carcinoma;   
N: Normal; IM: Intestinal 
metaplasia;  G:  Gastri t is . 
( b )  i N O S :  I n d u c i b l e 
n i t r i c  o x i d e  s y n t h a s e ; 
N T Y R :  N i t r o t y r o s i n e ; 
8 O H - d G :  8 - h y d r o x y - 2 ’ -
deoxyguanosine. 1TC vs DC 
P = 0.008; TC vs PolyC, P = 
0.04; TC vs DC+PolyC, P = 
0.04; 2TC vs PolyC. P = 0.03; 
3non-metaplastic mucosa  
atrophic metaplastic mucosa 
low-grade dysplasia, P  = 
0.005.

Clinicopathologic featuresa iNOSb

No. of cases
Total positive (%)

         NTYRb

      No. of cases
     Total positive (%)

        8OH-dGb

      No. of cases
  Total positive (%)

Infiltrative cancer subtypes
  TC
  DC
  PolyC

                85    35       (41)
                54    291     (541)
                17      31    ( 181)
                14      31     (211)

            65   40      (62)
            43    312  ( 722)
            12     6      (50)
            10     32   ( 302)

          82   41      (50)
          54   28      (52)
          14     7      (50)
          14     6      (43)

Intraepithelial cancer
  Periinfiltrative cancer                   5      3       (60)               6     4      (67)             6     4      (67)
  Without infiltrative cancer                   7      1       (14)               7     6      (86)           10     5      (50)
Topography of infiltrative cancer 
  Cardia                 10      4       (40)               7     3      (43)           11     5      (45)
  Gastric stump                 12      6       (50)               9      5     (56)            8      3      (38)
  Antrum with angulus+pylorus                 45    18       (40)             35    22     (63)           41   22      (54)
  Body                 14      7       (50)             11     9      (82)           15   11      (73)
Peritumorous mucosa
  Adjacent: N + no IM G                 15      5       (33)             23     9      (39)           30   10      (33)
  Adjacent: atrophy IM                 23    14       (61)             21    10     (48)           26   18      (69)
  At distance: N + no IM G                   3      1       (33)               6      1     (17)            5      2      (40)
  At distance: atrophy IM                   7      4       (57)               7     5      (71)          13      9      (69)
  Adjacent+distant: N + no IM G`                 18      6       (33)             29   10      (34)          35    123    (343)
  Adjacent+distant: atrophy IM                 30    18       (60)            28    15      (54)           39   27      (69)
Precancerous lesions
  Low grade dysplasia                 13      9       (69)             14   11      (79)           17    143   (823)
  Atrophy IM without cancer                 10      8      (80)               7     7    (100)           11     6      (55)
  Atrophy IM with + without cancer                 40    26      (65)             35   22      (63)           50   333    (663)
H pylori infection
  Negative                 68    27       (40)             54   35      (65)           77    41     (53)
  Positive                 18      7       (39)             13     7      (54)           16     9      (56)
Sex
  Male                 60    28       (47)             50    32     (64)           66   36      (55)
  Female                 30      8       (27)             29    20     (69)           35   18      (51)

Table 1 Correlation of staining with clinicopathologic data 
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only positive marker found, its frequency was similar in the 
three infiltrative cancer subtypes (5-10%). When the only 
positive marker found was either NTYR or 8-OH-dG, its 
frequency was similar for both of  them in the three cancer 
subtypes, but higher in DC (17%) compared to PolyC 
(10%) and TC (5-10%). The couple NTYR + 8-OH-dG 
was the only one found in PolyC and occurred at a similar 
frequency in the three cancer subtypes (20-25%). It was 
also the most common one in DC (25%) among the three 
possible couples. In TC, the two couples iNOS + NTYR 
and NTYR + 8-OH-dG occurred at the same frequency 
(20%). The couple iNOS + 8-OH-dG occurred rarely 
in TC and DC (8% and 2.5%). All three markers were 
simultaneously observed only in TC (25%).

DISCUSSION
The current study investigated the expression of  iNOS, 
NTYR, and 8-OH-dG, as markers of  NO production, 
nitrative damage of  proteins, and oxidative DNA damage 
respectively, in gastric adenocarcinoma and pre-neoplastic 
mucosa. The expression of  these markers was studied in 
relation to clinicopathological characteristics, including his-
tological subtype, metastasis and pathological stages. 

 We found, for the first time, a positive correlation of  
gastric cancer subtype with both iNOS expression and 
NTYR staining, but not with 8-OH-dG staining. Indeed, 
the prevalence of  iNOS staining in TC (54%) greatly ex-
ceeded that in DC (18%) and PolyC (21%), suggesting 
that iNOS probably plays an important role in TC, but is 
weakly involved, if  at all, in DC and PolyC subtypes. We 
also found for the first time, nitrated proteins present in all 
cancer subtypes. Similarly to iNOS expression, the preva-
lence of  NTYR staining in TC (72%) greatly exceeded that 
in PolyC (30%), but the difference was not significantly 
different from that in DC (50%). Half  of  the infiltrative 
carcinoma cases showed 8-OH-dG staining in cancerous 
cells, regardless of  the subtypes.

The prevalence of  iNOS staining we found in 
gastric infiltrative carcinoma (41%) was very similar to 
that reported by Feng et al. [32], but was slightly lower 
than that reported in two other studies[26,31] that used 
immunohistochemistry as we did. However, two studies 
from the same laboratory reported different results. 
Using RT-PCR, Son et al found expression of  iNOS 
in 100%[27] and 65%[34] of  gastric cancer. Rajnakova 
et al [50] were not able to detect iNOS staining in 80% of  
gastric adenocarcinomas (in their first paper), whereas 
the same authors found it in all cases in a more recent 
study[33]. Chang et al [30] reported higher iNOS expression 
in cancerous tissue than that in adjacent non-cancerous 
mucosa, for which the pathological status was not 
reported. Concerning iNOS, histological subtype was not 
considered in four studies[27,29,30,34]. Two studies[26,33] did not 

Table 2 Correlation of staining with pTNM pathological 
classificationa

Patholog ica l 
classificationb

 iNOSc

 No. of cases 
 Total positive (%)

  NTYRc

 No. of cases
Total positive (%)

  8OH-dGc

  No. of cases
Total positive (%)

pTis   7        1    (14)   7      6      (86) 10       5     (50)
pT1 18       7     (39) 16    12      (75) 16     10     (63)
  TC 13       7     (54) 12      9      (75) 12       8     (67)
  DC   3       0       (0)   2      2    (100)   2       2   (100)
  PolyC   2       0       (0)   2      1      (50)   2       0       (0)
pT2   7       3     (43)   8      6      (75)   8       4     (50)
  TC   5       2     (40)   6      5      (83)   6       3     (50)
  DC   0       0       (0)   0      0       (0)   0       0       (0)
  PolyC   2       1     (50)   2      1      (50)   2       1     (50)
pT3/T4 22       9     (41) 15      8      (53) 21     10     (48)
  TC 12       7     (58)   8      6      (75) 12       6     (50)
  DC   5       1     (20)   3      1      (33)   4       2     (50)
  PolyC   5       1     (20)   4      1      (25)   5       2     (40)
pN0 20     10     (50) 20    14      (70) 20     11     (55)
  TC 16       8     (50) 16    13      (81) 16     10     (63)
  DC   1       1   (100)   1      0        (0)   1       1   (100)
  PolyC   3       1     (33)   3      1      (33)   3       0       (0)
pN+ 24       8     (33) 17      9      (53) 22     11     (50)
  TC 10       6     (60)   7      4      (57) 10       4     (40)
  DC   7       0       (0)   5      3     (60)   5       3     (60)
  PolyC   7       2     (29)   5      2      (40)   7       4     (57)
pM0 38     14     (37)  3      21     (64) 36     20     (56)
  TC 25     12     (48)  2      17     (77) 25     15     (60)
  DC   6       1     (17)   4      2      (50)   4       4   (100)
  PolyC   7       1     (14)   7      2      (29)   7       1     (14)
pM1 16       9     (56) 12      8      (67) 16       8     (50)
  TC   9       7     (78)   8      6      (75)   9       5     (56)

  DC   4       0       (0)   3      2      (67)   4       1     (25)
  PolyC   3       2     (67)   1      0        (0)   3       2     (67)

(a) Determination according to the newly revised classification of the AJCC 
and UICC. (b) TC: Intestinal or tubular carcinoma; DC: Diffuse carcinoma; 
PolyC: Mixed polymorphous carcinoma. (c) iNOS: Inducible nitric oxide 
synthase; NTYR: Nitrotyrosine; 8OH-dG: 8-hydroxy-2’-deoxyguanosine

Table 3 Correlation of staining with stage groupinga

Stagesb iNOSc

No. of cases
Total positive(%)

NTYRc

No. of cases
Total positive (%)

8OH-dGc

No. of cases
Total positive (%)

Stage 0        7       1     (14)        7       6     (86)      10       5     (50)
Stage I      22       9     (41)      21     15     (71)      21     12     (57)
  TC      16       8     (50)      16     12     (75)      16     10     (63)
  DC        3       0      (0)        2       2   (100)        2       2   (100)
  PolyC        3       1     (33)        3       1     (33)        3       0       (0)
Stage II+III      13       5     (38)      10       4     (40)      12       5     (42)
  TC        8       4     (50)        5       4     (80)        7       3     (43)
  DC        2       1    (50)        2       0       (0)        2       2   (100)
  PolyC        3       0       (0)        3       0       (0)        3       0       (0)
Stage IV      19       9     (47)      14     10     (71)      18     10     (56)
  TC        9       7     (78)        8       6     (75)        9       5     (56)
  DC        5       0       (0)        3       2     (67)        4       1     (25)
  PolyC        5       2     (40)        3       2     (67)        5       4     (80)
All stages (early
 cancer excluded)

     36     16     (44)      29     17     (59)      35     17     (49)

  TC      20     12     (60)      17     13     (76)       20     10     (50)
  DC        7      1      (14)        5       2     (40)        6       3     (50)
  DC+PolyC      16      4      (25)      12       4     (33)      15       7     (47)
Early cancer 
(pTis + pT1)

     25      8      (32)      23     18     (78)      26     15     (58)

  TC      20      8      (40)      19     15     (79)      22     13     (59)
  DC        3      0       (0)        2       2   (100)        2       2   (100)
  DC+PolyC        5      0       (0)        4       3     (75)        4       2     (50)

(a) Determination according to the newly revised classification of the AJCC 
and UICC. (b) TC: Intestinal or tubular carcinoma; DC: Diffuse carcinoma; 
PolyC: Mixed polymorphous carcinoma. (c) iNOS: Inducible nitric oxide 
synthase; NTYR: Nitrotyrosine; 8OH-dG: 8-hydroxy-2’-deoxyguanosine.
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report a difference in relation to Lauren’s classification, 
but one of  them included only 19 cases (53% positive)[26] 
and all cases were stained in the other one[33].  We[6] and 
others[8,9] have previously shown the occurrence of  
NTYR-containing proteins in H  pylori-associated gastritis 
preceding TC, but no data are available on gastric cancer. 
The marker of  oxidative DNA damage, 8-OH-dG, has 
been reported in only two studies[30,40]. Our findings can 
not be compared with these published data because of  a 
difference in methodologies. Lee et al [40] and Chang et al [30] 
found 8-OH-dG in DNA extracted from cancer tissue 
using HPLC-electrochemical detection. This technique 
does not allow localization of  the cellular compartment 
concerned (tumor cells and/or inflammatory cells), unlike 
our immunohistochemical method. This is particularly 
important because of  the strong reactivity of  8-OH-dG in 
lymphoid follicles. Our results also supported the previous 
observations concerning the absence of  an association of  
iNOS with the degree of  differentiation[31-33,50]. In addition, 
we found an absence of  relationship of  NTYR and 8-OH-
dG with the degree of  differentiation.

In contrast with previous reports which studied 
relationships with respect to only some pTNM categories 
(e.g., pM often missing), we investigated the presence 
of  the three markers as a function of  all components 
of  pTNM and complete staging. We found a tendency 
towards higher levels of  iNOS in TC when distant 
metastasis (pM) was present, suggesting that high levels of  
iNOS oxidative stress may stimulate tumor progression[51]. 
However, the levels of  NTYR and 8-OH-dG were not 
related to the presence of  distant metastasis. In agreement 
with previous findings[31], we found no correlation 
between iNOS staining and depth of  invasion (pT). One 
study[32] showed increased staining of  iNOS with depth 
of  invasion, but without statistical significance. Similarly, 
in our study, the levels of  NTYR and 8-OH-dG were 
not related to the depth of  invasion. To our best of  
knowledge, this is the first study to investigate the three 
markers in gastric intraepithelial (pTis) and early gastric 
cancers. There is a tendency for a lower level of  iNOS in 

intraepithelial carcinomas and early gastric cancer than 
that in infiltrative carcinomas, but further studies with 
larger number of  patients would be required to judge the 
statistical significance. In contrast to a previous report[32], 
we neither found any relationship of  iNOS with lymph 
node dissemination (pN), nor any relationship of  NTYR 
or 8-OH-dG with pN.

The leve ls of  the three markers d id not var y 
significantly according to cancer site (especially gastric 
stump, at high risk for cancer), or with the density of  
inflammation or H pylori infection. During the sequential 
steps from gastritis to TC, we[6,7] and others[8,16] have shown 
that  iNOS produced continuously by H  pylori-induced 
inflammatory cells plays a crucial role in the initiation of  
the carcinogenic process. In cancer, the absence of  any 
relationship between iNOS and the two other markers with 
inflammation suggests that inflammation-induced damage 
does not contribute markedly to the final stages of  the 
neoplastic disease. Only iNOS was more often expressed 
in males as compared with females, consistent with the 
higher frequency of  gastric cancer in males as compared 
with females, but this reached only borderline significance. 

Sequential steps (atrophic gastritis, intestinal metaplasia, 
and dysplasia) of  precancerous changes precede the 
intestinal-type of  gastric carcinoma[2]. We found an increase 

Markers No. of samples (%)

TCb

n = 40
DCb

n  = 12
PolyCb

n  = 10

All negative 5 (12) 2 (16) 5 (50)
One positive
       iNOS    2 (5) 1 (8) 1 (10)
       NTYR 4 (10) 2 (17) 1 (10)
       8-OHdG 2 (5) 2 (17) 1 (10)
Two positive
       iNOS + NTYR 8 (20) 1 (8) 0 (0)
       NTYR + 8-OHdG 8 (20) 3 (25) 2 (20)
       iNOS + 8-OHdG 1 (2.5) 1 (8) 0 (0)
All positive
       iNOS + NTYR + 8-OHdG 10 (25) 0 (0) 0 (0)

Table 4 Co-occurrence of immunostaining for iNOS, NTYR and 
8-OH-dGa

(a) iNOS: Inducible nitric oxide synthase; NTYR: Nitrotyrosine; 8OH-dG: 
8-hydroxy-2’-deoxyguanosine. (b) TC: Intestinal or tubular carcinoma; DC: 
Diffuse carcinoma; PolyC: Mixed polymorphous carcinoma. 

A

E F

B

DC

Figure 1 Immunohistochemical staining in human gastric adenocarcinoma 
and precancerous mucosa. A: Intense cytoplasmic immunostaining of iNOS 
in tumor cells of tubular infiltrative carcinoma (TC), well differentiated;  B: 
Intense cytoplasmic immunostaining of NTYR in tumor cells of TC, moderately 
differentiated; C: Intense nuclear immunostaining of 8-OH-dG in tumor cells of 
TC, well differentiated,  note the reactivity of the lymphoid follicle (upper left);  D: 
Intense nuclear immunostaining of 8-OH-dG in tumor cells of diffuse carcinoma,  
note the weak reactivity of some cells of a normal crypt (right);  E: Intense nuclear 
immunostaining of 8-OH-dG in high-grade dysplastic epithelium,  note the weak 
reactivity of a normal crypt (right); and F: Intense cytoplasmic immunostaining 
of NTYR in low-grade dysplastic epithelium, note the absence of reactivity of a 
normal crypt (right).
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in epithelial levels of  iNOS, NTYR, and 8-OH-dG 
from non-metaplastic non-atrophic gastritis to atrophic 
metaplastic gastritis and low-grade dysplasia, but reached 
statistical significance only for 8-OH-dG, thus supporting 
our previous results[6]. Therefore, epithelial over-expression 
of  these three markers is an early event in the neoplastic 
process leading to the intestinal  cancer which occurs at the 
precancerous stage, in which certain genetic modifications 
are also observed frequently[1].  

Our study suggests that the iNOS-oxidative pathway 
plays a minimal role in PolyC, as none of  the three markers 
measured were found in half  of  the patients, and NTYR 
was detected less frequently in PolyC compared to  the 
other cancer subtypes. In DC, one or two markers were 
present in 83% of  subjects, suggesting a higher level of  
oxidative processes, but DC was not dependent mainly on 
the iNOS-oxidative pathway. In contrast, in TC, the strong 
oxidative process mediated through iNOS may be impor-
tant in gastric carcinogenesis, as only 12% of  subjects had 
none of  the three markers measured, and 25% of  subjects 
showed all these markers simultaneously. In addition, our 
study suggests that iNOS-associated oxidative stress is an 
early event in intestinal-type carcinogenesis. These findings 
support the traditional identification of  TC and DC as 
two distinct tumor entities. Our study is also in accordance 
with the identification of  PolyC as a distinct histotype of  
gastric carcinoma.

 In conclusion, our study shows (1) the occurrence of  
iNOS, NTYR and 8-OH-dG in tumor cells of  infiltrative 
gastric adenocarcinoma and epithelial cells of  precancer-
ous mucosa, as well as in intraepithelial carcinoma, (2) a 
correlation of  both iNOS and NTYR with cancer subtype, 
(3) no association of  the three markers with the degree of  
inflammation or with H pylori infection, and (4) that oxi-
dative stress occurs in the three cancer subtypes, and the 
iNOS-oxidative pathway may be important in gastric car-
cinogenesis in TC, but its involvement is minimal in PolyC 
and moderate in DC.
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Abstract
AIM: To study the relationship between Survivin and 
PTEN expression and lymph node metastasis, depth of 
invasion and prognosis of gastric cancer patients in Chi-
na. 

METHODS: Specimens of gastric cancer tissue were col-
lected from the Affiliated Hospital of Jianghan University. 
All the 140 patients had complete examination data. All 
lymph nodes were found by the fat-clearing method. The 
interrupted serial 4-micron sections, routine hematoxylin 
and eosin staining and immunohistochemical methods 
were used to detect the lymph node metastases. Gastric 
cancer tissue microarray was performed to test the ex-
pression of Survivin and PTEN (17A) in gastric cancer by 
immunohistochemical method. All data were processed 
using χ2 test, Fisher’s exact test, Kaplan-Meyer Log-rank 
method and Cox multivariate analysis (SPSS 12.0 soft-
ware). 

RESULTS: One hundred and eighteen specimens 
were used in our tissue microarray (utilization rate was 
82.4%). A total of 7580 lymph nodes were found. Metas-
tases were found in 90 specimens and 1618 lymph nodes 
were detected. The positive rate of Survivin and PTEN 
expression was 52.5% (62/118) and 76.2% (90/118), 
respectively. A highly positive correlation was found be-
tween Survivin and PTEN expression (χ2 = 4.17, P = 0.04). 
Survivin expression was positively correlated with UICC 
N stage (χ2=8.69, P=0.03) and histological classifica-

tion (χ2=4.41, P=0.04) by χ2 tests. PTEN expression was 
positively correlated with depth of invasion (P=0.02) and 
histological classification (χ2=5.47, P=0.02). But Survivin 
and PTEN expressions were not related with prognosis of 
gastric cancer patients. A significant correlation between 
lymph node metastasis and prognosis was demonstrated 
by Cox multivariate analysis (χ2=4.85, P=0.028). 

CONCLUSION: Survivin is positively correlated with 
PTEN expression in gastric cancer and is a molecular 
marker of lymph node metastasis while PTEN expression 
is a molecular marker of advanced gastric cancer. UICC 
N stage is the most important prognostic factor of gastric 
cancer in China.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Gastric carcinoma is one of  the commonest malignancies 
and the first killer among all tumors in China[1]. When the 
disease is diagnosed, it has been in its advanced stage with 
lymph node metastasis. Looking for molecular markers to 
predict the depth of  invasion and lymph node metastasis 
of  gastric cancer has important significance.

Repression of  apoptosis has been observed in 
gastric cancer[2]. Survivin, a new member of  IAP family, 
is a powerful apoptosis repression factor. It has been 
implicated in the control of  cell cycle kinetics and cell 
proliferation[3]. Survivin can be found during embryonic 
and fetal development but is completely down-regulated 
and undetectable in normal adult tissues and is prominently 
expressed in many human malignancies[4]. PTEN/MMAC1/
TEP1, a novel tumor suppressor gene, is located on 
chromosome band 10q 23.3. This gene has three different 
names: PTEN (phosphatase and tensin homologue deleted 
on chromosome ten)[5], MMAC1 (mutated in multiple 
advanced cancer 1)[6] and TEP1 (TGF-b-regulated and 
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epithelial cell-enriched phosphatase 1)[7], and codes for the 
403 amino acid protein with tyrosine phosphatase activity. 

It contains a region of  homology to tensin and auxillin, 
cytoskeletal proteins that interact with adhesion molecules. 
PTEN encoding products could dephosphorate PIP3 
that could inhibit cell growth and increase cell apoptosis. 
It also could inhibit cell invasion and metastasis by 
dephosphorating focal adhesion kinase (FAK) and restrain 
cell differentiation by inhibiting mitogen-activated protein 
kinase (MAPK) signal pathway[8-10].

It is still controversial about the correlation between 
Survivin and PTEN expression and depth of  invasion and 
lymph node metastasis as well as the prognosis significance 
of  Survivin and PTEN expression in gastric cancer. In this 
study, we used tissue microarray and immunohistochemical 
technologies to study the relationship between Survivin 
and PTEN expression in gastric cancer and their relation 
with the depth of  invasion, lymph node metastasis of  
gastric cancer and the prognosis of  gastric cancer patients.

MATERIALS AND METHODS
Materials
Specimens of  gastric cancer tissue were collected from 
the Affiliated Hospital of  Jianghan University. All the 140 
patients had complete examination data (99 males and 41 
females, median age 58 years, ranging 26 - 77 years). No 
patients received radiotherapy and chemotherapy before 
surgery. Depth of  invasion and lymph node metastasis 
were staged by the standards of  UICC. No patients were 
diagnosed as having gastric adenocarcinoma which was 
classified into well-differentiated and poorly-differentiated 
adenocarcinoma. Size was calculated according to the 
biggest diameter of  tumor.

Pathological examination 
All the 140 specimens of  gastric cancer tissue were taken 
at the distance of  0.5-1 cm. Routine pathological examina-
tion was performed to determine the depth of  invasion 
and histological classification of  gastric cancer. All lymph 
nodes were found by the fat-clearing fat method (>15/
case)[11]. The interrupted 4-micron sections, routine hema-
toxylin and eosin staining and immunohistochemical SP 
methods (CK18 + EMA, Vector Laboratory Co.) were used 

to detect the lymph node metastasis.

Tissue microarray 
We took core needle biopsies with a diameter of  0.6 mm 
from donor paraffin-embedded cancer tissue blocks (2-4 
dots per specimen) using a dedicated t issue ar ray 
instrument (Beecher Instruments, New Jersey, USA). Slides 
for tissue microarray were read as previously described[12]. 
Standard dots which could not be analyzed, included dots 
having no tumor tissue, the area of  defection being higher 
than 50% of  dots, the area of  tumor being less than 10% 
of  dots, location of  dots being unclear.

Immunohistochemistry 
The primary polyclonal antibody to Survivin (RAB-0536, 
NeoMarkers; ready-to-use), monoclonal antibody to 
PTEN (clone 17A, NeoMarkers; ready-to-use) and SP 
kit were purchased from Fujian Maxin Ltd (China). 
Immunohistochemical staining of  Survivin and PTEN was 
performed. Diaminobenzedin (DAB) was used for color 
development. The positive result of  Survivin and PTEN 
showed brown color of  cytoplasma. 

Statistical analysis 
Statistical software package SPSS 12.0 was used. Depth of  
invasion and lymph node metastasis associated with Sur-
vivin expression were analyzed by χ2 test or Fisher’s exact 
test. Survival analysis was conducted by the Kaplan-Meier 

method and survival characteristics were compared using 
the log rank test. The Cox proportional hazard regression 
model was used to compare the relative influences of  dif-
ferent prognostic factors. P < 0.05 was considered statisti-
cally significant.

RESULTS
Tissue microarray
All the 140 specimens were embedded for two tissue 
microarrays. One included 288 cores, the other included 
420 cores. According to the standard dots that could not 
be analyzed, 118 specimens could be analyzed in our study 
(Figure 1). The utilization rate of  tissue microarray was 
84.3%.

Figure 1 Paraffin block for gastric cancer microarray with 288 tissue cylinders (A) slide for gastric cancer microarray with 420 tissue cylinders (B)

A B
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Pathological features 
All the 118 patients had complete examination data (82 
males and 36 females, median age 58 years, ranging 26 - 77 

years). The median size of  tumor was 5.4 cm (ranging 0.8 - 
15 cm). The depth of  invasion was T1 in 11, T2 in 18, T3 
in 38, and T4 in 51 patients, respectively. A total of  7580 
lymph nodes were found in 118 cases (64.2/case, ranging 
17 - 157 nodes, median number being 62 nodes) and 1618 
lymph node metastases were found in 90 cases (UICC N 
stage, N0 in 28, N1 in 27, N3 in 29, and N4 in 34 cases, 
respectively) by the fat-clearing method. Well-differentiated 
gastric adenocarcinoma was found in 43 cases and poorly-
differentiated gastric adenocarcinoma was found in 85 
cases.

Correlation between expressions of Survivin and PTEN
Among the 118 patients, accumulation of  Survivin in cyto-
plasma was found in 62 (52.5%, 62/118) cases and PTEN 
was detected in 90 cases (76.3%, 90/118) (Figure 2). There 
was a positive correlation between expressions of  Survivin 
and PTEN (χ2 = 4.17, P = 0.04) (Figure 3).

Correlation between Survivin expression and pathological 
features
The positive rate of  Survivin expression in UICC N stage 
was 65.5% (18/28) for N0, 67.9% (18/27) for N1, 48.3% 
(14/29) for N2, 36.1% (12/34) for N3, respectively. There 
was a significant correlation between Survivin and N 
stages of  UICC (χ2 = 8.69, P = 0.03) by χ2 tests. The posi-
tive rate of  Survivin expression was 67.5% (28/43) in well-
differentiated adenocarcinoma and 46.2% (34/75) in poor-
ly-differentiated adenocarcinoma. There was a significant 
correlation between Survivin expression and histological 
classification (χ2=4.41, P = 0.04) by χ2 test. No correlation 

Figure 2 Immunochemical results of Survivin expression (A: ×100;  B: ×200;  C ×400)

Figure 3 Immunochemical results of PTEN expression (A: ×100  B: ×200  C: ×400)

A

A B C

B C

Table 1 Correlation between Survivin and PTEN expression and 
pathological features

Survivin  expression PTEN expression
     (n=118)           (n=118)
+ - P + - P

Gender
  Male 46 36 59 23
  Female 16 20 31   5
Age(yr)
  <60 33 31 44 20
  ≥60 29 25 46   8
Size
  D<5cm 26 25 41 10
  D≥5cm 36 31 49 18
Depth of invasion 0.02
  T1   4   7 5   6
  T2 12   6 14   4
  T3 19 19 34   4
  T4 27 24 37 14
Histological type 0.04 0.02
  Well-differentiated 28 15 38   5
  Poorly-differentiated 34 41 52 23
  Lymph node metastasis 0.03
  N0 18 10 23   5
  N1 18   9 19   8
  N2 14 15 21   8
  N3 12 22 27   7

Deng H et al. Contrast-enhanced computed tomographic colonograph                                                             1015
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was found between Survivin expression and other patho-
logical features (Table 1).

Correlation between PTEN expression and pathological 
features
The positive rate of  PTEN expression was 45.5% (5/11) 
for T1, 77.8% (14/18) for T2, 89.5% (34/38) for T3, 
72.6% (37/51) for T4, respectively. A highly positive cor-
relation was found between depth of  invasion and PTEN 
expression (P = 0.02) by Fisher’s exact test. The positive 
rate of  PTEN expression was 88.4% (38/43) in well-dif-
ferentiated adenocarcinoma and 69.3% (52/75) in poorly-
differentiated adenocarcinoma. There was a significant 
correlation between PTEN expression and histological 
classification (χ2 = 5.47, P = 0.02) by χ2 test. No correlation 
was found between PTEN expression and other pathologi-
cal features (Table 1).

Survival characteristics
Univariate analysis showed that depth of  invasion 
(χ2 = 12.25, P < 0.0001) and UICC N stage (χ2 = 20.23, 
P < 0.0001) were significantly related with survival time. 
Multivariate analysis of  these predictive variables revealed 
that only the UICC N stage (χ2 = 4.85, P = 0.028) was not 
related with survival time. 

The expression of  Survivin and PTEN was not related 
with survival time. But when the survival time was longer 
than 7 mo, Survivin positive group had a worse prognosis 
than Survivin positive group (P = 0.047).

DISCUSSION
Survivin, a structurally unique member of  IAP family, is 
expressed in mitosis in a cell cycle-dependent fashion and 
localized in components of  the mitotic apparatus[3]. It is 
potentially involved both in inhibition of  apoptosis and 
in control of  cell division[13,14]. Survivin is found in most 
human cancers but undetectable at a very low level in 
differentiated adult tissues[4]. In most cancers, expression 

of  Survivin is correlated with reduced apoptotic index, 
poor prognosis, and increased risk of  recurrence[15-18]. The 
relation between Survivin expression, depth of  invasion 
and lymph node metastasis in gastric cancer is not well 
known. Miyachi et al[19] found that Survivin expression is 
related with lymph node metastasis but not with depth of  
invasion. Tsuburaya et al[20] showed that Survinin mRNA 
expression is related with depth of  invasion but not with 
lymph node metastasis. The concordance of  mRNA 
and protein is controversial. Our results were based 
on tissue microarray, immunohistochemistry, complete 
pathological data and complete lymph node examination 
data. We found that Survivin expression was higher in 
well-differentiated gastric adenocarcinoma than in poorly-
differentiated gastric adenocarcinoma and was correlated 
with lymph node metastasis. The prognosis significance of  
Survivin expression is not well known. Wang et al[21] found 
that Survivin positive expression in nuclei is correlated 
survival time, but its positive expression in cytoplasm is 
not correlated with survival time. We did not find any 
relation between Survivin expression and survival time. 

But when the survival time was longer than 7 mo, Survivin 
positive group had a worse prognosis than PTEN positive 
group.

PTEN, a tumor suppressor gene, is located on chro-
mosome band 10q 23.3. PTEN encoding products could 
inhibit cell growth and increase cell apoptosis by de-
phosphorating PIP3. It also could inhibit cell invasion and 
metastasis by dephosphorating focal adhesion kinase (FAK) 
and restrain cell differentiation by inhibiting mitogen-
activated protein kinase (MAPK) signal pathway[8-10]. The 
relation between PTEN expression, depth of  invasion 
and lymph node metastasis is still unknown. Zheng et al[22] 
found that PTEN expression is related with lymph node 
metastasis and depth of  invasion. Dong et al[22] found that 
PTEN expression is related with lymph node metastasis 
but not with depth of  invasion. Our results showed that 
PTEN expression was higher in advanced gastric cancer 
than in early gastric cancer and was not related with lymph 
node metastasis. The prognosis significance of  PTEN ex-
pression in gastric cancer is still unknown. Li et al[23] found 
that PTEN expression is not related with survival time. 
We did not find any correlation between PTEN expres-
sion and survival time using tissue microarray and PTEN 
monoclonal antibody (17A) 

Survivin and PTEN can regulate cell cycle and 
apoptosis, but they have adverse biological effects. Dong 
et al[22] showed that PTEN expression is negatively related 
with Survivin expression. However, we found a positive 
relation between Survivin and PTEN expression. 

Lymph node metastasis is the most important marker 
of  prognosis of  gastric cancer patients[4,14]. Our study has 
confirmed that lymph node stage of  gastric cancer is an 
independent prognosis marker of  gastric cancer.

In conclusion, Survivin expression is positively related 
with PTEN expression in gastric cancer. They are not 
related with prognosis of  gastric cancer. Survivin and 
PTEN expression is a molecular marker of  advanced 
gastric cancer but not a molecular marker of  lymph node 
metastasis in gastric cancer. UICC N stage is the most 
important prognostic factor in gastric caner. 
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Abstract
AIM: To investigate the effects of Terminalia arjuna  (T. 
arjuna ) extract on human hepatoma cell line (HepG2) 
and its possible role in induction of apoptosis.

METHODS: Human hepatoma cells were treated with 
different concentrations of ethanolic extract of T. arjuna 
and its cytotoxicity effect was measured by trypan blue 
exclusion method and lactate dehydrogenase leakage 
assay. Apoptosis was analyzed by light and fluorescence 
microscopic methods, and DNA fragmentation. The 
mechanism of apoptosis was studied with expression 
of p53 and caspase-3 proteins. Glutathione (GSH) 
content was also measured in HepG2 cells after T. arjuna 
treatment.

RESULTS: T. arjuna  inhibited the proliferation of HepG2 
cells in a concentration-dependent manner. Apoptotic 
morphology was observed in HepG2 cells treated with T. 
arjuna  at the concentrations of 60 and 100 mg/L. DNA 
fragmentation, accumulation of p53 and cleavage of 
procaspase-3 protein were observed in HepG2 cells after 
the treatment with T. arjuna . The depletion of GSH was 
observed in HepG2 cells treated with T. arjuna .

CONCLUSION: T. arjuna  induced cytotoxicity in HepG2 
cells in vitro . Apoptosis of HepG2 cells may be due to 
the DNA damage and expression of apoptotic proteins. 
Depletion of GSH may be involved in the induction of 
apoptosis of HepG2 cells.
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INTRODUCTION
Human hepatocellular carcinoma (HCC) constitutes about 
85% of  primary liver cancers recorded in cancer data 
banks. Globally, around 440 000 new cases of  HCC occur 
annually, accounting for around 5.5% of  all human cancer 
incidences [1]. The synchronous occurrence of  HCC may 
be due to different risk factors, such as chronic viral hepa-
titis B or hepatitis C infection, aflotoxin exposure, alcohol 
consumption and iron overload [2]. Even though curative 
therapy can be achieved by surgical treatments such as re-
section or liver transplantation, treatment of  unresectable 
HCC is very disappointing because many tumors stay as-
ymptomatic for a long time and in the absence of  effective 
screening programs [3]. Furthermore, chemotherapeutic 
agents such as doxorubicin or its derivative epirubicin and 
cisplatin, have exhibited response rates up to 15-20% after 
systemic administration [4]. Interestingly, a number of  non-
nutrient chemicals from plants and fruits have also been 
reported to possess anticancer activity. Certain products 
from plants are known to induce apoptosis in neoplastic 
cells but not in normal cells [5].

Terminalia arjuna (Roxberg), locally known as kumbuk 
belonging to the family of  Combretaceae, has a long history 
of  medicinal uses in India including cancer treatment. Be-
sides, HepG2 cell line represents one of  the most widely 
used experimental model for in vitro studies on HCC [6]. 
Therefore, it is of  interest to investigate the effects of  
ethanolic extract of  T. arjuna bark on human hepatoma 
cell line (HepG2).

MATERIALS AND METHODS
Chemicals and antibodies
RPMI-1640 and sodium pyruvate were purchased from 
Biochrom, Berlin, Germany. Penicillin, streptomycin and 
fetal bovine serum (FBS) were purchased from Gibco, 
Germany. Primary antibodies such as anti-p53 and anticas-
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pase-3 were purchased from Novocastra Laboratories Ltd, 
Newcastle, UK and Transduction Laboratories, Lexington, 
UK, respectively.

Drug preparation 
T. ar juna bark was coarsely powdered and soaked in 
95% ethanol and kept for 10 d at room temperature for 
maceration, filtered, concentrated and dried in a vacuum 
evaporator. Ethanolic extract of  T. arjuna was dissolved 
in 1% DMSO [final concentration of  the DMSO did not 
exceed 1% (v/v) and did not affect the cell proliferation] 
prepared in serum free RPMI medium and filtered by 0.3 
mm syringe filter and stored.

HepG2 cell maintenance
Human hepatoma cell line (HepG2) was obtained from 
National Center for Cell Science, Department of  Biotech-
nology, Pune, India. Cells were grown as monolayers in 
RPMI-1640 medium, supplemented with 10% (v/v) heat-
inactivated FBS, antibiotics (penicillin 100U/mL, strepto-
mycin 10 μg/mL) and 1mmol/L sodium pyruvate under 
standard conditions (37 oC) in a controlled humidified at-
mosphere containing 50 mL/L CO2.

Cytotoxicity
Trypan blue exclusion method The cytotoxicity of  the 
ethanolic extract of  T. arjuna was assessed by cell viability 
using trypan blue exclusion method. For the determina-
tion of  cell viability, cells were plated at the density of  5
×104 cells/well and cultured for 48 h. The medium was 
replaced with serum-free medium [RPMI-1640 medium, 
supplemented with antibiotics (penicillin100 U/mL, strep-
tomycin10 μg/mL, 1 mmol/L sodium pyruvate) and the 
cells were treated with various concentrations of  T. arjuna 
(20, 40, 60, 80 and 100 mg/L) for 48 h and incubated with 
1% DMSO as solvent control.
Lactate dehydrogenase leakage assay Lactate dehydro-
genase (LDH) leakage assay was performed by the method 
of  Grivell and Berry [7]. One hundred microliters of  condi-
tioned media of  control and T. arjuna-treated HepG2 cells 
was added to 1-mL cuvette containing 0.9mL of  a reaction 
mixture to yield a final concentration of  1mmol/L pyru-
vate, 0.15 mmol/L NADH and 104 mmol/L phosphate 
buffer, pH7.4. After thoroughly mixed, the absorbance of  
the solution was measured at 340 nm for 45 s. LDH activ-
ity was expressed as μ moles of  NADH used per minute 
per well.

Apoptosis
Light microscopic studies HepG2 cells were grown 
in 35 mm sterile petri plates and treated with T. arjuna 
extract at the concentrations of  60 and 100 mg/L for 48 h. 
The cells were then fixed for 5 min with 10% methanol/
phosphate buffer saline (PBS) and morphological changes 
were observed under inverted microscope (Nikon, Japan).
Fluorescent microscopic studies Apoptotic morphol-
ogy was studied by staining the cells with a combination 
of  the fluorescent DNA-binding dye. After treatment with  
T. arjuna (60 and 100 mg/L for 48 h), cells were collected, 
washed and suspended in PBS. After stained with the equal 
mixture of  acridine orange and ethidium bromide (each 

dye was dissolved in 100 μg/mL of  PBS), the cells were 
examined[8]. The differential uptake of  these two dyes al-
lowed the identification of  viable and non-viable cells un-
der fluorescent microscope and the results were recorded.
DNA fragmentation DNA fragmentation was followed 
by the method of  Chen et al [9]. The HepG2 cells were 
plated in a 60 mm culture dish at a density of  5×105 cells 
and treated with T. arjuna extract (60 and 100 mg/L) for 
48 h. The cells attached at the bottom were scraped off  
and collected together with unattached cells by centrifug-
ing at 1 500 r/min for 5 min at 4 oC. DNA was prepared 
from the pelleted cells. Briefly, the cells were lysed with 
lysis buffer and extracted with 2mL of  phenol (neutralized 
with TE buffer, pH 7.5) followed by extraction with 1mL 
of  chloroform and isoamyl alcohol in the ratio of  24:1. The 
aqueous supernatant was precipitated with 2.5 volume of  
ice-cold ethanol with 10% volume of  sodium acetate at –
20 oC overnight. After centrifugation at 13 000 r/min for 10 
min, the pellets were air-dried and resuspended with 50 μL 
of  Tris–EDTA (TE) buffer. Equal quantities of  DNA were 
electrophoresed in 1.8% agarose gel containing 0.5 mg/L 
of  ethidium bromide. After electrophoresis, the gel was 
photographed under UV light.
Western blotting HepG2 cells (1×106/mL) were treated 
with T. ar juna extract at the concentration of  60 and 
100 μg/mL for 48 h at 37 oC. Cells were lysed with 10 
μL of  lysis buffer (150mmol/L Tris-HCl, 2 mmol/L 
N-ethylmaleimide, 2 mmol/L phenylmethyl sulfonyl 
fluoride, 4% sodium dodecylsulfate, 4% dithiothreitol, 
20% glycerol, 0.01% bromophenol blue, 2 mol/L urea and 
10mmol/L Na-EDTA) (pH 6.8). Cells were then sonicated 
three times for 10 s. Cell lysates were centrifuged at 15 
000 r/min for 20 min at 4 oC. The protein levels were 
quantified using Biorad protein assay kit, USA. Equivalent 
amounts of  proteins (60mg) were resolved by SDS-PAGE 
and transferred onto a nitrocellulose membrane overnight 
at 25 mA. Membranes were blocked with blocking solution 
(2% BSA in PBS) for 1 h at 37 oC followed by incubation 
with primary antibodies (anti-p53 1:100; anticaspase-3 
1:1 000) for 1 h under gentle agitation. The blots were 
washed three times and incubated with horse raddish 
peroxidase-conjugated antimouse IgG antibody for 1 h at 
37 oC. Diaminobenzidine reagent was used to develop the 
immunoblots.

Estimation of glutathione
Total reduced glutathione (GSH) was determined by the 
method of  Moron et al.[10]. Five percent TCA was added 
to HepG2 (1×106 cells). The precipitate was removed 
by centrifugation. To an aliquot of  the supernatant, 2mL 
of  DTNB reagent was added to make a final volume 
of  3 mL. The absorbance was read at 412 nm against a 
blank containing TCA instead of  sample. Aliquots of  the 
standard solution were treated similarly. The amount of  
GSH was expressed as nmoles/106 cells.

Statistical analysis
Values were expressed as mean ± SD. Difference between 
the drug-treated group and control group was analyzed 
with independent sample-‘t’ test using SPSS 7.5 student 
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version. P < 0.05 was considered statistically significant.

RESULTS
Trypan blue exclusion method
The cytotoxicity of  T. ar juna to HepG2 cel ls was 
examined by trypan blue exclusion and LDH leakage 
assay. Figure 1 (A) shows the viability of  control and 
T. arjuna-treated (20, 40, 60, 80 and100 mg/L) HepG2 
cells. In the present study, the plant extract induced 
cytotoxicity to HepG2 cells in a concentration-dependent 
manner after 48 h of  treatment. The results showed 
that treatment with T. arjuna could increase the number 

of  apoptotic cells and decrease the number of  normal 
HepG2 cells. Apoptotic cells were detached from the 
surface and suspended in the medium.

Lactate dehydrogenase leakage assay
The levels of  LDH released into the medium of  control 
and T. arjuna-treated (20, 40, 60, 80 and100 μg/mL) HepG2 
cells are presented in Figure 1 (B). LDH activities were 
significantly elevated after 48 h of  exposure to T. arjuna 
extract in the medium when compared to the control. 

Light microscopic observation
In T. arjuna-treated HepG2 cells, destruction of  monolayer 
was observed, which was not seen in HepG2 cells not 
treated with it. T. arjuna treatment resulted in swelling and 
rounded morphology of  HepG2 cells with condensed 
chromatin and their membrane also became crooked 
and vesicle shaped. Progressive structural alterations and 
reduction of  HepG2 cell populations were observed 
[Figure 2 (A-C)].

Fluorescence microscopic observation
The morphological changes were observed in HepG2 
cells treated with T. arjuna for 48 h. As shown in Figure 2 
(D-F), normal live cells were bright green in color whereas 
T. arjuna-treated HepG2 cells were bright orange in color 
with condensed nuclei. Besides, normal nuclei showed 
chromatin with an organized structure, while apoptotic 
nuclei showed highly condensed chromatin in HepG2 cells 
treated with T. arjuna.

DNA fragmentation
In the control, no fragmentation was observed in agarose 
gel. However, the signal appeared in T. ar juna extract 
(60 and 100 mg/L) treated HepG2 cells showed the 
fragmented laddering pattern of  DNA, indicating the 
characteristics of  apoptotic cells (Figure 3). 

Expression of p53 and caspase-3 proteins
T. arjuna extract treatment increased the band intensity 
of  53-ku protein in HepG2 cells compared to the control 
(Figures 4A and 4B). The accumulation of  p53 protein 
induced apoptosis in T. arjuna extract-treated HepG2 cells. 
On the contrary, HepG2 cells treated with T. arjuna extract 
(60 and 100 mg/L) reduced the intensity of  32-ku protein 

Figure 1 Viability (A) and LDH level (B) in control and HepG2 cells. Cells were exposed to different concentrations of T. arjuna extract for 48 h and percentage of viable 
and dead cells was determined using trypan blue exclusion method. Results were expressed as the percent of total cell number and the percentage of LDH leakage was 
analyzed. Values are mean ± SD (n = 6). aP < 0.05 represents the statistical significance between control and T. arjuna treated HepG2 cells.
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Figure 2 Morphological changes of HepG2 cells under light and fluorescence 
microscope. HepG2 cells were incubated for 48 h with T. arjuna extract. The 
medium was removed and the cells were rinsed and visualized under light 
microscope in control (A), 60 mg/LL (B), 100 mg/L (C) of T. arjuna extract. Cells 
were stained with ethidium bromide and acridine orange and observed under 
fluorescence microscope in control (D), 60 mg/L (E) and 100 mg/L (F) of T. arjuna 
extract.

1020     ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol      February 21, 2006    Volume 12     Number 7



www.wjgnet.com

and appearance of  17-kDa protein measured by densito-
metric analysis (Figures 4C and 4D).This results indicated 
that T. arjuna treatment stimulated the proteolytic cleavage 
of  caspase-3 protein and initiated the apoptosis pathway in 
HepG2 cells. 

GSH levels
The level of  GSH content in control was 24.38 ± 1.37 
n moles/106 cells. After treatment with T. arjuna (60 and 
100 mg/L) the GSH level decreased to 18.57 ± 1.56 
n moles/106 cells and 16.62 ± 1.46 n moles/106 cells, 
respectively. There was a significant difference between the 
T. arjuna extract-treated group and control group.

DISCUSSION
In the present investigation, T. arjuna extract markedly 
reduced the cell viability in a concentration-dependent 
manner. The suppression of  cell proliferation induced 
by this extract may be due to the induction of  cell death. 
Thus, the inhibitory activity of  T. arjuna extract provides 
evidence for the in vitro cytotoxicity. 

Recent studies suggest that LDH is a more reliable and 
accurate marker of  cytotoxicity, because damaged cells are 
fragmented completely during the course of  prolonged in-
cubation with substances [7]. In the present study, the LDH 
leakage increased significantly in T. arjuna extract-treated 
HepG2 cells when compared to the control cells. Exten-
sive reports have documented on medicinal plant extract-
induced cytotoxicity to cancer cells.  It was reported that 
the acetone and methanolic extracts of  T. arjuna inhibit 
the growth of  transformed cells such as osteosarcoma 
cells (U2OS) and glioblastoma cells (U251) in vitro at the 
concentration of  30 and 60 mg/L[11]. Thus, the inhibition 
of  HepG2 cells strongly proves the cytotoxic nature of  T. 
arjuna extract. Pasquini et al [12] also found that various frac-
tions of T. arjuna inhibit the mutagenicity of  4-nitroquino-
line-4-oxide in the salmonella/microsome test, suggesting 
that the inhibition may be due to the presence of  antitu-

mor promoters of  the plant extract. Hence, the LDH leak-
age in HepG2 cells may be due to the cytotoxic nature of  
the plant extract and confirms its antitumor activity.

Light microscopic observation of  T. arjuna extract-treat-
ed HepG2 cells at the concentrations of  60 and 100 mg/L 
after 48 h of  exposure showed the typical morphological 
features of  apoptosis in HepG2 cells. The morphological 
changes observed were reduction in cell volume, cell shrink-
age, reduction in chromatin condensation and formation of  
cytoplasmic blebs. However, the control HepG2 cells had a 
higher confluency of  monolayer.

Fluorescence microscopic study showed apoptosis in 
T. arjuna extract-treated HepG2 cells after exposed to the 
concentrations of  60 and 100 mg/L. In the present inves-
tigation, control HepG2 cells were stained green in color 
with acridine orange, because of  cell membrane integrity. 
On the other hand, the drug-treated HepG2 cells were 
stained bright orange in color with ethidium bromide. This 
may be due to loss of  cell membrane integrity and apop-
totic nature of  the plant extract.

Apoptotic cells often produce a unique ladder com-
posed of  nucleotide fragments at an interval of  180-200 
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Figure 3 DNA fragmentation in HepG2 cells. HepG2 cells were treated with T. 
arjuna extract and incubated for 48 h at the concentration of 60 and 100 mg/L, 
respectively. DNA fragmentation was carried out as described in MATERIALS AND 
METHODS. Lane 1: 100 bp DNA marker; Lane 2: control HepG2 cells without 
any treatment; Lanes 3 and 4: HepG2 cells treated with T. arjuna extract at the 
concentration of 60 and 100 μg/mL, respectively.
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Figure 4 Expression of p53 and caspase-3 proteins. Western blotting analysis of 
p53 and caspase-3 in HepG2 cells cultured for 48 h in the presence and absence 
of T. arjuna extract at the concentration 60 and 100 mg/L was carried out. Cell 
lysates were prepared as described in MATERIALS AND METHODS, and resolved 
by 12% SDS-PAGE, immunoblotted and detected using specific antibodies 
which recognized p53 (A) and caspase-3 (B). Densitometric analysis of the p53 
(C) and caspase-3 band (D) was performed. Each value is mean ± SD of three 
observations. aP < 0.05 represents the statistical significance between control and T. 
arjuna extract-treated HepG2 cells.
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base pairs, which can be visualized by DNA-agarose gel 
electrophoresis. It is generally assumed that the toxicity 
of  antitumor drugs is the consequences of  their ability 
to cause genomic DNA damage in cancer cells [13]. In this 
context, Bai and Cederbaum[14] reported that many chemo-
therapeutic drugs, including Vp16 and mitomicin C, induce 
cells to undergo apoptosis through damage of  nuclear 
DNA. In the present study, DNA ladders appeared in T. 
arjuna extract-treated HepG2 cells after exposed to the 
concentrations of  60 and 100 μg/mL for 48 h. However, 
the control HepG2 cells did not show any DNA frag-
mentation. In general, cytotoxic drugs induce a massive 
breakage of  DNA into oligonucleosome fragments. The 
degradation of  DNA down to oligonucleosomal fragments 
is a late event of  apoptosis [15]. Thus, the T. arjuna extract-
induces DNA damage in HepG2 cells and thereby causes 
apoptosis. 

It is well known that p53 acts as a guardian of  the 
genome, and is one of  the major factors controlling cell 
proliferation, growth and transformation. The p53 tumor 
suppressor gene is mutated in over 50% of  human can-
cers, and the oncogenetic activity of  p53 mutation is due 
to its ability to interfere with p53-dependent apoptosis 
by a dominant negative mechanism[16]. Tumor suppressor 
gene p53 is one of  the critical genes regulating the onset 
of  DNA replication around G1/S boundary. Also, p53-
mediated tumor suppression appears to be critical for 
therapeutic potential in the treatment of  tumors[17]. p53 
is implicated in cell cycle control, DNA repair and apop-
tosis [18,19]. Thus, apoptotic modulators may be promising 
agents for treatment of  HCC. p53 contributes to apoptosis 
induced by a variety of  cellular stresses, including DNA 
damage, oxidative stress and chemotherapeutic drugs[20].

Activation of  p53 is often deducted with natural che-
motherapeutic agents and p53 negative tumors are gener-
ally less sensitive or even insensitive to these agents. In 
the present study, T. arjuna extract-treated HepG2 cells 
showed upstream regulation of  p53 protein expression 
after exposed to the concentrations of  60 and 100 mg/L 
for 48 h. Hence, T. arjuna extract may possibly enhance the 
susceptibility of  HepG2 cells to apoptosis by attenuating 
the tumor suppressor protein.

In cells undergoing apoptosis, there is a activation of  
proteases known as caspases, which have an obligatory 
cystein residue within the active site and cleave peptides 
adjacent to an aspartic acid residue[21]. Caspase cascade 
has been demonstrated to be involved in apoptotic signal 
transduction and execution[22]. Human caspases 1-10 have 
been described and activation of  the caspase cascade is 
involved in chemical-induced apoptosis[23], including degra-
dation of  DNA repair enzyme poly ADP ribosepolymer-
ase [24] and DNA-dependent protein kinase as well as cleav-
age of  chromatin at inter-nucleosomal sites mediated by 
caspase-activated DNase[25]. Generally, caspases are present 
as inactive proenzymes, most of  which are activated by 
proteolytic cleavage. Caspases-8, -9 and -3 are situated at 
pivotal junctions in apoptotic pathways[26]. Caspase-3 may 
then cleave vital cellular proteins or activate additional 
caspases by proteolytic cleavage. In the present investiga-
tion, T. arjuna extract-treated HepG2 cells showed a low 
intensity of  32-ku protein band and 17-ku protein band 

was observed. According to Busihardjo et al [27], caspase-3 
usually exists as an inactive procaspase-3 that becomes 
proteolytically activated by multiple cleavages of  its 32-ku 
precursor to generate the 20/11 or 17/11 ku active forms 
in cells undergoing apoptosis. Thus, the appearance of  
17-ku protein may be one of  the active forms of  caspase-3 
protein. It may be due to proteolytic cleavage of  inactive 
caspase-3 induced by the plant extract. This occurs before 
the further activation of  caspase-3-mediated apoptosis. 
Recent studies have also suggested that the proteolytic 
degradation of  specific substrates is responsible for many 
of  the morphological features of  apoptosis[28, 29].

It was reported that certain products from plants can 
induce apoptosis in neoplastic cells but not in normal cells 
[30, 31]. Studies have shown that cytotoxic effect of  the phe-
nolic compounds on different tumors is mediated through 
apoptosis. For instance, gallic acid selectively induces 
cell death in various transformed cell lines such as PLC/
PRF/5 (human hepatoma), HL-60, RG (human promyelo-
cytic leukemia) and P-388D1 (mouse lymphoid neoplasma) 
the[32]. 

It has been reported that several putative compounds 
isolated from T. arjuna such as tannic acid, especially fla-
vonoide (luteolin) are potent antitumor promoters and 
inhibitors of  a series of  solid tumors and leukemia [33, 34]. 
Nagpal et al [11] have reported that the growth of  osteosar-
coma (U2OS) and glioblastoma (U251) is inhibited after 
treated with T. arjuna extract, suggesting that the induction 
of  apoptosis in HepG2 cells may be due to the antitumor 
property of  T. arjuna extract.

Numerous data indicate that intracellular oxidative me-
tabolites play a significant role in the regulation of  apopto-
sis. The reduced tripeptide GSH is a hydroxyl radical and a 
singlet oxygen scavenger, participating in a wide range of  
cellular functions such as protein and DNA synthesis, in-
termediary metabolism and transport [35]. The maintenance 
of  GSH levels and the reducing environment of  cells are 
crucial [36]. Depletion of  GSH leads to increased accumu-
lation of  lipid peroxides and loss of  cell viability [37]. It is 
known that the toxicity of  antitumor drugs may largely 
depend on the intracellular level of  reduced GSH. Because 
GSH is the main antioxidant system in cells, a possible ex-
planation is that GSH depletion facilitates reactive oxygen 
species (ROS) accumulation in cells treated with antitumor 
drugs [38], which in turn increases their lethality. In the pres-
ent study, the level of  GSH significantly decreased in T. ar-
juna extract-treated HepG2 cells at the concentration of  60 
and 100 μg/mL, indicating that the decrease in GSH levels 
may initiate redox imbalance in HepG2 cells and subse-
quently induces apoptosis. Depletion of  GSH has been 
described for several agents such as oxidative and alkylat-
ing agents in various cell types [39]. Cells with reduced GSH 
levels either undergo apoptosis or become more sensitive 
to various death inducing agents[40,41] Liu et al.[42] also found 
that Salvia miliorrhiza inhibits human hepatoma HepG2 cell 
growth and induces apoptosis involving intracellular GSH 
depletion. Hall [43] has demonstrated that onset of  apopto-
sis is associated with a fall of  intracellular GSH in different 
cellular systems. Loss of  GSH is tightly coupled with a 
number of  downstream events in apoptosis [44]. 

Studies in a variety of  cell types suggest that cancer 
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chemotherapeutic drugs induce tumor cell apoptosis in 
part by increasing the formation of  ROS. According to 
Simizu et al.[45], some anticancer agents, including vinblastin 
and camptothecin, induce cell apoptosis with the genera-
tion of  ROS. Previous reports suggest that quercetin and 
related phenolic compounds containing a catechol moiety 
in their chemical structures are oxidized under certain in 
vitro conditions, resulting in lipid peroxidation [46, 47]. Ac-
cordingly, it is speculated that T. arjuna extract may induce 
ROS production in HepG2 cells and subsequently causes 
apoptosis. However, ROS may not necessarily be the di-
rect factor to cause apoptosis induced by the drug, but 
intracellular ROS may modulate the genes involved in 
apoptosis, which may regulate apoptosis. Thus, T. arjuna 
extract-induced oxidative stress is upstream of  signaling 
events that might alter the pro and antiapoptotic balance 
in HepG2 cells. Phenolic compounds are generally known 
to show not only their antioxidant effects but also pro-ox-
idant actions under in vitro conditions. Hence, it is possible 
that treatment of  HepG2 cells with T. arjuna extract can 
deplete the GSH levels and promote oxidation induction, 
which switches the mode of  death via apoptosis. There-
fore, the cytotoxic action of  this drug may be attributed to 
its pro-oxidant action on the cells. This may be able to ac-
count for the discrepancy between in vitro cytotoxicity and 
in vivo antitumor activities of  T. arjuna extract.

In conclusion, T. arjuna extract-has profound effects 
on human hepatoma cellline HepG2 and exhibits its cy-
totoxicity to these cells and the cell death is mediated by 
apoptosis. The mechanism of  apoptosis may be accumula-
tion of  p53 protein and proteolytic cleavage of  caspase-3 
protein. In addition to these, GSH depletion may also play 
a role in apoptosis through redox imbalance in HepG2 
cells. Thus, our results provide the basis for further in vivo 
and clinical research.
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Abstract
AIM: To investigate the differently expressed genes in 
human colorectal adenocarcinoma.

METHODS: The in tegrated approach for gene 
expression profiling that couples suppression subtractive 
hybridization, high-throughput cDNA array, sequencing, 
bioinformatics analysis, and reverse transcriptase real-
time quantitative polymerase chain reaction (PCR) 
was carried out. A set of cDNA clones including 1260 
SSH inserts amplif ied by PCR was arrayed using 
robotic printing. The cDNA arrays were hybridized 
with florescent-labeled probes prepared from RNA of 
human colorectal adenocarcinoma (HCRAC) and normal 
colorectal tissues.

RESULTS: A total of 86 genes were identified, 16 
unknown genes and 70 known genes. The transcription 
factor Sox9 inf luencing cel l d i f ferent iat ion was 
downregulated. At the same time, Heat shock protein  
10 KDis downregulated and Calmoulin is up-regulated. 

CONCLUSION: Downregulation of heat shock protein 10 
KD lost its inhibition of Ras, and then attenuated the Ras 
GTPase signaling pathway, increased cell proliferation 
and inhibited cell apoptosis. Down-regulated transcription 
factor So x 9 influences cell differentiation and cell-specific 
gene expression. Down-regulated So x 9 also decreases 
its binding to calmodulin, accumulates calmodulin as 
receptor-activated kinase and phosphorylase kinase due 
to the activation of PhK. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
The lifetime risk of  colorectal cancer in the general 
population is about 5-6% and about 30-40% of  patients 
have cancer-related deaths[1]. It is of  great importance to 
elucidate the mechanisms involved in human colorectal 
gene carcinogenesis at cellular and molecular levels. It 
has been demonstrated that colorectal tumor undergoes 
multiple and sequential morphological and molecular 
changes[2]. I n t h e p r o c e s s o f  t h e d i s e a s e , c e l l 
division, differentiation and apoptosis are related 
to the expression disorder of  a g roup of  genes 
and protein interaction. Oncogenes such as myc, 
K-ras, src, and erbB2 are activated, while the suppressive 
cancer genes p53, DCC, APC lose their activation and 
mismatch repair leads to microsatellite instability[3-9]. 
However, the exact gene expression profil ing for 
human colorectal adenocarcinoma (HCRAC) is sti l l  
unclear.

Suppress ion subtract ive hybr id izat ion (SSH) 
t e ch n i q u e s based on suppression polymerase chain 
reaction (PCR) c an i den t i f y the g ene expre s s ion 
profi l ing [10]. We have described recently the successful 
use of  SSH using HCRAC and normal colorectal tissues[11]. 
Combined with cDNA microarray techniques, the gene 
expressing profiling of  H C R AC c a n b e o b t a i n e d 
with four additional pairs of  normal colorectal and 
HCRAC tissues. In this study, 86 genes were identified. 
According to the results of  sequencing and bioinformatics 
analyses, three genes were selected, which differed strongly 
between HCRAC and nor mal colorectal tissues, and 
four genes were evaluated in 10 pairs of  matched normal 
colorectal and HCRAC tissues by QRT-PCR technique. 
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MATERIALS AND METHODS
Tissue sample 
Normal colorectal and HCRAC tissue samples from 
HCRAC patients in West China Hospital were snap-frozen 
in liquid nitrogen immediately after surgery and stored at 
-80 °C. Ten pairs of  HCRAC and normal colorectal tissues 
were used. All the tumor samples containing >50% of  
tumor cells were confirmed as colorectal adenocarcinoma 
according to the result of  pathologic diagnosis.

RNA extraction
Isolation of  RNA was performed using the TRIzol 
method (Invitrogen) according to manufacturer’s 
instructions. RNA from each sample was assessed by 
visualization of  the 28S/18S ribosomal RNA ratio on 1% 
agarose gel. RNA yield was determined by measuring the 
absorbency at 260 nm.

Suppression subtractive hybridization 
PCR-based cDNA subtract ion method and PCR-
select subtraction method (Clontech Laboratories) were 
performed using the SMART PCR cDNA synthesis as 
described previously[10,11]. Total RNA was isolated from 
HCRAC and normal rectum tissues, respectively, and 
reversely transcripted into single-strand cDNAs with 
reverse transcript enzyme superscript II. Double-strand 
cDNA was then synthesized and digested with restriction 
enzyme RsaI, resulting in fragments with a different size 
of  400-600 bp. HCRAC cDNAs were divided into two 
groups and ligated to the specific adaptors 1 and 2R, 
respectively. After HCRAC cDNAs were hybridized with 
normal rectum cDNA twice for 10 h at 68 °C and the 
resulting cDNAs were amplified with nested PCR twice, 
the amplified cDNAs containing enriched differently 
expressed transcripts were cloned into plasmid vector arms 
of  T/A. The ligated cDNAs were transformed into E. coli 
strain JM109. 

cDNA microarrays
A cDNA gene chip containing 1260 SSH clones was 

made .The inserted fragments in the pMD-18T (TaKaRa 
Company) were amplified with PCR using primers from 
the franking cloning site. Then the amplified PCR products 
were spotted onto silylated slides (CEL Associates, 
Houston, TX, USA) using a Cartesian PixSys 7500 
motion control robot (Cartesian Technologies, Irvine, CA, 
USA) fitted with ChipMaker Micro-Spotting Technology 
(TeleChem International, Sunnyvale, CA, USA). The total 
RNA from the four pairs of  samples taken from grade A 
patients was used to prepare cDNA fluorescent probes 
for hybridization to microarray. Probes were prepared 
by reverse transcription of  total RNA in the presence of  
either Cy-5 or Cy-3 labeled dUTP (Amersham Pharmacia) 
using superscript II (Gibco-BRL). The two color probes 
were then mixed, and the denatured probe mixtures 
were applied onto the pre-hybridized chip under a cover 
glass. The chips were hybridized at 42 °C for 15-17 h and 
scanned with a ScanArray 3000 (GSI Lumonics, Billerica, 
MA, USA) at two wavelengths to detect emission from 
both Cy3 and Cy5. The acquired images were analyzed 
using ImaGene 3.0 software (BioDiscovery, Inc., Los 
Angeles, CA, USA). The intensities of  each spot at the two 
wavelengths represented the quantity of  Cy3-dUTP and 
Cy5-dUTP, respectively, hybridized to each spot. Genes 
were identified as differently expressed, if  the absolute 
value of  the natural logarithm of  the ratios was >0.69. 
To minimize artifacts arising from low expression values, 
only genes with raw intensity values for both Cy3 and Cy5 
>800 counts were chosen for differential analysis. The 
clustering algorithm separated tumor and normal tissues 
into different clusters. We used an algorithm based on 
the hierarchical clustering algorithm to organize the data 
matrix of  the four colorectal adenocarcinoma samples in a 
binary tree.

Sequence and data analysis 
Sequencing was carried out for the cDNA clones using 
the Thermo Sequenase fluorescent labeled primer cycle 
sequencing (Amersham Pharmacia Biotech, UK). CR 
-r6d4cts were run on SequaGel (Biozyme, Oldendorf, 
Germang) and the sequences were analyzed by a LiCOR 

Gene Primer Sequence Length of primer (bp) Length of product (bp) Location of product

HSE1
Forward prime 5’-TGGCAGGACAAGCGTTTAGA-3’ 20 66 43–108
Reverse prime 5’-CAGCACTCCTTTCAACCAATACTC-3 24
TaqMan probe 5’>FAM AGTTTCTTCCACTCTTTG  Quencher < 3’ 18 64–81

SOX9
Forward prime 5’-AGCGACGTCATCTCCAACATC-3’ 21 49 1235–1
Reverse prime 5’-GTTGGGCGGCAGGTACTG-3’ 18 252
TaqMan 5’>FAM CCTTCGATGTCAACGAGT Quencher < 3’ 18

CaM 3098–3
Forward prime 5’-GTTGAGCGAGGCAAATGGAT-3’ 20 62   161
Reverse prime 5’-TCCTTGGCAACAGTGCATCA-3’ 20
TaqMan 5’>FAM TCGATATTTCAGATGGGC Quencher <3 ’ 18

β-Actin 1058–1
    n Forward prime 5’-CTGGCACCCAGCACAATG-3’ 18 93   075

Reverse prime 5’-GGACAGCGAGGCCAGGAT-3’ 18
TaqMan 5’>FAM ATCATTGCTCCTCCTGAG  Quencher < 3’ 18

Table 1 QRT-PCR parameters
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sequencer (MWG Biotech, Ebersberg, Germany). The 
qualified expressed sequence tags (ESTs) were referred to 
the ESTs containing less than 3% ambiguous bases and 
longer than 100 bp. These ESTs were subjected to BLAST 
analysis. The EST was considered as part of  a known 
gene, if  the homology to the known gene was over 80%. 
The EST was considered as part of  a known EST, if  it 
shared 95% homology with at least 100 bp of  human EST. 
The EST with no match to human EST was considered as 
a novel EST.

cDNA synthesis and real-time PCR 
The total RNA from 10 pairs of  patients was treated with 
RNA-free DNAase I (TaKaRa Company) to remove any 
genomic DNA contamination, then subjected to reverse 
transcription using M-MuLV reverse transcriptase (Qiagen 
Company, Germany).

PCR primers were designed using Primer Express 
1.5 (PE Company) with the following parameters: length 
of  the amplicon was between 50 and 150 bp, Tm of  
the primers was between 58 °C and 60 °C, and span of  
an intron (Table 1). Real time quantitative (RTQ) PCR 
was performed using Taqman MGB reagent kit (Qiagen 
Company, Germany) according to the manufacturer′s 
instructions. PCR was performed on an ABI Prism 700 
fluorescent quantitative PCR.

RESULTS
Suppression subtractive hybridization
Generation of  subtracted cDNA populations SSH 
was performed in human rectum adenocarcinoma and 
normal rectum tissues from one patient. A total of  1 260 
clones were obtained by SSH. To evaluate the quality 
of  the libraries, plasmid DNA isolated from 36 clones 
was digested with restriction enzyme, and agarose gel 
electrophoresis showed that all plasmids contained 
400-600 bp fragments (Figure 1). Sequence analysis of  31 
clones demonstrated that 28 fragments were differentially 
homologous to known genes in the GenBank (acquired 
gene accession number and dbEST number : Accn 

BM360856-BM360883).
Analysis of  subtraction efficiency To estimate the 

efficiency of  subtraction in subtractive cDNA library, 
the amount of  cDNA for G3PDH and oncogene c-myc 
was analyzed using subtracted and unsubtracted PCR 
products as templates. Eighteen, 23, 28 and 33 cycles 
of  PCR reactions were performed in a total reaction 
volume of  30 µL. The result demonstrated that the non-
specifically expressed housekeeping gene G3PDH was 
greatly decreased in the reaction (Figure 2). In contrast, 
the specifically expressed oncogene c-myc was greatly 
increased in the reaction (Figure 3). These results indicated 
that the present suppression subtractive cDNA library was 
highly efficient in enriching the highly expressed genes in 
HCRAC.

cDNA microarray
The cDNA inserts of  each clone were amplified with 
PCR and spotted on a microarray using robotic printing. 
Multiple housekeeping genes and randomly selected 
cDNAs were also printed on the same array to serve 
as internal controls. The cDNAs from cancer tissue 
of  four patients were labeled with cyanine5 (Cy5), and 
the cDNAs from normal colon tissue of  four patients 
were labeled with cyanine3 (Cy3). The microarrays were 
hybridized with cDNA probes labeled with fluorochrome 
in the forward direction as group 1(Figure 4A).Then, the 
cDNAs from cancer tissue of  four patients were labeled 
with Cy3, and the cDNAs from normal colon tissue of  
four patients were labeled with Cy5. The microarrays were 
hybridized with cDNA probes labeled with fluorochrome 
by reverse direction as group 2 (Figure 4B). Red and green 
fluorescence indicated greater relative expression in the 
tissues of  HCRAC and normal colon, yellow fluorescence 
indicated equal expression. According to the changes in 
signal intensity, a total of  143 ESTs were identified. Fifty-
four ESTs were differently expressed in group 1, 37 ESTs 
were upregulated and 17 ESTs were downregulated by 
forward hybridization. ESTs were differently expressed 
in group 2 by reverse hybridization, 49 ESTs were 
upregulated, 40 ESTs were downregulated. The identified 

M  1   2   3   4   5   6  7   8   9   10   11  12  13  14   15 

3000

Figure 1 Digestion plasmids of EcoRI/Hind/II. Lane M: DNA size markers; 1-15 
lanes: Fragment of about 500 bp after EcoRI/HindIII digestion.

M       1       2       3      4        5       6      7      8 

3000

500

200

Figure 2  Reduction of G3PDH after PCR-select subtraction. M: DNA size 
markers; 1-4 lanes: Subtracted PCR products as template, G3PDH3’ and 5’ 
as primers at cycles 18, 23, 28, 33; 5-8 lanes: PCR products not subtracted as 
template, G3PDH3’ and 5’ as primers at cycles 18, 23, 28, 33.
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Table 2 Differently expressed genes in subtracted cDNA populations

               Name of gene Accession
 number

cDNA cDNA array ratio

Group 1 Group 2

Proto-oncogene and
tumor suppressor genes

ITGA6: integrin, alpha 6 ck570352 C60 2.277

Ion channels ATP1B1: ATPase, Na+/K+ transporting, beta 1 ck570329 C8 0.352
proteins polypeptide ck570304, a50 3.265
 CALM1: calmodulin 1 (phosphorylase kinase, delta) ck570314 b19 1.856 0.344

Cell cycle proteins PTMA: prothymosin, alpha ck570346 C47 2.090
BTG1: B-cell translocation gene 1, anti-proliferative ck570300 a21 2.058
DKFZp451J0118: taxilin
CAPZA1: capping protein (actin filament) muscle ck570339 c32 0.472
Z-line, alpha 1 ck570343 c41 0.493
TBDN100: transcriptional coactivator tubedown-100 ck570351 c58 2.211

Cell frame and movement K-ALPHA-1: tubulin, alpha, ubiquitous ck570353 C61 2.281
TUBB2: tubulin, beta, 2 ck570366 C91 3.21
CAPZA1: capping protein (actin filament) muscle Z-line, alpha 1 ck570343 C41 0.493

Apoptosis related proteins Signal K-ALPHA-1: tubulin, alpha, ubiquitous ck570339 C32 0.472
 SRPRB: signal recognition particle receptor, B subunit ck570312 b12 1.540 0.425
transmitting related proteins PERQ1: PERQ amino acid rich, with GYF domain 1 ck570299 a15 0.486
Synthesis and translation ZNF403: zinc finger protein 403 ck570360 C85 3.197 3.197
related proteins SOX9: SRY (sex determining region Y)-box 9 ck570305, b2 0.426 2.344

(campomelic dysplasia, autosomal sex-reversal) ck570306, b3 0.489 1.593
  ck570361 c86 3.391

SET: SET translocation (myeloid leukemia-associated) ck570344 c43 2.447
Bit1: Bcl-2 inhibitor of transcription
EIF3S6: eukaryotic translation initiation factor 3, subunit ck570355 c73 2.666
6 48 KD ck570311 b11 0.660 2.091
EIF4E: eukaryotic translation initiation factor 4E
NCL: nucleolin ck570336 c16 0.392

ck570367 c92 4.67
Metabolism RPL7: ribosomal protein L7 ck570290 a3 0.359
related proteins RPS24: ribosomal protein S24 ck570297 a13 0.457

RPS25: ribosomal protein S25 ck570349 c55 2.202
COX7C: cytochrome c oxidase subunit VIIc ck570315 b20 1.860 0.580
FABP1: fatty acid binding protein 1, liver ck570324 b39 2.807 0.547
SAT: spermidine/spermine N1-acetyltransferase ck570335 c13 0.375
SCD: stearoyl-CoA desaturase (delta-9-desaturase) ck570357 c81 3.098
PAFAH1B2: platelet-activating factor acetylhydrolase, isoform Ib, beta 
subunit 30 KD protein 1

ck570292 a7 0.421

Immunity and stimulation
related proteins

HSPE1: heat shock 10  protein 1 (chaperonin 10) ck570307, b6 0.562 3.191
ck570308, b7 0.567 2.686
ck570310, b9 0.649 2.532
  ck570347 c52 2.132

HSPD1: heat shock 60 KD protein 1 (chaperonin) ck570356 c77 2.786
IGHG1: immunoglobulin heavy constant gamma 1 ck570363 c90 4.667
(G1m marker) ck570321 b5-1 0.493 2.830
IFITM3: interferon induced transmembrane protein 3 (1–8 U) ck570309 b8 0.634 3.021
PSMA7: proteasome (prosome, macropain) subunit, alpha type, 7

Cell receptor PIGR: polymeric immunoglobulin receptor ck570301,   a28 2.309

ck570303, a39 2.552
ck570313, b13 1.554 0.330
ck570316, b21 1.869 0.505
ck570318, b24 1.982 0.394
ck570319 b40 2.942 0.662

Others C6orf62: chromosome 6 open reading frame 62 ck570289 a2 0.236
IRA1: likely ortholog of mouse IRA1 protein ck570291 a4 0.402
MRNA: cDNA DKFZp686P07216 (from clone DKFZp686P07216) ck570296 a12 0.450
DACH1: dachshund homolog 1 (Drosophila) ck570298 a14 0.482
TXNIP: thioredoxin interacting protein ck570317 b23 1.959 0.297
LOC376745: AG1 ck570328 c5 0.336
Transcribed sequence with strong similarity to protein prf:0512543A (H. 
sapiens) 0512543A oxidase II, cytochrome

ck570333 c12 0.373

C14orf112: chromosome 14 open reading frame 112 ck570337 c19 0.414
Transcribed sequence with moderate similarity to ck570348 c53 2.152
protein sp:P18124 (H. sapiens) RL7_HUMAN 60S ck570354 c71 2.648
ribosomal protein L7 ck570358 c82 3.127
F LJ32421: hypothetical protein FLJ32421 ck570364, c50 2.104
C20orf45: chromosome 20 open reading frame 45 ck570322, b38 2.665 0.368

ck570327, b44 2.942 0.590
CDNA clone MGC:62026 IMAGE:6450688, complete cds ck570330, c10 0.368
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43 ESTs representing 3.41% of  total genes examined were 
differently expressed in the two groups (Table 2).

DISCUSSION
Controlling reliability of SSH 
HCRAC is a multi-gene disease similar to other malignant 
tumors[1]. Although the expression of  some genes such 
as APC, DCC and p53 is related with the occurrence 
of  HCRAC, the underlying mechanisms and the whole 
gene expression profile involved in the pathogenesis of  
HCRAC are still unclear[5-9]. In this study, according 
to the SSH technique based on suppression PCR[10], 
t he cDNA sub t r a c t ive l i b r a r y o f  H C R A C was 
constructed. The subtraction efficiency was estimated 
by PCR analysis. The amount of  G3PDH was relatively 
decreased and the amount of  c-myc was relatively 
increased. Thirty-six randomly selected clones were 
sequenced. Bioinformatics analyses showed human 
ESTs and dbEST with their accession numbers in the 
GenBank[11].

cDNA microarray and quantitative PCR
SSH combined with cDNA microarray or real-time-
PCR technique has been used as an efficient method 
to identify differently expressed genes in breast cancer 
cells, renal cells, colon cancer cells, non-metastatic and 
metastatic cancer cells, lung cancer cells, bronchial 
epithelial cells, fibroblast growth factor 2-transformed 
endothelial cells[12-19]. It was reported that some differently 
expressed tissue-specific genes have been identified in 
nasopharyngeal epithelial tissue and two novel full-length 
genes have been isolated in human glioma specimens[20,21].

Cancer is a highly variable disease with multiple 
heterogeneous genetic and epigenetic changes. Functional 
s tudies are essent ia l to understand the complex 
polymorphisms of  cancer. Microarray is a new powerful 
tool for studying the molecular basis of  interaction. This 
technique makes it possible to examine the expression of  
thousands of  genes simultaneously[23]. To further confirm 

the different expression of  genes identified in subtractions 
in the present study, four pairs of  samples of  patients were 
chosen for cDNA microarray analysis. The results of  the 
forward and reverse hybridizations were identical.

Both thermodynamic and physical parameters are 
known to influence hybridization intensities on DNA 
microarray, and they may fail in discriminating highly similar 
genes within a gene family during heterologous probe 
hybridization. Among the techniques available to validate 
the DNA microarray data, we chose quantitative real-time 
RT-PCR (qRT-PCR), since it could offer confirmatory 
quantitative results under stringent conditions. qRT-PCR 
can be used for measuring low concentrations of  mRNA, 
and is highly accurate, reproducible, and amenable to 
high throughput analysis[23-31]. Three differently expressed 
ESTs were selected and their expression was analyzed by 
reverse transcriptase real-time quantitative PCR in the 
ten pairs of  patients. The expression of  the four cDNA 
fragments tested displayed the expected different patterns 
of  expression (Figure 5).

Global molecular change in carcinogenesis 
Carcinogenesis is a complex process in which many 
molecules are changed at transcriptional and translational 
levels, and then manifested as structural and functional 
changes of  cancer ce l l s. In forward microar ray 
hybridization, eukaryotic translation initiation factor 
3 and SRY Sox are downregulated. Furthermore, heat 
shock proteins 10 and 60 KD, ribosomal protein S 17, 
ribosomal protein S 25, ribosomal protein S 28, ribosomal 
protein L7, tubulin alpha and beta, E-cadherin and 
integrin alpha 6 proteasome are transiently downregulated. 
The up-regulated calmodulin 1, nuclear gene encoding 
mitochondrial protein, protease, ATPase, Na+/K+ beta 
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Figure 3  Increased c-myc after PCR-select subtraction. M: DNA size markers; 1-4 
lanes (left): PCR products not subtracted as template, c-myc 3’ and 5’ as primers 
at cycles 18, 23, 28, 33; 5-8 lanes: No PCR products subtracted as template, 
c-myc 3’ and 5’ as primers at cycles 18, 23, 28, 33; 1-4 lanes (right): PCR products 
subtracted as template, c-myc 3’ and 5’ as primers at cycles 18, 23, 28, 33.

A

B

Figure 4 cDNA microarray hybridized with fluorescent labeled probes prepared 
from HCRAC (A) and total RNA from normal colorectal tissue (B).
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transporting polypeptide, Zinc finger protein, and putative 
ribosomal RNA apurinic site-specific lyase have been 
demonstrated in forward microarray hybridization. The 
results of  reverse microarray hybridization coincided with 
it.

Translation initiation in eukaryotes is a rate-limiting 
step in protein synthesis. It is a complex process involving 
many eukaryotic initiation factors (eIFs). Altering the 
expression level or the function of  eIFs may influence 
the synthesis of  some proteins and consequently cause 
abnormal cell growth and malignant transformation[32]. 
Ribosomes that catalyze synthesis of  proteins consist of  a 
small 40S subunit and a large 60S subunit. These subunits 
are composed of  four RNA species and approximately 
80 structurally distinct proteins[33]. The down-regulated 
tubulin has been observed. This experiment renders 
further support to the hypothesis that activation of  both 
the transcriptional and posttranscriptional machinery may 
constitute an integral part of  the mechanism underlying 
carcinogenesis. 

Down-regulated E-cadherin and integrin alpha 6 can 
decrease cancer cell adhesion and increase its invasion. Up-
regulated nuclear genes encoding mitochondrial protein, 
ATPase, Na+/K+ beta transporting polypeptide reflect that 
cancer cells need enough energy to grow.

Signal transmission of carcinogenesis 
We observed that Sox9 was strongly down-regulated 
(0.426-fold). Sox, a high-mobility-group domain containing 
transcription factor, with a DNA-binding domain similar 
to that of  the mammalian testis-determining factor 
SRY, is a key transcription factor that is essential for 
chondrocyte differentiation and chondrocyte-specific 
gene expressions[34,35]. Sox9 has been demonstrated to be 
a “master regulator” gene that controls distinct pathways 
of  mesenchymal differentiation. Sox9 is a target of  cAMP 
signaling and phosphorylation of  Sox9 by protein kinase 
A (PKA) enhances its transcriptional and DNA-binding 
activity[36-38]. Sox9 harbors a number of  highly conserved 
regions, including two domains required for maximal 
trans-activation. The heat shock protein HSP70 recognizes 
a specific region of  Sox9 with unknown function which 
may facilitate the assembly of  multi-protein complexes 

at promoter enhancer regions. The Sox9 HMG domains 
carry two nuclear localization signals (NLSs). The 
N-terminal NLS binds to calmodulin while the C-terminal 
NLS binds to importin beta[39]. 

We also found that heat shock protein 10 KD 
(chaperonin 10) was downregulated (0.562-fold). Heat 
shock protein 10 KD can reduce myocyte death by its 
mitochondrial function or by interacting with cytoplasmic 
signaling pathways. The Ras GTPase signaling pathway 
indicates that inhibition of  Ras is required for the 
protection by HSP10. In abnormal situations, oncogenic 
activation of  Ras signal transduction pathways leads to 
continuous upregulation of  key elements of  translational 
machinery. The Ras signal transduction pathways play a 
critical role in regulating mRNA translation and cellular 
transformation. On the other hand, tumor suppressor 
genes downregulate ribosomal and tRNA synthesis, and 
their inactivation results in uncontrolled production of  
these translational components. Heat shock proteins 
(chaperonins) are also a subgroup of  oligomeric molecular 
chaperones. Chaperonins 10 and 60 can be found on 
the surface of  various prokaryotic and eukaryotic cells, 
and release from cells. Secreted chaperonins can interact 
with a variety of  cell types, including leukocytes, vascular 
endothelial and epithelial cells, and activate key cellular 
activities such as the synthesis of  cytokines and adhesion 
proteins[40-42] 

We further observed that some receptor subunits 
(calmodulin) related to ion channels (potassium channel 
protein) were strongly upregulated (3.265-fold). Calmodulin 
(phosphorylase kinase delta) is a major cytoplasmic 
calcium receptor that performs multiple functions in cells 
including cytokinesis[43]. Calmodulin is a small protein 
involved in calcium signaling and is able to bind to many 
different targets. The targets of  calmodulin are a number 
of  kinases, including myosin light chain kinase (MLCK), 
calmodulin-dependent kinase and phosphorylase kinase. 
The phosphorylase kinase holoenzyme (PhK) including 
alpha-beta, gamma and delta alters the interaction between 
its regulatory alpha and catalytic gamma subunits. The 
gamma subunit is also known to interact with the delta 
subunit, an endogenous molecule of  calmodulin that 
mediates the activation of  PhK by Ca (2+) ions[44]. 

In conclusion, the down-regulated transcription factor 
Sox9 can influence cell differentiation and cell-specific 
gene expression. Down-regulation of  heat shock protein 
10 KD loses its inhibition of  Ras, and attenuates the Ras 
GTPase signaling pathway, increases cell proliferation and 
inhibits cell apoptosis, which is a hallmark of  aggressive 
malignant colorectal adenocarcinoma. Down-regulated 
Sox9 also decreases its binding to calmodulin, accumulates 
calmodulin as receptor-activated kinase and phosphorylase 
kinase due to the activation of  PhK by Ca (2+) ions. 
Upregulated nuclear DNA-encoded mitochondria supply 
increases cancer cell proliferation energy.
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Abstract
AIM: To study the loss of heterozygosity (LOH) on 
12p12-13 in Chinese colon carcinoma patients.

METHODS: DNA was extracted from 10 specimens of 
cancer tissue, 10 specimens of adjacent tissue and 10 
specimens of normal tissue, respectively. LOH of Kras2 
gene was analyzed by polymerase chain reaction (PCR) 
and denaturing polyacrylamide gel electrophoresis using 
11 microsatellite markers on 12p-12-13.

RESULTS: LOH of Kras gene was detected at least on 
one marker of 12p-12-13 in 30% (3/10) of adjacent 
tissue specimens. The highest frequency of LOH was 
identified on D12S1034 in 28.57% (2/7) of adjacent 
tissue specimens. LOH was detected at least on one 
marker of 12p12-13 in 60% (6/10) of carcinoma tissue 
specimens, the most frequent LOH was found on 
D12S1034 and D12S1591 in 42.86% (3/7) of carcinoma 
tissue specimens. LOH was detected in 30% (3/10) of 
carcinoma tissue specimens, 30% (3/10) of adjacent 
tissue specimens, and no signal in 1% (1/0) carcinoma 
tissue specimen. The occurrence of LOH did not correlate 
with sex, age, tumor size and lymph node metastasis.

CONCLUSION: Genomic instabil ity may occur on 
12p-12-13 of Kras2 gene in the development and 
progression of colon carcinoma. The high LOH of 
Kras2 gene may directly influence the transcription and 
translation of wild type Kras2 gene.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION

Clinical and experimental studies have shown that point 
mutation of  Kras2 gene plays an important role in the 
development and progression of  tumors [1-4]. However, it 
has been reported that wild type Kras2 gene has inhibitory 
effects on tumor growth and proliferation [5]. Inactivation 
of  cancer suppressor gene is a frequently encountered 
early event in the development of  tumors, leading to loss 
of  heterozygosity (LOH) [6-10]. This study was to investigate 
the possible genetic variation of  wild type Kras2 gene in 
the carcinogenesis of  colon carcinoma by analyzing LOH 
in tumor and its adjacent tissues. 

MATERIALS AND METHODS 

Specimens
Ten specimens of  primary carcinoma tissue, 10 specimens 
of  its adjacent tissue and 10 specimens of  normal tissue 
at the distal incision margin were taken respectively from 
patients with pathologically confirmed colon carcinoma 
before and after surgery at the Department of  Surgery, 
General Hospital of  the Chinese PLA from January to 
December 2003. The patients did not receive radiotherapy 
and chemotherapy before surgery.

DNA extraction from genome
Specimens of  carcinoma and its adjacent tissues as well as 
normal tissue at the distal incision margin were suspended 
respectively in 50μL DNA lysate containing 50 mmol/
L Tris-HCI, 1mmol/L EDTA, 0.1% Tween 20, 200 
mg/L protease K, pH8.0, and digested overnight at 50 oC. 
Protease K was denatured and inactivated at 95 oC. Then 
the supernatant was centrifuged and stored at -20oC for 
use.

Primer design
Microsatellite-labeled primers on 12p12-13 were retrieved 
from the UniSTS database. The sequences of  D12S89, 
D12S358, D12S310, D12S1606, D12S1596, D12S1592, 



www.wjgnet.com

D12S1617, D12S1057, D12S1591 are listed in Table 1.

Polymerase chain reaction (PCR)
One μL 10xPCR buffer, 0.5 mmol/L magnesium ion, 
0.2 mmol/L 4xDNTP, 0.4 μmol/L upstream primer, 0.4 
μmol/L downstream primer, 1U Taq DNA polymerase/
reaction and 0.5 μLDNA template were added into 10 μL 
PCR system at 94 oC for 5 min. Fourteen PCR cycles of  
amplification were performed at 94 oC for 30 s, at 60 oC 
for 30 s, at 72 oC for 30 s, followed by 16 cycles at 94 oC 
for 30 s, at 55 oC for 30 s, at 72 oC for 30 s, and a final 
extension at 72 oC for 5 min.

Denaturing polyacrylamide gel electrophoresis
PCR products (0.3μL) were added to the loading 
buffer containing GENESCAN-500 molecular weight 
as internal control and mixed with formamide, then 
denatured at 72oC for 2-3 min and electrophoresed 
by the AB1377 fluorescence sequencer. The standard 
sequencing PAGE 64-well denaturing polyacrylamide 
gel was used for electrophoresis. The electrophoresis 
was performed at the temperature higher than 42 oC 
for 2.5-3 h. The electrophoresis channels were analyzed 
using GENESCAN version 3.1 Software. The types and 
intensity of  fluorescence were collected for each channel, 
the size of  amplified PCR products was determined 
using the molecular weight as internal control. Data of  
the type, intensity and molecular weight of  the amplified 
microsatellite DNA fluorescence were obtained using 
GENOTYPE version 2.0 Software. The fluorescence 
intensity could indicate the amplified DNA within the 
linearity (relative fluorescence intensity was 200-300). 

LOH analysis 
Based on the principles of  fluorescence labeling of  
primers, a fluorescence labeled primer group-matched 

sequence was linked to the 5 ' end of  a specific primer, so 
that the PCR products were labeled with the fluorescence 
group in the process of  PCR. The fluorescence labeled 
PCR products were electrophoresed using the AB 
1377 fluorescence sequencer. Data collected by the 
electrophoresis were analyzed using the GENESCAN and 
GENOTYPE Softwares to obtain the peak and size of  the 
map. Gene typing was performed. The peak was found in 
2 allelic gene segments and compared to the normal value 
of  the adjacent channels. The allelic ratio was calculated 
according to the following formula: allelic ratio=peak ratio 
of  carcinoma tissue/peak ratio of  normal tissue. LOH 
was considered when the allelic ratio was higher than 1.5 
or lower than 0.67. Microsatellite instability (MSI) was 
considered when no abnormal peak point was found in 
DNA of  carcinoma tissue compared to normal tissue.

Statistical analysis
The correlation between LOH and clinical and pathological 
parameters was evaluated by  chi-square test. All statistical 
analyses were carried out by SPSS 10.0. P  <  0.05 was 
considered statistically significant.

RESULTS
Frequency of LOH in carcinoma adjacent tissue
No LOH was detected in 70 (7/10) of  adjacent tissue 
specimens (1, 2, 4-6, 8, 9) on all markers. LOH was 
detected in 30% (3/10) of  adjacent tissue specimens 
(3,7,10) at least on one marker,  28.5% (2/7) of  adjacent 
tissue specimens on D12S1034, 25% (1/4) on D12S1617, 
14.29% (1/7) on D12S1596, 12.5% (1/8) on D12S89, and 
0% on other markers (Table 2 and Table 3, Figure 1).

Frequency of LOH in carcinoma tissue
No LOH was detected in 40% (4/10) 0f  primary colon 
carcinoma tissue specimens (1, 4-6) on all markers. LOH 

Figure 1  LOH on D12S1591 (A) and gene type (B) in 
carcinoma and normal tissues. The arrowhead shows the allele 
loss. 10-1: tumor, 10-2: adjacent tumor, 10-3: normal.
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A BTable1 Primer sequences on 12p12-13 microsatellite markers

Markers                      Primer sequences                                            Length (bp)

D12S89               D12S89-F:5’  - ATTTGAGAGCAGCGTGTTTT -3’                        254-288 

                            D12S89-R:5’  - CCATTATGGGGAGTAGGGGT -3’
D12s358             D12s358-F:5’  - GCCTTTGGGAAACTTTGG -3’                            238-270 
                            D12s358-R:5’  -TAAGCCCTTTTATTTTTCCTAAC-3’
D12s310             D12s310-F:5’  - GAAAACTAATTGCCCCTTAC -3’                      243-253 
                            D12s310-R:5’  - TTTAGATTCTCCAAATGCC -3’
D12S1606           D12S1606-F:5’  -ATGAGAGGCCAAATTAAAG -3’                     271-279
                            D12S1606-R:5’  - CTACTGTTGTGTCAGGGTCA -3’
D12s1596           D12s1596-F:5’  - TCATGTGGCTGGTAGAGAAG -3’                   204-222
                            D12s1596-R:5’  - CGTGAAGCAGATTTATCGTG -3’
D12s1617           D12s1617-F:5’  - AGCCTGAGGGGCCACAT -3’                           215-261
                            D12s1617-R:5’  - TGGGCAACTTGGATAAGAAACA -3’
D12s1592           D12s1592-F:5’  - GCTGAGTGTGGTGGCAC -3’                            238-280
                            D12s1592-R:5’  - GAGACTATTCCAACAGTGTATTTTC -3’
D12S1057           D12S1057-F:5’  - AGAGACAGAAGCAGTAGGATGG -3’          227
                            D12S1057-R:5’  - GGTTCTGACGTTTTAAGACTCG -3’
D12S1591           D12S1591-F:5’  - GCGCTTTGTACTATGTTACATTT -3’             234-276
                            D12S1591-R: 5’  - GAAGACGTTGGGTGAATC -3’
D12S823             D12S823-F:  5’   - GGGCAATAGAGTGAGATTCTG -3’               119
                            D12S823-R:  5’   - CCTACCTCCTTCCCCATCC -3’
D12S1034           D12S1034-F: 5’  - TTTTCAAAAAGTGTGACTGTGC -3’             280-302
                            D12S1034-R: 5’  - CAGCCTAGTAAAAAATTTAAATTGG -3’
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was detected in 60% (6/10) of  colon carcinoma tissue 
specimens (2, 3, 7-10) at least on one marker, 42. 86% (3/7) 
on D12S1034 and D12S1591, 33.33% (1/3) on D12S310, 
and 0% (0/4) on D12S1592 (Tables 2 and 3).

Correlation between LOH on 12p12-13 and clinico-
pathological parameters
Chi-square test was used to evaluate the correlation 
between LOH and clinico-pathological parameters. The 
results showed that LOH did not correlate with age, sex, 
tumor size and lymph node metastasis (Table 4).

DISCUSSION
RASp21consisting of  Hras1, Nras and Kras2, is a GTP-
coupled protein and can transfer signals from cell surface 
into cells. Its normal expression is necessary to maintain 
the normal physiological activities of  cells. Activated Ras 
proto-oncogenes, especially Kras2, play an important 
role in the carcinogenesis of  human and rodent tumors. 
Mutations of  Kras2 gene have been found in tumor tissues 
of  human organs, including bladder[11], breast[12], rectum[13], 
kidney[14], liver[15], lung[16], ovary[17], pancreas[18], stomach[19] 
and hematopoietic system[20]. In general, about 30% cancers 
display ras gene mutations, while the highest mutation rate 
is found in colonic and pancreatic cancer [21-25]. In samples 

of  mutated ras gene, most mutations occur in Kras2 
gene. Mutation and activation of  ras gene usually occur at 
codens 12 and 13 or 61, leading to the transformation of  
proto-oncogene to oncogene[26]. This kind of  activation 
can up-regulate the expression of  ras/ErK signal channel 
in the absence of  external stimuli and further increase 
the abnormality of  associated signal channels, leading to 
malignant transformation of  cells. Activated ras gene is 
usually considered as the dominant oncogene because of  
the existing expression of  wild type ras and malignant 
transformation of  activated ras[27]. However, is still 
controversial the effect of  the dominant gene-ras is still 
controversial since wild type ras has been found in human 
and mouse pulmonary adenocarcinomas[28,29].

In vivo and in vitro experiments[28] have shown that 
tumors are found more frequently in normal mice with 
2 wild type Kras2 copies than in those with LOH of  
one wild type Kras2 copy after they are treated with 2 
carcinogens. The occurrence of  tumor is 50-fold higher 
in mice with LOH of  one wild type Kras copy than in 
normal mice with 2 wild type Kras copies. The tumor 
in the former group of  mice is poorly-differentiated 
adenocarcinoma, while the tumor in the later group of  
mice is adenoma. Zhang et al[28 reported that wild type 
Kras2 gene can inhibit cell growth , formation of  clones, 
and induce tumors in naked mice. In addition, LOH has 

Table 2 Frequency of LOH on the 11 markers of 12p12-13 in colon carcinoma and its 
adjacent tissues

Adjacent tumor tissue Tumor tissue

Markers LOH (n) Signal (n ) Frequency of 
LOH (%)

Heterozygo-
sity (%)

LOH (n) Signal (n) Frequency of 
LOH (%)

Heterozy-
gosity (%)

D12S823 0 5   0 50 1 5 20 50
D12S1034 2 7       28.57 70 3 7      42.88 70
D12S1596 1 4 25 40 1 4 25 40
D12S1591 1 7      14.29 70 3 7       42.88 70
D12S358 0 8   0 80 2 8 25 80
D12S310 0 3   0 30 1 3      33.33 30
D12S1592 0 4   0 40 0 4   0 40
D12S89 1 8    12.5 80 1 8    12.5 80

D12S1617 1 7      14.29 70 1 7     14.29 70
D12S1057 0 7   0 70 2 7      28.57 70
D12S1606 0 6   0 60 1 6      16.67 60

Table 3  Distribution of LOH on 12p12-13 in microsatellite-labeled primers

: Normal;                  : No signal;                : LOH;           A: adjacent tissue        T: cancer tissue◎ ○ ●
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been found in pulmonary adenocarcinoma induced by 
various chemical carcinogens. Point mutation of  Kras2 
gene is detected in 67-100% mice with LOH of  wild type 
Kras 2 gene. These important findings will certainly query 
the established carcinogenesis of  dominant Kras2 gene.

It was reported that the development and progression 
of  colon carcinoma are a process involving multiple genes 
and factors, and characterized by its stages: normal mucosa
→atypical hyperplasia including intestinal metaplasia→
adenoma→adenocarcinoma[30]. Kras2 gene as a dominant 
oncogene due to its point mutation plays an important 
role in the progression of  canceration, which is one of  
the reasons why the inhibitory effect of  wild type kras2 
gene on cancer is concealed. Since cancer suppressor 
gene can be inactivated by deleting mutation, we studied 
LOH of  Kras 2 gene on 12p12-13 in primary colon 
carcinoma. LOH was detected in 30% (3/10) of  adjacent 
tissue specimens at least on one marker, 28.5% (2/7) 
on D12S1034, suggesting that 12p12-13 is genomically 
insin precancerous cells, and that LOH on 12p12-13 
may influence the expression of  wild type Kras2 gene in 
early colon carcinoma. LOH was detected in 60% colon 
carcinoma tissue specimens at least on one marker, which 
was higher than that in adjacent tissue, and 42.86% (3/7) 
on D12S1034, suggesting that the genomic instability of  
12p12-13 exacerbates with the progression of  carcinoma 
as demonstrated not only by the increasing number of  
allelic gene loss points but also by the increasing frequency 
of  allelic gene loss at the same point. Such changes lead to 
a decrease of  Kras2 gene copies used for transformation. 
When another point mutation occurs in the process of  
carcinogenesis and produces dominant oncogene effects, 
the cancer suppressing function of  wild type Kras2 gene 
can be completely covered up.

In conclusion, Kras2 gene can exert inhibitory effects 
on the proliferation of  colon carcinoma cells. LOH 
on 12p12-13 does not correlate with the clinical and 
pathological parameters obtained from colon carcinoma.

Clinical character LOH
Total Ratio (%) P

+ -

Tissue class
   Adjacent Tumor 3 7 10 30 0.17753
   Tumor 6 4 10 60
Age (yr)
   ≤50 4 3   7 70 0.77816
   >50 2 1   3 30  
 Sex  
   Male 5 2   7 70 0.25979
   Female 1 2   3 30
Tumor size (cm)
   <5 3 1   4 40 0.42919
   ≥5 3 3   6 60
Lymph node matastasis
   Yes  4 2   6 60 0.598161
   No 2 2   4 40

Table 4 Correlation between LOH on chromosome 12p12-13 
and clinical pathologic factors
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Abstract
AIM: To construct the eukaryotic expression plasmid 
containing HCV NS3 segment and to analyze the 
expression of NS3 protein in normal human hepatocyte 
HL-7702.

METHODS: We amplified HCV NS3 fragment from 
plasmid pBRTM/HCV 1-3011  containing the whole length 
of HCV genome, recombined it with expression vector 
pcDNA3.1(-) to form the eukaryotic expression vector 
pcDNA3.1(-)/NS3, and transfected human HL-7702 
hepatocytes with the recombined plasmid by cationic 
polymers. The expressed HCV NS3 protein was detected 
and analyzed by immunohistochemical method and 
Western blot.

RESULTS: The amplified NS3 fragments had correct 
molecule weight and sequence. The successful ly 
constructed eukaryotic expression plasmids were 
transfected to HL-7702 cells. The expressed NS3 proteins 
had correct molecular weight 70000.

CONCLUSION: Eukaryotic expression vector pcDNA3.1 
(-)/NS3 containing NS3 segment of HCV can be 
constructed, the sequence of NS3 fragments is consistent 
with the template. Normal human HL-7702 hepatocytes 
can efficiently express specific HCV NS3 protein in vitro .

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) genome has only one open read-
ing frame, which encodes for a precursor protein poly-
mer containing 3000 amino acids. The protein products, 
including core, NS3, NS4B and NS5A, have an effect on 
hepatocellular carcinoma (HCC) induced by HCV. The 
non-structural protein 3 (NS3) segment plays a key role in 
replication of  virus and is closely related with the growth 
of  host cells. NS3 has attracted attention in many research 
fields of  HCV. In this experiment, we constructed the eu-
karyotic expression vector containing HCV NS3 segment, 
which could express NS3 protein in normal human 
hepatocytes in vitro. 

MATERIALS AND METHODS
Enzymes and reagents
PCR primers were synthesized by Shanghai Sangon 
Biological Engineering and Technology and Service 
(Shanghai, China). Restriction endonucleases EcoRI and 
BamHI, T4 DNA ligase, RNase A and Ex Taq DNA 
polymerase and markers DL 15 000 and DL 2000 were 
purchased from TaKaRa Biological Technology (Dalian, 
China) . Protein radiant markers were purchased from 
Bioin Technology (Zhuhai, China). Plasmid purification 
kit and transmaster were purchased from BoLi Bioin 
Technology (Beijing, China). Anti-HCV NS3 monoclo-
nal antibody was purchased from Biodesign(American). 
Donkey anti-sheep IgG-HRP was purchased from 
Kangchen Bio-tech (Shanghai, China). Immuno his-
tochemical SP-HRP kit was purchased from Dingguo 
Biological Technology (Beijing, China). Western blot ECL 
kit was purchased from Bioin Technology (Zhuhai, China).

Vectors and experimental cells
Recombination plasmid pBRTM/HCV1-3011 containing 
the whole genome of  HCV was donated by Professor 
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Rice(Washington, USA). Expression vector pcDNA3.1(-) 
containing CMV promoter ahead of  multiple cloning sites, 
replication initiating site SV40ori as well as anti-ampicillin 
and anti-G418 sites, was donated by Doctor Shun 
Fenyong (College of  Life Science and Technology , Jinan 
University). pMD 18-T simple vectors were purchased 
from TaKaRa Biological Technology (Dalian, China). E.coli 
JM109 was provided by Biochemistry Department Jinan 
University. HL-7702 cells were purchased from Shanghai 
Institute of  Cell Biology (Shanghai, China).

Experimental groups
Non-transfected HL-7702, HL-7702 transfected with 
pcDNA3.1 (-)/NS3 and HL-7702 transfected with pcD-
NA3.1(-) .

Construction of expression vector pcDNA3.1 (-)/NS3  
Based on published sequences, the primers [5’-GAA TTC 
ATG GCG CCC ATC ACG GCG TAC GC-3’ (upriver) 
and 5’-CTG GAC CTC CAG CAG TGC ATT CCT 
AGG-3’ (downriver)] were used to amplify the whole se-
quence of  HCV NS3 region. Thirty cycles of  PCR were 
performed at 94 oC for 60 s, at 55 oC for 30 s, at 72 oC for 
120 s, and at 72 oC for 10 min in 50μl reaction mixture 
containing 0.3 μL (1 U/μL) Taq polymerase, 5 μL10 ×PCR 
buffer,1 μL dNTPs (20 mmol/L), 0.625 μL each primer 
(20 μmol/L), 1μL DNA as template, and 41.45 μL distilled 
water. The PCR products were subjected to electrophore-
sis on 0.8% agarose gel for 60 min(voltage:80V),visualized 
by DNA viewer staining. The PCR products were connect-
ed to clone vector pMD 18-T after purification. Plasmid 
pMD 18-T/NS3 was transferred into E. coli with calcium 
chloride. The E.coli was cultured to amplify the plasmid. 
Successfully transferred E.coli was screened at 50 mg/L 
ampicillin. Then the constructed pMD 18-T/NS3 was 
recombined with expression vector pcDNA3.1(-)/NS3, 
thus the eukaryotic expression plasmid pcDNA3.1(-)/NS3 
came into being .

Cell culture and growth curve  
HL-7702 cells were cultured and passaged in RPMI 1 640 
medium supplemented with 10% fetal calf  serum in an 
incubator containing 50 mL/L CO2 at 37 oC Cells were di-
gested by 0.25% trypsin and seeded (2.5×104 cells per well) 
in 48-well culture plates. Cells were digested and counted 
at an interval of  24h with the average number of  cells in 3 
wells calculated per time.The detection was continued for 
8 d. Then the population doubling time was calculated and 
growth curve of  the cells was plotted.

Immunohistochemical staining  
We used S-P method to detect the expression of  HCV 
NS3 protein in HL-7702 cells transfected with plasmid 
pcDNA3.1 (-)/NS3. Cells transfected with and without 
plasmid pcDNA3.1 (-) served as negative and blank 
control groups. Cells were cultured in 25-flasks till 85% 
convergence. The cells were washed three times with pre-
cooled PBS before harvested. Then 1 milliliter lysis reagent 
containing 50 mmol/L TrisHCl (pH8.0),150 mmol/L 
NaCl，0.02％ sodium ajide, 0.1％SDS, 100 mg/LPMSF

（dissolved in isopropyl alcohol, 1 mg/L aprotinin，1％
Nonidet P-40, 0.5％ sodium deoxycholate) was added 
and incubated at 4 oC for 20 min. Then the lysis reagent 
mixed with broken cells was harvested and centrifuged at 
12 000 r/min for 5 min. Twenty microliters of  supernatant 
protein was resolved by SDS-8% polyacrylamide gel elec-
trophoresis. After electrophoresis, the proteins were trans-
ferred onto a PVDF membrane, blocked in 5% skimmed 
milk for 1h, probed with monoclonal antibody to HCV 
NS3(1:1000) overnight at 4 oC. After washed three times 
with TBS containing 0.1% Tween 20, the membrane was 
treated with horseradish peroxidease-conjugated donkey 
anti-goat antibody for 3 h. Protein binding was detected 
by chemiluminescence reagent (ECL). Then the bands on 
X-film were assayed by densitometric scanning.

RESULTS 
Construction of expression vector pcDNA3.1(-)／NS3      
The PCR product of  NS3 had correct molecule weight. 
Recycled PCR fragments were connected to T vector, 
E.coli was used to amplify the recombined vector pMD 
18-T/NS3. Plasmid extracted from the positive clones 
could be digested by EcoRI and BamHI to two fragments 
(3000bp and 1900kb) as expected. DNA sequence 
analysis confirmed that the inserted fragment was a 
HCV NS3 segment containing 1893 nucleotides with 
right direction and reading frame. Initial codon, terminal 
codon and restriction sites of  EcoRI , BamHI  were 
successfully added to the ends. Vector pMD 18-T/NS3 
was successfully recombined with plasmid pcDNA3.1(-). 
The length of  the recombined vector pcDNA3.1(-)／
NS3 was 7 300bp. After digested by EcoRI and BamHI,  
pcDNA3.1(-)／NS3 was cloven into two fragments (5 
400 bp and 1900 kb) as expected (Figure 1A-1C).

The incubation condition of  HL-7702 cells and the cell 
growth curve were obtained (Figure 2 A, 2B)

Immunohistochemical analysis showed that the 
blank control group was negative, pcDNA3.1 (-)/NS3 
transfection group was positive for HCV NS3 protein in 
cytoplasm. SDS-PAGE analysis showed that among the 
separated protein bands (distilled from cytoplasm), a band 
was found at molecular weight 70 000 as expected (Figure 
3A-3D)

DISSCUSION
Hepatitis C virus(HCV) , the major etiological agent of  
non-A non-B hepatitis identified by the end of  1 980s, 
has infected more than 170 million persons worldwide 
and 85% of  them could develop chronic hepatitis, liver 
function failure or hepatocellular carcinoma. Among 
all the gene segments of  HCV, NS3 segment has many 
important physiological functions. Genetic variability 
of  NS3 protein lies in different kinds of  HCV-infected 
patients[2]. Nowadays little has been known about the 
nonstructural protein of  HCV. NS3 protein contains many 
enzymes such as helicase , NTPase and serine protease, 
which can degrade the nonstructural segments of  HCV 
polyprotein [3-5]. HCV core, NS3, NS5A and NS5B 
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proteins can modulate cell proliferation independently by 
expressing p53[6]. Chronic hepatitis C induced by HCV 
could do great harm to human body, yet little has been 
known about the pathogenetic mechanism. HCV can 
impair the innate immunity system. It was reported that 
interaction between HCV NS3 protein and host TBK1 
protein leads to inhibition of  cellular antiviral responses[7] 
. Conserved C-terminal threonine of  HCV NS3 can 
regulate autoproteolysis[8]. NS3 protein can down-regulate 
activities of  protease peptide which could interfere with 
the activity of  viral antigens, which may protect HCV 
from host immune surveillance, leading to persistent 
viral infection[9]. Besides, NS3/4A- mediated cleavage of  
TIR domain-containing adaptor protein potentially limits 
expression of  multiple host defense genes, promoting 

persistent infections with this medically important virus [10]. 
Dolganiuc et al [11] showed that core protein and 

nonstructural protein 3 of  HCV can induce production 
of  IL-10 and mediate immunosuppression of  against 
HCV. Some HCV proteins, such as core protein, NS3 
and NS5A, not only regulate cell growth and interact with 
other cellular proteins, but also participate in programmed 
cell death under certain circumstances [12] . HCV can 
interfere with JAK/STAT signal pathway, leading to 
IFN production by down-regulating the expression of  
STAT1[13]. Additionally , NS3 can bind to a host protein 
(Sm-D) which interferes with the formation of  small  
nuclear ribonuclear protein (snRNP) complexes ,so that 
occurrence of  auto immune disease can be reduced[14]. 

It was reported that nonstructural protein 3 of  HCV 
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can inhibit dendritic cell differentiation by inducing 
pro- and anti-inflammatory cytokines [15]. Core, NS3, 
NS5A, NS5B proteins of  hepatitis C virus can induce 
apoptosis of  mature dendritic cells[16] and inhibit cellular 
immune responses through impairment of  maturation 
of  dendritic cells[17] . Dolganiuc et al[18] found that HCV 
core and NS3 proteins could activate monocytes. NS3 
protein can activate innate immunity to recognize virus 
more efficiently through inducing inflammation [18]. 
Studies indicate that persistent HCV infection is closely 
related with hepatocellular carcinoma, replication and 
protein expression of  HCV have been observed in HCC 
tissues[19-21], suggesting that interaction between HCV 
gene segments and expressed protein plays a key role 
in malignant transformation of  hepatocytes [22]. Feng 
et al[23] showed that HCV NS3 N-terminal peptide may 
up-regulate the activation of  MAPK, but not affect the 
expression of  MAPK in normal liver cells. Additionally, 
Sakamuro et al [24] reported that  NS3 gene-expressed 
protein in NIH3T3 cells and mouse fibroblasts can be 
transfected with NS3 gene segment , which induces 
tumors in nude mice. NS3 protein can inhibit actinomycin 
D-induced apoptosis [25] and inhibit phosphorylation 
mediated by cAMP-dependent protein kinase[26]. Activation 
of  c-Jun NH2-terminal kinase (JNK) signaling pathway 
is essential for the stimulation of  HCV non-structural 
protein 3 (NS3)-mediated cell growth [27]. It has been 
shown that cells consistently expressing low concentration 
of  NS3 protein is prone to apoptosis induced by the Fas 
molecule[28]. 

In this experiment, we used pcDNA3.1(-) vector to 
construct the eukaryotic expression vector pcDNA3.1(-)/
NS3 . DNA sequence analysis revealed that the inserted 
NS3 gene had correct reading frame and length(1893nt). 
Initial and terminal codons were successfully inserted 
into the ends of  NS3 segment, which assured the correct 
expression of  NS3 protein. We chose adult human 
HL-7702 hepatocytes as the host cells. The cells originate 
from embryonic liver, and were continuously cultivated in 
vitro. HL-7702 cells are slightly larger than normal human 
hepatocytes in vitro. The nuclei/cytoplasm ratio is high 
and cells are joined to each other tightly[29]. We transfected 
the constructed eukaryotic plasmid pcDNA3.1(-)/NS3 
to HL-7702 cells, and detected the expressed protein 
by immunohistochemical  staining. NS3 protein was 
expressed in the transfected cells, but not in blank 
cells and cells transfected with pcDNA3.1 (-). Western 
blot analysis showed that the expressed NS3 protein 
had correct molecular weight (70 000). The successful 
construction of  eukaryotic plasmid pcDNA3.1 (-)/NS3 
and correct expression of  HCV NS3 protein in HL-7702 
cells may contribute to the establishment of  a system that 
can produce NS3 protein. These results may help further 
investigation of  how NS3 protein affects immunity 
against virus. 
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Abstract
AIM: To investigate the biological function of HBcAg 
in pathogenesis of HBV replication in peripheral blood 
mononuclear cells (PBMCs).

METHODS: HBcAg region was amplified by polymerase 
chain reaction (PCR) and HBV HBcAg bait plasmid 
pGBKT7-HBcAg was constructed by routine molecular 
biological methods. Then the recombinant plasmid DNA 
was transformed into yeast AH109. After the HBV core 
protein was expressed in AH109 yeast strains (Western 
blot analysis), yeast-two hybrid screening was performed 
by mating AH109 with Y187 containing leukocyte cDNA 
library plasmid. Diploid yeast cells were plated on 
synthetic dropout nutrient medium (SD/-Trp-Leu-His-
Ade) (QDO) and synthetic dropout nutrient medium 
(SD/-Trp-Leu-His-Ade) (TDO). The second screening 
was performed with the LacZ report gene ( yeast cells 
were grown in QDO medium containing X-α-gal). The 
interaction between HBV core protein and the protein 
obtained from positive colonies was further confirmed 
by repeating yeast-two hybrid. After plasmid DNA was 
extracted from blue colonies and sequenced, the results 
were analyzed by bioinformatic methods. 

RESULTS: Eighteen colonies were obtained and 
sequenced, including hypermethylated in cancer 2 (3 
colones), eukaryotic translation elongation factor 2 (2 
colones), acetyl-coenzyme A synthetase 3 (1 colone), 
DNA polymerase gamma (1 colone), putative translation 
initiation factor (1 colone), chemokine (C-C motif ) 
receptor 5 (1 colone), mitochondrial ribosomal protein 

L41 (1 colone), kyot binding protein genes (1 colone), 
RanBPM (1 colone), HBeAg-binding protein 3 (1 colone), 
programmed cell death 2 (1 colone). Four new genes 
with unknown function were identified.

CONCLUSION: Successful cloning of genes of HBV core 
protein interacting proteins in leukocytes may provide 
some new clues for studying the biological functions of 
HBV core protein.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) infection is a global challenge 
with 350 million chronic carriers world wide. Individuals 
with chronic HBV infection have a high risk of  developing 
liver cirrhosis and primary hepatocellular carcinoma[1, 2]. 
HBV is a partially double-stranded DNA with compact 
circular genome of  about 3200 base pairs (bp) containing 
four overlapping open reading frames P, preS/S, preC/
C and X. C region coding for the HBV core antigen  
(HBcAg)[3, 4] is a 21-22 kD protein that self-assembles 
to form the subviral 30-32 nm nucleocapsid particles 
packing the viral polymerase and pregenomic RNA during 
HBV replication. HBcAg can prevent the degradation of  
mRNA by RNA-enzyme and plays a very important role in 
assembling pregenome and synthesizing genome[5-7].

Some researchers have detected HBV nucleic acids 
including replicating intermediates, covalently closed 
circular DNA(cccDNA),viral RNA transcripts and DNA 
sequences intergrated with the celler genome in PBMCs 
from patients with active chronic hepatitis B (CHB)[8-13]. It 
was reported that patients with hepatocelluer carcinoma 
(HCC) display a higher prevalence of  HBV in PBMCs 
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than asymptomatic carriers and CHB patients or liver 
cirrhosis patients, although the detection rate of  viral 
replication is low in HCC patients[14]. Viral load in serum 
is thus not always associated with the prevalence of  HBV 
DNA in PBMCs, and cccDNA may exist even in patients 
with undetectable HBV DNA from serum by PCR. The 
pathogenesis of  replication and integration of  HBV in 
PBMCs is unclear. However, it may be contribute to viral 
escape from the immune system and pathogenesis of  
lympho-proliferative disorders[15].

In order to further reveal the biological role of  HbcAg 
in pathogenesis of  replication and integration of  HBV in 
PBMCs, we tried to identify its associated proteins in the 
present study by the GAL4-based yeast two-hybrid system 
using HbcAg as bait to screen the human leukocyte cDNA 
library.

MATERIALS AND METHODS
Yeast strains, chemical agents and cultural media
Bacterial yeast strains and plasmids for yeast-two hybrid 
experiments were obtained from Clontech Co., USA. 
Yeast strain AH109 (MATa, trp1-901, leu2-3, 112, ura3-52, 
his3-200, gal4Δ, gal80Δ, LYS2: GAL1UAS-GAL1TATA-
HIS3, GAL2UAS-GAL2TATA-ADE2 URA3: MEL1 
TATA-lacZ MEL1) containing pGBKT7-53, coding for 
DNA-BD/mouse p53 fusing protein and AH109 was used 
for cloning of  bait plasmids. Yeast strain Y187 (MATa 
ura3-52, his3-200, Ade2-101, trp1-901, leu2-3, 112, gal4Δ, 
gal80Δ, met-, URA3::GAL1UAS-GAL1TATA-lacZ 
MEL1) containing pTD1-1, in which pACT2 coding for 
AD/SV40 large T antigen fusing protein and Y187 was 
used for cloning of  library plasmids. Bacterial strain DH5a 
was used for cloning of  each shuttle plasmid. TEMED 
was from Boehringer Mannheim Co., USA. Tryptone and 
yeast extracts were from OXOID Co., USA. X-α-Gal and 
cultural media were from Clontech Co., USA. The primers 
of  PCR were from Boya Co., Shanghai, China. 

Construction of “bait”plasmid 
Plasmid pGBKT7-HBcAg (Figure 1) containing full-length 
HBV core gene was constructed by inserting HBV core 
gene in-frame into EcoR I/Pst I site, which could directly 

express DNA binding domain, c-myc and core fusion 
protein. The construct was verified by restriction digestion 
and sequencing (Figure 1). The plasmid was transformed 
into yeast strain AH109 by the lithium acetate method[16]. 
Transformed AH109 was cultured on quadrople dropout 
media to exclude its auto-activity.

Expression of HBV core protein
Denatured cell extracts were subjected to electrophoresis 
using 4-12% SDS-polyacrylamide gels and transferred to 
nitrocellulose membranes as previously described[17]. The 
membranes were blocked with 5% nonfat dry milk for 1 h 
and then incubated with monoclonal anti- c-myc antibody 
(Santa Cruz Biotechnology INC, Santa Cruz, CA, USA) 
for 2h followed by HRP-conjugated secondary antibody 
for another 1h prior to detection of  antibody reactive 
proteins. 

Yeast-two hybrid screening
The screening of  leukocyte cDNA library was performed 
as previously described[18, 19]. One large (2-3mm) fresh (<2 
mo old) colony of  AH109 [bait] was inoculated into 50 
mL of  SD/-Trp and incubated at 30 ℃ overnight (16-24 
h) with shaking at 250-270 r/min. Then the cells were 
spun down by centrifuging the entire 50-mL culture at  
1000r/min for 5 min and supernatant decanting the cell 
pellet was re-suspended in the residual liquid by vortexing. 
The entire AH109 [bait] culture (beyond 1:109) and 1mL 
library (beyond 1:109) were combined and cultured in a 
2L sterile flask and 45 mL of  2 X YPDA/Kan was added 
and swirled gently. After 20 h mating, the cells were spun 
down, re-suspended and spread on 25 large (150 mm) 
plates containing 200 ml of  SD/-Ade/-His/-Leu/-Trp 
(QDO) or 200 ml of  SD/-His/-Leu/-Trp (TDO). After 
6-18 d, the yeast colonies lager 3 mm in diameter were 
transferred onto the plates containing X-α-Gal to check 
expression of  the MEL1 reporter gene (blue colonies).

Isolation of plasmid DNA from putatively positive yeast 
clones and bioinformatic analysis 
Yeast plasmid was isolated using the lyticase method 
(Clontech Co., USA). The plasmid was transformed into E. 
coli strain DH5α. Transformants were plated on ampicilin 
LB selection media (SOB) and plasmids were isolated from 
E. coli. Restriction digestion and sequencing analysis were 
carried out. After the positive colonies were sequenced, 
the sequence was blasted with GenBank to analogize the 
function of  the genes[20, 21].

New genes cloned
The coding sequence of  new gene was obtained from 
the cDNA library of  proteins binding to core protein of  
hepatitis B virus by bioinformatic methods, named C1. 
Standard PCR cloning technique was used to amplify C1 
gene. Cytoplasmic RNA of  Jurkat cells was isolated and 
used for RT-PCR. The primer sequences of  the sense 
and antisense are 5’-GAA TTC ATG GAG GAG GTC 
ATA C-3’ and 5’-GGA TCC TTA CCA GGG ACA CAG 
T-3’, respectively. The PCR products were cloned with 
pGEM-T vector (Promega Co., USA). Primary structure 
of  the insert was confirmed by direct sequencing.

1               2              3

←750 bp

←500 bp

Figure 1 pGBKT7- HBcAg cut by EcoR I and Pst I on 0. 9% agarose/EtBr gel. 
Lanes 1 and 3: Marker; lane 2: HBcAg fragment cut by EcoR I and Pst I.

1044        ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol     February 21, 2006    Volume 12     Number 7



www.wjgnet.com

Interaction between HBV core protein and new gene C1- 

translated protein in yeast
PGADT7-C1 plasmid was constructed and transformed 
into yeast strain Y187 using the lithium acetate method 
after sequencing analysis. Mating experiments were carried 
out by mating yeast strain AH109 containing pGBKT7-
HBcAg plasmid with Y187 containing pGADT7-C1. 
The diploid yeasts were plated on media lacking leucine, 
tryptophan, histidine and adenine[22].

RESULTS
Construction of “bait” plasmid pGBKT7-HBcAg and 
expression of “bait’ fusion protein
The full-length HBcAg gene was cloned into the yeast 
two-hybrid BD vector at the EcoR I and Pst I sites. 
The construct was verified by restriction digestion and 
sequencing (Figure 1).

Western blotting was performed to confirm the 
expression of  the fusion protein using c-myc monoclonal 
antibody. Yeast strain AH109 transformed with pGBKT7-
HBcAg could stably express the fusion protein at a high 
level but could only grow on SD/-Trp medium (Figure 2).

Yeast-two hybrid cloning of protein interacting with 
HBcAg 
HBV-core protein was used as the bait for screening 

human yeast-two hybrid leukocyte cDNA library. The 
clones growing in the absence of  tryptophan, leucine, 
histidine and adenine were processed for β-galactosidase 
assay, and blue colonies were picked. As the plasmid 
pACT2 contains two sites for BglⅡ enzyme digestion, we 
could get the screening gene fragment of  leukocyte library 
by BglⅡ enzyme digestion (Figure 3). The different size of  
DNA segments showed that the screening colonies were 
positive clones.

Sequence analysis of positive clones
Nucleotide sequences of  the clones from the cDNA 
library were analyzed, the full-length sequences were 
obtained with Vector NTI 6 and BLAST database 
homology search (http://www. ncbi. nlm. nih. gov/) (Table 
1). 

Confirmation of new gene expression by RT-PCR
The PCR products were cloned with pGEM-T vector. 
The direct sequencing showed the ORF of  C1 (Figure 4, 
Figure 5). The full length of  the coding rank contained 
366 nucleotides, and the coding product consisted of  
121 amino acid residues (GenBank accession number: 
AY555145).

Mating experiments 
To confirm the true protein-protein interaction（protein 

Table 1 Sequence analysis of 18 clones interacted with the HBcAg protein

Known genes Clone number Homology (%)
Homo sapiens hypermethylated in cancer 2 (HIC2) 3 98-100
Homo sapiens eukaryotic translation elongation factor 2 (EEF2) 2 100
Homo sapiens acetyl-Coenzyme A synthetase 3 1 99
Homo sapiens DNA polymerase gamma (POLG), nuclear gene encoding mitochondrial protein 1 99
Homo sapiens putative translation initiation factor(SUI1) 1 99
Homo sapiens chemokine (C-C motif) receptor 5 1 100
Homo sapiens mitochondrial ribosomal protein L41 (MRPL41), nuclear  gene encoding mitochondrial protein 1 100
Homo sapiens Kyot binding protein 1 99
Homo sapiens mRNA for RanBPM 1 99
Homo sapiens HBeAg-binding protein 3 (HBEBP3) 1 99
Homo sapiens programmed cell death 2 (PDCD2) 1 100
New genes with unknown function 4 97-100

1                   2

←39 ku

M      M

2000→
1000→
750→
500→

Figure 2 Western blotting shows the expression of 
HBcAg in yeast. Lane 1 is negative control and lane 2 
is HBV core protein.

Figure 3 Screening colonies cut by BglⅡ on 0. 9% agarose/EtBr gel
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of  HBcAg and new gene C1-translated protein）in yeast, 
mating experiments were carried out by mating yeast strain 
AH109 containing the plasmid of  pGBKT7-HBcAg with 
Y187 containing pGADT7-C1. The diploid yeast cells 
were plated on QDO (Figure 6).

DISCUSSION
The interaction of  proteins is the basement of  life, and 
gene shows its function only by this way. The yeast-
two hybrid system relies on the modulating properties 
of  eukaryotic site-specific transcriptional activators for 
the detection and analysis of  protein-protein, protein-
DNA and protein-RNA interactions. This onslaught of  
genomic information calls for the development of  efficient 
experimental strategies to gain insight into the organization 
and function of  the encoded proteins. The yeast-two 
hybrid system can detect protein-protein interactions. 
Yeast-two hybrid system 3 is based on the originally 
designed system[23-25]. In this system, the promoters 
controlling HIS3, ADE2, and MEL1 expression in AH109 
have significantly fewer false positives and the simple 
mating protocol significantly reduces the labor and time 
involved in performing a yeast-two hybrid library screening 
and improves the chances of  finding rare protein-protein 
interactions and leads to more reproducible results[26,27 ].

HBcAg has a conservative three-dimensional structure, 
21 kD. Its C-terminal 150-185 aa is rich in arginine region. 
One function of  the arginine-rich region is to provide 
interactions between core protein and RNA pregenome. 
Packag ing the v i ra l pregenomic RNA into HBV 
nucleocapsid (core particle) is a crucial function of  the core 
protein[28]. The C-terminal is in the region of  interaction 
between HBcAg and RNA/DNA and is phosphorlated 
by cell kinase. Phosphorylation is very important for the 
synthesis and replication of  DNA. Phosphorylation of  
the core protein is an important step in viral replication 
cycle necessary for transport of  the viral genome to the  

nuclei[29, 30]. HBV capsid or core protein binds to nucleic 

acid through a carboxy-terminal protamine region 
containing nucleic acid-binding motifs organized into 
four repeats (I to MV). Core proteins contain nuclear 
localization signals (NLS) in their COOH termini and 
mediate HBcAg into nuclei[29, 31]. HBcAg showing a high 
immunogenicity can directly activate B lymphocytes by 
binding to the region of  FR1-CDR1 of  B cells[7]. 

HBV has been found in numerous extrahepatic 
cells including PBMCs. However, their role in HBV 
infection and viral persistence remains unclear. The 
presence of  HBV-DNA and HBV-RNA in PBMCs has 
been demonstrated by Pontisso et al[32]. Polymerase chain 
reaction (PCR) showed that HBV infection of  PBMCs 
is a common event in acute and chronic hepatitis B[33]. 
Since HBV is cytopathogenic, viral proteins elicit a 
modulating influence on the gene expression of  infected 
immunocompetent cells[34]. 

In our study, the bait plasmid pGBKT7-HBV core 
was constructed and the gene of  HBcAg was expressed 
in yeast AH109. We identified 18 colonies coding for 11 
different proteins. These genes encode proteins involving 
in cell signal transduction, cancer development, and 
immunity pathogenesis. The two families of  chemokines 
were distinguished on the arrangement of  the first 
two of  four conserved cysteines. The α-chemokine is 
characterized by two cysteine amino acids separated by 
another amino acid (C-X-C motif), while the β-chemokine 
has two adjacent cysteine residues (C-C motif). The 
majority of  β-chemokines are monocyte chemoattractants. 
Chemokine receptors are members of  the seven receptors 
of  transmemberane or serpentine family [35, 36]. The 
receptors are G-protein-linked and transducer signals 
via phospholipase C. This subsequently leads to a rise 
in intracellular calcium concentration and activation of  
protein kinase C. Chemokine (C-C motif) receptor 5 
contains monocytes, but it was reported that CCR5 can 
be expressed on Th1 and Th2 cells selectively[37]. HIV can 
infect the Th1 cells by synergistic action of  CCR5, and 
cause fusion of  the infected cells and HIV diffusion[38]. 

ATG GAG GAG GTC ATA CAA GCA GGC CTG GCC
M    E      E      V     I     Q     A     G     L     A
CAG TGG TCC  AGA CAG AAG GGC CTG  GCC TTG
Q     W     S      R     Q    K     G     L     A     L
CCC TGG GAC  AGA ACC AGA GGC CAT CCT GAT
P     W    D     R     T     R     G     H     P     D
GTT CCC  TGG AGA AAT CTC ACC  TCC  TCA CCC
V     P     W     R     N    L      T     S      S     P
ACC AGG CCA  TTG GCC CAG CCT GCC GGA AGC
T     R     P      L      A     Q     P      A     G     S
TGC ATG  CCA GCG GAG CCC AGC CCT GCT GCC
C     M     P      A     E     P     S      P      A     A
CAC TAC  CAC CAG  CTC CAT GTG CAC  CTC CAG
H     Y     H     Q     L     H     V     H     L     Q
CTC TTG  CCC  TCT  GAC TTG TCT GAG CGT CCC
L     L      P      S      D    L      S     E     R     P
GGG CTT  AGG CTG GCC CCA CTG GCC  CTG GTG
G     L     R     L      A    P     L      A     L      V
GAG GTG GGG ATG ACT CTC CCA GTG CCA CAG
E     V     G     M     T    L     P      V      P     Q
AAA CTG GCT  CCT GGG CGG CAA CTG  TGT CCC
T     P     L      P      H     V     T     Q     Q     Q
ACT CCC  CTC  CCC CAC GTA ACC CAG CAA CAG
K     L      A     P      G    R     Q     L     C     P
TGG TAA
W    *

1                2

500 bp→

250 bp→

Figure 4 The nucleotide 
sequence of C1 gene 
and relevent amino acid 
sequences.

Figure 5 C1 DNA fragment amplified 
by RT-PCR. Lane 1 is Marker and lane 
2 is a 366 bp fragment of C1, amplified 
by RT-PCR.

Figure 6 Positive clones interactive with 
the HBcAg protein grew on media lacking 
leucine, tryptophan, histidine and adenine.
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A candidate tumor suppressor gene hypermethylated 
in cancer (HIC-1) has been identified because of  its 
association with a “CpG island” at 17p13.3 that is 
hypermethylated and transcriptionally inactivated in several 
common types of  human cancers[39]. HIC encodes a 
typical nuclear BTB/POZ protein with five Kruppel-like 
C2H2 zinc finger motifs in its C-terminal and a BTB/POZ 
domain at its N-terminal. BTB/POZ protein found in 
developmentally regulated transcription factors and actin-
binding proteins is associated with C2H2 zinc finger motifs 
in proteins involved in transcriptional regulation through 
chromatin modeling[40, 41]. Kyot binding protein genes 
code for KBP1, KBP2, KBP3. KyoT2 binds to KBP in 
LIM, which is rich in amino-3-mercaptopropionic acids 
and can bind to ZN and protein kinase C[42]. RanBPM 
cDNA codes for a 90 kD protein. RanBPM is a peripheral 
membrane protein. Integrins and RanBPM interact in vitro 
and in vivo and co-localize on the cell membrane. RanBPM 
may constitute a molecular scaffold that contributes to 
coupling. The leukocyte integrin lymphocyte function-
associated antigen 1 (LFA-1) and other integrins are 
found to intracellular signaling pathways. Ran is a Ras-
like GTPase, which can transport nucleoplasm, assemble 
microtubules and form nuclear membrane. RanBPM exists 
in the center of  cells as a receptor of  Ran related with 
transport nucleoplasm[43–45].

In our study, 4 new genes with unknown function were 
identified. One of  these new genes was named C1 with 
no homology sequence in GenBank. By electron splicing, 
the opening reading code framework and full-length of  
this gene were concluded. The gene can be transcripted 
from the mRNA of  Jurkat cells by RT-PCR. The PCR 
product was analyzed by T-A sequence. The full length 
of  the coding rank contained 366 nucleotides, and the 
coding product consisted of  121 amino acid residues. The 
pGADT7-C1 plasmid was constructed and transformed 
into the yeast strain Y187. The Y187and AH109 were 
mated, the result showed that the two proteins could bind 
to each other.

In conclusion, HBcAg can bind to proteins in 
leukocytes.
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Abstract
AIM: To investigate the in vivo  effect of atrial natriuretic 
peptide (ANP) and its signaling pathway during ortho-
topic rat liver transplantation.

METHODS: Rats were infused with NaCl, ANP (5 µg/
kg), wortmannin (WM, 16 µg/kg), or a combination of 
both for 20 min. Livers were stored in UW solution (4 °
C) for 24 h, transplanted and reperfused. Apoptosis was 
examined by caspase-3 activity and TUNEL staining. 
Phosphorylation of Akt and Bad was visualized by West-
ern blotting and phospho-Akt-localization by confocal 
microscopy. 

RESULTS: ANP-pretreatment decreased caspase-3 
activity and TUNEL-positive cells after cold ischemia, 
indicating antiapoptotic effects of ANP in vivo . The an-
tiapoptotic signaling of ANP was most likely caused by 
phosphorylation of Akt and Bad, since pretreatment with 
PI 3-kinase inhibitor WM abrogated the ANP-induced 
reduction of caspase-3 activity. Interestingly, analysis of 
liver tissue by confocal microscopy showed translocation 
of phosphorylated Akt to the plasma membrane of hepa-
tocytes evoked by ANP. 

CONCLUSION: ANP activates the PI-3-kinase pathway 
in the liver in vivo  leading to phosphorylation of Bad, 

an event triggering antiapoptotic signaling cascade in 
ischemic liver.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Ischemia reperfusion injury (IRI) is responsible for pri-
mary liver dysfunction and failure after transplantation or 
liver resection[1, 2]. Therefore, reduction of  IRI is of  high 
clinical interest. In order to develop preventive strategies, 
knowledge of  the mechanisms leading to cell death after 
IR is pivotal. The mode of  cell death after IR is originally 
considered to be necrotic, but there is increasing evidence 
that apoptosis plays a role[3-5]. Apoptosis is a highly regu-
lated process resulting in nuclear fragmentation and con-
densation as well as disintegration of  cells into apoptotic 
bodies without release of  cell contents. Subsequently, tis-
sue macrophages such as Kupffer cells phagocytose the 
apoptotic bodies. In contrast to apoptosis, necrosis is a 
passive process characterized by cell lysis. Usually, necrosis 
of  cells causes a local inflammation. However, it has been 
recognized that apoptotic cells also induce inflammatory 
response by triggering neutrophil accumulation into the 
liver[6]. Thus antiapoptotic strategies convey protection 
against hepatic IRI. Apoptosis occurs during the early 
phase of  reperfusion after liver ischemia and after trans-
plantation[3, 5, 7]. However, the extent to which it occurs and 
most importantly its relevance in IRI is still a matter of  de-
bate, which might be due to different experimental models 
for liver IRI[5,7]. 
     Atrial natriuretic peptide (ANP) belongs to the 
natriuretic peptide family including a number of  pep-
tides possessing vasodilating, hypotensive and natriuretic 
activities[8]. In addition to this cardiovascular profile there 
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is ample evidence that ANP exerts cytoprotective actions 
in various cells and organs besides the liver[9-12].
     In the model of  isolated perfused rat liver we observed 
a rather low amount of  apoptotic cells after cold ischemia 
compared to other reports [3]. We could further show that 
pretreatment of  liver with ANP could lead to a significant 
reduction of  hepatocyte apoptosis and necrosis [3]. ANP-
treatment has also been shown to be beneficial in isolated 
rat hepatocytes exposed to hypoxia [13].
     This study was to examine the effect of  ANP-precon-
ditioning in an in vivo model of  liver IRI rat orthotopic 
liver transplantation IRI）and the mechanism of  cell pro-
tection.

MATERIALS AND METHODS
Materials 
Rat ANP, wortmannin and protein kinase A assay kit were 
purchased from Calbiochem/Novabiochem (Bad Soden, 
Germany), Complete® was from Roche Diagnostics 
GmbH (Mannheim, Germany). Rabbit anti-Akt antibody, 
monoclonal mouse anti-phospho Akt (Ser473) antibody, 
rabbit anti-phospho Akt (Ser473) antibody, rabbit anti-
phospho Bad (Ser136) antibody, rabbit anti-phospho Bad 
(Ser112) antibody and rabbit anti-Bad antibody were from 
New England Biolabs GmbH (Frankfurt, Germany). Goat 
anti-rabbit-IgG was from Dianova (Hamburg, Germany) 
and goat anti-mouse-IgG1 antibody conjugated to horse-
radish peroxidase was from BIOZOL (Eching, Germany). 
The secondary antibody (Alexa Fluor 488 goat anti-mouse) 
and rhodamine-conjugated phalloidin were from MoBiTec 
(Göttingen, Germany), [γ32P]-ATP was from Amersham-
Pharmacia (Braunschweig, Germany) and the ApopTaq® 
peroxidase in situ apoptosis detection kit was from Inter-
gen (New York, USA). All other materials were purchased 
from either Sigma (Taufkirchen, Germany) or VWR Inter-
national™ (Munich, Germany).

Animals and orthotopic liver transplantation
Syngeneic male Lewis rats (donors: 207±12 g; recipients: 
276±18 g) were purchased from Charles River Wiga 
(Sulzfeld, Germany) and housed in a temperature-and 
humidity-controlled room under a constant 12 h light/
dark cycle. Animals had free access to water and rat chow 
(SSniff, Soest, Germany), but were fasted with free access 
to water 12 h prior to the operation. All animals received 
humane care according to the criteria outlined in the “Guide 
for the Care and Use of  Laboratory Animals” published by 
the National Institute of  Health (NIH publication 86-23 
revised 1985). Studies were performed with the permission 
of  the government authorities.
     In transplantation experiments donor animals obtained 
either an intravenous infusion of  NaCl or ANP (5 µg/kg). 
For investigation of  signalling pathways additional rats 
were treated with wortmannin (16 µg/kg), DMSO (0.1%), 
or a combination of  ANP and wortmannin for 20 min 
prior to hepatectomy. Blood pressure and heart rate were 
continuously monitored by a catheter in the carotid artery. 
A jugular venous catheter served to apply substances and 
substitute plasma volume. Body temperature was kept 
at 36.5 - 37.5 °C by means of  a heating pad. Donor liv-

ers were preserved by retrograde aortal flush with 10 mL 
UW-solution and stored at 4 °C for 24 h. Before implanta-
tion, the livers were rinsed with cold Ringer’s solution (10 
mL) via the portal vein at a hydrostatic pressure of  10 cm 
H2O. Orthotopic liver transplantation was performed as 
previously described [4]. Grafted livers were simultaneously 
reperfused after completion of  the arterial anastomosis. 
Portal clamping time was less than 20 min in all experi-
ments.
     The graft’s common bile duct was cannulated with 
a PE-tube and bile was collected with its volume deter-
mined. Plasma samples (400 µL) were obtained from the 
recipient before hepatectomy and 60 and 120 min after 
reperfusion of  the transplanted liver. The volume of  the 
blood drawn was replaced by saline. After starting reperfu-
sion, rats received 1.0 mL of  albumin (5%) and 0.5-1.0 mL 
sodium bicarbonate to maintain blood pressure and physi-
ological pH. To avoid fluid loss and drying of  the liver, the 
abdominal cavity was covered with Saran wrap. After 20 
min preconditioning, 24 h cold ischemia, or 120 min re-
perfusion, organs were placed in 4% paraformaldehyde or 
snap frozen in liquid nitrogen.

Histological analysis of tissue
Liver samples were fixed in paraformaldehyde, embedded 
in paraffin, and cut into 6µm sections. TUNEL positive 
cells [15] were determined by staining of  liver sections with 
the ApopTaq® peroxidase in situ apoptosis detection kit 
according to the manufacturer’s instructions. The Apop
Taq® staining results were evaluated in combination with 
morphological criteria. For counting of  apoptotic cells, an 
area of  1.96 mm2 (approximately 4000 hepatocytes) was 
observed by a Leitz Laborlux S microscope.
     For analysis of  pAkt snap frozen livers were cut into 6 
µm sections. Slices were dried overnight at room tempera-
ture. Staining of  pAkt was performed using the mono-
clonal anti-pAkt antibody in 0.2% BSA as the primary 
antibody (1 h, RT) and Alexa Fluor 488 goat anti-mouse 
antibody (1 h, RT). Sections were observed under confocal 
laser microscope (LSM 510 Meta, Zeiss, Jena, Germany). 
All histological evaluations were performed in a blinded 
fashion.

Homogenization of liver tissue for Western blotting
Fifty mg of  liver tissue was homogenized in 1.5 mL of  
lysis buffer (50 mM Tris-HCl, 5 mM EGTA, 1 mM PMSF, 
1 mM Na-vanadate pH 7.0, 40 µL Complete®) containing 
1% Triton® X-100 (Roth, Karlsruhe, Germany) with a 
dounce homogenizer. After centrifugation of  samples 
(14 000 r/min, 15 min, 4 °C), the supernatant was diluted 
with SDS-containing sample buffer. Samples were stored 
at -20 °C for Western blotting.

Immunoprecipitation
Liver tissue was homogenized as described above, 100 µg 
of  protein in 100 µL lysis buffer was incubated with 2.5 µL 
of  primary antibody (rabbit anti-Bad) shaking overnight at 
4 °C. The antibody-antigen complex was precipitated by 
incubation with 10 µL of  washed agarose-A-beads for 2 h, 
followed by centrifugation. The beads were washed three 
times with cold lysis buffer, and resuspended in 40 µL of  3
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× SDS-containing sample buffer. After addition of  40 µL 
1× sample buffer samples were boiled at 95 °C for 5 min 
followed by centrifugation. 

Western blotting
Homogenized livers were treated as described before. 
Proteins in total liver homogenates or immunoprecipitates 
were separated by SDS-Page and visualized after elec-
trophoretical transfer via binding of  specific primary 
and HRP-conjugated secondary antibodies followed by 
chemoluminescent detection. Detection and quantification 
were performed with a Kodak image station (NEN, 
Cologne, Germany).

PKA activity assay
A commercial PKA assay kit was used. Samples (100 µg) 
were homogenized in “extraction buffer” and centrifuged 

as described in the manufacturer’s manual. Supernatants 
were used for measurement of  phosphorylation activity of  
PKA by in vitro phosphorylation of  the specific peptide 
substrate kemptide with [γ32P]-ATP. 

Caspase-3 like activity assay
After homogenization of  100 mg liver tissue in 1 mL lysis 
buffer (25 mM HEPES, 5 mM MgCl2, 1 mM EGTA, pH 
7.5, Complete®), samples were centrifuged (14 000 r/min, 
10 min, 4 °C). Caspase-3 like activity in the supernatants 
was determined as previously reported[3]. Generation of  
free fluorescent 7-amino-4-trifluoro-methylcoumarin 
was measured with a Fluostar analyser (BMG GmbH, 
Offenburg, Germany).

Statistical analysis
All experiments were performed at least three times per 
treatment group. Results were expressed as mean ± SE. 
Statistical significance between groups was determined 
with one sample or Student’s t test using GraphPad Prism® 
Version 3.02 for Windows (GraphPad Software Inc., San 
Diego, USA). P < 0.05 was considered statistically signifi-
cant.

RESULTS 

Reduction of apoptotic cell death in vivo induced by ANP-
pretreatment
Apoptotic processes were monitored by measuring cas-
pase-3 activity and TUNEL staining of  liver sections. After 
24 h cold ischemia, an increase of  hepatic caspase-3 activ-
ity (40.5%) compared to sham operated animals was ob-
served, which sustained after 2 h reperfusion (25%). Figure 
1A demonstrates a significant attenuation of  caspase-3 
activity by ANP-preconditioning, which was also observed 
in 2 h reperfused organs after 24 h cold storage. 
    TUNEL-staining of  corresponding liver sections 
confirmed these data. After 24 h cold ischemia apoptotic 
cells were most prominent. Both hepatocytes and 
endothelial cells showed positive TUNEL staining 
combined with characteristic apoptotic morphology. 
    Figure 1B shows that preconditioning of  donor livers 
with ANP (5 µg/kg) significantly decreased the number of  
TUNEL-positive cells after 24 h cold ischemia. A similar 
although less pronounced effect was observed after 2 h 
reperfusion. 

Activation of PI-3-Kinase/Akt pathway induced by ANP 
pretreatment
Infusion of  ANP (5 µg/kg) for 20 min into the donor ani-
mals resulted in a marked increase of  phosphorylated Akt 
(pAkt) in the liver, which was abrogated in the presence of  
the PI-3-Kinase inhibitor wortmannin (Figure 2A). 

Antiapoptotic effects of ANP induced by Akt activation
Figure 2B demonstrates that application of  wortmannin 
(16 µg/kg) prior to ANP infusion completely blocked the 
inhibition of  caspase-3 activity by ANP seen in ischemic 
liver tissue (24 h). Thus, the PI-3-Kinase pathway was 
intimately involved in the antiapoptotic effect of  ANP-

Figure 1  Effect of ANP pretreatment on apoptotic cell death after 24 h ischemia
Animals received an intravenous infusion of NaCl (Co) or ANP (5 µg/kg) for 20 min 
and livers were kept in cold UW-solution for 24 h. A: Caspase-3 activity: Snap-
frozen tissue was homogenized and caspase-3 like activity was determined as 
described. Data were expressed as percentage of caspase-3 activity in untreated 
livers (100%). Columns show mean ± SE, n = 4 animals in each group. bP < 0.01 
vs Nacl treatment. B: TUNEL assay: Snap-frozen tissue was cut into 6 µm slices. 
TUNEL staining was performed as described and apoptotic liver cells per field of 
view (1.96 mm2) were counted. Results were expressed as means ± SE, n = 4 in 
each group. aP < 0.05 vs Nacl treatment.
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preconditioning. 
Translocation of activated Akt to plasma membrane 
induced by ANP
Analysis of  pAkt in liver tissue by confocal microscopy 
confirmed that ANP-pretreatment could lead to a marked 
increase of  pAkt. Interestingly, confocal microscopy re-
vealed a strong localization of  pAkt at the plasma mem-
brane of  hepatocytes (Figures 3A, 3B). Cotreatment of  
animals with wortmannin abrogated both the increase as 
well as the plasma membrane localization of  pAkt induced 
by ANP (Figure 3C).

Phosphorylation of antiapoptotic Bad due to Akt activation 
by ANP
To further examine the antiapoptotic signalling in the liver 
induced by ANP in vivo, a pivotal downstream target of  
pAkt (the Bad protein) was investigated. A representative 
Western blot indicated that Bad was phosphorylated at 

Figure 2  Effect of ANP-preconditioning on PI-3-kinase/Akt pathway. A: After 
intravenous infusion of NaCl (Co), ANP (5 µg/kg), wortmannin (WM, 16 µg/kg), or 
a combination of both (WM/ANP) for 20 min livers were excised and snap frozen. 
pAkt was examined via Western blotting. Data obtained from densitometry were 
presented as percent of Co (100%) and expressed as mean ± SE, n = 4 in each 
group. dP < 0.01 vs ANP treatment; fP < 0.001 vs Co treatment. B: Animals were 
treated as described under A. After 24 h ischemia livers were homogenized and 
caspase-3 activity was determined as described before. Data were expressed as 
percent of caspase-3 activity in untreated livers (Co, 100%) and mean ± SE, n = 4 
in each group. bP < 0.01 vs WM treatment.
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Ser136 by pAkt induced by ANP (Figure 4). ANP in vivo 
did not activate PKA and consequently phosphorylated 
Bad at Ser112 (Figure 5A, Figure 5B). 

DISCUSSION
This study showed that pretreatment of  rats with ANP 
could reduce apoptotic processes mainly occurring after 24 
h cold ischemia in orthotopic rat liver transplantation. In 
this setting ANP activated the PI-3-Kinase/Akt pathway 
leading to Bad phosphorylation and inhibition of  cas-
pase-3 activity, revealing that the PI-3-Kinase/Akt pathway 
is an important cytoprotective mechanism in IRI in vivo. 
    PI-3 Kinases are heterodimers composed of  a catalytic 
subunit (p110) and a regulatory subunit (p85) activated by 
receptors with protein tyrosine kinase activity as well as 
G-protein-coupled receptors[16, 17]. Various growth factors 
such as IGF-1 activate PI-3-Kinase leading to the genera-
tion of  phosphoinositides [PI(3,4,5)P3] and activation of  
Akt, a 57 kDa Ser/Thr kinase. PI-3-kinase regulates Akt ki-
nase activity by generated phospholipids[16, 17]. One mecha-
nism is through the direct binding of  phosphoinositides to 
the pH domain of  Akt, which seems to be critical for the 
in vivo activation of  Akt. A consequence of  Akt binding to 
phospholipids is the translocation of  Akt from cytoplasm 
to the inner surface of  plasma membrane[16, 17]. This trans-
location which we also observed in hepatocytes pretreated 
with ANP, is important for Akt activation. In fact, protec-
tion from apoptotic stimuli in cardiomyocytes and liver 
has been demonstrated using adenovirally mediated gene 
transfer of  membrane-targeted constitutively activated Akt 
[18-21]. However, the constitutively activated form of  Akt 
targeted to the cell membrane results in supraphysiologi-
cal levels of  kinase activity having the potential to induce 
oncogenic transformation. These issues of  feasibility and 
safety concerning an Akt gene therapy are certainly much 
less relevant in a setting of  Akt activation by endogenous 
stimulators such as ANP or others[22-25]. 
     Up to now, protective effects of  ANP against IRI have 
only been demonstrated in ex vivo and in vitro settings such 
as isolated perfused rat liver[3], isolated liver cells[13,26], and 
isolated ischemic heart[27]. The underlying mechanisms 
seem to be highly dependent on the experimental model 
used. For instance, as recently described in the ex vivo 
model, ANP protects hepatocytes from apoptosis after 
cold ischemia by activation of  PKA[28]. ANP treatment of  
hypoxic isolated rat hepatocytes confers its cytoprotection 
via PKC σ and activation of  p38 MAPK[13]. This difference 
might be explained by different modes of  cell death ana-
lyzed.  Focusing on apoptotic cell death, our data showed 
that the in vivo setting revealed a different protective signal-
ling, i.e. activation of  the PI-3-kinase/Akt pathway com-
pared to the isolated perfused rat liver subjected to IR. Ac-
cordingly, activation of  Akt can also protect livers against 
warm IRI[21].  Importantly, both pathways, PKA activation 
and Akt activation, lead to phosphorylation and inactiva-
tion of  Bad protein, suggesting that this protein plays a 
key role in ANP-induced prevention of  ischemia-induced 
apoptosis.
    Bad is a member of  the family of  Bcl-2 proteins func-

Figure 5  Effect of ANP pretreatment on phosphorylation of Bad at Ser112 and 
PKA-activity. A: Animals received an intravenous infusion of NaCl (Co) or ANP 
(5 μg/kg) for 20 min. Homogenized livers were immunoprecipitated using anti-
Bad antibody. Examination of phospho-Bad (Ser112) was done via Western 
blotting. Data obtained in densitometric analysis were presented as mean ± SE, 
n = 3 in each group. Co was set as 100%. B: PKA activity was determined in liver 
homogenates used under (A) by in vitro phosphorylation as described. Results 
were expressed as percent of PKA activity in untreated livers and mean ± SE, 
n = 4 in each group.

Figure 4  Effect of ANP-preconditioning on phosphorylation of Bad at Ser136． 
After intravenous infusion of NaCl (Co), ANP (5 μg/kg), or a combination of 
ANP and wortmannin (WM/ANP) for 20 min livers were excised and snap 
frozen. Homogenized livers were immunoprecipitated using anti-Bad antibody.  
Examination of pBad (Ser136) was done via Western blotting. Data obtained by 
densitometry were presented as mean ± SE, n = 4 in each group. Co was set as 
100%. bP < 0.001 vs control. 
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tioning as apoptosis-regulating factors[29, 30]. Bad in its 
unphosphorylated form binds to and inactivates antia-
poptotic proteins such as Bcl-2 and Bcl-XL leading to 
proapoptotic functions. Phosphorylation of  Bad at either 
of  the two potential sites (Ser112, Ser136) causes Bad to 
dissociate from Bcl-2 or Bcl-XL respectively and to associ-
ate instead with cytoplasmic 14-3-3 proteins preventing 
Bad from dephosphorylation[16]. Akt phosphorylates Bad 
at Ser136 in vivo and mutation of  Bad Ser136 to alanine 
abrogates the blocking effect of  Akt in Bad-induced apop-
tosis. In any case, Bad plays a key role in the Akt survival 
signalling since Bad phosphorylation leads to prevention 
of  cytochrome C release from mitochondria, a hallmark of  
apoptosis induction[16]. 
    We would like to point out that besides acting through 
Bad phosphorylation Akt brings about its function also by 
a variety of  other downstream targets, such as caspase-9, 
forkhead family members or the eNOS enzyme[16]. Akt-
mediated phosphorylation and activation of  the eNOS 
enzyme have been reported to be involved in the antiapop-
totic effect of  insulin in myocardial IR[25]. In line with this 
report a blockade of  the NO synthase worsens hepatic 
apoptosis and liver transplant preservation injury[31]. Since 
we did not observe increased phosphorylation of  eNOS in 
ANP-pretreated livers (data not shown), this mechanism 
does not contribute to the antiapoptotic action of  ANP.
    In conclusion, Bad inactivation by phosphorylation 
should be considered as an important therapeutic target 
preventing IRI during liver transplantation.
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Abstract
AIM: Pouchitis develops in ileoanal pouches in up to 
50% of patients with ulcerative colitis during the first 10 
years after pouch surgery while being rare in patients 
after proctocolectomy for familial adenomatous polyposis 
coli (FAP) syndrome. Defensins are major components of 
the innate immune system and play a significant role in 
gastrointestinal microbial homeostasis. Pouch defensin 
and cytokine expression were correlated with states of 
pouch inflammation to study their role in pouchitis.

METHODS: Patients with ulcerative colitis and FAP 
syndrome were stratified into groups with pouches after 
surgery, pouches without or with pouchitis. Biopsies from 
terminal ileum from a healthy intestine or from normal 
terminal ileum of patients with ulcerative colitis served as 
controls. mRNA from pouches and controls was analysed 
for defensin and cytokine expression. 

RESULTS: Expression of defensins was increased in all 
pouches immediately after surgery, compared to ileum 
of controls. Initially, pouches in ulcerative colitis revealed 
higher defensin expression than FAP pouches. Defensin 
expression declined in both patient groups and increased 
again slightly in pouchitis in patients with ulcerative 
colitis. FAP pouches without pouchitis had strong 
expression of β-defensin hBD-1, while all other defensins 
remained at low levels. Cytokine expression in ulcerative 
colitis pouches was high, while FAP pouches showed 
moderately elevated cytokines only after surgery. 

CONCLUSION: Development of pouchitis correlates 

with decreased defensin expression in ulcerative colitis 
in addition to high expression of cytokines. The low 
incidence of pouchitis in FAP pouches correlates with 
increased expression of hBD-1 β- defensin in association 
with low cytokine levels.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Pouchitis is a major long term complication after 
proctocolectomy and ileoanal pouch anastomosis. Up 
to 50% of  patients with ulcerative colitis experience at 
least one episode during the first ten years after surgical 
pouch construction while pouches in patients with familial 
adenomatous polypous (FAP) syndrome have pouchitis 
rates below 5%[1,2]. The causes of  primary pouchitis remain 
uncertain, while secondary pouchitis is usually being 
caused by conditions that respond to surgical treatment (e.g. 
fistulas, local ischemia). Pouchitis develops when the faecal 
stream is re-diverted towards the pouch after closure of  a 
protective ileostomy indicating the involvement of  bacteria 
in the pathomechanism of  pouchitis[3] which is further 
substantiated by the effective treatment of  pouchitis with 
antibiotics[4]. 

Ulcerative colitis is a chronic inflammatory disorder 
of  the intestine of  unknown aetiology. Immunologic 
and genetic determinants appear to be major disease 
factors, but environmental factors and impaired host 
defense mechanisms emerge to be of  s ignif icant  
importance[5,6,7]. The epithelial defense lines against 
microbial insults comprise co-ordinated actions of  the 
innate and the acquired immune responses. Thus, defects 
of  these mechanisms might result in an overgrowth of  
normal colonic flora with increases in aerobic bacteria 
in addition to the appearance of  atypical bacteria and  
fungi[8]. Finally, local invasion of  microbials and induction 
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of  inflammatory responses causes self-destructive injury. 
The FAP syndrome is caused by genetic changes 

leading to growth of  colonic polyps. For both disorders, 
ulcerative colitis and FAP syndrome, ileoanal pouch 
procedure is a valuable therapeutic option to prevent 
development of  colorectal cancer. 

α-and β-defensins are major components of  the 
epithelial mammalian innate immune system[9]. Defensins 
are small cationic peptides with high activity against a 
variety of  microbials, encoded by genes and some are 
regulated in response to challenge with bacterial antigens. 
Gastrointestinal α-defensins (HD5 and HD6) are almost 
exclusively expressed in and secreted from Paneth cells 
of  the small intestine, while β-defensins (hBD-1, hBD-2, 
hBD-3) are secreted by virtually all gastrointestinal 
epithelial cells to a varying extent[10,11]. Defensins are 
envisaged to play significant roles in intestinal microbial 
homeostasis and in the primary defence against enteral and 
systemic infections[9,12]. In the present study we analysed 
defensin expression in ileoanal pouches of  patients 
with ulcerative colitis and FAP syndrome. Pouches were 
stratified into groups with ileostoma- protected pouches 
after surgery, and pouches (after closure of  the ileostomy) 
without or with pouchitis. Expression data of  antimicrobial 
peptides were related with expression of  cytokines and the 
pouch groups to analyse the potential role of  defensins as 
protectors for the development of  pouchitis.

MATERIALS AND METHODS
Patients
Pouch patients with ulcerative colitis or FAP syndrome as 
the underlying disease were included. After construction 
of  ileoanal pouches the patients were followed by 
pouchoscopy and biopsies were collected for histology 
and RNA analysis. Pouches from patients with ulceraticve 
colitis or FAP syndrome were further stratified into the 
following groups (Table 1): 1) pouches soon after surgery 
(without faecal load and with protective ileostoma), 
2) pouches after closure of  the ileostoma, no signs of  
pouchitis, 3) pouches with pouchitis.  Severity of  pouchitis 
was scored by the pouchitis disease activity index (PDAI), 
comprising clinical, endoscopic and histologic features[13] 

and the Moskowitz score to classify histology of  pouch 
biopsies[14].

Biopsies from control patients or from control 
patients with ulcerative colitis were collected from a 
macroscopically and histologically healthy terminal ileum. 
Patients characteristics were comparable between controls, 
ulcerative colitis and FAP groups, as shown in Table 1. 

Two biopsies were examined by histology and two 
others were immediately snap-frozen in liquid nitrogen for 
RNA analysis. Miroscopy (not shown) of  pouch biopsies 
showed features of  metaplasia in all pouches when 
pouches had been exposed to faeces for several month. 
There was an increase of  mucin containing cells and 
with a reduction of  vili in the ileal mucosa as previously  
reported[15,16,17]. Electron microscopy also demonstrated 
an increase of  mucin containing cells while Paneth cells 
remained stable in number and morphology (not shown). 
Changes were most pronounced in biopsies from pouches 
with the most severe signs of  pouchitis in endoscopy. 

The study was approved by the Ethics Committees of  
the University of  Kiel, Germany and the University of  
Poznan, Poland (Ref.No. A158/01). All patients gave their 
written informed consent prior to investigation. 

RNA isolation and cDNA synthesis
Total RNA was extracted from frozen biopsies using 
silica gel-based spin columns (RNeasy Kit, QIAGEN, 
Hilden, Germany). Genomic DNA was digested by 
thorough treatment with deoxyribonuclease I (QIAGEN, 
Hilden, Germany). Reverse transcription of  2µg RNA was 
performed using 0,5µg oligo(dT)15- primers (You prime 
First strand cDNA synthesis kit; Amersham Biosciences, 
Freiburg, Germany) fol lowing the manufacturers 
instructions. 

Primer
Specific intron spanning primers were designed based 
on the published mRNA sequences using the Primer3 
software[18] (also available under http://www-genome.
wi.mit.edu/genome-software/other/primer3.html]. 
Oligonucleotides were obtained from Sigma ARK 
(Darmstadt, Germany), sequences and product sizes for 
each primer pair used are depicted in Table 2. 

Table 1 Patients and sample characteristics

 UC  UC       UC  FAP         FAP  FAP    Healthy             UC  control
 pouch before pouch       pouchitis pouch before      pouch  pouchitis    control        term. ileum
 closure of  in use,   closure of         in use,            without
	 ileostomy	 	 no	pouchitis	 	 ileostomy	 								no	pouchitis	 	 	 	 							inflammation

Patients  (n) 10  15          11  6             14   7   23           35
Age(yr)   17-36  19-45          27-50  17-27             19-45  22-36   17-53           18-59
Sex(f/m)   5/5    8/7           4/7                       4/2                       10/4                       4/3   12/11            23/12  
Pouch 
Classification:
Moskowitz   2-4   < 4           > 4   2-4              < 4    > 4    -           -

PDAI: pouchitis disease activity index (13); Values in points: <7: no pouchitis; >7: pouchitis
Moskowitz: histologic classification of inflammatory changes in pouches (14). Values in points: <4 no pouchitis; >4: pouchitis 
UC: ulcerative colitis 
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Figure 1 α-defensin mRNA expression in pouches of 
patients with ulcerative colitis (UC) and FAP syndrome. 
mRNA was extracted from biopsies, reverse transcribed 
and analysed by quantitative real time RT-PCR. 
Expression of HD5 (A, B) and HD6 (C, D) in patients 
with UC (A, C) and FAP (B, D). Control ileum was from 
healthy individuals. Ileum in UC was from patients with 
active UC but with completely normal ileum. Values 
represent mean ± SE.

Figure 2 β- defensin mRNA expression in pouches of patients with ulcerative colitis (UC) and FAP syndrome. mRNA was extracted from biopsies, reverse transcribed and 
analysed by quantitative real time RT-PCR. Expression of hBD-1 (A, B) and hBD-2 (C, D) and hBD-3 (E, F) in patients with UC (A, C, E) and FAP (B, D, F). Control ileum 
was from healthy individuals. Ileum in UC was from patients with active UC but with completely normal ileum. Values represent mean ± SE.
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Quantification of gene expression by real time PCR 
Real- t ime RT-PCR analyses were performed in a 
fluorescence temperature cycler (LightCycler, Roche 
Molecular Biochemicals) according to the manufacturer’s 
instructions. Standard curves for each specific defensin 
were constructed by cloning the purified PCR-products 
containing the target sequence into pCR-Blunt II-TOPO 
vector with 3519 bp (Invitrogen). Clones were sequenced 
on ALP Express (Phar macia , Uppsa la , Sweden) . 
Concentration of  the reference plasmid was measured 
spectrophotometrically and converted into number of  
copies / µL by using the formula: number of  copies/µL 
= (X g/µL plasmid DNA / Y × 660) × 6.023 × 1023, where 
X is the measured plasmid concentration, Y is the number 
of  nucleotide pairs for the plasmid plus the size of  the 
insert, 660 g/mol is the average molecular weight of  a 
nucleotide pair, and 6.023 × 1023 is Avogadro´s number 
(number of  copies/mol). To generate standard curves, the 
plasmids were serially diluted (1: 10) over the appropriate 
concentration range. The solvent included unrelated, 
defensin- sequence free cDNA in a final concentration of  
10 ng/µL. To achieve a reliable standard curve for each 
measured defensin, the plasmids were PCR- amplified in 
three replicates for each standard dilution point over the 
complete range (107 to 100). Standard curves were measured 
repeatedly to calculate averages. The reverse transcribed 
cDNA from the biopsies corresponding to 20 ng of  RNA 
served as template in a 10 µL PCR reaction containing 
4 mmol/L MgCl2, 0,5 µmol/L of  each primer and 1x 
LightCycler-Fast Start DNA Master SYBR Green I mix 
(Roche Molecular Biochemicals, Mannheim, Germany). 
Samples were loaded into capillary tubes and incubated 
in the fluorescence thermocycler (LightCycler) with initial 
denaturing at 95 ℃ for 10 min, followed by 45 cycles, each 
cycle consisting of  95 ℃ for 15 s for denaturation, primer 

specific annealing temperature for 10 s, and 72 ℃ for 10s 
for elongation. SYBR Green I fluorescence was detected 
at the end of  each cycle to monitor the amount of  PCR 
product formed during the cycle. At the end of  each run, 
melting curve profiles were produced (cooling the samples 
to 65 ℃ for 15 s and then heating slowly at 0.2 ℃/s to 
95 ℃ with continuous measurement of  fluorescence) to 
exclude non-specific amplification of  transcripts. The 
absolute mRNA transcript number in each sample was 
calculated by use of  calibration curves. Identical results 
were obtained in control experiments when the standard 
plasmids were mixed with cDNA obtained from a variety 
of  sources including cDNA from cultured intestinal mouse 
STC-1 cells which do not contain defensin transcripts (not 
shown).

RT-PCR of cytokines 
Reverse transcribed cDNA from biopsies corresponding 
to 20 ng RNA was used as template in a 10 µL PCR 
reaction using Taq polymerase in a Thermal cycler (Gene 
Amp PCR System 2400, Perkin Elmer). PCR started with 
initial denaturation at 95 ℃ for 10 min, followed by 30 
cycles each consisting of  denaturation at 95 oC for 45 s, 
annealing at 60 oC for 45 s and elongation at 72 ℃ for 60 s. 
Elongation in the final PCR cycle was for 7 min. PCR 
products were resolved by 8% agarose gel electrophoresis

RESULTS
We established control groups of  normal ileum from 
healthy patients and ileum from patients with active 
ulcerative colitis but without macroscopic or microscopic 
involvement in order to obtain parameters to which 
defensin expression in diseases could be correlated. The 
expression of  α-defensins HD5 (Figure 1A) and HD6 
(Figure 1C) in ileum of  patients with ulcerative colitis was 

Table 2 Nucleotide sequences of PCR primer (source: human)

Primer Orientation   Sequence                    PCR product        GeneBank
                               size(bp)             accession   

hBD-1 Sense  5`-TTG TCT GAG ATG GCC TCA GGT GGT AAC     253              NM005218
 Antisense  5`-ATA CTT CAA AAG CAA TTT TCC TTT AT    
hBD-2 Sense  5`-ATC AGC CAT GAG GGT CTT GT      173                         AF448141  
 Antisense  5`-GAG ACC ACA GGT GCC AAT TT  
hBD-3 Sense  5`-AGC CTA GCA GCT ATG AGG ATC      206                         NM018661
 Antisense  5`-CTT CGG CAG CAT TTT CGG CCA 
HD5 Sense  5`-GCC ATC CCT GCT GCC ATT C      241             NM 021010
 Antisense  5`-AGA TTT CAC ACC CCG GAG A  
HD6 Sense  5`-CCT CAC CAT CCT CAC TGC TGT TC      266                         NM001926
 Antisense  5`-CCA TGA CAG TGC AGG TCC CAT A  
TNFα Sense   5`-TCA GCT TGA GGG TTT GCT ACA A      100                         NM000594
 Antisense   5`-TCT GGC  CCA GGC AGT CAG ATC  
IL-1β Sense    5`-CCA GCT ACG AAT CTC CGA CCA CCA CTA C     600            NM000576
 Antisense  5`-TGC TTG AGA GGT GCT GAT GTA CCA GTT G 
IL-4 Sense  5`-AAC ACA ACT GAG AAG GAA  ACC TTC T    276            NM000589
 Antisense  5`-GCT CGA ACA CTT TGA ATA TTT CTC
IL-6 Sense  5`-AGG AGC CCA GCT ATG AAC TCC TTC      120            NM000600
 Antisense  5`-TGG AAT CTT CTC CTG GGG GTA CTG 
IL-8 Sense  5`-ATG ACT TCC AAG CTG GCC GTG GC     307            NM000584
 Antisense  5`-TCT CAG CCC TCT TCA AAA ACT TC  
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increased by two to three fold, resp, compared to ileum 
of  healthy controls. The β-defensins HBD-2 (Figure 2C) 
or hBD-3 (Figure 2E) were present at very low levels in 
the healthy ileum. HBD-2 expression was increased (from 
3 ± 1 to 149 ± 110 transcripts per 20 ng mRNA) in the 
ileum in patients with ulcerative colits but remained still 
at insignificant levels, and hBD-3 remained unchanged. 
Surprisingly, hBD1 (Figure 2A) expression in the not 
affected ileum of  patients with ulcerative colitis is reduced 
to levels below 30% of  hBD-1 expression in a normal 
ileum. 

Expression of  both α- and β- defensins in pouches of  
ulcerative colitis and FAP patients was most pronounced 
during the first three to nine  months after surgical 
construction. Pouches at that time were not exposed to 
the faecal stream because of  the presence of  an upstream 
protective ileostoma. α-Defensin expression was  increased 
by 5- fold (HD6), and 10- fold (HD5), compared with 
the expression in the not affected ileum in patients with 
ulcerative colitis (Figure 1). In pouches of  ulcerative colitis 
patients, hBD-1 showed a 15- fold increase compared 
to the ileum in patients with ulcerative colitis (Figure 
2A). HBD-2 is virtually absent in the normal ileum, but 
in pouches after surgery hBD-2 is expressed at 18 × 
103 copies per 20 ng mRNA which is a strong increase 
compared to normal ileum mucosa or to the ileum of  
patients with ulcerative colitis (Figure 2C). HBD-3 is 
expressed at very low levels in the ileum or in healthy or 
inflamed pouches while a slight increased expression is 
found in pouches after surgery (Figure 2F).

When pouches in ulcerative colitis patients are in use 
after closure of  the protective ileostoma and pouchitis 
was not present, HD5 (Figure 1A), HD6 (Figure 1C), 
hBD-1 (Figure 2A), and hBD-2 (Figure 2C) expression 
levels declined from the initially present high levels to 
levels similar to or slightly increased above (2- to 4-  
fold ) the defensin expression level in ileum of  patients 
with ulcerative colitis. When pouchitis develops, a rise in 
defensin expression is observed between 2- fold (HD5, 
Figure 1A; HD6, Figure 1C; hBD-1, Figure 2A; hBD-3, 
Figure 2E) or 3- fold (hBD-2, Figure 2C) compared with 
the expression levels present in pouches without pouchitis. 

Pouches of  FAP patients after pouch surgery showed 
only minor changes of  defensin expression, compared 
to normal ileum. Levels of  HD5 and HD6 expression 
was increased 3- and 5 fold, respectively. (Figure 1B and 
D), while hBD-1 expression was unchanged (Figure 2B). 
HBD-2 and hBD-3 expression was increased, but total 
expression levels remained at very low transcript numbers 
(Figure 2D, F). When pouches were exposed to the faecal 
stream, the initial increased HD5 (Figure 1B) and HD6 
(Figure 1D) defensin expression levels declined, and hBD-2 
expression remained stable (Figure 2D). Pouchitis in FAP 
pouches did not cause an increase of  HD5 (Figure 1B) 
and HD6 (Figure 1D) expression as pouchitis in ulcerative 
colitis patients, and hBD-2 (Figure 2D) expression levels 
remained unchanged. In contrast to all other defensins, 
hBD-1 (Figure 2B) expression levels in FAP pouches after 
surgery remained identical to hBD-1 expression levels 
in the normal ileum. Furthermore, hBD-1 expression 
increased markedly (6- fold) in the group of  FAP pouches 
without pouchitis compared with normal ileum and hBD1 
expression slightly increased further in FAP pouches under 
pouchitis. 

Cytokine expression in pouch biopsies showed 
significant differences between the various pouch groups. 
Pouches from ulcerative colitis patients after surgery 
had strong expression of  the proinflammatory cytokines 
TNF-α, IL-1β and the immunomodulatory cytokine 
IL-10, when compared with unaffected ileum from 
ulcerative colitis patients (Table 3). Expression of  IL-8 was 
intermediate while IL-4 and IL-6 were poorly detectable. 
The expression of  TNF-α, IL-1β, IL-8 and IL-10 
remained largely unchanged in pouches from patients with 
ulcerative colitis, irrespective of  the presence or absence 
of  pouchitis and indicating a predominant TH1 response 
in the pouch patients with ulcerative colitis. Pouches from 
FAP patients immediately after surgery showed a similar 
pattern of  cytokine expression as measured in pouches in 
ulcerative colitis, although cytokine expression levels were 
lower in the FAP patients. Cytokine expression declined 
in FAP pouches exposed to faeces. Interestingly, cytokine 
expression was undetectable for IL-4, IL-6, IL-8, and 
IL-10 while very minor expression was found for TNF-α 

 Table 3 Cytokine expression in ulcerative colitis or FAP pouches 

         Controls                 Pouches 

        Ileum  Ileum  UC         UC        UC                FAP          FAP                            FAP
Cytokine        control in UC  ileostoma         without pouchitis        pouchitis ileostoma          without pouchitis          pouchitis

TNFα          +  (+) +++  ++            ++  +  +  +

IL-1β           -  ++ +++  +++            +++  +++  ++  +
IL-4           -  - (+)  (+)            (+)  +  (+)  (+)
Il-6           -  - +  +            (+)  (+)  (+)  (+)
IL-8         (+)  ++ ++  ++            ++  ++   +  (+)

UC: ulcerative colitis; FAP familial adenomatous polyposis cancer syndom. Samples were analysed by rt-PCR. 
+++: strong expression in all samples 
++: medium expression in all samples 
+: weak expression in most samples 
(+): weak expression in some samples
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and IL-1β in FAP pouches with pouchitis. 

DISCUSSION
Surgical construction of  an ileoanal pouch results in 
massive increases of  α- and β-defensin levels in the 
ileum type pouch mucosa. In general, the expression of  
defensins in pouches is significantly higher than in the 
normal ileum. Furthermore, pouches in ulcerative colitis 
initially show much higher α- and β-defensin levels than 
pouches in FAP. When pouches are in use and exposed 
to faeces, they undergo metaplastic changes[15,16,17] and 
show reduced defensin expression compared to pouches 
early after surgery which are protected by an upstream 
ileostomy. In the presence of  pouchitis, there is an up 
regulation of  α- and β-defensins in the inflamed pouches 
of  ulcerative colitis patients. In contrast, FAP pouches 
show a down regulation of  the initially elevated α- defensin 
expression in pouches without or with pouchitis. The 
most prominent changes are observed in the expression 
of  the β-defensin hBD-1, which is markedly upregulated 
in FAP pouches after closure of  the protective ileostoma 
and expressed at low levels in pouches of  patients with 
ulcerative colitis. Furthermore, cytokines in pouches of  
patients with ulcerative colitis are strong expressed in all 
stages while FAP pouches show a transient and weaker 
cytokine expression. 

 T he pa thomechan i sms o f  pouch i t i s r ema in 
undetermined with potential genetic, microbial, and 
immunologic causes[2,5,6,7]. The most obvious difference 
between ileoanal pouch mucosa and the normal ileum 
is metaplasia of  the typical ileum mucosa to a more or 
less colonic epithelial type[15,16,17]. Pouch mucosa has 
immunohistochemical features and enzymatic markers 
of  both ileum and colon, but complete metaplasia does 
not occur. Paneth cells remain stable in cell number over 
several months after pouch construction[17].  The observed 
changes in defensin expression in the present study 
can only partially be correlated to histologic changes or 
colonic metaplasia. The healthy ileum has a much higher 
expression of  HD5 and HD6 than a healthy colon and an 
identical expression of  the β-defensins (unpublished data). 
The initial extreme upregulation of  α- defensins and to a 
lesser degree of  β defensins after pouch construction could 
be due to Paneth and epithelial cell stimulation but can 
not be correlated to metaplasia which occurs at later times. 
Furthermore, the decrease in α-defensin expression upon 
time in older pouches or pouchitis cannot be correlated 
with a decrease of  Paneth cell number. Thus, α-defensin 
transcription appears to be regulated after pouch surgery 
by unknown mechanisms, which cause multiplication of  
defensin expression during this time. 

Pouches in ulcerative colitis develop pouchitis at a 
much higher incidence than pouches in FAP[1] which has 
been related to the elevated cytokine levels in ulcerative 
colitis[19,20]. Except for TNF-α and IL-10, cytokine expres-
sion pattern is largely similar in the colon and in pouches 
of  patients with ulcerative colitis[21].The expression of  
cytokines (TNF-α, IL-1β, IL-8 and IL-10) in pouches of  
ulcerative colitis patients is steadily upregulated independ-
ent of  the presence or absence of  pouchitis, which further 

contrasts to FAP pouches, where cytokines are expressed 
only during the initial time after pouch construction but 
not in older pouches or in pouchitis. Regulation of  de-
fensin expression by TNFα, IL-1α and IL-1β cytokines 
has been described for hBD-2, hBD-3, and HD5 in cell 
culture systems, while expressional changes of  hBD-1, 
hBD-4 and HD6 have not been observed in these model  
systems[11, 22, 23, 24, 25]. In inflammatory bowel disease, reduced 
expression of  hBD-2 and hBD-3 has been described in 
Crohn´s disease, while increases have been found in the 
colon of  ulcerative colitis in the inflamed areas[26]. Together, 
a modulating effect of  cytokines on the up- or down regu-
lation of  defensins in pouchitis can be postulated. The β- 
defensin hBD-1 expression shows the most striking differ-
ence between ulcerative colitis pouches and FAP pouches 
with strong increases in the non inflamed FAP pouches 
and relatively low expression in UC pouches. The inverse 
correlation of  hBD-1 and cytokine expression is obvious. 
Thus, the increased levels of  hBD-1 and the low cytokine 
levels are correlated with low incidence of  pouchitis. 

Microbials or their products could be involved in de-
fensin regulation in pouches after surgery and in pouchi-
tis. β-defensins are upregulated in response to bacterial 
antigens or in the presence of  cytokines [22]. Thus, the rise 
of  hBD-2 and hBD-3 in pouchitis reflects mucosal dam-
age and infection. The gene regulatory mechanisms that 
control hBD-1 expression remain speculative, since hBD-1 
was previously classified as being steadily expressed by 
previous in vitro studies[11]. Fehlbaum et al [27] described the 
induction of  β-defensin expression by L-isoleucin, which 
as an essential amino acid must arise from external sources 
or from degradation of  host proteins liberated by bacte-
rial proteases. In this context, L-isoleucin could serve as a 
marker for microbial presence or for host tissue degrada-
tion. Presence of  L-isoleucin in turn would then signal to 
the host the need to increase defence mechanisms. 

Faecal stream and faecal stasis in pouches have been 
postulated to be involved in the pathomechanisms of  
primary pouchitis[3, 28]. As long as the faecal stream is 
diverted from the pouch through a protective ileostomy, 
pouches do not develop primary pouchitis. In addition, the 
ileum of  the ileostomy does not react with inflammation, 
although faeces pass through the ileostomy. A variety 
of  pathogenic bacteria have been found in patients with 
pouchitis, e.g. Clostridium perfringens[29]. A shift from the 
normal enteral microbial spectrum towards a pronounced 
presence of  anaerobes, a reduction of  bacterial diversity 
and an increase in fungal diversity have been described 
in ulcerative colitis[8]. Since each individual defensin has a 
characteristic pattern of  antimicrobial activity, an alteration 
of  defensin expression or a general reduction of  defensins 
is likely to result in marked quantitative and qualitative 
changes of  the luminal microbial contents. Future studies 
have to focus on the interaction of  various protective 
mucosal factors and the intestinal contents. 

In conclusion, the present data correlate the develop-
ment of  pouchitis in ulcerative colitis with changes of  
defensin expression pattern and cytokine expression. Sur-
gical construction of  an ileoanal pouch resulted in massive 
increases of  α- and β- defensin levels in the ileum type 
pouch mucosa. In general, the expression of  defensins in 
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pouches was significantly higher than in the normal ileum. 
The initial high levels of  α- defensins after pouch surgery 
in ulcerative colitis appear to be protective for the pouch 
mucosa, since the decrease of  α- defensins upon time cor-
relates with the incidence of  pouchitis in ulcerative colitis. 
Especially for the FAP pouches, hBD-1 could be another 
protector for the development of  pouchitis. Cytokines, 
metaplastic changes of  the ileum mucosa and inappropri-
ate expression of  defensin antimicrobial peptides appear 
to play major roles in the pathomechanism of  pouchitis. 
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Abstract
AIM: To examine the differences in the responses of 
normal and cirrhotic livers to partial hepatectomy in 
relation to the factors influencing liver regeneration.

METHODS: Cirrhosis was induced in rats by admini-
stration of thioacetamide. Untreated rats were used as 
controls. The control rats as well as the cirrhotic rats 
were subjected to 70% partial hepatectomy. At different 
time points after hepatectomy, the livers were collected 
and the levels of cytokines, growth factors and cell cycle 
proteins were analyzed.  

RESULTS: After hepatectomy, the cirrhotic remnant 
expressed significantly lower levels of cyclin D1, its 
kinase partner, cdk4, and cyclin E as compared to the 
controls up to 72 h post hepatectomy.  Significantly lower 
levels of cyclin A and cdk2 were also observed while the 
cdk inhibitor, p27 was significantly higher. In addition, 
the cirrhotic group had lower IL-6 levels than the control 
group at all time points up to 72 h following resection.

CONCLUSION: The data from our study shows that 
impaired liver regeneration in cirrhotic remnants is 
associated with low expression of cyclins and cdks. 
This might be the consequence of the low IL-6 levels 
in cirrhotic liver remnant which would in turn influence 
the actions of transcription factors that regulate genes 
involved in cell proliferation and metabolic homeostasis 
during the regeneration process.  

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
A healthy liver has the capacity to regenerate itself  after 
injury. This results in the restoration of  liver mass and 
function[1,2]. In the healthy state, hepatocytes are in the 
resting G0 state and rarely divide. However, following 
injury or hepatectomy, the process of  regeneration is 
activated. Hepatocytes then undergo transition into the 
G1 phase, followed by the S phase, G2 phase and mitosis. 
The passage through the cell cycle is modulated by the 
interplay between cyclins, cyclin-dependent kinases (cdks) 
and inhibitors of  cdks[3-6].  

Liver regeneration is influenced by a multitude of  
factors. These include cytokines and growth factors which 
are necessary to make quiescent hepatocytes replicate[1,2,7]. 
It has now been established that a set of  priming events 
is necessary before the normally quiescent hepatocytes 
can respond to the growth factors. Both tumor necrosis 
factor-α (TNF-α) and interleukin-6 (IL-6) have been 
shown to be the factors that facilitate the priming events 
in regeneration[8,9]. Following the priming events, growth 
factors then play an important role as mitogens generating 
a cascade of  signals leading to DNA synthesis and cell 
division[10]. 

In humans, surgical resection is often carried out on 
a diseased liver and is the main therapeutic intervention 
for hepatocellular carcinoma[11]. The remnant liver is 
usually cirrhotic with impaired regenerative capacity. In 
this study, we examine the differences in the responses 
of  normal and cirrhotic livers to partial hepatectomy in 
relation to the factors influencing hepatocyte proliferation 
and division. The thioacetamide-induced rodent model 
of  liver cirrhosis was employed as induction of  cirrhosis 
with thioacetamide is highly reproducible, irreversible and 
produces morphological features similar to that observed 
in human cirrhosis[12].
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MATERIALS AND METHODS
Reagents
Mouse monoclonal antibodies against cyclin D1 and 
cdk2, and rabbit polyclonal antibodies against cyclin 
A, cyclin D3, cyclin E, cdk4 were from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA). Acrylamide, N, 
N’-methylene-bis-acrylamide, glycine, sodium dodecyl 
sulfate, 2-mercaptoethanol, isopropyl alcohol and mineral 
oil were from Sigma (St. Louis, MO, USA). Tween 20 
was from Duchefa (Haarlem, Netherlands). Enhanced 
chemiluminescence western blotting detection kit, high 
performance film and nitrocellulose membrane were from 
Amersham Biosciences (Little Chalfont, Buckinghamshire, 
England). Sucrose, Bio-Rad protein assay dye, N, N, N’, 
N’-tetra-methylethylenediamine, ammonium persulfate 
and prestained SDS-PAGE Standards Broad Range were 
from Bio-Rad (Hercules, CA, USA). Trizol reagent was 
from GIBCO BRL. Chloroform and sodium chloride 
were obtained from Merck (Darmsdadt, Germany). Access 
reverse transcription-PCR system was from Promega 
(Madison, WI, USA). Rat TNF-α and IL-6 ELISA kits 
were from Bender MedSystems (Vienna, Austria).

Induction of cirrhosis and partial hepatectomy
The induction of  cirrhosis, partial hepatectomy (PH) and 
harvesting of  the livers has been previously described[13,14]. 
In brief, cirrhosis was induced in ten-week-old male 
Wistar-Furth rats by intraperitoneal injection of  300 mg 
thioacetamide/kg thrice weekly for 10 wk. Healthy, control 
animals were kept under the same conditions without 
any treatment. After one week acclimation to allow for 
the washout of  thioacetamide, all animals underwent 
70% PH as described by Higgins and Anderson[15]. Two 
experimental groups were studied. Healthy rats in the 
control groups as well as cirrhotic rats in the cirrhotic 
group were submitted to PH. Within each group, six rats 
were sacrificed at 3, 6, 24, 48 and 72 h after surgery. The 
excised and the resected livers were harvested and used for 
further analysis.

Preparation of rat liver lysates
The liver was chopped into small pieces and homogenized 
in 5 volumes of  buffer containing 0.25 mol/L sucrose, 
5 mmol/L HEPES and 0.5 mmol/L EGTA, pH 7.5. 
The homogenate was centrifuged at 12 000 × g at 4 °C 
for 10 min. The supernatant (the liver lysate) was then 
stored in small aliquots at -80 °C till required. The protein 
concentration was determined using the Bio-Rad protein 
assay dye reagent with bovine serum albumin as the 
standard. For each time point, the lysates (containing equal 
amount of  protein from each liver, n = 6) were pooled and 
then used for Western blot and ELISA analysis.

Western blotting
25 µg of  the pooled sample was resolved on SDS-PAGE 
and transferred onto nitrocellulose membrane. Mouse 
monoclonal antibodies against cyclin D1 and cdk2, and 
rabbit polyclonal antibodies against cyclin A, cyclin D3, 
cyclin E, cdk4 were used to detect the respective proteins. 
The bound antibodies were visualized by using enhanced 

chemiluminescence. The bands were then quantified using 
the Analytical Imaging Station software (Imaging Research 
Inc, St. Catharines, Ontario, Canada). 

Quantitative assay for TNF-α and IL-6
The concentrations of  TNF-α and IL-6 present in the liver 
lysates were determined using the Rat TNF-α  and IL-6 
ELISA kits. The assays were carried out according to the 
protocol described in the manufacturer’s manual. 

RNA extraction, reverse transcription, and PCR
Total RNA was extracted from the liver samples using the 
Trizol reagent. The extraction was carried out according to 
the manufacturer’s instructions. For each time point, the
total RNA (containing equal amount of  RNA from each 
liver as determined by absorbance at 260 nm, n = 6) was 
pooled and then used for reverse transcription-PCR.

Six sets of  primers were used for PCR and the se-
quences are shown in Table 1. The isolated RNA was 
subjected to reverse transcription-PCR using the Access 
reverse transcription-PCR system (Promega, USA). A typi-
cal 25 µL reverse transcription-PCR reaction contained 
0.4 µg of  RNA, 0.1 mmol/L dNTPs, 0.5 µmol/L of  the 
forward and corresponding reverse primers, 0.5 mmol/L 
of  MgSO4, and 0.05 U/µL of  AMV reverse transcriptase 
and 0.05 U/µL of  Tfl DNA polymerase. The reverse tran-
scription was carried out at 48 oC for 45 min followed by 
denaturation at 94 oC for 2 min. Following reverse tran-
scription, the cDNA was subjected directly to PCR. Each 
cycle consists of  denaturation at 94 oC for 30 s, annealing 
at 60 oC for 1 min and extension at 68 oC for 2 min. At the 
end of  the last cycle, a final extension at 68 °C for 7 min 
was carried out. The number of  PCR cycles used was the 
lowest needed to produce a product which could be visual-
ized on the gel. The product was separated by agarose-gel 
electrophoresis and visualized by ethidium-bromide stain-
ing. The gel image was captured and the bands were then 
quantified using the Analytical Imaging Station software 
(Imaging Research Inc, St. Catharines, Ontario, Canada). 

Table 1 Primers for reverse-transcription-PCR of HGF, TGF-α, 
p21, p27 and p53 mRNAs and 28S rRNA.

Target sequence1 Primer Sequence (5’- 3’)

28S 28S Forward GGC CAA GCG TTC ATA GCG AC
28S Reverse GAG GCG TTC AGT CAT AAT CC

HGF[38] HGF Forward CCC GGT GCT GCA GCA TGT CCT
HGF Reverse TCC CCT CGA TTT CGA CAG

TGF-α[38] TGF-α Forward GAC AAG TTG AAC AAG AAC CTC
TGF-α Reverse CGT CAT CCA CCT AAT ACA TAA G

p21[52] p21 Forward ATG TCC GAT CCT GGT GAT GTC
p21 Reverse CAC TTC AGG GCT TTC TCT TGC

p27[52] p27 Forward GCA GCT TGC CCG AGT TCT AC
p27 Reverse TTC TTG GGC GTC TGC TCC AC

p53[53] p53 Forward TCC TCC CCA ACA TCT TAT CC
p53 Reverse GCA CAA ACA CGA ACC TCA AA

1The 28 S primers were kindly provided by Assoc. Prof. Chang Chan Fong 
(Department of Biochemistry, National University of Singapore). The other 
primers were as previously reported[38,52,53].
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RESULTS
Two groups of  animals were used in the study. The con-
trol group and the cirrhotic group were subjected to 70% 
PH. All data generated in this study were first examined to 
determine the changes that occur after PH in the controls. 
This was followed by comparisons to determine if  there 
were significant differences between the control group and 
the cirrhotic group both before and after 70% PH.

Hepatic TNF-α and IL-6 
Prior to PH, TNF-α and IL-6 were both detected in the 
liver extracts from the control group and the cirrhotic 
group. The levels in cirrhotic livers were significantly lower 
than that in healthy livers. Following resection, the hepatic 
levels of  both TNF-α and IL-6 were significantly lowered 
from 3 h till 72 h post-resection in the control group. Sig-
nificantly different TNF-α levels between the controls and 
cirrhotics were only observed at 24 h and 48 h post-PH. 
Reduced IL-6 levels were observed in the cirrhotic group 
before and up to 72 h following PH (Figure 1A and B).

Expression of growth factors
Total RNA was extracted from the liver samples and sub-
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Figure 1  Hepatic A: TNF-α and B: IL-6 concentrations after PH on healthy 
rats (white bars) and cirrhotic rats (black bars). At different time points after the 
operation, the remnant liver was harvested, homogenized and the supernatant was 
used for analysis. For each time point, the supernatant from 6 animals was pooled 
and used for ELISA analysis. All analyses were carried out in triplicates and the 
results are expressed as mean + SD. cP < 0.05, ANOVA analysis, for comparison 
between control rats before (at 0 h) and after PH. aP < 0.05, ANOVA analysis, for 
comparison between the cirrhotic group and the corresponding control group at 
each time point.
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Figure 2  Hepatic A: HGF, B: TGF-α and C: 28S rRNA expressions after PH on 
healthy rats (white bars) and cirrhotic rats (black bars). At different time points after 
the operation, the remnant liver was harvested, and RNA was extracted. For each 
time point, the RNA from 6 animals was pooled and used for reverse-transcription 
followed by PCR. The PCR product was separated by agarose-gel electrophoresis 
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were carried out in triplicates. A representative gel (C, control, healthy rats; E, 
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jected to reverse transcription-PCR analysis for transcripts 
encoding for the hepatocyte growth factor (HGF) and the 
transforming growth factor alpha (TGF-α). A transient 
increase in HGF was observed at 6 h post-PH for the 
control group. The trend was also similar for the cirrhotic 
group, although a significant increase was also observed at 
3 h post-PH (Figure 2A).

In contrast, TGF-α was significantly higher at all time 
points up till 48 h post-resection in the control group. 
TGF-α level in the cirrhotic livers was significantly higher 
than controls before PH. After PH, the levels remained 
high and there were no differences between the control 
group and the cirrhotic group (Figure 2B). The 28S rRNA 
was used as a control and no significant differences in the 
expression were observed (Figure 2C).

Markers of cell cycle progression, cdk inhibitors and p53 
expression 
Western blot analysis was carried out to examine the 
changes in cyclins and cdks. In the control group, cyclin 
D1 levels were elevated from 24 to 72 h post-PH (Figure 
3A) while cyclin D3 levels peaked at 24 h post-PH and 

remained significantly elevated up till 72 h post-PH (Figure 
3B). In addition, cdk4 was also significantly increased at 
the 6 h time point (Figure 4A). Comparison of  the cir-
rhotic group with the corresponding controls showed 
that cyclin D1 levels were significantly lower at 24 to 72 
h post-PH and the peak in cyclin D3 expression was not 
observed. The cdk4 levels were also lower than that of  
the corresponding controls from 6 to 72 h post-resection 
(F i gu r e 3A, 3B and 4A). 

As previously described, the antibody against cyclin E 
recognized multiple isoforms[16,17]. These represent alter-
native spliced variants of  the gene. Cyclin E levels in the 
controls increased significantly within 24 h following resec-
tion. However, in the cirrhotic group, this increase was not 
evident and cyclin E levels were lower than the controls 
at all time points (Figure 3C). For the control animals, the 
highest levels of  cyclin A and cdk2 expression were at 24 
and 48 h after resection. At these time points, the levels 
of  cyclin A and cdk2 in the cirrhotic animals were signifi-
cantly lower than that in the corresponding controls (Figure 
3D and 4B).

Reverse transcription-PCR analysis showed that for 
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both p21 and p53, the increase in expression was before 
the 24 h time point for the control group and the cirrhotic 
group (Figure 5A and C). However, the expression of  p27 
in the cirrhotic group was significantly higher than the 
controls before as well as after resection (Figure 5B).

DISCUSSION
In this study, the thioacetamide-induced rodent model of  
liver cirrhosis was used to examine the factors that may 
contribute to impaired regeneration of  cirrhotic livers af-
ter PH. Changes in the expression patterns of  cytokines, 
growth factors and cell cycle proteins were examined over 
a period of  72 h.

Cyclins, cdks and cdk inhibitors were all detected in 
healthy livers, similar to previous observations[16]. Cirrhotic 

livers also expressed comparable levels of  D-type cyclins, 
cyclin A, cdks, p21 and p53 as the healthy livers. However, 
cyclin E was significantly lowered while p27 was signifi-
cantly raised.  

Following PH, quiescent hepatocytes are induced to 
proliferate. Cyclins and their kinase partners play key roles 
in regulating the progress through the different phases of  
the cell cycle[18,19]. The D-type cyclins together with their 
kinase partners play a key role in regulating G1 progres-
sion[20]. The cyclinE/cdk2 complex regulates G1 to S phase 
transition[21], while the cyclinA/cdk2 complex is necessary 
for initiation of  DNA replication in the S phase[22-24]. As 
expected, the expression of  cyclin D1, cyclin E and cyclin 
A increased significantly in the controls after resection as 
the liver undergoes regeneration. This is congruent with 
other studies which showed that after PH, there is firstly 
an induction of  G1 cyclins preceding S phase followed by 
subsequent induction of  cyclin A and cyclin B[4,25,26]. 

Transient increases in the mRNA levels of  cdk inhibi-
tors p21 and p27, as well as p53 were also observed at 3-6 
h after PH in the controls. Similar observations have been 
previously described in various other studies using rodent 
models[6, 27-30]. It is thought that in the regenerating liver, 
p53 plays a dual role[30]. The first is as a cell cycle check 
resulting in a delay in the G1 phase to allow damage re-
pair[29]. The second is the induction of  the expression of  
growth factors or their receptors. Indeed, p53 responsive 
elements have been found on the promoters of  HGF and 
TGF-α, both of  which are involved in the proliferative 
response[31,32]. The expression of  the cdk inhibitor, p21 
is also induced post PH, probably in part as a response 
to p53 induction[33]. This may serve to prevent premature 
progression through G1 phase[34] or to stabilize the cy-
clinD-cdk4 complex and promote its translocation to the 
nucleus[35]. p27 acts as a brake on cyclinE-cdk2 activity and 
has to be sequestered by cyclin D1 for cdk2 to be active[36].  

Comparison between the control and cirrhotic groups 
showed that the changes in cyclin/cdk expressions after 
PH were not mirrored in the cirrhotic livers. Cyclin D1 
and its kinase partner, cdk4 were expressed at much lower 
l eve l s at 24-72 h post PH, cyclin A and cdk2 were de-
creased at 24-48 h post PH while cyclin E was persistently 
lowered up to 72 h post PH. In addition, the expression 
of  the cdk inhibitory protein, p27 was also elevated at 6-48 
h post PH.  Thus, unlike healthy livers, cirrhotic livers ex-
presses significantly lower levels of  cyclins [this study and 
those by Zhao et al.[37] and Masson et al[38]]. Given the per-
sistent low levels of  G1 cyclins, it is likely that the block to 
cell cycle progression occurs at the G1 phase. 

The key factors that influence liver regeneration in-
clude the cytokines TNF-α and IL-6 and the growth fac-
tors HGF and TGF-α. The cytokines TNF-α and IL6, 
are necessary to prime and initiate liver regeneration after 
PH[2,8,9]. Signals to initiate liver regeneration for TNF-α are 
mediated by TNF receptor 1. Knockout mice lacking this 
receptor have diminished ability to restore liver mass after 
PH leading to increased mortality[39]. High postoperative 
mortality and impaired response to PH were also observed 
in IL-6 deficient mice[40]. Besides the cytokines, growth fac-
tors also play important roles in liver regeneration. TGF-α 
and HGF are potent mitogens for hepatocytes[10]. The re-
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Figure 4 Effect of PH on cyclin-dependent kinase expressions in healthy rats (white 
bars) and cirrhotic rats (black bars). At different time points after the operation, 
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rats before (at 0 h) and after PH. aP < 0.05, ANOVA analysis, for comparison 
between the cirrhotic group and the corresponding control group at each time 
point.
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sponse to HGF is mediated by its interaction with c-met, a 
protooncogene which encodes a receptor tyrosine kinase. 

In conditional met mutant mice, impaired regeneration oc-
curs after PH and this is due to a defective exit from qui-
escence and diminished entry into S phase[41]. In addition, 
HGF also upregulates the expression of  TGF-α and the 
presence of  anti-TGFα antibodies can block DNA synthe-
sis in regenerating livers[42].  

Cirrhotic livers have significantly lower TNF-α and 
IL-6 levels compared to healthy livers prior to PH. It is 
unclear why this should be so. However, similar reductions 
have been observed in patients with primary biliary cirrho-
sis and fulminant hepatitis[43,44]. This is not simply due to a 
general depression in RNA synthesis in the diseased livers 
as the expression of  other genes such as IL-1 and interfer-
ons were unaffected[44]. In addition, unchecked fibrosis will 
lead to impaired diffusion of  nutrient and hepatotropic 
factors and this may also be a contributing factor to the re-
duced levels of  TNF-α and IL-6. In contrast, HGF expres-
sion was unchanged in cirrhotic livers. TGF-α expression 
was significantly increased in cirrhotic livers and this is 
consistent with the role of  TGF-α in the chronic regenera-
tion that occurs in the cirrhotic process[45].

Following resection of  healthy controls, it was ob-
served that both TNF-α and IL-6 levels in the liver de-
creased progressively over a period of  72 h. This is to 
be expected as TNF-α and IL-6 are necessary mainly for 
the initial priming events. In addition, TNF-α is a pro-
inflammatory cytokine and high levels are not desirable 
once the priming signals have been initiated.  In this study, 
a peak in both cytokines was not observed after PH. This 
is probably due to the fact that the increase in both cyto-
kines was expected to be at an early time point after resec-
tion[39,46] and the first time point in this study may be too 
late for this observation. A peak in the expression of  HGF 
was observed at 3-6 h post PH while that of  TGF-α was 
elevated up to 48 h post PH. Similar to that observed by 
Zhao et al, hepatic expression of  the growth factors HGF 
and TGF-α was not significantly different in both normal 
and cirrhotic livers after PH[37]. 

In contrast to the growth factors, it was observed 
that following partial hepatectomy, the IL-6 levels in 
cirrhotic livers are significantly lower than that of  the 
healthy controls. The role of  IL-6 in liver regeneration 
has been extensively examined. To date, the roles of  IL-6 
in liver regeneration include the activation of  acute phase 
response, induction of  proliferation and hepatoprotection. 
The binding of  IL-6 to the gp130-IL-6 receptor complex 
results in the activation of  Janus kinase (JAK). This in turn 
activates the mitogen-activated protein kinase (MAPK) 
and STAT3 signaling pathways[7,9].  In IL-6 deficient 
mice, liver failure and defective hepatocyte regeneration 
is observed following PH. Subcutaneous injection of  
IL-6 which results in sustained action of  IL-6 was able to 
completely reverse the high post-operative mortality of  
IL-6 deficient mice[47]. It is interesting to note that both 
IL-6 and cyclin D1 levels were reduced in the regenerating 
cirrhotic liver. AP1 activity was also markedly inhibited in 
regenerating cirrhotic livers with reduced expression levels 
of  c-Jun and JunD[37]. Taken together, these observations 
are comparable to that in IL-6 deficient mice which shows 
marked reduction in STAT3 activation and depressed 
AP-1, myc and cyclin-D1 expressions[40]. 
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Figure 5 Hepatic A: p21, B: p27 and C: p53 expressions after PH on healthy 
rats (white bars) and cirrhotic rats (black bars). At different time points after the 
operation, the remnant liver was harvested, and RNA was extracted. For each 
time point, the RNA from 6 animals was pooled and used for reverse-transcription 
followed by PCR. The PCR product was separated by agarose-gel electrophoresis 
and visualized by ethidium-bromide staining. The gel image was captured and the 
bands were quantified using the Analytical Imaging Station software. All analyses 
were carried out in triplicates. A representative gel (C, control, healthy rats; E, 
cirrhotic rats; the number indicates the time post-PH in h) and the quantification 
analysis expressed as mean + SE (AU = arbitrary units) are shown.  cP< 0.05, 
ANOVA analysis, for comparison between control rats before (at 0 h) and after PH. 
aP < 0.05, ANOVA analysis, for comparison between the cirrhotic group and the 
corresponding control group at each time point.
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I l - 6 a l so med i a t e s the i nduc t ion o f  C/EBP 
expression[48]. Impaired C/EBPβ activities have been 
observed in cirrhotic livers following resection[37] and 
this could account for the reduction in cyclin E and 
cyclin A. In C/EBPβ -/- mice, cyclins A, B and D were 
reduced near the peak of  DNA synthesis during liver 
regeneration[49]. Although it is still uncertain as to whether 
C/EBPβ regulates cyclin expression via transcriptional or 
post-transcriptional mechanisms, it is clear that in C/EBPβ 
-/- hepatocytes, cell cycle progression is blocked close to 
or at the G1/S phase transition[49]. 

The data from our study thus shows that impaired 
liver regeneration in cirrhotic remnants is associated 
with low expression of  cyclins including cyclin D1. In 
rats with carbon tetrachloride-induced cirrhosis, similar 
changes in the expression of  cyclins and IL-6 were also 
observed[38]. Markedly reduced IL-6 levels could influence 
the action of  transcriptions factors (such as STAT3, 
AP1, C/EBPβ and HNF-1α) which are necessary for the 
regulation of  genes that coordinate the balance between 
cell proliferation and metabolic homeostatsis during liver 
repair and growth. It addition, liver regeneration is also 
critically dependent on ATP stores and the reduction in 
liver proliferation in cirrhotic livers may be due in part to 
inadequate mitochondrial respiratory function. Cirrhotic 
livers indeed have reduced complex I activity and lower 
respiratory control ratios following PH as shown by us and 
others[13,50,51]. 
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Abstract
AIM: To examine the effect of Eubacterium limosum 
(E.limosum) on colonic epithelial cell line in vitro , and to 
evaluate the effect of E.limosum on experimental colitis.

METHODS: E.limosum was inoculated anaerobically and 
its metabolites were obtained. The growth stimulatory 
effect of the E.limosum metabolites on T84 cells was 
evaluated by SUDH activity, and the anti-inflammatory 
effect by IL-6 production. The change in mRNA of toll 
like receptor 4 (TLR4) was evaluated by real time PCR. 
Colitis was induced by feeding BALB/C mice with 2.0% 
dextran sodium sulfate. These mice received either 5% 
lyophilized E.limosum (n  = 7) or control diet (n  = 7). 
Seven days after colitis induction, clinical and histological 
scores, colon length, and cecal organic acid levels were 
determined.  

RESULTS: The E.limosum produced butyrate, acetate, 
propionate, and lactate at 0.25, 1.0, 0.025 and 0.07 
mmol/L, respectively in medium. At this concentration, 
each acid had no growth stimulating activity on T84 
cells; however, when these acids were mixed together 
at the above levels, it showed signif icantly high 
activity than control. Except for lactate, these acids 
significantly attenuated IL-6 production at just 0.1 
mmol/L. In addition, under TNF-a stimulation, butyrate 
attenuated the production of TLR4 mRNA. The treatment 
with E.limosum significantly attenuated clinical and 

histological scores of colitis with an increase of cecal 
butyrate levels, compared with the control group. 

CONCLUSION: E.limosum can ameliorate experimental 
colonic inf lammation. In part, the metabol ite of 
E.limosum , butyrate, increases mucosal integrity and 
shows anti-inflammatory action modulation of mucosal 
defense system via  TLR4.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Inflammatory bowel disease (IBD), which includes 
ulcerative colitis (UC) and Crohn's disease, is a chronic 
and aggressive idiopathic inflammatory disorder of  the 
gastrointestinal tract.[1] The detailed mechanism and causes 
of  IBD are not fully understood; however, abundant 
experimental observations suggest that luminal bacteria 
(microflora) play a crucial role in the pathogenesis of  
IBD.[2,3,4]  In experimental colitis models, colitis has not 
occurred without the presence of  intestinal flora. This 
indicates that microflora are likely to induce colonic 
inflammation and its recurrence.[5] Recently, therapeutic 
approaches to modifying microflora have been attempted 
by the use of  antibiotics, probiotics, and prebiotics.[4,6,7]

Germinated barley foodstuff  (GBF), which consists 
mainly of  dietary fiber and glutamine (Gln)-rich protein, 
is a prebiotic product for UC patients.[8] In our previous 
studies, GBF exhibited preventive and therapeutic effects 
in experimental colitis models, especially an improvement 
of  severe bloody diarrhea and attenuation of  colonic 
mucosal damage, accompanied by the modulation of  
microflora.[9] In colitis models, GBF or its fiber fraction 
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significantly increased cecal butyrate production, and GBF 
significantly increased the number of  butyrate producing 
Eubacterium limosum (E. limosum), with a decrease in 
colonic pH.[9,10] As a result, in this colitis model, GBF was 
considered to be efficiently fermented and converted by 
E. limosum into short-chain fatty acids (SCFAs), including 
butyrate.[8,9,11]

Furthermore, a clinical trial of  GBF showed that 
this treatment can benefit UC patients by increasing the 
level of  stool butyrate. This clinical efficacy was also 
associated with an increase in the number of  Bifidobacterium 
and E. limosum, both of  which are regarded as beneficial 
bacteria, in the stool.[12,13] However, the mechanism of  
the therapeutic effect of  GBF and E. limosum has been 
incompletely understood. The detailed metabolism of   
E. limosum in gastrointestinal tract is also little understood, 
differing from Lactobacillus or Bifidobacterium as 
representative probiotics.[8] The net viability in human 
gastrointestinal tract and resistance to gastric or bile 
acids were not clear in detail, and these difficulties might 
be caused by the obligate anaerobic character. The only 
distinct effect of  E. limosum is increase of  butyrate 
production in ulcerative colitis[14] and experimental 
colitis.[12] Thereupon, we pointed out the major metabolites 
of  E. limosum (short chain fatty acids including butyrate) 
and the minute role in colonic epithelium. Although this 
study is preliminary, we focus on the role of  E.limosum in 
vivo and its metabolites on colonic epithelium in vitro.

MATERIALS AND METHODS
Preparation of E.limosum[11]

E. limosum (JCM6421 Riken Bioresource Center, Saitama, 
Japan) was inoculated with modified GAM medium 
(Nissui Pharmaceutical Co., Tokyo, Japan) anaerobically at  
37 ℃. AnaeroPack (Mitsubishi Gas Chemical Co,. Tokyo, 
Japan) was used to obtain the anaerobic condition.  The E. 
limosum and supernatant were separated by centrifugation 
and filtration, sequentially lyophilized. The number of  E. 
limosum after lyophilization was of  the same order as before 
being cultured (109 CFU/1 g). The organic acid content 
of  the supernatant (residual medium) was determined by 
HPLC using the method described in our previous study.[9] 
Briefly, the supernatant was filtered through a membrane 
filter and separated with an ion-exclusion column (Shodex 
Rspak KC-811, 8 mmID × 30 cm long, Showa Denko.
Co., Ltd., Tokyo, Japan). Organic acids were detected 
using bromothymol blue as the post-column reagent.  The 
column temperature was 60 ℃, and the mobile phase was 
a 0.75 mmol/L sulfuric acid solution (flow rate : 0.8 mL/ 
min).

Cell culture
The methods for maintenance of  T84 (ATCC CCL-248, 
Rockville, MD) cells in culture were as previously described 
in other studies.[15,16] Briefly, T84 cells were grown in 
monolayers in a 1:1 mixture of  Dulbecco’s modified 
Eagle's Medium/Nutrient Mixture  F - 12 Ham (Sigma St. 
Louis MO, USA) supplemented with, 50 U/mL penicillin, 
50 μg/mL streptomycin and 5% fetal bovine serum.  
Confluent monolayers were subcultured by trypsinization 

with 0.5% trypsin and 5.3 mmol/L EDTA in Ca2+ and 
Mg2+ free phosphate-buffered saline.

Growth activity and IL-6 production
For the determination of  cell growth activity, succinate 
dehydrogenase (SUDH) activity was evaluated. Since 
SUDH was reported to be well related to the proliferative 
and viability activity[17], 6 × 104 cells were plated onto each 
well of  96-well plates and the cells were treated with the 
respective mediums for 24 h, Cell Counting Kit-8 (Dojin 
Chemicals Co., Ltd. Kumamoto Japan) was used, then 
SUDH activity was measured as per the manufacturer's 
instructions.[17] For the determination of  IL-6, cells were 
plated onto each well of  48-well plates. The cells were 
grown to confluence in cell calture dishes.  They were 
treated with TNF-alpha (50ng/mL; Funakoshi Co., 
Tokyo, Japan) for another 24 h and the supernatants were 
harvested for measurement of  IL-6, IL-6 ELISA (Genzyme 
Cambridge MA) as per the manufacturer's instructions.

Expression of mRNA level of toll like receptor 4[18]

For the determination of  expression of  TLR4 mRNA, 
T84 cells were plated into each well of  60mm × 15mm 
cell culture dishes. The cells were grown to confluence 
in cell calture dishes. They were treated with TNF-alpha 
(25ng/mL; Funakoshi Co., Tokyo, Japan) with sodium 
butyrate (0, 0.5, 1.0, and 2.0 mmol/L) for another 6 hrs.  
Then total RNA extraction was carried out by RNeasy 
Mini Kit (QIAGEN-JAPAN KK Tokyo) and RT-PCR 
was performed (Applied Biosystems 7300 real time PCR 
system,  Applied Biosystem-Japan Tokyo Japan).  RT-PCR 
was carried out with specific primers and probes for TLR4 
receptor components and housekeeping gene, beta-actin 
(Taqman gene expression assay, Applied Biosystem-Japan 
Tokyo Japan). The primer pairs used for amplification 
of  TLR4 were (5'-3') CAG AGT TTC CTG CAA TGG 
ATC A and GCT TAT CTG AAG GTG TTG CAC AT. 
TaqMan MGB probes (labeled with fluorescent reporter 
dye 6FAM) were used for analysis of  TLR4 (CGT TCA 
ACT TCC ACC AAG AGC TGC CT).  Respective data 
were shown after normalized to housekeeping gene (beta-
actin).

Animals and diets
Fourteen 8-wk-old female BALB/c mice were purchased 
from Charles River Japan (Kanagawa, Japan). The mice 
were housed individually in cages in a room kept at 20 to 
25℃ and 40 to 70% relative humidity with a 12 h lighting 
cycle (conventional conditions).[12] They were allowed free 
access to diet and drinking water. First, the 14 mice were 
fed laboratory chow for 1 wk during their acclimatization 
period. They were then divided into two groups of  7: a 5% 
E. limosum group (E.limisum group) and a cellulose-diet 
control group (control group). The total volume of  protein 
and dietary fiber in both diets was adjusted to 14.6% 
protein and 3.0 % dietary fiber.[19,12] The compositions of  
the two diets are shown in Table 1.

After one week of  pre-feeding, the mice weighing 20 
to 22 g in the two groups were given 2% dextran sodium 
sulfate (mol wt, 5000; Wako Pure Chemical Co., Osaka, 
Japan) in their diet to induce colitis. The animals were 
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sacrificed at d 7, and the colon and cecal contents were 
removed. This animal experiment was approved by the 
local ethical committee.

Evaluation of disease activity
In all the mice, the body weight, occult blood, and rectal 
bleeding, as well as stool consistency were monitored daily. 
The presence of  blood in feces was evaluated using a 
hemoccult test kit (Beckman Coulter, Fullerton, CA). The 
disease activity index was determined by scoring changes 
in weight, hemoccult positivity, gross bleeding, and stool 
consistency, described in our previous study.12) Briefly, we 
used five grades of  weight loss (0: no loss or weight gain, 
1: 1 to 5%, 2: 5 to 10%, 3: 10 to 20%, 4: loss of  more 
than 20%), three grades of  stool consistency (0: normal, 
2: loose, 4: diarrhea) and three grades of  occult blood (0: 
normal, 2: occult blood positive, 4: gross bleeding). And 
disease activity score was sum of  above parameters.

Histological evaluation
The entire colon was removed, and its length was 
measured. After removal, the colon was immediately 
divided into three segments (proximal: 1cm from ileo-cecal 
valve, middle, and distal: 1.5cm from anal columns), and 
a part of  each segment was fixed in 10% neutral buffered 
formalin. After fixation, the specimens were stained with 
hematoxylin and eosin.[12] Six sections from each segment 
were scored for colitis severity (crypt scores) based on the 
method of  Cooper et al by two blind examiners.[20] Briefly, 
this scoring method is: grade 0, intact crypt; grade 1, cystic 
dilatation of  crypts; grade 2, loss of  the basal one-third of  
the crypt; grade 3, loss of  the basal two-thirds of  the crypt; 
grade 4, loss of  entire crypts with the surface epithelium 
remaining intact; grade 5, loss of  both the entire crypt and 
surface epithelium.[10,12] The average damage score was 
shown in Figure 5.  

Cecal organic acid determination
The cecal contents were removed immediately after 
the dissection.  Because the cecal contents of  the mice 
were very small, we had to gather all the samples in the 
two groups. Organic acids were measured by the HPLC 
methods described in Experiment 1.[9]

Statistical analysis
Results are expressed as means ± SD. Differences in the 
disease activity were evaluated by chi-square analysis. 
The Student t test (two-tailed) was used to test all other 
comparisons. Significance was accepted at P < 0.05.

RESULTS
The effects of  organic acids on growth activity of  T84 are 
shown in Figure 1A and B. Figure 1A shows the effects 
of  sodium-butyrate, sodium-acetate, sodium-propionate, 
sodium-lactate, and sodium-succinate at different levels (0, 
0.1 mmol/L, 0.5 mmol/L, 1 mmol/L, and 10 mmol/L) 
on the growth activity of  T84 as determined by SUDH 
activity. Butyrate significantly increased the growth activity 
of  T84 at 1 mmol/L. Acetate and lactate promoted a 
significantly high growth activity at just 10 mmol/L. 
With regards to the propionate, at 0.1 and 10 mmol/
L, significant increases were observed. There were no 
statistical differences in succinate supplementation at all 
dose levels.

In our previous study, E. limosum produced butyrate 
(2.5 mmol/L), acetate (10 mmol/L), propionate (0.25 
mmol/L), and lactate (0.7 mmol/L) in the medium 
and the addition of  10 % E.limosum supernatant to T84 
significantly increased SUDH activity.[21] Therefore, the 
organic acid mixture adjusted to that of  10 % of  E. 
limosum supernatant (butyrate (0.25 mmol/L), acetate (1 
mmol/L), propionate (0.025 mmol/L), and lactate (0.07 
mmol/L) was simultaneously added as a cocktail to T84. 
This cocktail significantly increased the growth activity, as 
shown in Figure 1 B.

Three kinds of  short-chain fatty acids (butyrate, 
acetate, propionate) promoted a significantly decrease of  
IL-6 production in a dose-dependant manner. Lactate only 
showed a decrease of  IL-6 production at 0.1 mmol/L, 
and succinate had no anti-inflammatory effects at any 
dose level. (Figure 2). In this experiment, the cocktail also 
significantly attenuated IL-6 production (77 % of  control, 
P < 0.05).  However, it does not seem the synergistic effects 
as in growth stimulatory effect.

Figure 3 showed the effect of  butyrate on expression 

  CE E. limosum
              (g/kg diet)

Casein
Vitamin mixture
Mineral mixture
Choline chloride
Cellulose

E. limosum
Corn oil
DSS
Corn starch
         (without DSS)

 146.0
   10.0
   35.0
     2.0
   30.0

   50.0
   20.0
 707.0
(727.0)

 100.0
   10.0
   35.0
     2.0

   50.0
   50.0
   20.0
 733.0
(753.0)

Table 1  Composition of experimental diets
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Figure 1 Effect of organic acids (A) and the cocktail mixture of organic acids (B) 
on SUDH activity in T84 cells. Cells were incubated with various concentrations 
of fatty acids for 24 hours. The data is expressed as means ± SD (n = 4). aP < 0.05 
vs control. 1The cocktail was an organic acid mixture adjusted to that of 10 % E. 
limosum supernatant (butyrate [0.25 mmol/L], acetate [1 mmol/L], propionate (0.025 
mmol/L), and lactate [0.07 mmol/L]).
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of  TLR4 mRNA in T84. Interestingly, butyrate attenuated 
the expression of  TLR4 mRNA at low-level 0.5 mmol/L.  

The change in body weight after initiation of  colitis 
is shown in Figure 4. The E.limisum group showed 
a significant retention of  body weight on d 6 and 7, 
compared with the control group. The change in disease 
activity of  both dietary groups is shown in Figure 5. Prior 
to the change in body weight, the disease activity on d 4 
was significantly attenuated in the E.limisum group. The 
organic acid contents in both dietary groups are shown in 
Table 2. This data is for pooled samples (n = 7 in respective 
groups), so statistical analysis was not possible; however, 
the level of  each organic acid dramatically increased.

F igure 6 A shows representa t ive h is to log ica l 
photog raphs of  co lonic mucosa in both g roups 
(magnification X 50). The colon length and damage scores 
of  the groups are shown in Figure 6B. The E.limisum 

diet significantly attenuated the mucosal damage and 
shortening of  colon length compared to those in the 
control group.

Succinate Lactate Acetate Propionate n -Butyrate

(μmol / g content)

CE 0.689 ± 0.572 3.211 ± 2.373 17.105 ± 9.653 2.144 ± 0.881 1.644 ± 0.294
EL 1.624 ± 0.439 7.445 ± 2.882 38.106 ± 4.258 7.168 ± 1.000 2.523 ± 0.552

Table 2 Organic acid analysis of pooled cecal content in colitis 
model

Values are the means ± SD of pooled samples analyzed three times.
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Figure 2 Effect of organic acids on secretion of IL-6 by TNF-alpha stimulation 
in T84 cells. Cells were incubated with TNF-alpha (50 ng/mL) and various 
concentrations of organic acids for 24 hours, then supernatant was applied for 
determination of IL-6 production by ELISA. Data is expressed as means ± SD 
(n = 3). aP < 0.05 vs control.
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Figure 3 Inhibition of response to TNF -alpha (25 ng/mL) induced the mRNA level 
of toll-like receptor 4 (TLR4) in T84 by exposure to butyrate. Cells were treated 
with 0 to 2.0 mmol/L sodium butyrate for 6 hr prior to extraction of RNA and real 
time PCR (RT-PCR). RT-PCR was performed with specific primers and probs for 
indicated receptor components and housekeeping gene beta-actin. All data were 
normalized to the expression of beta-actin, and presented as % value of control 
(without TNF-alpha treatment). Data is expressed as means ± SD.
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Figure 4 Changes in body weight after initiation of dextran sulfate sodium-induced 
colitis. control indicates the control diet (cellulose diet) group.  E.limisum indicates 
the Eubacterium limosum diet group. Data is expressed as means ± SD (n = 7). 
aP<0.05 vs control.
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Figure 5 Disease activity index after initiation of dextran sulfate sodium-induced 
colitis. Control indicates the control diet (cellulose diet) group.  E.limisum indicates 
the Eubacterium limosum diet group.Data is expressed as means ± SD (n = 7). 
aP < 0.05 vs control. Disease activity index was determined by scoring changes in 
body weight, hemoccult positivity, and stool consistency.
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Figure 6 Light histological section of colonic mucosa (A) and changes in colon 
length and colonic mucosal damage score (B) of dextran sulfate sodium-induced 
colitis control and E.limisum diet groups. (magnification X 50). Control indicates 
the control diet (cellulose diet) group. E.limisum indicates the Eubacterium 
limosum diet group. Data is expressed as means ± SD (n = 7). aP < 0.05 vs control.

CE EL

a

a

1074        ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol     February 21, 2006    Volume 12     Number 7



www.wjgnet.com

DISCUSSION
IBD is considered to be a dysfunctional response 
of  the mucosal immune system to luminal antigens 
and commensal microbiota in genetically susceptible 
individuals. Therefore, it is a rationally therapeutic strategy 
to eliminate the pathogenic bacterial component.[22,23] It 
has already been reported that manipulation of  microflora 
by antibiotics, probiotics, and prebiotics was effective in 
IBD treatment. Antibiotic therapy is recognized to have 
an essential role in IBD. For example, metronidazole 
decreases perianal complications in Crohn's disease 
patients and ciprofloxacin reduces the presence of  
Clostridium difficle, which is an aggravating bacteria in IBD, 
and improves clinical symptoms.[24] With regards to the 
probiotic therapy, it is also considered a rational therapeutic 
option in IBD. Recent studies have shown that restoring 
the microbial balance using probiotics might contribute 
to the normalization of  microflora and the attenuation 
of  symptoms in IBD.[4] Prebiotic administration can also 
modulate the microflora by increasing the populations 
of  beneficial bacteria and thereby quantitatively changing 
the composition of  the microflora.[25] These alterations 
may act beneficially, in part by causing a luminal induction 
of  short-chain fatty acids (SCFAs), which are the major 
probiotic metabolites, are important nutrients for the 
intestine, and induce an acidic environment. Especially, 
butyrate plays a trophic role as a first nutrient for 
colonocytes.[12,26] It has also been reported to act as an anti-
inflammatory agent by inactivating transcriptional factor 
(NF-κB or STAT3).[12] 

GBF stimulated growth of  Bifidobacterium species 
and E. limosum and production of  its metabolites butyrate 
and other short-chain fatty acids. Four-week administration 
of  20 to 30 g of  GBF to patients with mild to moderate 
UC decreased clinical and endoscopic evidence of  
inflammation in a trial. This treatment increased fecal 
density of  Bifidobacterium species and E. limosum.[8] A 
longer term (24 wk) open-label study reached similar 
conclusions.[13,27] In our previous study, the metabolites of  
E. limosum obtained as the supernatant of  the medium after 
inoculation increased the cell growth rate as determined 
by SUDH activity and attenuated the production of  IL-6 
by TNF-alpha stimulation in T84.[21] However, the detailed 
role of  E. limosum metabolites on mucosa has not been 
determined.

In this study, the role of  the main composition of  
metabolites, a mixture of  organic acids, on mucosa was 
examined. Except for succinate, the organic acids we 
used significantly increased the growth activity of  T84. 
Interestingly, the cocktail containing acids at low levels, 
which had no stimulatory effects, significantly increased 
the growth rate compared to that in the control. The 
epithelium may require the coexistence of  multiple organic 
acids to stimulate its growth. The cocktail significantly 
attenuated IL-6 production as well as the production of  
all short-chain fatty acids. Compared with a single acid, 
multiple, coexisting organic acids may increase the barrier 
function and anti-inflammatory effects on inflammatory 
colonic mucosa at a relatively low level. In the future, we 
need to evaluate the detailed mechanism of  organic acids 

on mucosa, while considering the influence of  the other, 
soluble unknown factors in metabolites. 

In this study, a powder of  E. limosum was administered 
to experimental colitis model, and an E.limisum diet 
significantly prevented body-weight loss and disease 
activity compared with the control group. Also, the 
E.limisum diet dramatically increased the levels of  3 kinds 
of  short chain fatty acids and 2 organic acids. As described 
in the method section, we could not evaluate the microbial 
data in cecal content, because its volume was very low. 
In addition, it is still not clear that the net viability in 
gastrointestinal tract and resistance to gastric or bile acids 
was derived from its obligate anaerobic character. It is 
speculated that the number of  dietary E. limosum changed 
(decreased) day by day, in the diet since this bacterium is 
an obligate anaerobe and may have been adversely affected 
by ambient oxygen exposure during dietary administration. 
Care was excersiced in the preparation of  sufficient E. 
limosum due to its slow growth rate and culture yields. 
Additional microbiological data is required to determine 
precise growth requirements of  this microbiota.

However, the present data may suggest that E. limosum 
might be able to reproduce in the gastrointestinal tract, 
although the obligate anaerobe E. limosum was treated 
under aerobic conditions for use in as an animal diet for a 
relatively long time. The observed increase of  cecal organic 
acid may strongly support this conjecture.

Microbiota itself  contains many kinds of  chemical 
component (peptide-glycan, enzyme, nucleic acid, protein, 
lipids, and so on). It is very difficult to identify the active 
component responsible for the anti-inflammatory effect 
in E. limosum. At first, we pointed out its metabolites, 
especially butyrate in this study. As shown in a previous 
study, butyrate demonstrated unique characteristics in 
colitic rats fed GBF[9] 

The monolayer of  intestinal epithelial cells (IEC) plays 
a role in sensing the external gastrointestinal environment. 
Disruption or breakdown in the signaling function of  IEC 
is important in the development of  IBD.[28] It was reported 
that IEC recognized pathogen or bacteria is based on 
the conserved signature molecules in microbes (microbe 
or pathogen-associated molecular patterns; PAMPs).[28,29]  
PAMPs are found in lipopolysaccharides (LPS) of  gram-
negative bacteria, and lipoteichoic acids (LTA) of  gram-
positive bacteria. One of  pattern recognition receptor 
families mediated the response of  immune cells to PAMP 
is TLR family. TLR4 and TLR2, which recognize LPS, 
peptideglycan and LTA, respectively were well studied. 
In this study, we investigated the role of  the major 
metabolites butyrate by E. limosum on the mucosal innate 
immune response via TLR4. It is very difficult to isolate 
the cell wall components of  E. limosum and to evaluate 
the respective components, since these components 
might be modified or hydrolyzed by other microflora in 
gastrointestinal tract, so that, first of  all, we applied the 
metabolites butyrate.

Remarkably butyrate decreased the expression of  
TLR4 mRNA level with decrease of  IL-6 production in 
T84 cell line. Since a detailed mechanism is still unclear, 
we needed to evaluate of  the role of  butyrate in different 
concentrations or cell lines. However, it was considered 
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that butyrate had an innate immune modulatory effect.  
With regards to the cell wall fraction of  E. limosum, 

we do not have experimental data, and a detailed study 
will be needed, however, an unidentified peptideglycan 
or a CpG-DNA fraction derived from E. limosum may 
contribute to the colonic mucosal immune response via 
TLR 2 or 9.[30] In our previous preliminary study, GBF 
peculiarly decreased the number of  CD4+ lymphocytes 
in the colonic intrarepithelial layer and lamina propria in 
RAG2-/- CD45RB high-transfer colitis mice, together 
with an increase of  cecal butyrate content.[31] It might also 
be considered that an increase of  butyrate production is 
evidence of  the presence of  modulating microflora in 
this chronic colitis model. Considering the above results, 
the effects of  GBF on colitis could be partly caused by 
a change in the mucosal immune system via modulation 
of  microflora and its metabolitic organic acids, especially 
butyrate production.

In this paper, we described the effects of  the special 
bacteria (E. limosum) and its metabolites on colitis and 
colonic epithelium. In research regarding the pathogenesis 
of  IBD and medical therapeutic approaches to IBD, 
we may have to consider the role of  microflora and 
the interaction between epithelium and bacteria in the 
intestinal tract in more detail. Although these strategies 
hold great promise and appear to be useful in certain 
settings, more studies for example, the relationship 
between mucosa and microflora and its metabolites will 
be needed. This therapy may provide a new nutraceutical 
approach to IBD treatment.
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was further lowered by cisplatin. Bax expression, 
unaffected by VR was increased on cisplatin treatment. 
Mucosal functional integrity was severely compromised 
in cisplatin treated VR-rats. 

CONCLUSION: Low intake of vitamins increases the 
sensitivity of rats to cisplatin and promotes intestinal 
epithelial cell apoptosis.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Although vitamin deficiency is encountered infrequently in 
developed countries, inadequate intake of  several vitamins 
is associated with chronic diseases like cancer, coronary 
heart disease and osteoporosis[1]. About 35% of  all cancers 
are associated with various nutritional deficiencies or 
excesses and a poor nutritional status of  various water and 
fat-soluble vitamins has been demonstrated in populations 
more prone to cancers, without symptoms of  clinical 
vitamin deficiencies[2]. In addition, the prospect that high 
intake of  certain vitamins may confer protection against 
cancer and its side effects during chemo/radiotherapy has 
drawn substantial attention during the last decade[3]. In 
this context, we have recently shown that low intake of  
vitamins (50% reduction) per se can increase the intestinal 
epithelial cell apoptosis through increased oxidative stress 
and result in lowered functional integrity of  the intestinal 
mucosa[4,5].

The cytotoxic actions of  chemotherapeutic agents 
are not tumor specific, and injury to normal but rapidly 
proliferating cells in the bone marrow and intestinal crypt 
often complicates the treatment of  patients with neoplastic 
disease[6, 7]. Systemic chemotherapy exerts cytoablative 
actions via several different mechanisms, ultimately leading 
to cell cycle arrest and/or apoptosis and produces changes 
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Abstract
AIM: To investigate if cisplatin alters vitamin status and 
if VR modulates cisplatin induced intestinal apoptosis and 
oxidative stress in Wistar/NIN (WNIN) male rats. 

METHODS: Weanling, WNIN male rats (n = 12 per 
group) received adlibitum for 17 wk: control diet (20% 
protein) or the same with 50% vitamin restriction. They 
were then sub-divided into two groups of six rats each 
and administered cisplatin (2.61 mg/kg bodyweight) 
once a week for three wk or PBS (vehicle control). 
Intestinal epithelial cell (IEC) apoptosis was monitored 
by morphometry, Annexin-V binding, M30 cytodeath 
assay and DNA fragmentation. Structural and functional 
integrity of the villus were assessed by villus height / 
crypt depth ratio and activities of alkaline phosphatase, 
lys, ala-dipeptidyl amino-peptidase, respectively. To 
assess the probable mechanism(s) of altered apoptosis, 
oxidative stress parameters, caspase-3 activity, and 
expression of Bcl-2 and Bax were determined. 

RESULTS: Cisplatin per se  decreased plasma vitamin 
levels and they were the lowest in VR animals treated 
with cisplatin. As expected VR increased only villus 
apoptosis, whereas cisplatin increased stem cel l 
apoptosis in the crypt. However, cisplatin treatment 
of VR rats increased apoptosis both in villus and crypt 
regions and was associated with higher levels of TBARS, 
protein carbonyls and caspase-3 activity, but lower GSH 
concentrations. VR induced decrease in Bcl-2 expression 
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in the structure of  the intestinal mucosa[8-10] that are 
associated with increased permeability of  the intestine[11]. 

Cisplatin (cis-diamminedichloroplatinum, II) is one of  
the most frequently used anticancer drugs. The therapeutic 
efficacy of  cisplatin derives from its ability to form 
complexes with DNA[12], which exert their cytotoxicity 
by directly inhibiting DNA and RNA synthesis and 
inducing apoptosis[13,14]. In addition, cisplatin has been 
shown to induce production of  reactive oxygen species 
(ROS) that are reported to be important mediators of  
stress response in many cell types[15-17]. ROS accumulation 
and reduced glutathione (GSH) levels are critical to the 
bioactivity of  cisplatin[18-20]. Importantly, inhibitors of  
ROS can block cisplatin-induced apoptosis indicating that 
pathways involved in and/or activated by oxidative stress 
are critical to cisplatin bioactivity[17]. In fact, increased 
intracellular GSH concentrations are found in cells 
resistant to cisplatin[18], and cisplatin-induced toxicity can 
be blunted by systemic administration of  antioxidants like 
N-acetyl cysteine[20]. It has been demonstrated earlier that 
mitochondrial damage is an early event in the pathogenesis 
of  gastric toxicity due to cisplatin [21]. However, cisplatin-
induced apoptosis also involves events that are not ROS-
dependent[22].

Whether vitamin status can modulate apoptosis 
in normal proliferating cells is particularly important 
for cancer chemotherapy as it has immediate clinical 
ramifications. Therefore, we have investigated the effect 
of  sub-optimal intake of  vitamins mimicking a general fall 
of  vitamin status seen in cancer patients on the intestinal 
toxicity of  cisplatin using rat as an animal model.

MATERIALS AND METHODS
Chemicals and reagents 
Cisplatin was obtained from Dabur Pharmaceuticals, India. 
Annexin V-Biotin, M30 CytoDEATH and Streptavidin 
peroxidase were procured from Roche Diagnostics, 
Mannheim, Germany. Primary antibodies for Bcl-2 and 
Bax were from Oncogene Research products, San Diego, 
CA, USA and the substrate for caspase-3 (Ac-DEVD-pNA) 
was from Calbiochem, San Diego, CA, USA. Biotinylated 
secondary antibodies, RNase, proteinase K, Nonidet 
NP-40, agarose, lys, ala- 7-amido-4-methyl coumarin and 
the vitamins used in the diets were from Sigma chemical 
company, St Louis, MO, USA. All other chemicals were 
of  the highest analytical grade and procured from local 
sources.

Animals and study design 
The animal studies were approved by the Ethical 
committee for animal experimentation at the National 
Institute of  Nutrition, Hyderabad, India, which ensures 
that the guidelines set by the government of  India in this 
regard are strictly implemented. A total of  24 Wistar/ 
NIN (WNIN) weanling male rats were obtained from 
the National Center for Laboratory of  Animal Sciences 
at National Institute of  Nutrition, Hyderabad. They were 
divided randomly into two groups of  12 animals each and 
were housed individually in polypropylene cages in a room 
maintained at 24 ± 2 °C, 50-60% relative humidity, with 
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a 12 h light-dark cycle. They were fed for 17 wk, a casein 
based (20% protein) control diet or the same with 50% 
restriction of  vitamin mixture [23]. After 17 wk, control and 
vitamin restricted (VR) rats were further divided into two 
groups of  six rats each and administered cisplatin (CDDP 
- dissolved in PBS, at a dose of  2.61 mg/kg bodyweight) 
once in a week for three wk or PBS (vehicle control). 
The rats had free access to food and water and their food 
intake (daily) and body weights (weekly) were recorded 
periodically during the course of  the experiment. 

At the end of  the feeding and treatment regimen, 
venous blood was collected from all rats after a 17 h 
fasting, through orbital sinus vein puncture into heparin 
containing vials. Plasma was separated immediately and 
stored at -20 °C for analysis of  riboflavin, folic acid and 
vitamin E. Three rats from each group were euthanized in 
a CO2 chamber and sacrificed each day. A 20-cm segment 
of  the jejunum, beginning 12-cm distal to the ligament of  
Treitz, was immediately excised via a midline abdominal 
incision and freed from mesentery and fat. It was then 
processed for evaluating the changes in apoptotic rates. 

Processing of jejunum 
The 20-cm segment of  jejunum was gently washed 
with ice-cold phosphate buffered saline (PBS), divided 
randomly into three segments of  5, 5 and 10 cm each 
and processed as reported earlier [14]. They were used 
respectively for light microscopic observations, isolation of  
epithelial cells and extraction of  DNA and determination 
of  enzyme activities, parameters of  oxidative stress and 
antioxidant status in addition to the expression of  pro and 
anti apoptotic proteins, as described earlier [14,15]. 

Detection of apoptosis 
Samples of  rat jejunum fixed in buffered formalin for 
24 h were dehydrated, embedded in paraffin and the 
number of  apoptotic cells were scored in 4-µm thick 
serial sections under a light microscope, after: (i) staining 
with hematoxylin and eosin  (ii) M30 staining and (iii) by 
Annexin V binding, as described by us earlier[14,15]. Also, the 
DNA isolated from the jejunal epithelial cells was resolved 
on an agarose gel and the DNA fragments visualized under 
a UV trans-illuminator after ethidium bromide staining 
(BioRad).

Oxidative stress, antioxidant status and expression of 
proteins modulating apoptosis 
The frozen samples of  the mucosal scrapings were 
processed and the activities of  caspase-3, Cu, Zn-SOD, 
glutathione peroxidase, catalase were determined as 
described by us earlier[14,15]. Tissue oxidative stress was 
quantified by the estimation of  TBARS and protein 
carbonyls and the expression of  apoptotic modulatory 
proteins Bcl-2 and Bax was assessed by immuno-
precipitation and western blotting[14, 15].    

Structural and functional integrity of villus 
Structural integrity of  the villus was assessed from the ratio 
of  villus height: crypt depths, which were measured under 
a light microscope (100× magnification) using a calibrated 
ocular micrometer. The values of  the villus height and 
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crypt depth in each animal were obtained from the mean 
of  measurements made in seven different fields of  the 
tissue section as described earlier [14]. Activities of  alkaline 
phosphatase and lys, ala dipeptidyl amino peptidase were 
measured 12000 g supernatant, as markers of  functional 
integrity of  the mucosal membrane [14, 15].

Plasma vitamin status 
Plasma vitamin E and riboflavin levels were quantified on 
an RP-HPLC (Agilent Tech Inc., CA, USA) [14], whereas 
folic acid was determined by a solid phase competitive 
binding assay as described earlier [15]

Statistical analysis 
All the results are expressed as mean + SE. Data was 
analyzed statistically by one way analysis of  variance 
(ANOVA) followed by Post Hoc multiple comparison 
tests of  significance using the SPSS package (Version 10.0, 
Chicago, USA). Since no heterogeneity of  variance was 
observed with any of  the parameters tested, differences 
among the groups were tested by the parametric, least 
significant difference (LSD) test. The differences were 
considered significant only if  P < 0.05.

RESULTS
Body weight
Feeding vitamin restricted diet for 17 wk showed no 
significant changes in body weight of  rats compared to 
controls. However, cisplatin administration during the next 
3 wk resulted in loss of  body weight to an extent of  10 % 
in control rats and 18 % in VR rats, due to reduced food 
intake (data not given). 

Plasma vitamin status
Plasma concentration of  folate decreased by 13 % in 
control rats treated with cisplatin compared to those 
treated with saline. On the other hand they decreased by 
38% in VR rats treated with cisplatin compared to saline 
treatment. Plasma riboflavin concentration decreased by 
14% in cisplatin treated compared to saline treated control 
rats, where as this decrease was 24% in cisplatin treated 
compared to saline treated VR rats. Plasma vitamin E level 
fell by 15% in control rats treated with cisplatin compared 
to those treated with saline, where as the decrease was  

29 % in cisplatin treated compared to saline treated VR 
rats (Table 1).

Jejunal mucosal apoptosis
Vitamin restriction per se increased the jejunal villus 
apoptosis by 2 - fold, but not the crypt apoptosis. Cisplatin 
increased jejunal villus apoptosis by 1.7 and 2.4 fold 
respectively in control and VR rats (Figure 1A). However, 
crypt apoptosis in jejunum increased by 4 and 5 fold in 
control and VR rats respectively by cisplatin treatment 
(Figure 1B). Vitamin restriction per se increased Caspase  
- 3 activity by 2.4-fold. Cisplatin treatment increased 
caspase-3 activity by 3.5-fold in control and VR rats, 
compared to their saline treated controls (Figure 1C). 
There were 14% Annexin V positive cells in VR rats. 
Cisplatin treatment resulted in 13 and 25 % Annexin V 
positive cells in control and VR rats respectively (data 
not given). On the other hand M 30 positive cells were 
25% in VR rats. Cisplatin treatment resulted in 30% 
of  cells positive for M 30 in control rats whereas M 30 
positive cells were 70% in VR rats (Figure 2). VR rats 
showed a clear inter-nucleosomal DNA fragmentation 
pattern characteristic of  apoptosis. Interestingly DNA 
fragmentation increased further with cisplatin treatment. 

Figure 1  Apoptotic index and caspase-3 activity of the intestinal mucosa of control 
and vitamin restricted rats treated with cisplatin or saline (vehicle) 
Vertical bars are means with standard error, of IEC apoptotic indices in villus (Panel 
A) and crypt (Panel B) regions of control, vitamin restricted rats treated with saline 
and cisplatin (n = 6 per group). Intestinal sections were stained with hematoxylin 
and eosin and studied by morphometry under a light microscope. Caspase-3 
activity (Panel C) was measured in 12000 g supernatant using a colorimetric 
substrate.

Table 1 Plasma levels of fat and water-soluble vitamins in 
control and vitamin restricted rats treated with cisplatin

Group                 Folate         Riboflavin	  α -Tocopherol
                (μg/dL)               (μg/dL)      (μg/dL)

CON            4.85a ± 0.10       4.74a ± 0.06     74.1a ± 2.59
VR             2.08b ± 0.50       2.42b ± 0.12     46.4b ± 2.74
CON+CDDP         4.23c ± 0.11        4.05c ± 0.07      63.2c ± 2.93
VR+CDDP            1.28d ± 0.11       1.85d ± 0.03     33.1d ± 2.61

Values are mean ± SE of 6 observations; Means in a column with different 
superscripts are significantly different from each other (P ≤ 0.05), by one-way 
ANOVA, followed by post-hoc least significant difference ( LSD ) test. CON - 
control rats; VR - vitamin restricted rats; CON+CDDP - control rats treated with 
cisplatin and VR+CDDP - vitamin restricted rats treated with cisplatin.
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However, control rats treated with cisplatin showed 
relatively less fragmentation of  DNA compared to VR rats 
(Figure 3).

Tissue oxidative stress
Levels of  TBARS and protein carbonyls in intestinal 
epithelial cells increased significantly with vitamin 
re s t r i c t ion compared to cont ro l r a t s. C i sp l a t in 
administration increased the levels of  TBARS and protein 
carbonyls both in control and VR rats, but to a lesser 
extent in control than VR rats (Figure 4A).

Structural and functional integrity of the jejunal villi
Activities of  alkaline phosphatase and lys, ala - dipeptidyl 
amino-peptidase decreased significantly in the intestinal 
epithelial cells of  rats fed vitamin restricted diet. Cisplatin 
treatment decreased their activities not only in control 
rats but also decreased it further in VR rats, compared to 
their saline treated controls (Figure 4B, C). Ratio of  Villus 
height to Crypt depth, indicative of  structural integrity of  
the intestinal mucosa, significantly decreased with vitamin 
restricted diet and showed a further decline with cisplatin 
treatment (Figure 4D).

Figure 2 Photomicrographs of apoptotic cells showing positivity for M30 antibody
Representative photomicrographs of intestinal sections immuno-histochemically 
stained with M 30 antibody.  De-paraffinized, intestinal sections were hydrated 
and probed with M 30 antibody and the positive cells detected by enzymatic color 
reaction. Number of the brown colored positive cells were counted in a total of 
1000 cells and expressed as the percentage.
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Figure 3 DNA fragmentation pattern in intestinal epithelial cells of control and 
vitamin restricted treated with saline or cisplatin.  
Epithelial cells were separated from a portion of rat jejunum, DNA extracted and 
resolved on a 1.5% agarose gel and stained with ethidium bromide.
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Tissue antioxidant status
Vitamin restriction significantly decreased the intestinal 
epithelial cell GSH concentration compared to control rats. 
Cisplatin treatment per se lowered GSH levels in control 
rats compared to saline treated ones. Cisplatin treatment 
further lowered the GSH levels in VR rats compared to 
saline treated VR rats (Figure 5A). 

Vitamin restriction as well as cisplatin administration 
increased the SOD activity significantly (Figure 5B). 
Catalase activity increased significantly in VR rats compared 
to control rats. Cisplatin administration in control and VR 
rats significantly decreased the catalase activity compared 
to saline treated rats (Figure 5C). Glutathione peroxidase 
activity increased significantly with vitamin restriction. 
Similar to catalase, cisplatin administration in control and 
VR rats significantly decreased the glutathione peroxidase 
activity compared to saline treated rats (Figure 5D).

Expression of pro- and anti-apoptotic proteins in intestinal 
epithelial cells
Figure 6 shows the levels of  Bcl-2 and Bax in control 
and vitamin restricted rats treated with saline or cisplatin. 
Cisplatin treatment as also vitamin restriction decreased 
Bcl-2 levels significantly. The levels decreased further in 
VR rats on cisplatin treatment. On the other hand Bax 
levels increased significantly in VR rats compared to 
controls. Cisplatin treatment elevated the levels of  Bax 
protein not only in control rats but also increased them 
further in VR rats.

DISCUSSION
Low intake of vitamins increased cisplatin action on 
epithelial cell apoptosis 
Cisplatin is a free radical-producing drug that significantly 
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decreases the plasma concentrations of  antioxidants (24) 
and induces intestinal epithelial cell apoptosis. Earlier, we 
showed that chronic low intake of  vitamins decreased the 
plasma vitamin status and significantly increased intestinal 
villus epithelial cell apoptosis compared to control rats 
(14). In line with these findings, feeding 50% vitamin 
restricted diet for 20 wk significantly lowered the plasma 
levels of  both fat and water soluble vitamins, with no 
significant effect either on food intake or body weight 
(data not shown). Interestingly, cisplatin administration per 
se decreased the plasma vitamin levels to about 85% of  
controls and it reduced further, the plasma vitamin levels 
in VR rats to 30-40% of  controls. These results indicate 
that cisplatin treatment per se impairs the vitamin status, 
but also worsens the vitamin status in VR rats further. 

Therefore, to understand if  reduced vitamin status has 
any role in cisplatin induced intestinal toxicity, we assessed 
IEC apoptosis in control and VR rats treated with cisplatin. 
Unlike vitamin restriction, which increased the villus 
apoptosis alone, cisplatin increased apoptosis both in villus 
and crypt regions by 2.3 and 4.0- fold respectively (over 
saline treated controls) as assessed by morphometry. On 
the other hand, cisplatin treatment of  VR rats increased 
villus and crypt apoptosis by 2.7 and 5.0- fold (over saline 
treated VR rats) respectively (Figure1A and B). In line with 
earlier reports that chemotherapy causes intestinal damage 
with apoptosis of  intestinal crypts, which precedes hypo 
proliferation resulting in crypt hypoplasia [25], the stem cell 
region (crypt) showed greater sensitivity to cisplatin both 
in control and VR rats. Although VR per se had no effect 
on crypt apoptosis, it appeared to sensitize the crypt region 
to cisplatin induced apoptosis and in the villus region, 
VR appeared to synergistically increase cisplatin induced 
apoptosis. These results show for the first time to the best 
of  our knowledge, different effects of  VR on cisplatin 
induced apoptosis in proliferating and differentiated cells 
of  the intestinal mucosa. Higher rates of  apoptosis as 
assessed by morphometry correlated well with increased 
staining of  IECs with Annexin V (data not shown) and M 
30 antibodies (Figure 2). Indeed, 70% of  the IECs were M 
30 positive in VR rats treated with cisplatin while only 30% 
were positive in control rats treated with cisplatin. 

Caspase 3 is an effector caspase activated by many 
apoptotic stimuli. To confirm that the increased IEC 
death in cisplatin treated VR rats is truly apoptotic and not 
necrotic, we assessed whether cisplatin and VR induced 
increase in IEC apoptosis correlated with an increase 
in effector caspase activation. Indeed caspase - 3 in VR 
rats was activated about 2.4 fold over controls whereas 
it increased about 3.0 fold both in control and VR rats 
treated with cisplatin (Figure 1C). Further, the increased 
Caspase 3 activity is in line with the synergistic effect of  
VR on cisplatin induced IEC apoptosis. That cisplatin 
treated VR rats showed 8-fold increase in caspase-3 
activity compared to saline treated controls (Figure 1C) 
corroborates the increased IEC apoptosis in cisplatin 
treated VR rats and confirms that low intake of  vitamins 
increases the sensitivity of  intestinal epithelium to cisplatin 
induced apoptosis. 

Modulation of  the sensitivity of  IECs to cisplatin-
induced apoptosis by VR was further assessed by DNA 

fragmentation in these cells. Despite a constitutive low 
rate of  apoptosis in IECs of  control rats, no DNA 
fragmentation was detectable, where as low amounts of  
fragmented DNA were observed in VR rats (Figure 3). 
Cisplatin treatment per se significantly increased DNA 
fragmentation, while priming with low vitamin intake 
further increased the abundance of  DNA fragments. 

Increased apoptosis is associated with increased oxidative 
damage of protein and lipids in intestinal epithelial cells 
Since VR increases IEC apoptosis by increasing oxidative 
stress, we determined whether cisplatin also affects the 
IEC oxidative stress. The significantly higher levels of  
TBARS and protein carbonyls, the oxidative products 
of  lipids and proteins, in the IECs of  cisplatin treated 
control rats indicates increased oxidative stress in them 
(Figure 4A). That their levels increased further and were 
the highest in cisplatin treated VR rats indicates that VR 
modulated cisplatin induced oxidative stress. The data 
suggests that cisplatin treatment substantially increased the 
ROS formation in the intestinal mucosa.

Vitamin restr ict ion and c isplat in administrat ion 
compromised the structural and functional integrity of villi 
In view of  our earlier finding that VR induced increase 
in IEC apoptosis affected the structural and functional 
integrity of  the intestinal mucosa [14, 15], we assessed next, 
whether the increased IEC apoptosis induced by cisplatin 
in control and VR rats has similar effects. Cisplatin 
administration significantly decreased the ratio of  villus 
height / crypt depth (Figure 4D) as well as mucosal marker 
enzyme activities (Figures 4B & C) in IECs of  control 
rats and these indices were decreased further in cisplatin 
treated VR rats, indicating altered structural and functional 
integrity of  mucosa and the synergism between cisplatin 
treatment and VR in this regard. These results indicate that 
cisplatin per se increases oxidative stress in general and lipid 
peroxidation in particular, which damage the membranes 
facilitating the leakage of  solutes and VR appears to 
enhance this effect further. This appears to be responsible 
at least in part, for the lowered vitamin status in cisplatin 
treated rats. 

Lowered ant ioxidant status and an imbalance in 
antioxidant enzyme activities with vitamin restriction 
increased mucosal sensitivity to cisplatin action 
To gain insight into the oxidant-antioxidant balance in 
rats treated with cisplatin and the effect of  VR on it, we 
monitored the GSH levels in addition to determining 
the antioxidant enzyme activities. Elevated intracellular 
levels of  GSH, the cellular antioxidant involved in free 
radical scavenging activity, is associated with resistance 
to chemotherapeutic agents [26]. VR per se decreased the 
GSH levels in the IECs and cisplatin further decreased 
them markedly. (Figure 5A). Endogenous antioxidant 
systems are of  singular importance in limiting oxidative 
cellular damage. To assess the increased sensitivity if  any, 
of  intestinal epithelium to cisplatin in VR rats was also 
associated with altered activities of  anti-oxidant enzymes, 
we monitored the activities of  antioxidant enzymes. 
Vitamin restriction per se increased the activities of  all the 
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three enzymes. While cisplatin treatment increased SOD 
and decreased catalase and GPX activities in control rats, 
it increased SOD further, and significantly decreased 
catalase and GPX activities in VR rats. These changes 
in the antioxidant enzymes observed in this study are in 
general agreement with the following literature reports: 
Up regulation / over expression of  SOD and catalase are 
known to decrease the toxicity of  cisplatin [27], whereas 
down regulation of  GPX is associated with mitochondrial 
dysfunction in the kidney epithelial cells [28]. It appears 
that the possible increase in the accumulation of  H2O2 or 
R2O2 as a consequence of  the imbalance in the antioxidant 
enzyme activities could enhance the intrinsic sensitivity of  
the intestinal mucosa to cisplatin-induced apoptosis. 

Vitamin restriction and cisplatin administration lowered 
Bcl-2 and increased Bax expression 
To determine, if  the increased IEC apoptosis seen in 
vitamin restriction and cisplatin treatment is associated 
with altered expression of  the pro and anti-apoptotic 
proteins, the levels of  Bax and Bcl-2 were measured by IP 
- Western blotting. Whereas Bcl-2 expression significantly 
decreased in VR rats (than controls), it was barely 
detectable in cisplatin treated control rats (Figure 6A). 
On the other hand, Bax expression was not altered in VR 
rats, but cisplatin increased its expression both in control 
and VR rats, albeit the increase was not significant (Figure 
6B). The increased Bcl-2 expression is shown to stabilize 
mitochondria, prevent cytochrome c release and thereby 
reduce the cytotoxic potential of  most anticancer drugs [29]. 
These results thus seem to suggest that up-regulation of  
Bax and the down-regulation of  Bcl-2 were involved in 
cisplatin induced IEC apoptosis and that VR may not 
affect the action of  cisplatin in this regard.

Anticancer drugs are known to operate principally 
by “forcing” the actively proliferating tumor cells into 
apoptosis[30]. However, these drugs also affect other 
proliferating cells like stem cells in the crypt of  the 
intestinal mucosa and bone marrow either due to altered 
cellular redox status and / or deregulation of  pro and 
anti-apoptotic protein expression. Since our studies 
indicate such effects to be more pronounced in vitamin 
restriction and that cisplatin treatment impairs vitamin 
status, it appears possible that intestinal toxicity of  anti-
cancer drugs can at least partly be due to a fall in vitamin 
status caused by cancer chemotherapy. Further, as VR 
potentiates the apoptotic response of  IECs to cisplatin, 
vitamin deficiencies common among cancer patients may 
alter their intestinal tissue homeostasis and when they are 
exposed to a stress like chemical or radiation insult, result 
in frank tissue injury and loss of  functional integrity. Our 
results provide qualitative and quantitative evidence, which 
support the hypothesis that vitamin restriction markedly 
amplifies the toxicity of  cisplatin in the intestine. Therefore 
the need to fix the dose of  anticancer drug based on the 
subjects’ vitamin status appears imperative to avoid the 
toxicity of  the drug to the normal IECs. Further, it appears 
pertinent to study whether vitamin supplementation either 
singly or as a mixture can reverse such changes associated 
with cisplatin administration. 
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antioxidant defence system. Al, Cu, Mn, Zn, and S were 
lower in the hyperemia group than in the sham operated 
group when the levels of Ca, Fe, Mg, Se and P ions were 
higher during hyperemia. 

CONCLUSION: Oxidative stress is one of the main 
factors for the injury of intact l iver lobes during 
ischaemia-reperfusion.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Acute hyperemia (hyperperfusion) occurs during 
operations of  the liver when the blood flow of  part of  the 
liver is selectively occluded by the surgeon, therefore the 
non-occluded lobes have to deal with a greater amount 
of  blood. This type of  operation is relatively rare, but 
the mechanism of  this kind of  damage can be of  great 
interest since very few data on this topic are available in 
the literature. After liver resection the non-resected liver 
tissue receives the whole blood volume of  the portal 
vein and the hepatic artery, therefore it may be assumed 
that hepatic overflow is related to these operations. The 
same mechanism occurs during liver transplantation from 
a living donor both in the liver of  the donor and in the 
recipient. Owing to the relatively small size of  the liver it is 
rather difficult to handle hemodynamic changes[1].

Hemodynamic changes due to the regeneration of  
the liver may have effect on the above mentioned hepatic 
hyperperfusion, therefore long-term investigation on 
this model may be an interesting field of  research in the 
future[2-4].

Along with the increased blood flow, oxygen tension 
of  the hepatic tissue is also high. High oxygen tension 
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Abstract
AIM: To determine whether increased blood flow of the 
liver can cause oxidative stress and hepatocyte damage, 
and to elaborate methods suitable for measuring the 
antioxidant defence during hepatic surgery on rat model. 

METHODS: In nembutal narcosis, the left lateral and 
the medial lobes of the liver were clipped for 45 min 
to make the total blood supply flow through the other 
lobes. Total antioxidant status, glutathione peroxidase 
and superoxide dysmutase activity, as well as the 
concentrations of diene conjugates and free sulphydril 
groups, H-donating ability and reducing power of the 
liver samples were determined. Chemiluminescent 
intensity of the liver was also measured. Metal ions (Al, 
Ca, Cu, Fe, Mg, Mn, Zn) and P and S concentrations of 
the liver were determined with an inductively coupled 
plasma optical emission spectrometer and Se content 
was measured by cathodic stripping voltammetry. 

RESULTS: Glutathione peroxidase and superoxide 
dysmutase activities of the liver decreased significantly 
in the hyperemia group compared to those observed 
in the sham operated group. The leve l of tota l 
antioxidant status was also significantly lower in the 
hyperemia group. H-donating ability, reducing power 
and free sulphydril group concentration showed the 
same tendency. A significant correlation (P<0.05) was 
found between the changes in non-specific antioxidant 
activities. This pointed to simultaneous activity of the 
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is connected to the generation of  oxygen-related free 
radicals, such as hydroxyl radical, superoxide-anion 
or hydrogen peroxyde. Oxidative stress causes major 
disturbances in the redox-homeostasis of  the liver cells, 
therefore it also affects the main cellular functions through 
signal transduction[5].

Especially in liver tissue, oxidative stress activates the 
Kupffer cells and Ito cells first, which are responsible for 
most of  the liver damage[6]. Great amounts of  free radicals 
are generated by Kupffer cells during their respiratory 
burst, which is a most important source of  reactive oxygen 
species. Kupffer cells generate other mediators (cytokines, 
prostaglandines) as well, and these agents increase the 
damage of  the liver tissue[7].

Oxidative stress causes lipid peroxidation of  the cellular 
membranes, and diene conjugates and malondialdehyde are 
generated[8]. The injury of  the cellular membranes destroys 
the homeostasis of  hepatocytes, which leads finally to 
apoptosis or necrosis[9].

The great amount of  free radicals and fast blood flow 
increase the risk of  thrombosis, which can be related to 
greater liver cell damage[10]. Platelet aggregation is also 
affected by superoxide anions and hydroxyl radicals[11, 

12]. The disturbance in the circulation of  the liver may 
cause endothelial dysfunction by changing the ratio of  
vasoconstrictor and vasodilatator agents[13, 14]. The role of  
the white blood cells in thrombotic mechanisms related to 
ischaemia-reperfusion is well known. The same reactions 
may occur in intact liver lobes [15, 16].

Oxidative stress and the generation of  free radicals 
are closely related to transition metals and the antioxidant 
defence system is dependent on metal elements and 
selenium[17, 18]. Therefore, determination of  the element 
content in liver is relevant. 

The aim of  this study was to determine whether 
increased blood flow of  the liver may cause oxidative stress 
of  hepatocytes and to find methods suitable for measuring 
antioxidant defence during hepatic surgery on rat model. 

MATERIALS AND METHODS
Materials
Luminol, microperoxidase, hydrogen peroxide, and 
1,1-diphenyl-2-picryl-hydrasyl radical were obtained from 
SIGMA (St.Louis). TAS (NX2332), SOD (SD 125) and 
GSHPx (RS 506) kits were bought from Randox (Crumlin, 
UK). The standard solution for ICP measurements was 
made from Merck ICP standards, and other chemical 
reagents were purchased from Reanal Chemical Company 
(Budapest).

Surgical model
Male Wistar rats (250 g) were purchased from Charles 
River Hungary and housed in a temperature- and humidity-
controlled room under a constant 12-h light/dark cycle. 
Animals had free access to water and standard rat chow. 
All experiments were performed with rats fasted for 12 
h prior to operations. All studies were performed with 
the permission of  the Animal Health and Food Control 
Station (770/004/04).

www.wjgnet.com

Surgery was performed under deep nembutal narcosis 
(35 mg/body weight kg). Body temperature was kept 
between 36.5 °C and 37.5 °C. After laparotomy, circulation 
occlusion of  the left lateral and the medial liver lobes was 
induced. Reflow was initiated by the removal of  microclips, 
which selectively clamped the branches of  the portal vein 
and hepatic artery. 

Experimental design
For evaluation of  the hepatic owerflow injury, a control 
group and a sham operated group were compared with 
two intervention groups respectively.

The rats were divided into control group (n=6) in 
which rats were not operated; sham operated group (n=6) 
in which laparotomy was performed for 45 min without 
damage to the liver; hyperemia (hyperperfusion) group 
(n=6) in which the peduncules of  the right, left medial and 
lateral lobes were clipped to make the total blood volume 
of  the portal vein and the hepatic artery flow through the 
lesser lobes of  the liver for 45 min and then liver samples 
were taken as reperfusion group (n=6) in which the clips 
were removed from the peduncules of  the ligated lobes to 
restore the original hemodynamic conditions of  the liver 
after the 45-min-hyperemia period, modelling selectively 
induced ischaemic resection type of  the liver. After 15 min 
of  reperfusion the livers were stored at -20 °C for further 
examinations. The rats were exsanguinated from the 
arterial vein after the experiments.

Measurement of enzyme activity and concentration of 
metal ions
Concentration of  the diene-conjugates was measured 
based on the method of  AOAC[19]. Free SH-groups were 
determined by the Sedlack method based on the Ellmann 
reaction[20]. The H-donating ability of  the samples was 
determined by Blois’s method modified by Blázovics et 
al[21] in the presence of  a 1,1-diphenyl-2-picryl-hydrasyl 
radical. Absorbance of  the methanolic DPPH-dye 
was detected spectrophotometrically at 517 nm. For 
characterization of  the ability, inhibition (%) was given to 
the DPPH degradation[22, 23]. Oyaizu’s method was adopted 
for the determination of  the reducing power (RP) of  
the samples. The change in absorbance was measured, 
which accompanied Fe3+-Fe2+ transformation at 700 nm, 
and the RP was compared to that of  ascorbic acid[24]. All 
spectrophotometric measurements were carried out with a 
Jasco V 550 instrument.

A recently developed chemiluminescence assay adapted 
to a Berthold Lumat 9501 instrument was applied. The 
procedure was carried out by the method of  Blázovics et 
al [21]. The volume of  liver homogenate samples (protein 
content was 10 mg/mL) was 0.06 mL. Chemiluminescent 
intensity of  the samples was expressed in RLU% (relative 
light unit %) of  the standard (basic chemical reaction 
means: H2O2-luminol-microperoxidase reaction).

The levels of  total antioxidant status (TAS), superoxide 
dysmutase (SOD) and glutathione peroxidase (GSHPx) 
were deter mined from the supernatants of  l iver 
homogenates (10 mg/mL protein content) with Randox 
kits. The results were expressed in arbitrary units calculated 
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from the absorbance detected by spectrophotometry. 
Protein content was measured by the method of  Lowry[25].

Element concentration in the pooled liver homogenate 
samples was determined in three parallel measurements 
with an inductively coupled plasma optical emission 
spectrometer (ICP-OES). Type of  instrument used was 
Atom Scan 25 (Thermo Jarrell Ash Co.). After digestion 
of  the liver samples (1 mL) with a mixture of  nitric acid 
(5 mL) and hydrogen peroxide (2 mL) diluted to 10 mL 
with deionised water, the concentration of  9 elements 
(Al, Ca, Cu, Fe, Mg, Mn, P, S, Zn) was determined three 
times, three seconds each time. Integration time, blank 
subtraction and background correction were applied 
during the measurements[26]. 

Se content in the liver was determined by a cathodic 
stripping voltammatric method with hanging mercury drop 
electrode (instrument: Trace Lab 50). The digested samples 
for the element measurement (previous paragraph) was 
measured in 1 mol/L HCl as supporting electrolyte by 
preconcentration at - 350 mV. Electrolysis time: 100; 
potential: -300 mV up to -900 mV; step duration; -50 mV/s.

Statistical analysis
One-way ANOVA statistical analysis was performed to 
evaluate significant levels between the different groups of  
rats. Pearson’s correlation matrix was used to evaluate the 
correlation between measured parameters. The data were 
expressed as present mean ± SD. Five parallel measures 
were carried out from each of  the pooled samples, in this 
case the data showed mean values when c.v. was below 
5.00  %.  P<0.05 was considered statistically significant.

RESULTS
The amount of  generated diene conjugates is shown 
in Figure 1A. The concentration of  diene conjugates 
increased significantly in the sham operated rats, which 
was significantly higher in the hyperemia group than that 
(0.171±0.001) in the control group and (0.201±0.007) in 
the hyperemia group ∆E232nm. When the circulation of  the 
liver returned to normal, the level of  diene conjugates also 
tended to return to the normal value.

Figure 1 Changes of diene-conjugates (A) and chemiluminescent intensity (B) in different groups. aP<0.05 vs control group.
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Figure 2  Changes of H-donating ability (A), reducing power (B), concentration of free SH groups (C), SOD activity (D), glutalhione-peroxidase activity (E) and TAS level (F) 
in different groups. aP<0.05 vs control group and sham operation group.
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Chemiluminescent intensity was significantly higher 
in the sham operated group (1.339 x 10

 
± 1.42 x 104 

RLU) 
(as well as during hyperemia) than in the control group 
(1.612 x 107±1.03 x 106 RLU). Chemiluminescent intensity 
was normalized by reperfusion of  the ligated lobes (Figure 
1B). The concentration of  diene conjugates as well as the 
chemiluminescent intensity pointed to oxidative damage to 
the liver tissue.

H-donating ability was lower in the hyperemia group 
(36.05± 0.12) than in the sham operated group (33.53
± 2.85). The changes in reducing power (159.36 ± 5.76 
versus 140.16± 13.68 µmolAS/g protein) and in the 
concentration of  free SH-groups (0.649± 0.054 versus 
0.579± 0.042 mmol/L) showed the same tendency, 
although the changes were not significant (Figures 2A, 
2B, 2C), indicating a decrease in non specific antioxidant 
defence. In the reperfusion group these parameters showed 
enormous deviation, suggesting that the antioxidant 
system had to exert a great ability.

A positive correlation (P < 0.05) was found between 
the changes in H-donating ability, reducing power and 
the concentration of  free SH-groups (r = 0.81 between 
H-donating ability and reducing power, r = 0.82 between 
H-donating ability and SH-groups and r = 0.56 between 
reducing power and SH-groups), indicating the parallel 
work of  the antioxidant defence system. 

The SOD activity (in arbitrary unit) of  the liver 
decreased significantly in the hyperemia group (0.634
± 0.133) compared to that in the sham operated group  
(1.073± 0.122) (Figure 2D). The glutathione-peroxidase 
(GSHPx) activity (in arbitrary unit) was significantly lower 
in the hyperemia group (263.11± 45.17) than in the sham 
operated group (380.70± 33.88). When the hepatic flow 
became normal, the activity of  the enzyme approached the 
basic state (328.38± 51.87) (Figure 2E). The level of  TAS (in 
arbitrary unit) was also significantly lower in the hyperemia 
group (1.936± 0.027)  than in the sham operated group 
(2.214± 0.165) (Figure 2F).

The concentration of  elements (Al, Ca, Cu, Fe, Mg, 
Mn, P, S, Se and Zn) was also determined from pooled liver 
samples by ICP-OES and polarography. The concentration 
of  Al, Cu, Mn, Zn, and S was lower in the hyperemia 

group than in the sham operated group, while the level 
of  Ca, Fe, Mg, Se and P ions increased during hyperemia. 
The tendency was the same in the case of  Cu, Mn, Se and 
Zn level during reperfusion, which were essential for the 
activity of  SOD and GSHPx enzymes (Table 1).

The correlations between the changes in metal ion 
content are listed in Table 2. 

DISCUSSION
Hepatic overflow has not been studied thoroughly so far. 
The intact liver lobes of  the rat ischaemia-reperfusion 
model are generally considered unharmed, whereas 
oxidative damage has been verified in our investigations. 
The injury is probably due to the generation of  free 
radicals. The presence of  oxidat ive stress causes 
disturbances in the cell cycle and initiates apoptosis[27]. 
Hepatic apoptosis is related to the generation of  
interferon-γ, which is able to produce oxygen-related free 
radicals as well[28].

The production of  reactive oxygen substances leads to 
hepatocyte damage, therefore, poor liver function becomes 
even worse[29]. A better understanding of  these mechanis-
ms is important, since the generation of  free radicals and 
the decrease in antioxidant level can be compensated with 
scavenger molecules such as glutathione and multivitamin 
infusion[30-32]. Moreover, aged patients after liver surgery 
have significantly weaker antioxidant defence than young 
ones[33].

Compared to the control group, the level of  diene 
conjugates and the chemiluminescent intensity were sig-
nificantly higher in the sham operated animals as well as 
in the animals with liver overflow. The high level of  lipid 
peroxidation is one of  the markers of  oxidative stress, 
which along with the changes in chemiluminescent inten-
sity point to hepatocyte injury. Chemiluminescent intensity 
is considered as the amount of  generated free radicals. The 
generation of  free radicals is related to the production of  
cytokines and other inflammatory agents, and NFκ-B is 
also activated in the process[34], which finally leads to apop-
tosis and/or necrosis.

Apoptosis may occur in a physiological setting without 

Table 1 Element concentrations (μg/g) in rat liver (mean
±SD)

aP<0.05 vs sham operated group, cP<0.05 vs hyperemia group, eP<0.05 vs 
control group

Control Sham-operated Hyperemia Reperfusion 

Al 0.501±0.04 0.736±0.03 = 0.484±0.03 a 0.643±0.035 a,c,e

Ca 22.43±0.31 22.79±0.04 35.05±0.29 a,e 23.72±0.17 a,c

Cu 1.628±0.02 1.671±0.02 1.651±0.01 1.595±0.02 a,c

Fe 52.04±1.21 46.81±0.62 e 58.18±1.08 a,e 59.90±1.03 a,e

Mg 81.40±0.29 84.60±1.07 89.76±0.49 a,e 81.87±1.03 a,c

Mn 1.260±0.87 1.314±0.02 1.300±0.01 1.279±0.01
P   1680±119  1714±41  1799±68  1751±40 a

Se    54.6±16.8 107.3±28.3 e 129.8±38.9 e  60.9±10.9 a,c

S  1273±22  1562±14 e  1404±11 a,e  1345±24 a,c ,e

Zn 14.79±0.04 14.33±0.02 13.96±0.12 a 13.49±0.10 a,c

Table 2 Significant correlations between metal elements 
in liver during experiment 

Metal ions Correlations Metal ions Correlations

Al-Fe r = -0.92; P < 0.05 P-Zn r = -0.73; P < 0.05
Ca-Fe r = 0.85; P < 0.05 P-S r = 0.99; P < 0.05
Ca-Mg r = 0.92; P < 0.05 Se-Cu r = 0.75; P < 0.05
Ca-S r = 0.86; P < 0.05 Se-Mn r = 0.83; P < 0.05
Ca-P r = 0.87; P < 0.05 Se-Ca r = 0.75; P < 0.05
Cu-Mn r = 0.72; P < 0.05 Se-Mg r = 0.95; P < 0.05
Mg-S r = 0.85; P < 0.05 Se-S r = 0.77; P < 0.05
Mg-P r = 0.79; P < 0.05
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inflammation. In pathophysiological settings apoptosis 
frequently induces inflammation because of  the onset 
of  secondary necrosis and stimulation of  cytokine and 
chemokine formation. In liver, mitochondrial permeability 
transition represents a shared pathway that leads to both 
necrosis and apoptosis (adenosine triphosphate depletion, 
cytochrome C release), which makes discrimination 
between the two forms of  cell death difficult sometimes[35].

Signal transducer and activator of  transcription-3 (Stat3) 
are the most important molecules involved in the initiation 
of  liver regeneration. Stat3 activation protects against Fas-
mediated liver injury by inhibiting caspase activities in 
redox-dependent and -independent mechanisms[36]. Stat3 
provides hepatoprotection against Fas-mediated apoptotic 
liver damage by two mechanisms: direct inactivation of  
caspases and reduction of  reactive oxygen species[37].

During hepatic overflow the antioxidant system is in-
jured as well. The non-enzymatic defence system can be 
described by determining the values of  H-donating ability, 
reducing power and the concentration of  free SH-groups, 
which were found to be lower in this experiment. When 
the defence activity is lower, free radicals induce severer 
damage, suggesting that these factors are of  great im-
portance. The changes in enzymatic defence (TAS, SOD, 
GSHPx) show the same tendency, as observed in non-
enzymatic defence. These changes may be suitable markers 
of  hepatocyte damage. The joint effect of  the high amo-
unt of  reactive oxygen species produced and the decrease 
in the defence system may be the key to a better unders-
tanding of  the damage during hepatic hyperemia.

In the present study, the high amount of  blood flow 
caused the transfer of  some metal ions into the liver cells. 
Especially the Ca, Fe, Mg, and P content in the liver inc-
reased during hyperemia, which can be explained by the 
injury of  cellular membranes. The amount of  the genera-
ted diene conjugates also pointed to the injury of  cellular 
membranes. The concentration of  most of  the essential 
metal ions increased in the liver of  sham operated rats. 
The accumulation of  Fe during hepatic owerflow and af-
ter surgery is important, since this element can induce the 
production of  free radicals through the Fenton reaction. A 
strong positive correlation was found between the changes 
in concentrations of  Ca-Fe, Ca-Mg, Ca-S, Ca-P, Cu-Mn, 
Mg-S, Mg-P, and P-S, while there was a strong negative 
correlation between the levels of  Al-Fe and P-Zn. The ac-
cumulation of  certain elements in the liver during surgery 
may be harmful.

Since the presence of  Mn, Zn and Cu is essential for 
the function of  SOD enzymes, their lower ability may be 
attributed to the loss of  the above elements[38]. Se is rele-
vant to the action of  glutation-peroxidase, which is also 
important in the antioxidant defence of  liver cells. During 
our experiment the behaviour of  Se was suprising. There-
fore, measuring Se concentration under these conditions 
may lead to a new and important field of  research[39]. The-
se findings also underline the changes in the homeostasis 
of  liver cells due to hyperperfusion.

Compared to the ischaemia-reperfusion damage[40], the 
injury caused by hyperemia is related to less hepatocyte 
dysfunction, an important risk factor for liver surgery.
In conclusion, the methods applied by us are suitable for 

measuring compensatory mechanisms in hyperemia and 
ischaemia-reperfusion. 
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permeability that is inhibitable by HgCl2 was detected in 
porcine erythrocytes and CHO cells stably transfected 
with pAQP1 cDNA. Immunoblot analysis of porcine 
erythrocytes and pAQP-transfected CHO cells revealed 
an unglycosylated 28 ku band and larger glycosylated 
proteins.

CONCLUSION: pAQP1 is the first porcine aquaporin 
that can be molecularly identified so far. The broad 
distribution of pAQP1 in epithelium and endothelium 
of porcine digestive organs may suggest an important 
role of channel-mediated water transport in fluid 
secretion/absorption as well as in digestive function and 
pathophysiology of the gastrointestinal system.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Aquaporins (AQPs) are water channel proteins located on 
membranes of  various cell types where they create high 
water permeability. So far at least 12 mammalian members 
of  AQP family have been molecularly localized in diverse 
fluid transporting tissues have been molecularly identified. 
Recent studies on human subjects with AQP gene 
mutations using transgenic AQP knockout mice indicate 
that AQPs have important functions in multi-tissue 
physiology and pathophysiology[1, 2]. In the gastrointestinal 
(GI) system, several aquaporins (including AQPs 1, 3-5, 
7-10) are localized on various epithelial and endothelial 
cell membranes of  human and rodent GI organs and 
provide a trans-cellular pathway for fast water movement 
during fluid secretion and absorption[3-6]. Studies on AQP 
knockout mice demonstrated that AQP5 plays a role in 
saliva secretion[7], AQP1 a role in dietary fat processing[8], 
and AQP4 a role in colonic fluid absorption and fecal 
dehydration[9]. On the other hand, localization of  AQPs 
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Abstract
AIM: To clone and characterize the porcine aquaporins 
(AQPs) in the gastrointestinal system.

METHODS: A PCR-based cloning strategy and RACE 
were used to clone full-length AQP coding sequence 
from reversely transcribed pig liver cDNA. Stopped-flow 
light scattering and a YFP-based fluorescence method 
were used to measure the osmotic water permeability 
of erythrocytes and the stably transfected CHO cells. 
RT-PCR, Northern blot, and immunohistochemistry 
were used to determine the gastrointestinal expression 
and localization of cloned AQPs. Protein expression in 
transfected cells and red blood cells was analyzed by 
Western blot.

RESULTS: An 813 bp cDNA encoding a 271 amino 
acid porcine aquaporin (designated pAQP1) was cloned 
from liver mRNA (pAQP1 has a 93% identity with 
human AQP1 and contains two NPA motifs conserved 
in AQP family, one consensus sequence for N-linked 
glycosylation, and one mercury-sensitive site at cysteine 
191). RT-PCR analysis revealed extensive expression 
of pAQP1 mRNA in porcine digestive glands and gut. 
Northern blot showed a single 3.0 kb transcript in 
selected digestive organs. pAQP1 protein was localized 
at central lacteals of the small intestine, microvessles 
of salivary glands, as well as epithelium of intrahepatic 
bile ducts by immunoperoxydase. High osmotic water 
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in some mouse GI organs does not indicate physiological 
importance. For example, AQP4 deletion in gastric parietal 
cells does not affect gastric acid secretion[10], AQP1 
deletion in micro-vessels of  salivary glands does not affect 
saliva secretion, AQP1 deletion in intra-hepatic bile ducts 
does not affect the flow rate and components of  bile[8]. 
GI phenotype in AQP1-null human subjects has not been 
reported so far, which may indicate species differences of  
AQP involvement in digestive physiology.

Although significant progresses have been made in 
molecular biology and physiology of  AQP family in the 
GI system, identification and characterization of  AQPs 
in GI organs of  mammalian species other than in those 
of  human and rodents have been poorly studied. The 
pig GI system more resembles the human GI system 
both structurally and physiologically in model animals[11]. 
However, no porcine AQP member has been identified 
molecularly so far. In the present study, we cloned the first 
porcine aquaporin, pAQP1 from pig liver, by a PCR-based 
homologous cloning strategy. Its functional properties and 
distribution in pig GI system were analyzed. 

MATERIALS AND METHODS
cDNA cloning of pAQP1
Full-length coding sequence of  pig AQP1 cDNA was 
cloned using a PCR-based homologous cloning strategy[12]. 
Total RNA was extracted from pig liver using TRIZOL 
reagent (Invitrogen). mRNA was isolated from the total 
liver RNA using an Oligotex mRMA kit (Qiagen). cDNA 
was reversely transcribed from the mRNA using a first 
strand cDNA amplification kit (Invitrogen) and used as 
template for 30 cycles of  PCR amplification at 94 oC for 
30 s, at 55 oC for 30 s, at 72 oC for 1 min with degenerate 
oligonucleotide primers designed according to amino acid 
sequences around the two NPA motifs of  aquaporin family: 
sense: 5’-CA(C-T)IT(CA)AA(CT)CCIGCIGTIAC-3’; 
a n t i s e n s e :  5 ’ - ( G C ) C I ( A G ) ( A G ) I ( A -
G)(AT)GC(TG)IGC(AT)GG(AG)TT-3’. PCR products 
of  about 360 bp were subcloned into pCR2.1TOPO TA 
cloning vector (Invitrogen) and sequenced. A sequence 
with open reading frame that is most homologous to 
dog AQP1 water channel was identified. To clone the full 
length coding sequence of  the candidate water channel, 
5’- and 3’-RACE (rapid amplification of  cDNA ends) 
were performed using the Marathon cDNA amplification 
kit (BD Biosciences-Clontech) following the provided 
protocol. The sequences of  gene-specific primers (GSP) 
are as follows: 5’-RACE GSP: 5’-CACACACTGGGCAA
TGATGTACATG-3’; 5’-RACE NGSP: 5’-GACACTGA
TCTGGCAGCTGAGCAG-3’; 3’-RACE GSP: 5’-CCTT
GCCATCGGCTTCTCTGTGGC-3’; 3’-RACE NGSP: 5’
-CTGGGACACCTGCTGGCGATTGAC-3’. An Expond 
long PCR kit (Roche) was used for 30 cycles of  RACE 
amplification at 94 oC for 30 s, at 65 oC for 30 s, at 68 oC 
for 4 min. PCR products were subcloned to pCR2.1TOPO 
TA cloning vector and sequenced. The longest open 
reading frame was obtained by joining the 5’-RACE and 3’
-RACE sequence and the sequence between the two NPA 
motifs. The protein encoded by the longest open reading 
frame was designated as pAQP1.
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RT-PCR and Northern blot
Total RNA was extracted from pig salivary glands, liver, 
pancreas, esophagus, stomach, small intestine and colon 
respectively, using TRIZOL reagent. For RT-PCR analy-
sis, cDNAs were reversely transcribed from 5 µg of  each 
total RNA using first strand cDNA amplification kit and 
30 cycles of  PCR amplification were performed at 94 oC 
for 30 s, at 62 oC for 30 s, at 72oC for 2 min with primers 
flanking the coding sequence of  pAQP1 (sense: 5’-CG-
GATCCATGGCCAGCGAGTTCAAGAAG-3’; antisense: 
5’-GCTCTAGATTATTTGGGCTTCATCTCCACC-3’. 
For Northern blot, total RNA (20 µg) from liver, salivary 
gland, small intestine and colon was resolved on 1.2% 
formaldehyde gel and transferred to a Hybond-N+ nylon 
membrane (Amersham). The membrane was prehybrid-
ized at 68 oC for 1 h in a rapid hybridization buffer (Amer-
sham) and then hybridized for 1 h with a 32P-labled probe 
corresponding to the full-length pAQP1 coding sequence. 
The membrane was washed three times in 0.2 x SSC, 0.1% 
SDS at 68 oC, each for 15 min, and autoradiographed for 
16 h with double intensifying screens. The membrane was 
boiled in water and re-probed with a 600 bp pig β-actin 
cDNA sequence. 

Transfection and water permeability measurement of 
pAQP1 in CHO cells
A cell-based fluorescence microassay employing a Cl-

-sensitive EYFP mutant[13] was developed to measure 
the channel-mediated water permeability of  plasma 
membrane. The 720 bp EYFP-H148Q-V163S DNA 
fragment encoding the Cl--sensitive EYFP mutant was 
PCR-amplified using Vent DNA polymerase (New 
England Biolabs) and primers with engineered restriction 
sites HindIII (5’ primer) and XbaI (3’ primer). The 
fragment was digested with HindIII/XbaI and ligated 
to the mammalian expression vector pcDNA3.1 Hygro 
(hygromycin-resistant, Invitrogen) predigested with 
HindIII/XbaI to form expression plasmid pcDNA3.1 
Hygro-EYFP-H148Q-V163S. For pAQP1 expression, 
the 813 bp pAQP1 full length coding sequence was PCR-
amplified using Vent DNA polymerase and primers with 
engineered restriction sites BamHI (5’ primer) and XbaI (3’ 
primer). The amplified pAQP1 fragment was digested with 
BamHI/XbaI and ligated to the mammalian expression 
vector pcDNA3.1(+) (G418-resistant, Invitrogen) 
predigested with BamHI/XbaI to form expression plasmid 
pcDNA3.1 pAQP1. 

CHO-K1 cells were first transfected with expression 
plasmid pcDNA3.1Hygro-EYFP-H148Q-V163S using 
Lipofectin reagent (Invitrogen). After selection by 
hygromycin (Roche) at 500 μg/mL, highly expressed CHO 
clones were isolated by judging brightness of  survived 
cell colonies under fluorescence microscope. The YFP-
expressing cell clone, CHO-K1/EYFP-H148Q-V163S, 
was then transfected with pcDNA3.1 pAQP1 and selected 
with G418 (Invitrogen) at 500 μg/mL. pAQP1 expression 
in survived CHO cell clones was analyzed by immunoblot. 
CHO cell clones with high cytoplasmic expression 
of  Cl--sensitive EYFP mutant and plasma membrane 
expression of  pAQP1 were selected for water permeability 
measurement.
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For water permeability measurement, the CHO-K1/
EYFP-H148Q-V163S/pAQP1 cells were plated in 96-well 
clear bottom of  black-walled microplates (Costar) at the 
density of  20000 cells per well in F-12 Ham’s medium 
supplemented with 10% FBS and 0.5 mg/mL G418. After 
incubation at 37 oC in an atmosphere containing 5% CO2 

with 90% humidity for 18 h, the cells in 96-well plates were 
washed twice in PBS buffer (200 μL/wash), leaving 100μL 
PBS after the last wash. Measurement was performed 
on FLUOstar Optima plate reader (BMG Technology) 
equipped with syringe pumps and HQ500/20X (500 
+ 10 nm) excitation and HQ535/30M (535 + 15 nm) 
emission filters. Cells in each well of  the plate were assayed 
individually for osmotically driven pAQP1-mediated 
water influx across the plasma membrane that dilutes 
the cytoplasmic Cl- by recording fluorescence increase 
continuously (0.2 s per point) for 2 s (baseline) and then 
for 21 s (water transport into the cells) after rapid injection 
(< 1 s) of  100 μL distilled water. Water permeability was 
expressed as half  time (t1/2) needed from water injection to 
the point when the cytoplasmic fluorescence reached the 
maximum. The smaller t1/2  represented the higher water 
permeability.

Measurement of erythrocyte water permeability
Pig blood was drawn from the ear by venipuncture, and the 
washed erythrocytes were diluted into phosphate buffered 
saline (PBS) at a 0.1 vol %. Osmotic water permeability 
was measured by a stopped-flow light scattering technique 
in which the diluted erythrocyte suspension was mixed 
rapidly with PBS containing 100 mmol/L sucrose[14]. 
Erythrocyte volume was measured continuously by 90 s 
light scattering for 90 s at a 520-nm wavelength.

Immunohistochemistry
Paraffin-embedded blocks were prepared from fresh 
normal pig salivary gland, liver, and small intestine fixed in 
4% formalin. For immunohistochemistry, 3-µm sections 
of  pig tissues were prepared by standard procedures and 
exposed to the primary affinity-purified rabbit-antirat 
AQP1 antibody (AB3065, Chemicon International) 
diluted at 1:1000 for 1 h at room temperature. In some 
experiments, the primary AQP1 antibody was preincubated 
with the immunizing peptide before administered to the 
tissue sections. After washed, the sections were exposed 
to a horseradish peroxidase-conjugated goat antirabbit 
IgG (A6154, Sigma) secondary antibody at 1:2000 dilution 
followed by development with 3,3’-diaminobenzidine 
(DAB) liquid substrate dropper system (D7679, Sigma). 
The sections were counterstained with haematoxylin as the 
last step.

Western blotting
Stably transfected CHO cells were lysed in 10 mM HEPES 
buffer containing 0.5% SDS, 100 mmol/L DTT and 
57.4 µmol/L PMSF (pH 7.5). Red blood cells from pigs, 
human beings and mice were first burst in hypoosmotic 
solution, and then the ghosts were centrifuged and lysed 
in SDS buffer. Protein concentrations in CHO cell and 
ghost lysates were determined spectrophotometrically. 

For immunoblotting, 20 µg proteins from the CHO cell 
lysate or 5 µg proteins from the ghost lysate of  red blood 
cells from pigs, human beings and mice were dissolved 
in protein sample buffer, heated at 65 °C for 10 min, 
and then resolved on 12% SDS-PAGE minigels. Proteins 
were blotted into PVDF membranes, blocked for 1 h, 
washed with TBS-T (pH 7.4), and incubated for 1 h at 
room temperature with anti-AQP-1 antibody diluted at 
1:1000. After washed, membranes were incubated with 
HRP-conjugated goat anti-rabbit IgG (1:3000, Sigma), 
and immunoreactive sites in membranes were revealed by 
enhanced chemiluminescence (Amersham).

RESULTS
Cloning and analysis of pAQP1 cDNA
The full-length cDNA coding sequence and the predicted 
amino acid sequence of  pAQP1 (Genbenk accession 
no. AY585335) are shown in Figure 1A. The 813 bp 
open reading frame encoded a 271-amino acid protein 
containing the two conserved NPA motifs found in most 
AQP family members and a cysteine residue located 
just upstream of  the second NPA motif, which could 
confer mercurial sensitivity in several cloned mammalian 
AQPs[15,16]. Compared to human and mouse AQP1 coding 
sequences, an additional segment of  GCGGCC at nt 138
–143 encoding tow alanines (residues 47 and 48) was 
found only in the porcine sequence. Figure 1B shows the 
Kyte-Doolitle hydropathy plot for pAQP1, suggesting six 
membrane spanning domains similar to those of  human 
and rat AQP1. Figure 2 shows an amino acid sequence 
alignment of  pAQP1 with its homologues from dogs, 
human beings, and mice. pAQP1 had the greatest amino 
acid identity to dog AQP1 (94%) and high homology 
to human AQP1 (93%) and mouse AQP1 (91%). The 
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Figure 1 cDNA and deduced amino acid sequences of pig AQP1 water channel. 
A: Two NPA sequences conserved in water channel proteins of aquaporin family 
(in bold). *indicates the consensus sequence for N-linked glycosylation and the 
mercurial-sensitive site cysteine 201 near the second NPA motif is underlined; B: 
Kytte-Doolittle hydropathy profile of the deduced pAQP1 amino acid sequence.
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pAQP1 had a 29 - 52% similarity in amino acid sequences 
to other mammalian aquaporin members[15, 16]. There were 
two consensus sequences for phosphorylation by protein 
kinase-C like in human and mouse AQP1. However, 
pAQP1 contained only one consensus site at residue 42 
for N-linked glycosylation compared to two sites in human 
and mouse AQP1 sequences at residues 42 and 205. In 
addition, there were two more amino acids in the pig and 
dog AQP1 sequences at residues 47 and 48 instead of  in 
the human and mouse sequences.

Expression and immunolocalization of pAQP1 in digestive 
organs
Multitissue RT-PCR analysis indicated broad expression of  
pAQP1 mRNA in pig digestive organs including salivary 
glands, pancreas, liver and different segments of  the gut 
(Figure 3A). Figure 3B shows Northern blot analysis of  
total RNA from pig salivary glands, liver, small intestine, 
and colon respectively using the full length pAQP1 cDNA 

as a probe. A single transcript of  about 3.0 kb was seen 
in liver ~ small intestine > colon > salivary glands. Figure 
4 shows an immunoperoxidase staining of  pAQP1 in 
selected digestive organs. Specific AQP1 labeling was seen 
both in the endothelia of  central lacteals in villi of  the 
small intestine (Figures 4A and 4B) and in the endothelia 
of  microvessels in salivary glands (Figure 4C). In the liver, 
AQP1 staining was mainly seen both in the epithelium of  
small bile ducts and endothelium of  some small vessels 
(Figures 4D and 4E). AQP1 labeling was predominant in 
the apical domain of  most stained bile ducts.

Functional characterization of pAQP1
Since AQP1 is a erythrocyte water channel, osmotic 
water permeability of  pig red blood cells was analyzed 
using stopped-flow light scattering and compared with 
human and mouse red blood cells. Figure 5A shows 
the time course of  osmotic cell shrinking in response 
to a 100 mmol/L inwardly directed osmotic gradient. 

Pig MASEFKKK IFWRAVVAE F LAMT LF I F I S IGSALGFQYP VRNNQT S GAAQDNVKVSLAFGL 60
Dog MASEFKKKLFWRAVVAE F LAM I LFVF I S IGSALGFNYP VRNNQTAGAAQD NVKVSLAFGL 60
Human MASEFKKKLFWRAVVAE F LA T  TLFVF I S IGSALGF KYP VGNNQTT V -  - Q DNVKVSLAFGL 58
Mouse MASE IKKKLFWRAVVAE F LAMTLFVF I S IGSALGF NYP LE R NQTLV -  -  QDNVKVSLAFGL 58

Pig  S  IATLAQSVG HI  SGAHLNPAVTLGLLLSCQI SVLRAVMY I I AQCVGA I VA T A  I LSGI TS S  120
Dog  S  IATLAQSVG HI  SGAHLNPAVTLGLLLSCQI S I LRAVMY I I AQCVGA I VA T A  I LSGI TS S  120
Human  S  IATLAQSVG HI  SGAHLNPAVTLGLLLSCQI S I FRA LMY I I AQCVGA I VA T A  I LSGI TS S  118
Mouse  S  IATLAQSVG HI  SGAHLNPAVTLGLLLSCQI S I LRAVMY I I AQCVGA I VA T A  I LSGI TS S  118

Pig  L PGNSLGLN S LAPGVDSGQGLG I E I IGTLQLVLCVLA T T DR RRRDLG G S A P L A IGFSVAL 180
Dog  L PDNSLGRNE LAPGVNSGQGLGI E I IGTLQLVLCVLA T T DR RRRDLG G SG  P  L A IGLSVAL 180
Human  L TGNSLGRNDLADGVNSGQGLGI E I IG TLQLVLCVLA T T DR RRRDLG G S A P L A IGLSVAL 178
Mouse  L VDNSLGRNDLAHGVNSGQGLGI E I IGTLQLVLCVLA T T DR RRRDLG G S A P L A IGLSVAL 178

Pig GHLLAI DYTGCG I NPAR S F GS AVI THNFQDHWVFWVG P F I G GALAVL  I YD F I  L APRS SDL  240
Dog GHLLAI DYTGCG I NPAR S F GS  S VI THNFKDHWI FWVG P F  I G GALAVL  I YD F I  L APRS SDL  240
Human GHLLAI DYTGCG I NPAR S F GS AVITHNFSNHWI FWVG P F  I G GALAVL  I YD F I  L APRS SDL  238
Mouse GHLLAI DYTGCG I NPAR S F GS AVLTRNFSNHWI FWVG P F  I G GALAVL  I YD F I  L APRS SDF  238

Pig T DRVKVWT SGQV E E YDLDGDD INSRVEMKPK  271
Dog T DRVKVWT SGQV E E YE LDGDD INSRVEMKPK  271
Human T DRVKVWT SGQV E E YDLDADD INSRVEMKPK  269
Mouse T DRMKVWT SGQV E E YDLDADD INSRVEMKPK  269

Figure 2 Amino acid sequence alignment of pAQP1 with its dog, human and 
mouse orthologs. Conserved amino acids are shielded, NPA motifs are boxed and 
cycteines near the second NPA motifs are underlined. The consensus N-linked 
glycosylation sites are shown in bold.

M        1        2        3         4        5        6         7        8    

874 bp→
603 bp→

4.4 kb→

2.4 kb→

b-actin→

1      2      3      4

Figure 3 mRNA expression of pAQP1 water channel in pig gastrointestinal organs. 
A: Expression of pAQP1 transcript by RT-PCR analysis. Lanes 1, Salivary gland; 
2, Liver; 3, Pancreas; 4, Esophagus; 5, Stomach; 6, Jejunum; 7, Ileum; 8, Colon; 
B: Northern blotting of total RNA (20 µg) from salivary gland (lane 1), liver (lane 2), 
ileum (lane 3) and colon (lane 4) probed with the pAQP1 coding sequence (upper) 
and the same membrane probed with a 600 bp pig β-actin cDNA sequence (lower).

A D E F

B C

Figure 4 Immunolocalization of pAQP1 in pig gastrointestinal tract and exocrine glands. Specific pAQP1 labeling of central lacteals was seen by immunoperoxidase staining 
of longitudal (A) and traverse (B) sections of the small intestinal villi using an affinity-purified AQP1 antibody. Arrows indicate the endothelium of central lacteals; A salivary 
gland section showing specific labeling of microvessel endothelium indicated by arrows (C); Specific pAQP1 labeling was seen in the epithelium of intrahepatic bile ducts in 
longitudal (D) and traverse (E) sections. Arrows indicate heavy pAQP1 staining in the apical domain of bile duct epithelial cells. Arowhead indicates pAQP1 labeling in the 
endothelium of periductal microvessels; A consecutive section of E showing immunostaining with AQP1 antibody preabsorbed with the immunizing peptide (F).
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Two contiguous time scales were used to plot the full 
time course of  decreasing cell volume (increasing light 
intensity). The computed osmotic water permeability of  
pig, human and mouse erythrocytes is summarized in 
Figure 5B. The pig erythrocyte membrane showed a high 
osmotic water permeability that was inhibited > 90% by 
0.3 mmol/L HgCl2, similar to that of  human and mouse 
erythrocytes. Water channel function of  pAQP1 was also 
analyzed in heterologous expression system. Figure 5C 
shows the time course of  YFP fluorescence of  CHO cells 
stably transfected with pAQP1 cDNA in response to extra-
cellular hypotonisity (50% PBS). The t1/2 of  fluorescence 
dynamics for pAQP1-transfected cells was 1.2 s compared 
to 4.6 s for the same cells incubated with 0.1mmol/L 
HgCl2 and > 20 s for mock-transfected cells, indicating 
that a high membrane water permeability was mediated by 
pAQP1 water channel inhibited by mercurial compounds. 
Figure 5D shows Western blot analysis of  red blood cells 
and pAQP1-transfected CHO cells using an affinity-
purified AQP1 antibody. An unglycosylated 28 ku band 
and glycosylated proteins at a higher molecular weight were 
determined both in red blood cells of  human beings, pigs, 
wildtype mice and in pAQP1-transfected CHO cells, but 
missed in AQP1-knockout mouse erythrocytes. There was 
a significant decrease of  glycosylated protein in pAQP1 
compared to human AQP1 and mouse AQP1 in red blood 
cells. Western blot analysis of  pig gastrointestinal tissues 
was not done because of  the difficulty to remove red 
blood cell contamination. 

DISCUSSION
We have successfully cloned pAQP1, the first molecularly 
identified porcine AQP water channel. The amino 
acid sequence of  pAQP1 has a high identity to dog, 
human and mouse AQP1 and contains the two highly 
conserved NPA motifs and the mercurial-sensitive cysteine 
residue before the second NPA motif  in several cloned 
AQPs in other mammals[16-19]. pAQP1 contains only 
one consensus sequence compared to two consensus 
sequences for N-linked glycosylation in human and mouse  
AQP1[20, 21]. Immunoblot analysis showed that glycosylated 
protein of  pAQP1 was decreased compared to human 

and mouse AQP1 in red blood cells, indicating that the 
second consensus site at asparageine 205 of  human and 
mouse AQP1 contributes significantly to the N-linked 
glycosylation of  the protein. 

Like its human and mouse orthologs, pAQP1 conferred 
a high osmotic water permeability in a mercurial-sensitive 
manner both in pig red blood cells and in heterologous 
expression system, indicating a similar functional water 
channel in erythrocyte and somatic cell membranes. 
pAQP1 mRNA and protein were expressed extensively 
in endothelia and epithelia of  pig gastrointestinal system 
involving digestive glands responsible for secretion of  
saliva, bile, and pancreatic juice as well as all the intestinal 
segments responsible for absorption of  f luids and 
nutrients, suggesting that channel-mediated transcellular 
water pathway plays a role in broad physiological processes 
of  secretion and absorption in various porcine digestive 
organs. The molecular cloning of  pAQP1 makes it 
possible to investigate its expression and regulation 
during development and in various physiological and 
pathophysiological conditions of  the pig gastrointestinal 
system. 
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Figure 5 Functional properties of pAQP1 in erythrocytes and stably transfected CHO cells. A: Osmotic water permeability of pig, human and mouse erythrocytes measured 
by stopped-flow light scattering from the time course of erythrocyte volume in response to a 100 mmol/L inwardly directed sucrose gradient in the absence (left panel) and 
presence (right panel) of 0.3 mmol/L HgCl2; B: Summary of osmotic water permeability coefficient (Pf) for erythrocytes from pig, human and mouse measured in A (mean ± 
SE, n = 4); C: Osmotic water permeability of CHO cells stably transfected with pAQP1 cDNA measured by YFP-based fluorescence assay. Water permeability of CHO cells 
was expressed as half time (t1/2) needed from water injection to the point when the cytoplasmic fluorescence reached the maximum. t1/2 of pAQP1 transfected CHO cells 
in the absence and presence of 0.1 mmol/L HgCl2 was 1.2 s and 4.6 s separately. t1/2 > 20 s in mock-transfected CHO cells; D: Immunoblot of erythrocytes and transfected 
CHO cells. Lanes 1 - 4: erythrocytes from AQP1-/- mice, AQP1 +/+ mice, pigs and human beings. Lane 5: CHO cells stably transfected with pAQP1 cDNA.
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Abstract
AIM: To investigate the results of radiofrequency 
ablation (RFA) in obtaining the necrosis of hepatocellular 
carcinoma (HCC) in cirrhotic patients and to assess 
the results of RFA in relation to recurrence of HCC and 
survival of the treated patients.

METHODS: Fifty-six consecutive cirrhotic patients with 
63 HCCs were treated with RFA between May 2000 and 
May 2004. The diameter of the HCCs ranged from 1 cm 
to 5 cm (mean 2.8 cm). In all cases RFA was performed 
with percutaneous approach under ultrasound guidance 
using expandable needle electrode (LeVeen needle). 
Treatment efficacy and recurrence were evaluated with 
dual-phase spiral computed tomography (CT). 

RESULTS: Complete necrosis after single or multiple 
treatment was achieved in 96.8% (61/63) tumors. 
We observed recurrence after complete necrosis in 23 
patients (41%) during a mean follow-up of 32.3 months. 
The recurrences were local in 2 patients (8.6%) and in 
different segments in 21 (91.4%). Major complications 
occurred in 3 patients (4%). During follow-up period, 32 
(57.1%) patients died; 15 due to progression of HCC, 
11 from liver failure, 3 from esophageal varices bleeding 
and 3 from the causes not related to liver disease. 

CONCLUSION: RFA with LeVeen needle is an effective 
and safe treatment for HCC < 5 cm in cirrhotic patients. 
It has yet to be established how far this treatment 
influences the survival rate of patients. It becomes 
important to establish treatments to prevent recurrences 
in different segments, such as interferon therapy.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a common malignant 
neoplasm throughout the world and surgical resection 
is thought to be the best curative approach in the 
treatment of  HCC[1-3]. However, few patients with HCC 
are suitable for resection due to age, location of  the 
lesion, advanced cirrhosis of  the liver and concomitant 
diseases; as a consequence less invasive treatment 
methods have been pursued, especially echo-guided 
percutaneous ethanol injection (PEI) and radiofrequency 
(RF) thermal ablation[4-9]. PEI was the first method used 
starting in the eighties, followed by the introduction of  
RF in order to overcome some of  the limitations of  
PEI, such as the difficulty in ensuring the distribution of  
ethanol throughout the lesion and the need for multiple 
sessions due to the reduced volume of  necrosis that 
can be achieved in the single session[10]. At present RF is 
certainly the first choice of  interstitial therapy method 
in the majority of  cases of  HCC that can not be treated 
surgically. The two types of  RFA needles most used are 
the cool-tip needle with internally circulating cool saline 
(Radionics, Burlington, MA, USA) and the expandable 
10-hooks LeVeen needle (Radio Therapeutics Corporation, 
Sunnyvale, CA, USA). Compared with the Cool-Tip, the 
LeVeen needle electrode can theoretically create a more 
even flux of  the radiowave, producing thermal effects with 
a greater spherical area. Because this needle uses a gradual 
augmentation sequence of  the RF output to prevent 
excess heating of  the target tissue, this RFA system 
does not require circulation of  cool saline in the needle 
electrode for preventing charring of  the target tissue as 
in the Cool-Tip RFA system[9]. The LeVeen needle has a 
larger diameter than the Cool-Tip (15 Gauge vs 18 Gauge), 
but no significant differences in complications have been 
reported in the literature between the two types of  needle 
electrodes[11].

Herein, we report our experience in performing 
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percutaneous echo-guided RF thermal ablation of  
HCCs with the LeVeen needle electrode system in a 
gastroenterological Italian service. We aimed to assess 
the efficacy of  the system in obtaining the necrosis of  
the target tissue and the clinical outcome of  the treated 
patients.

MATERIALS AND METHODS
From May 2000 to May 2004, a total of  56 consecutive 
cirrhotic patients (37 males and 19 females, age range 
45-81 years, mean age 68.7 years), who underwent RFA 
for non-surgically resectable HCC due to the location 
of  the tumor, severity of  the cirrhosis, age, associated 
diseases or refusal of  surgery, were enrolled in the study. 
Inclusion criteria were HCC diameter < 5 cm, absence of  
portal thrombosis or extrahepatic diffusion, absence of  
significant ascites, prothrombin activity > 50% and platelet 
count more than 50 000, and a maximum of  three HCCs, 
each not more than 3 cm in maximum diameter.

The etiology of  the cirrhosis was viral in 51 cases 
(48 due to HCV infection and 3 due to HBV infection), 
alcoholic in 4 and autoimmune in 1 case (primary biliary 
cirrhosis). On the basis of  the Child-Pugh classification, 
16 patients were class A, 37 class B and 3 class C (Table 1).

 As regards the characteristics of  the HCCs, 50 patients 
had a single tumor, 5 had two tumors and 1 had three 
tumors; a total of  63 tumors were detected in the 56 
patients studied. None of  the HCCs had an infiltrating 
appearance at imaging. The dimensions of  the HCCs were 
between 1 and 2 cm in 19 cases, between 2 and 3 cm in 
27 cases, between 3 and 4 cm in 12 cases and between 4 
and 5 cm in 5 cases; the mean size was 2.8 cm (Table 2). 
The pre-treatment diagnosis of  the nature of  the lesion 
was histological with echo-guided fine needle biopsy in 
42 patients, performed in 19/19 nodules <2 cm, 20/27 
nodules <3 cm, 3/12 nodules <4 cm and 0/5 nodules <5 
cm. In the remaining 14 patients, the diagnosis was based 
on non-invasive criteria, radiological with typical arterial 
hypervascularization at color power Doppler ultrasound, 
contrast-enhanced ultrasound, computerized tomography 
(CT) or magnetic resonance (MR) (11 patients) or 
combined with one typical imaging technique associated 
with AFP levels >400 ng/mL (3 patients). Starting in 
October 2000, as far as the non-invasive diagnosis was 
concerned, we followed the indications of  the EASL 
Conference on clinical management of  hepatocellular 
carcinoma, held in Barcelona, Spain in September 2000[12]. 
It should however be pointed out that all the patients 
underwent pre-treatment contrast dual-phase spiral CT for 
the staging and baseline assessment of  the vascularization 
of  the HCC.

Technique
The RF delivery system was an RF 2000 generator 
system (Radio Therapeutics) in monopolar mode, used 
in conjuction with a LeVeen monopolar array needle 
electrode and two large dispersive electrodes. The RF 
generator supplies voltage at a frequency of  460 KHz and 
a maximum power output of  100 W. The RF generator 
display indicates power, tissue impedance and procedure 

time. The active expandable needle electrodes have a 15 
gauge, 15 cm long stainless steel insulated cannula with 10 
retractable lateral hooks each oriented at an angle of  36° 
from the two adjacent hooks. The maximum deployment 
diameter of  the hooks was 3.0 or 3.5 cm. We used the 3.0 
cm hooks for lesions equal to or less than 3 cm in diameter 
and the 3.5 cm hooks for lesions greater than 3 cm.

Treatment was performed only in inpatients, fasting 12 
h before treatment, and they received mild sedation with 
an intramuscular administration of  10 mg of  diazepam and 
0.5 mg of  atropine sulphate 30 min before the procedure. 
If  necessary during treatment, 40 to 50 mg of  pethidine 
was administered intravenously for analgesic purposes. 

Using a multifrequency convex probe, RF ablation 
was performed with real-time ultrasound guidance 
(HID 3000, ATL, Bothell , WA, USA) by the same 
gastroenterologist (L.S.) with longstanding experience in 
interventional ultrasound. The needle was inserted using 
free-hand technique with subcostal or intercostal approach 
depending on the easiest access route according to the 
ultrasonographic picture. Once the needle electrode was 
located in the correct position, the hooks were deployed 
and the RF generator was activated. After maintaining the 
baseline power output at 50 W for 1 min, the output was 
increased by 10 W every minute until the power output 
reached 90 W, and then it was kept at 90 W until “roll-off ” 
occurred. After a 20 to 60 s pause, power was reapplied 
at 75% of  the maximum power achieved until power 
“roll-off ” again occurred. If  the “roll-off ” did not occur 
within 15 min of  the RF power output application, the 
RF power stopped automatically. After a 20 to 60 s pause, 
power was reapplied following the same procedure as 
before. Hematologic assays, such as red blood cell count 
and hemoglobin, serum alanine aminotransferase, serum 
aspartate aminotransferase and total serum bilirubin levels, 
were measured 24 h after treatment. The patients were 
discharged from the hospital 48 h after the treatment, if  
there were no any complications. 

Table 1 Characteristics of 56 cirrhotic 
patients with HCC treated with RFA

Parameters         Numbers
Total patients    56
Gender
  Male    37
  Female    19
Age (yr)
  Range          45-81
  Mean        68.7
Type of cirrhosis
  Viral HCV-related     48
  Viral HBV-related       3
  Alcoholic       4
  Autoimmune        1
Child-Pugh classification
  A     16
  B     37
  C      3
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Assessment of therapeutic efficacy
To evaluate the response to RF therapy, contrast-enhanced 
CT with the same parameters as the pre-treatment 
scanning was performed 1 mo after the procedure; 
tumor necrosis was considered complete when no foci 
of  enhancement were seen within the tumor or at its 
periphery on CT scans. Safety margin surrounding the 
ablated tumor was obtained in all the cases where tumor 
necrosis was considered complete. Every three months, 
the patients subsequently underwent color power Doppler 
ultrasound associated with AFP dosage; and in the event 
of  modifications of  the ultrasound picture or a progressive 
increase in AFP value, a CT scan was performed. 

RESULTS
A total of  63 HCCs were treated with RFA in the 56 
patients enrolled in the study. Two HCCs, measuring 
3.5 and 4 cm in diameter, were non-responders to the 
treatment with RFA with persistence of  the vascular signal 
after two sessions together with an increase in volume in 
the second (4-4.7 cm in maximum diameter). They were 
therefore subjected to chemoembolization with a positive 
result for the first but a progression of  the disease in 
the second despite the additional therapy. The overall 
percentage of  complete necrosis was 96.8% (61/63 of  
the lesions treated). In 54 HCCs, corresponding to 85.5% 
of  the total, complete necrosis was achieved with just one 
session with a single insertion of  the needle, while a second 
session was carried out in the remaining 7 HCCs after the 
first control CT scan due to persistence of  vascularized 
areas of  the tumor, again with a single insertion; a total of  
68 treatments were necessary to achieve complete necrosis 
of  the 61 responder HCCs. The diameters of  the HCCs 
that required two sessions for complete necrosis were 3 cm 
in one case, 4 cm in one case and larger than 4 cm in the 
remaining 5 cases. The RF application time ranged from 2.5 
to 15 min for each electrode insertion; the mean RF time 
was 10.4 min per session. All patients had an increase of  
echogenicity in the ablated region during RFA, suggesting 
generation of  microbubbles in the ablated hepatic tissue. 

As regards complications, 34 (60.7%) patients reported 
pain requiring the administration of  analgesics during 
the treatment, while practically all subjects presented a 
moderate and transitory increase in transaminases at the 
24 h hematological checks with no other laboratory test 
alterations. Major complications occurred in 3 of  72 cases 
(4%), including right pleural effusion in1 case, cholecystitis 
in 1 case and liver failure in 1 case.

The post-treatment follow-up varied from 8 to 56 mo 
with a mean of  32.3 mo; during the follow-up, we detected 
23 cases of  recurrence (41%), with onset varying from 3 
to 30 months after treatment and a mean of  13 mo. The 
recurrence was unifocal in 7 cases and multifocal in 16 
case; two of  the unifocal cases were local recurrences, 
while the remaining five were localized in another segment. 
Of  the 23 cases of  recurrence, the previously treated 
HCC was a single lesion in 22 cases and two lesions in 1 
case; there was no relationship with the dimensions of  the 
primary HCC which varied from 1.5 cm to 4.5 cm. Of  the 
22 previously treated single lesions, recurrence was unifocal 
in 7 cases and multifocal in the remaining 15 cases. In the 
unifocal recurrences, we carried out a new cycle of  RFA 
therapy. Of  the 16 multifocal cases, chemoembolization 
was performed in 5 cases, while treatment was limited 
to support therapy in view of  the tumor diffusion and 
the general clinical conditions in the remaining 11 cases. 
The seven patients who underwent a new cycle of  RFA 
therapy had positive results and were disease-free with a 
follow-up varying from 4 to 15 mo (mean 9 mo); four of  
the five patients treated with chemoembolization died due 
to progression of  the HCC, while the other patient had a 
stable tumor situation 5 months after the treatment (Table 
3).

Finally, 32 (57.1%) patients died during the follow-up, 
15 from HCC, 11 from liver failure, 3 from esophageal 
varices bleeding, 1 from head stroke, 1 from cerebral 
hemorrhage and 1 from esophageal carcinoma. Among 
the patients who died from liver failure, 9 were Child-Pugh 
B and 2 were with Child-Pugh C (Table 4). Twenty-one 
patients were alive and disease-free at the end of  the study.

Table 2 Characteristics of HCCs in 56 
cirrhotic patients treated with RFA

  Parameters                  Numbers       

Number of HCCs  63
  One HCC     50
  Two HCCs      5
  Three HCCs    1
Type of HCCs
  Nodular  63
  Infiltrating    0
HCC diameter (cm)
  > 1 < 2  19
  > 2 < 3  27
  > 3 < 4  12
  > 4 < 5    5
Mean       2.8

Table 3 Clinical findings in 23 cirrhotic patients with 
HCC recurrence after RFA

Parameters                         Numbers

Total patients 23
Time of recurrence (mo)
  Range 3-30
  Mean 13
Type of recurrence, n (%)
  Local unifocal 2 (8.6%)
  Different segments unifocal 5 (21.8%)
  Different segments multifocal 16 (69.6%)
Treatment of recurrences
  RFA     7 (unifocal)
  TACE    5 (multifocal)
  Supportive treatment                             11 (multifocal)
Results of treatment
  RFA Complete necrosis   7/7 
  TACE Complete necrosis  1/5
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DISCUSSION
The limitations to the surgical treatment of  HCC due 
to site, age and associated clinical conditions have led to 
the development of  alternative locoregional therapies 
of  which PEI is the first and most widely used example. 
RF was subsequently introduced by Rossi et al[8] in the 
attempt to overcome some of  the limits of  PEI, such as 
the need for multiple sessions, the difficulty in foreseeing 
the diffusion of  the ethanol, and is now being used more 
and more as the first choice technique in the locoregional 
treatment of  HCC[13]. Also, in our department, RFA has 
gradually replaced PEI which we had been using since the 
mid 80 s and which is now reserved for selected cases. Our 
experience in RFA with the LeVeen needle electrode has 
given us satisfactory results in terms of  therapeutic efficacy, 
achieving complete necrosis in 85.5% of  the lesions with 
just a single treatment, increasing to 96.8% with a second 
session, which are in agreement with the data reported in 
the literature[10,14,15]. Necrosis was not achieved with RFA 
in two cases of  HCC, as shown by the post-treatment CT 
scan, and we were unable to identify the reason for the 
lack of  response with certainty; the diameters were 3.5 
and 4 cm and the lesions were not close to large vessels 
whose blood flow could have dispersed the heat[16]. Both 
were localized immediately under the hepatic dome and 
we therefore think it probable that the site interfered 
with the correct positioning of  the electrode, reducing 
the efficacy of  the treatment as previously reported[15]. 
Among the 7 HCCs which required a second session, 6 
cases had a diameter of  4-5 cm, while only in one case 
had the diameter of  3 cm; therefore, if  we consider only 
the HCCs up to 3 cm in diameter, the percentage of  
complete necrosis with just a single treatment would rise 
to 97.8%. Our experience also confirms that diameter < 3 
cm is the ideal condition for locoregional treatment with 
RFA as with PEI[13,14,17]. However, in lesions measuring 
3-5 cm, RFA with a LeVeen needle gave acceptable 
results with complete necrosis at the first treatment in 
64.7% of  cases, the remaining 35.3% required a second 
session for complete necrosis. As previously reported by 
Livraghi et al[10], the lesser number of  treatment sessions 
with respect to PEI makes it possible to reduce the time 
employed by the hospital staff  and to considerably shorten 
the duration of  the treatment and eliminate the stress 
of  repeated sessions in most cases. One factor that can 
increase the volume of  the area of  necrosis and reduce the 
number of  necessary treatment sessions is represented by 

what Livraghi et al[10] defined as the “oven effect” caused 
by the fact that cirrhotic liver surrounding individual HCC 
nodules acts as a thermal insulator that increases tissue 
heating during RF therapy, making it possible to treat non-
infiltrating tumors in a single treatment session in the 
majority of  the cases.

The LeVeen needle electrode we used in this study 
has ten expandable inner hooks in a single outer sheath 
to obtain even greater flux of  the radio wave in the 
ablated tissue. Through this, the needle produces a greater 
spherical area of  thermal ablation than can be obtained 
by the previous four expandable hooks needle, assuring a 
safety margin if  the tumor is within the range of  ablation. 
Furthermore, the LeVeen needle can hold itself  securely 
within the area of  ablation by expanding the hooks; this 
may help in the treatment of  tumors in areas susceptible 
to the respiratory movement of  tissue. The LeVeen 
needle has some limitations, the first represented by the 
15 gauge caliber and a greater risk of  bleeding can be 
expected; however, we did not experience any hemorrhagic 
complications, and the literature also has not reported 
a greater incidence of  hemorrhagic complications with 
respect to smaller gauge needles, such as 18 gauge cool-
tip needle[11]. An 18-gauge LeVeen needle with 2.5 cm and 
3 cm maximum deployment diameter of  the hooks has 
recently become available, eliminating the difference in 
gauge; in the two cases treated with this finer needle, we 
did not encounter problems compared to the traditional 
one. A second limitation is the low visibility of  the tips of  
the hooks under ultrasonography which sometimes makes 
it difficult to assess the correct location of  the hooks with 
possible unexpected complications[15]. 

In our experience, not only was RFA with the LeVeen 
needle effective, it also proved safe with a low incidence 
(4%) of  major complications, similar to the percentage 
reported in the literature[3,11,18,19,20]. In two cases (pleural 
effusion and cholecystitis), the complication was because 
the HCC was close, respectively, to the diaphragm and 
the gall bladder with consequent thermal irritation of  
the pleura and of  the gall bladder wall. In spite of  being 
quickly resolved with medical therapy and without sequelae, 
this confirms the need to take particular care in treating 
lesions in the sites at risk as previously described[21]. In the 
third case, functional liver failure occurred with ascites 
after treatment of  a 2.3-cm HCC of  liver segment III in a 
Child-Pugh class C patient. The HCC had been subjected 
to a single session of  RFA lasting 7.8 min. Medical therapy 
achieved a partial improvement of  the clinical conditions; 
however, the patient subsequently died 4.5 months after 
treatment from liver failure without HCC recurrence. 
It should be further stressed that in patients with HCC 
on Child-Pugh class C cirrhosis locoregional treatments 
should not be carried out due to the greater risks and the 
advanced stage of  the cirrhosis which per se involves a 
poor prognosis for survival[22]. The exception to this rule 
is treatment of  patients on the waiting list for orthotopic 
liver transplant (OLT) when there is a long waiting time, as 
is frequently the case in almost all the transplant units in 
Italy[23,24]. Two of  the three Child-Pugh class C patients that 
we treated, including the one in whom the complication 
occurred, were on the waiting list for OLT. The second 
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Causes of death Number of patients Child-Pugh status
A B C 

HCC recurrence 15 4 12
Liver failure 11 9 2
Esophageal varices 3 3
  bleeding 
Head stroke 1 1
Brain hemorrhage 1 1
Esophageal cancer 1 1

Table 4 Clinical findings in 32 deceased cirrhotic patients 
treated with RFA for HCC
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patient on the waiting list underwent OLT 15 months ago 
and is alive and free of  recurrence.

We did not find any cases of  post-RFA tumor seeding. 
In contrast, a study by Spanish authors has reported a high 
incidence of  post-RFA seeding[25] which has not, however, 
been confirmed in any of  the other studies reported in the 
literature. A recent study has demonstrated an incidence of  
post-RFA seeding even lower than that of  post-PEI, both 
with expandable needles and with cooled needles[11]. 

 As far as complications are concerned, a recent Italian 
study showed that despite achievement of  complete local 
necrosis, rapid intrahepatic neoplastic progression was 
observed in four patients (4.5%) after treatment. The 
authors experienced that high AFP levels and location of  
the tumor near the portal vein branches were associated 
with this complication[26]. Moreover, 75% (3/4) patients 
had a poor differentiation of  the tumor[26]. This is the 
only report of  this type in the literature to date and, while 
attention should be paid to this possibility, further studies 
are necessary for its confirmation. However, in our series, 
we have not found any similar occurrences to date.

Evaluation of  the tissue necrosis is fundamentally 
important in order to decide whether further treatment 
is necessary and is currently mainly based on imaging 
techniques to assess the persistence of  lesion vascu-
larization, rather than on a biopsy which can not give 
a complete sampling of  the lesion. The gold standard 
technique is certainly the contrast-enhanced CT scan, and 
we, based our post-treatment evaluation on this technique, 
performed it in all patients after thirty days. This is the 
most common interval as it allows any remaining vital 
tissue to be detected within a period of  time that is short 
enough to prevent significant progression of  the disease 
and to not burden an already overloaded radiology service 
with an excessive number of  CT scans. It also prevents 
the risk of  interpreting the hyperdense rim present in the 
majority of  cases on CT scans obtained in a earlier period 
after RFA. This hyperdense rim is the expression of  the 
early parenchymal inflammatory rim around the treated 
tumor as proved in resected specimens[27]. In our series, 
the HCCs with signs of  activity at the one-month CT 
scan underwent a second session of  RFA with complete 
necrosis in 100% of  cases; the time lapse did not have any 
negative effect on the result of  the treatment. The first 
data on the use of  contrast-enhanced ultrasound (CEUS) 
with second generation contrast medium have recently 
been reported and are extremely encouraging, particularly 
as regards early 24 h evaluation of  post-RFA persistence 
of  activity[28-30]. The possibility to obtain by CEUS data 
comparable with the ones obtained by CT would make it 
possible to use a more rapid method and, if  necessary, to 
carry out a second treatment during the same session, thus 
further reducing the duration of  the therapeutic cycle with 
advantages for both patients and hospital staff.

 In our series, HCC recurrence occurred in 41% 
(23/56) patients, a lower percentage than those reported 
in the literature[31]. This may be due to the lower number 
of  patients and to the shorter follow-up compared to 
other studies. The percentage of  local recurrence was 
only 3.1% (2 patients), in line with what was reported by 
other authors[31], while recurrence occurred in other liver 

segments with respect to the initial one in the remaining 
21 patients, thereby confirming the validity of  RFA in 
achieving complete necrosis of  the treated HCCs. In both 
cases of  local recurrence, the lesion diameter was > 3 cm 
(4 cm and 4.5 cm), confirming the limits of  locoregional 
therapy in larger tumors. One factor that may contribute in 
determining recurrence is the presence of  satellite nodules 
that can not be identified by imaging[32]. Livraghi et al [13] 
supposed that the “oven effect” may partially explain the 
limited success in treating satellite lesions. They believe that 
peritumoral fibrotic tissue that is interposed between the 
main tumor and satellite lesions may limit heat diffusion 
from the tumor center to the satellites. The association 
of  RFA and transcatheter arterial chemoembolization 
(TACE) has been proposed as a means of  reducing the 
number of  local recurrences and the initial results seem 
encouraging[33,34]. The problem is different for recurrence 
in other sites, which remains high regardless of  the type 
of  treatment used, with values ranging from 60% to 80% 
after four years follow-up in series reported by Japanese 
authors[31].

In our experience, it was possible to treat all 7 patients 
with unifocal recurrence with RFA, achieving complete 
necrosis of  the lesion in all cases, but only 5 of  the 16 
multifocal recurrences with TACE and with a positive 
result in only one case. It is becoming important in the 
clinical setting to establish treatment methods to prevent 
recurrences at other sites, such as the use of  interferon 
or anti-inflammatory therapy particularly to decrease the 
incidence of  multicentric recurrences[35-38]. Therefore, 
even after achieving the local curative ablation by RFA, 
it is important to closely follow-up the patients for early 
detection and treatment of  recurrence.

The rather limited number of  patients and the too 
short mean follow-up period in our study do not allow us 
to draw conclusions on the efficacy of  RFA of  HCCs in 
improving survival. Nevertheless, by analyzing the causes 
of  death in the patients who died during follow-up, it can 
be seen that while none of  the Child-Pugh class A patients 
died from cirrhosis-linked causes, 9 patients in class B and 
2 out of  3 in class C died as a result of  progression of  the 
cirrhosis, and the third patient in class C is alive after OLT. 
In addition, another 3 patients in class B died as a result of  
bleeding from esophageal varices. This further confirmed 
the importance of  the stage of  cirrhosis in patient 
survival, so as to exclude class C patients from any ablation 
treatment except for those on the waiting list for OLT. 
In our series, however, 46.8% (15/32) patients died as a 
direct result of  the HCC; our data also indicated that, as 
mentioned earlier, it is extremely important to improve the 
prognosis of  patients who have undergone local ablation 
therapy by treating the background liver disease, using 
chemopreventive drugs, such as interferon. Regarding the 
previous data on the long-term survival of  patients treated 
with RFA for HCC, it should be pointed out that although 
the history of  RFA is not long enough for analysis, when 
analysis was limited to cases of  primary liver cancer in 
which local curative therapy was achieved, the 5-year 
survival rate was relatively high (66-82%), comparable to 
that of  resection[17,31,39-41].

 In conclusion, percutaneous RFA by means of  the 



www.wjgnet.com

LeVeen needle electrode appears to be an effective, safe 
and relatively simple procedure for the treatment of  HCC 
lesions in patients with cirrhosis, obtaining the best results 
in HCCs < 3 cm in diameter. We currently prefer to use 
RFA rather than PEI because RFA is capable of  achieving 
complete tumor necrosis in fewer treatment sessions 
compared with multi-session PEI, reserving PEI for HCCs 
that are difficult to approach or located in areas where 
RFA is considered unsafe, such as HCC adjacent to large 
vessels, the main bile duct or the gall bladder. Despite the 
good results as regards the necrosis of  the HCC lesions, it 
is not yet possible to define the effect of  RFA on the long-
term survival of  treated patients, even though the initial 
data are encouraging. Notwithstanding the importance of  
the stage of  cirrhosis for survival, HCC recurrence after 
RFA is a significant cause of  death in these patients. On 
the basis of  the recent data reported in the literature, it is 
probable that in the future the prognosis can be improved 
by the use of  chemopreventive drugs, such as interferon 
for the prevention of  recurrence after curative local 
treatment.
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Abstract
AIM: To asses the expression of myeloid dendritic cells 
(CD11c+) subset during acute HCV hepatitis and its 
possible involvement in natural history of the infection.   

METHODS: We enrolled 11 patients with acute hepatitis 
C (AHC) (Group A), 10 patients with acute hepatitis A 
(AHA) (as infective control-Group B) and 10 healthy 
donors (group C) in this study. All patients underwent 
selective flow cytometry gating strategies to assess the 
peripheral number of the myeloid dendritic cells (mDCs) 
to understand the possible role and differences during 
acute hepatitis. 

RESULTS: Eight of 11 patients with acute HCV hepatitis 
did not show any increase of mDCs compared to healthy 
individuals, while a significant decrease of mDCs was 
found  in absolute cell count (z = -2.37; P  < 0.05) and 
percentage  (z= -2.30; P  < 0.05) as compared with AHA. 
On the contrary, The remaining three patients of  the 
group A had a higher mDCs number and percentage as 
occur in group B. Interestingly, after six months, those 
patients did not show any increase of mDCs subset were 
chronically infected. while the three subjects with an 
increase of peripheral mDCs, as in HAV acute infection, 
resolved the illness. 

CONCLUSION: The lack of increase of mDCs during 
acute hepatitis C might be an important factor involved 
in chronicization of the infection.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) infection represents one of  the 
most important causes of  chronic viral hepatitis, liver 
disease, and hepatocellular carcinoma[1]. Many mechanisms 
have been proposed to account for the ability of  HCV 
to elude the host defense and progress towards chronic 
disease: the high rate of  the mutation as well as the ability 
of  the virus to influence T helper cell subsets during the 
acute infection. Indeed, an early Th2 predominant immune 
response seems to influence the natural history of  the 
infection[2,3]. Even if, several research studies have focused 
attention on the T lymphocytes (CD4+ and CD8+) activity 
in acute and chronic hepatitis C[4,5], however, the frequency 
of   the cells involved in the presentation of  the antigen 
(APCs) and so in the  immune response activation is not 
fully elucidated. Among these subsets, the dendritic cells 
(DCs) have one of  the most important roles in the host 
defense, but few data are available on these cells during the 
acute hepatitis C. That subset, divided in plasmacytoid DCs 
(pDCs) and myeloid DCs (mDCs), expresses high levels 
of  MHC class I and II antigens, as well as costimulatory 
molecules, playing an essential role in triggering primary 
immune response[6]. Particularly, the mDCs are involved 
in Th1 network activation[7], that is fundamental to clear 
HCV infection[2,3]. The aim of  the present study was to 
use flow cytometry as a tool to enumerate mature mDCs 
in peripheral blood of  patients with acute HCV infection 
and consequently to asses the ability to present the antigen 
and activate the immune response against the virus as well 
as its possible influence on disease progression. Thus, we 
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presented, for the first time to our knowledge, a study on 
the frequency of  peripheral myeloid dendritic cells (mDCs) 
(CD11c+) in two hepatitides due to RNA hepatotropic 
virus characterized by a common natural immune 
system pathway[8-10]: one HCV which  frequently leads to 
chronicity; and the other HAV which normally leads to a 
self-limited infection with a complete resolution, thus as 
control population, we investigated healthy individuals.  

MATERIALS AND METHODS
Patients
Following the approval of  our Local Ethical Committee, 
the study was carried out on 31 subjects, who were divided 
into three groups. Group A: 11 patients with acute C hepa-
titis; Group B: 10 patients with acute A hepatitis; Group 
C: 10 normal individuals as controls. All patients had been 
admitted to our Infectious Disease Emergency Unit dur-
ing the symptomatic phase, at least after one week from 
the first symptoms. Regarding to the group A, the criteria 
for diagnosis of  acute hepatitis C were: (1) at admittance, 
HCV-RNA positive  and anti-HCV negative or docu-
mented HCV-RNA negativity before admission otherwise 
seroconversion from anti-HCV negative to positive ELISA 
test; (2) negative  clinical history of  autoimmune disease, 
chronic  viral hepatitis or other viral infections, including  
HIV; (3) serum alanine aminotransferase (ALT) levels at 
least 10 × upper limit of  normal value (ULN < 40 IU/
mL); and (4) absence of   alcohol or drug abuse. Of  note 
that our hospital is a reference center for infectious disease, 
moreover, most of  our patients were ex-prisoner and so 
they underwent to periodical control.

All HAV-infected patients were negative for other 
chronic viral hepatitis (HBV and HCV), alcohol/drug 
abuse, other associated autoimmune disorders or infec-
tious disease.  

Since none of  patients of  group A underwent IFN 
treatment, they were evaluated at time 0 (T0) and after at 
least six months Time 6 (T6) following their laboratory 
parameters to asses a possible progression towards chronic 
infection (positive HCV-RNA qualitative assay and hyper-
transaminasis) or its resolution, as well as their mDCs fre-
quencies.

Blood samples were collected from all patients on 
admittance to our unit, at the beginning of  clinical 
symptoms (T0). All biochemical and viral assays were 
performed at our centralized laboratory. The HCV-RNA 
qualitative and quantitative assays were performed using 
the Amplicor Roche system with the cut-off  values set to 
50 and 600 UI/mL, respectively. 

The mDCs assessment was executed at our immu-
nological laboratory by a three-color flow cytometry 
using a Beckman Coulter Profile system. The mDCs as-
say involved the use of  anti-ILT3, anti-CD14 and anti-
CD11c monoclonal antibodies (mAb) labelled with the the 
fluorochromes -PC5,-FITC,-PE, applying a particular gate 
strategy, according to the criteria of  Beckman Coulter. All 
monoclonal antibodies were applied following the manu-
facturer’s instructions and on the basis of  our previous 
experiences. Briefly, after the cells were gated using a side 
scatter profile to exclude granulocyte and possible debris, 

the  cells were further gated using CD14+ mAb marker to 
select a population of  monocytes and pro-myeloid den-
dritic cells, such marker is not expressed on plasmocytoid 
cells and so its usage gives us the ability to early select the 
mDCs[11]. In addition, the cells were further gated using 
ILT3-mAb to obtain purified mDCs population[12]. Finally, 
a third gate was applied using CD11c to obtain the only 
mature mDCs (CD11c+)[13] (Figure 1). Coupled to this cy-
tometry analysis, we also evaluated the total CD4+ T cells 
to asses the possible correlation between T lymphocytes 
and mDCs.

Statistical analysis         
Considering the small number of  patients, we used non-
parametric test. Spearman test was applied particularly 
to asses possible correlation, and on the other hand, U 
Mann-Whitney test (two tailed) was performed to evaluate 
difference among the groups. The results were considered 
statistical significant at P < 0.05. 

RESULTS 
Table 1 shows the descriptive analysis of  the standard 
laboratory, virological and immunological parameters. In 
group A, nine patients were genotype 1b, while the other 
two had genotype 2a/2c. The mean value of  mDCs in the 
normal donors was 1350 cells, representing about the 15% 
of  the ILT3 cells. Eight of  11 patients with acute hepatitis 
C showed to have a lower absolute cell count percent-
age of  peripheral blood mDCs when compared to acute 
hepatitis A (Mann-Whitney U test; z = -2.37, P < 0.05 and 
z = -2.30, P <0.05) (Figure 2), while they did not display 
any statistical significant differences with respect to group 
C (healthy individuals), thereby suggesting the lack of  en-
rollment in peripheral blood of  this dendritic cell subset 
during the acute infection. The remaining 3 patients (3/11; 
two with genotype 2a/2c and one genotype 1) showed an 
increase of  mDCs presenting an absolute cell count and 
percentage analogous to patients with acute hepatitis A 
(Table 1).  After six months, patients who at T0 showed 
an absolute number and percentage of  mDCs like healthy 
individuals had positive HCV-RNA qualitative assay, hy-
pertransaminases (2 time upper limit normal value, 92 
IU/mL) and also preserved the same frequency of  mDCs 
(Table 1). Of  note that 3/11 of  patients who showed an 
increase of  mDCs were found to be negative for hyper-
transaminasemia and HCV-RNA after 9 months when 
they came back our department. Finally, a strong positive 
correlation (Spearman’s test; r=0.90, P<0.05) between the 
mDCs and CD4+ was found in group B, while it was not 
demonstrated in group A. Noteworthy, no correlation was 
pointed out among HCV-RNA, transaminases and the 
mDCs both at T0 and T6, suggesting the lack of  a direct  
involvement in liver necrosis of  viral cycle. 

DISCUSSION
mDCS have an important role during the infection[6,14], 
therefore, one of  the most vital strategies of  the virus 
could be to inhibit or interfere with their function. Indeed, 
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some viruses can evolve to present strategies to diminish 
the circulating dendritic cells evading the immune surveil-
lance. Previous studies reported a decrease of  DCs dur-
ing different viral infectious disease and most recently in 
chronic hepatitis C[14,15]. Particularly during chronic HCV 
infection, it has also been shown that the virus is able to 
slow down the DCs by direct infection[15]. Nevertheless, 
it is unknown if  the virus has influence on the circulat-
ing  DCs  during acute infection too. Although the present 

investigation was carried out on a small group of  patients, 
however, this simple gate strategy in flow cytometry is 
probably the first to show that patients who demonstrated 
to have the same absolute number and percentage of  
mDCs as healthy individuals evolved towards a chronic 
disease, while those having an increase of  mDCs, such as 
in HAV, were not chronically infected. Even if  the num-
ber of  patients resolving the infection is too small to be 
suitable for any statistical test, it is clear considering the 
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flow cytometry data that this subset has a possible con-
nection to the pathogenesis of  a persistent infection. In 
this regard, the results relatively to the increase of  mDCs 
during a self-limited RNA viral hepatitis like HAV, seem 
to confirm the hypothesis of  a role for those peripheral 
blood professional APCs subset in the resolution of  the 
viral infection, probably enrolling CD4+ T cells as the cor-
relation suggested. The mechanisms hiden behind these 
events, through which HCV could participate in decreasing 
mDCS in peripheral blood, are still unclear. Nevertheless, 
it has recently been shown the ability of  HCV to interfere 
with TLR 3 activity during the immune system response[16], 
since it has an important role in mDCs life cycle and 
function[6,9,10,17]. Thus, the lack of  expansion occurring in 
patients during acute HCV infection by different ways 
could represent an important additional skill of  the virus 
to elude the first line of  host defense represented by the 
innate immunity. Although our study did not asses the di-
rect viral infection of  DCs, it clearly documents that HCV 
is able to evolve a kind of  strategy to boost its survival by 
preventing the increase of  mDCs during the acute infec-
tion in patients evolving in chronic hepatitis. Of  note that 
mDCs are able to activate a Th1 immune network, and 
that it is well known to be necessary to clear HCV[4,5,18], so 
their inactivation might have a great influence on host de-
fense during acute infection.

In conclusion, we speculate that during acute hepatitis 
C, the virus might prevent the activation of  circulating my-
eloid dendritic cells (ILT3/CD11c+) conditioning the nat-
ural history of  the hepatitis. Thus, an early assessment by 
means of  flow cytometry of  mDCs using our gate strategy 
could give useful suggestions about the possible progres-
sion of  infection, thereby proposing the early enrolment 
of  the patients in IFN-treatment, particularly for the geno-
type 1. Supplementary studies, using flow cytometry assay 

coupled to functional analysis as well as assaying the pos-
sible variation of  mDCs peripheral blood expression after 
interferon plus ribavirin treatment, should be carried out 
on a wider population. In fact, this subset could be a possi-
ble target for an immunotherapy to ameliorate the antigen 
presenting function and so the immune response
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weight ratio, the levels of serum amylase and lipase, 
and inhibited expressions of pro-inflammatory cytokines 
in the CCK octapeptide-induced AP. Furthermore, PS 
pretreatment increased the pancreatic levels of HSP60 
and HSP72.

CONCLUSION: Pretreatment with PS has an anti-
inflammatory effect on CCK octapeptide-induced AP.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Acute pancreatitis (AP) is characterized by local pancreatic 
inf lammation as wel l as a systemic inf lammatory 
response[1,2]. Histologically, AP is characterized by 
interstitial edema, vacuolization, inflammation, and 
acinar cell necrosis[3,4]. A widely used model to study 
these responses is acute pancreatitis induced in rats and 
mice by high doses of  cholecystokinin (CCK) or its 
analogue, cerulein[5]. CCK is a major physiologic regulator 
of  digestive enzyme secretion by the pancreatic acinar 
cell; however, supraphysiologic doses of  CCK (in excess 
of  those that stimulate maximal secretion of  digestive 
enzymes) are injurious to the pancreas, causing pancreatitis 
that mimics many features of  the human disease[5-8].

Cells could respond to heat shock or other stress with 
the rapid synthesis of  heat-shock proteins (HSPs). The 
induction of  the heat shock response enhances the ability 
of  the cells to overcome the effects of  the stress[9]. These 
proteins are classified by their molecular mass (e.g., HSP60 
and HSP72). It was reported that the pre-induction of  
HSP expression has a protective effect against cerulein-
induced pancreatitis in rats or choline-deficient ethionine-
supplemented diet model pancreatitis in mice[10-12].

Besides, with increasing neutrophil migration to the 
pancreas, a variety of  inflammatory cytokines are released. 
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Abstract
AIM: To investigate the effect of Patrinia scabiosaefolia  
(PS) on the cholecystokinin (CCK) octapeptide- induced 
acute pancreatitis (AP) in rats.

METHODS: Wistar rats weighing 240-260 g were divided 
into three groups: (1) Normal saline-treated group; 
(2) treatment with PS at 100 mg/kg group, in which 
PS was administered orally, followed by subcutaneous 
administration of 75 µg/kg CCK octapeptide three 
times after 1, 3 and 5 h, and this whole procedure 
was repeated for 5 d; (3) treatment with saline group, 
in which the protocols were the same as in treatment 
group with PS. We determined the pancreatic weight/
body weight ratio, the levels of pancreatic HSP60, 
HSP72 and the secretion of pro-inflammatory cytokines. 
Repeated CCK octapeptide treatment resulted in the 
typical laboratory findings of experimentally induced 
pancreatitis. 

RESULTS: PS reduced the pancreatic weight/body 
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Pro-inflammatory mediators, such as tumor necrosis 
factor-α (TNF-α), interleukin-1β (IL-1β) and IL-6, have 
been related to inflammatory changes in AP. There are 
considerable evidences that pro-inflammatory cytokines 
play a central role in AP and may mediate the systemic 
complications of  AP[13,14].

Iridoid compounds represent a large group of  the 
cyclopentano[c]pyran monoterpenoids found in many 
plants. These compounds exhibit various antimicrobial, 
antitumoral, hemodynamic, and anti-inf lammatory 
activities[15]. Patrinia scabiosaefolia (PS) (Valerianaceae) is 
well-known in oriental traditional medicine. Its roots or 
whole plants have been used for treatment of  various 
diseases, including edema, appendicitis, endometritis, and 
inflammation[16]. However, the effect of  PS on AP has not 
been investigated as yet. Hence, in this study, we aimed 
to investigate the effect of  PS on the CCK octapeptide-
induced AP. We examined pancreatic weight/body weight 
ratio, serum amylase and lipase levels, and also investigated 
the effect of  PS on pancreatic HSP60 and HSP72 
expression in CCK octapeptide-induced AP. We wished to 
evaluate whether PS can block pro-inflammatory cytokine 
synthesis during CCK octapeptide-induced AP.

MATERIALS AND METHODS
Materials 
Avidin-peroxidase and 2’-AZINO-bis (3-ethylbenzi-
thiazoline-6-sulfonic acid) tablets substrate and CCK-8 
were purchased from Sigma (St. Louis, MO, USA). Anti-
HSP60 and anti-HSP72 antibodies were purchased from 
Stressgen (British Columbia, Canada). Anti-rat TNF-α, 
anti-rat IL-1β and anti-rat IL-6 antibodies were purchased 
from R&D Systems (Minneapolis, MN, USA). 

Preparation of PS 
PS was prepared by decocting the dried prescription of  
herbs with boiling distilled water. The decoction time was 
about 3 h. Their voucher specimens were deposited at the 
Herbarium at the College of  Oriental Medicine, Kyung-
Hee University.

Animal models 
Male Wistar rats weighing 240-260 g were kept at a 
constant room temperature of  25 °C with a 12-h light
–dark cycle, and were allowed free access to water and 
standard laboratory chow. The rats were fasted for 16 h 
before the induction of  AP. Rats were divided into three 
groups, each group containing 6-8 rats. The experiments 
performed in this study were approved by the Animal Care 
Committee of  the University.

In vivo models of pancreatitis 
In PS-treated group, 100 mg/kg PS was systemically 
admin is t ra ted ora l l y, fo l lowed by subcutaneous 
administration of  75 µg/kg CCK octapeptide three times 
after 1, 3, and 5 h, and this whole procedure was repeated 
for 5 d. In AP group, saline was systemically administered 
orally instead of  PS, but otherwise the protocol was the 
same as in treatment group with PS. Normal untreated 

Seo SW et al. Effect of Patrinia scabiosaefolia  on acute pancreatitis                                                             1111

www.wjgnet.com

group received physiological saline orally instead of  PS. 
The animals were sacrificed by exsanguinations through 
the abdominal aorta 12 h after the last CCK octapeptide 
injection. The pancreas was quickly removed, cleaned 
from fat and lymph nodes, weighed, and frozen at -70 °C 
until use. Rats were treated in accordance with the current 
law and the NIH Guide for Care and Use of  Laboratory 
Animals.

Pancreatic weight/body weight ratio 
This ratio was utilized to evaluate the degree of  pancreatic 
edema.

Western blotting
Western blot analysis of  pancreatic HSP60 and HSP72 
levels was performed from the cytosolic fraction of  the 
pancreas homogenate. Thirty micrograms of  protein was 
loaded per lane. Samples were electrophoresed on a 100 
g/L SDS-PAGE according to the method of  Laemmli[17]. 
The gels were either stained with Coomassie brilliant blue 
(to demonstrate equal loading of  proteins for Western blot 
analysis) or transferred to a nitrocellulose membrane for 2 
h at 300 mA. Membranes were blocked in 50 g/L nonfat 
dry milk for 1 h and incubated with anti-HSP60 and anti-
HSP72 antibodies. After washing in PBS/Tween-20 three 
times, the blot was incubated with secondary antibody for 
30 min, and the antibody-specific proteins were visualized 
by the enhanced chemiluminesence detection system 
according to the recommended procedures (Amersham 
Corp. Newark, NJ).

Enzyme-linked immunosorbent assay (ELISA) 
ELISA for TNF-α, IL-1β and IL-6 was carried out in 
duplicate in 96-well plates (Nunc, Denmark) coated with 
each of  100 µL aliquots of  anti-rat TNF-α, anti-rat IL-
1β and anti-rat IL-6 monoclonal antibodies at 1.0 µg/mL 
in PBS (pH 7.4), followed by incubation overnight at 4℃. 
The plates were washed with PBS containing 0.5 g/L 
Tween-20 (Sigma, St. Louis, MO, USA) and blocked with 
PBS containing 10 g/L BSA, 50 g/L sucrose and 0.5 g/L 
NaN3 for 1 h. After additional washes, standards were 
added and incubated at 37 ℃ for 2 h, followed by washing 
of  the wells, addition of  each of  0.2 mg/L of  biotinylated 
anti-rat TNF-α, anti-rat IL-1β and anti-rat IL-6 antibodies, 
and incubation at 37 ℃ for 2 h. After washing the wells, 
avidin-peroxidase was added and plates were incubated 
for 20 min at 37 °C. Wells were again washed and ABTS 
substrate was added. Color development was measured 
at 405 nm using an automated microplate ELISA reader. 
A standard curve was run on each assay plate using 
recombinant TNF-α, IL-1β and IL-6 in serial dilutions.

Measurement of serum amylase and lipase 
Arterial blood samples for determinations of  serum 
amylase and lipase were obtained 12 h after induction of  
pancreatitis. Rats were anesthetized with intraperitoneal 
injection of  ketamine (80 mg/kg) and xylazine (4 mg/kg). 
After anesthetization, blood was withdrawn from heart 
of  each rat into syringes. Serum amylase was measured by 
using an ADIVA 1650 (BAYER, USA). Serum lipase was 
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measured by using a Cobas-mira (Roche, USA).

Statistical analysis 
Results were expressed as means ± SE. The significance of  
changes was evaluated using student’s t test. Differences 
between the experimental groups were evaluated by 
using analysis of  variance. P values less than 0.05 were 
considered statistically significant.

RESULTS
Effect of PS on pancreatic weight/body weight ratio
It has been shown that pancreatic weight (pw)/body 
weight (bw) ratio is increased in CCK octapeptide-induced 
pancreatitis in rats[18]. To assess the effect of  PS on the 
pw/bw ratio during CCK octapeptide-induced AP, we 
divided the pancreatic weight by the body weight of  rats. 
We found that PS significantly decreased pw/bw ratio 
compared with saline-treated group (P <0.05) (Figure 1).

Pancreatic serum amylase activity and lipase activity 
The levels of  serum amylase and l ipase are most 
commonly obtained as biochemical markers of  pancreatic 
disease, particularly AP. Amylase activity in serum has 
been used for many years for the evaluation of  patients 
with acute abdominal pain and suspected pancreatic 
disorders[19]. Elevation of  the levels of  pancreatic lipase 
in plasma or serum is often considered to be the most 
sensitive and specific marker of  AP[20]. PS reduced the 

activities of  serum amylase and lipase in CCK octapeptide-
induced AP (Figure 2).

Effect of PS on HSP60 and HSP72 expression in CCK 
octapeptide-induced AP 
It was reported that the pre-induction of  HSP expression 
has a protective effect against cerulein-induced pancreatitis 
or CCK octapeptide-induced pancreatitis in rats[18,21,22]. We 
next investigated the effect of  PS on HSP60 and HSP72 
expressions in CCK octapeptide-induced AP. PS increased 
pancreatic HSP60 and HSP72 expression in CCK 
octapeptide-induced AP compared with saline (Figure 3). 

Effect of PS on cytokines secretion in CCK octapeptide-
induced AP 
Various cytokines (TNF-α, IL-1β and IL-6), released locally 
and systemically, have been implicated in the inflammatory 
response associated with pancreatitis. The production 
of  these cytokines has been shown to increase in serum 
during CCK octapeptide-induced AP[23-25]. In this study, 
we found that PS pretreatment significantly decreased the 
levels of  TNF-α, IL-1β and IL-6 production during CCK 
octapeptide-induced AP (Figure 4).
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Figure 1 Effect of PS on pancreatic weight/body weight ratio (pw/bw) in CCK 
octapeptide-induced AP. Data are expressed as mean ± SE for 6 animals per 
group. P < 0.05 vs control group.
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Figure 2 PS inhibition of serum amylase and lipase levels in CCK octapeptide-
induced AP in rats. Values are expressed as mean ± SE for at least 6 animals per 
group. P < 0.05 vs control group.
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Figure 3 Western blot analysis of effect of PS on HSP60 and HSP72 expressions 
in CCK octapeptide-induced AP. A: HSP60; B: HSP72.
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Figure 4 Effect of PS on TNF-a, IL-1b and IL-6 secretion in CCK octapeptide-
induced AP. Data are expressed as mean ± SE for 6 animals in each group.  
P < 0.05 vs control group.



DISCUSSION
PS has been used for treatment of  various diseases, 
including edema, appendicit is, endometr i t is, and 
inf lammation [16].  On the basis of  the idea that the 
expressions of  HSPs, such as HSP 60 and HSP72, in 
pancreas play a key role in the inflammatory response of  
pancreatitis, we determined whether PS could increase 
expression of  HSP in CCK octapeptide-induced AP. 
HSPs play a universal role in the maintenance of  cellular 
homeostasis[22]. They are expressed constitutively and/or 
at elevated levels upon the exposure of  cells to a variety of  
stress conditions in every organ, including pancreas[21,26]. 
Previous reports of  the effects of  cerulein-induced AP 
on pancreatic HSP levels are somewhat conflicting[27-31]. 
Ethridge et al[28] found that the pancreatic heat shock factor 
1 (HSF-1) binding activity was increased during cerulein-
induced AP, with concomitant increases in HSP70 and 
HSP27, while the levels of  HSP60 and HSP90 were not 
affected. Similarly, Weber et al[27] demonstrated that cerulein 
induced pancreatic HSP70 mRNA and protein expressions. 
However, secretagogue treatment did not alter the level of  
ubiquitin mRNA. Using antisense oligonucleotides, Bhagat 
et al[29] have shown that cerulein-induced HSP72 expression 
acts to limit the severity of  the disease in rat. Strowski  
et al[30] observed that cerulein time- and dose-dependently 
increased mRNA but paradoxically reduced protein levels 
of  rat pancreatic HSP60 and HSP72. In accordance with 
their study, we demonstrated that repeated injections of  
supramaximal doses of  CCK octapeptide for 5 d reduced 
the pancreatic HSP60 and HSP72 levels[18,32]. However, 
this decrease was recovered by the administration of  
the PS. Therefore, PS acted against the effect of  CCK 
octapeptide-induced pancreatitis to decrease the levels of  
these HSPs, and clearly increased the protection against 
the disease as discussed below. Since we only examined 
the quantities of  the most widely investigated HSP60 
and HSP72, we could not rule out that other HSPs were 
induced and contributed to the protective effects of  PS. 

These cytokines (TNF-α, IL-1β and IL-6) are thought 
to mediate the systemic effects of  pancreatitis, such as 
fever, hypotension and shock[8]. Serum levels of  TNF-α, 
IL-1β and IL-6 are used to evaluate the systemic cytokine 
response. TNF-α has been shown to be an important 
initiator of  the local and systemic damage occurring in 
AP[33]. The overall rise in both tissue and serum TNF-α 
concentrations correlates directly with the severity of  
pancreatic damage and inflammation[34]. Additionally, 
serum levels of  TNF-α have been found to correlate with 
severity of  AP in humans[24]. IL-1β is another potent pro-
inflammatory cytokine, which, like TNF-α, is derived 
predominantly from macrophages[35]. Combined infusions 
of  TNF-α and IL-1β have synergistic pro-inflammatory 
effects[36]. Using knockout (-/-) mice deficient in IL-1 
type 1 receptors, TNF type 1 receptors, or both, it has 
been shown that IL-1β and TNF-α make an equivalent 
contribution to the severity of  an attack. Preventing the 
activity of  both cytokines concurrently has no additional 
effect on the degree of  pancreatitis[37]. 

IL-6, a principal mediator of  acute phase response, is 
primarily released from activated mononuclear phagocytes. 

Pooran e t a l [38] showed that IL-6 levels in severe 
pancreatitis were significantly elevated compared with mild 
pancreatitis[38,39]. As aforementioned, we demonstrated that 
PS could reduce TNF-α, IL-1β and IL-6 production during 
CCK-induced AP in rats.

Repeated supramaximal doses of  CCK octapeptide 
stimulation for 5 d are known to induce a prolongation 
of  the morphological (increased pw/bw) and biochemical 
changes (increased serum amylase and lipase activity) in 
CCK octapeptide-induced acute interstitial pancreatits 
in rats[5-8]. We have found that PS pretreatment reduced 
typical laboratory parameters (increased pw/bw) and 
biochemical changes (increased serum amylase and lipase 
activity) in the CCK octapeptide-induced AP. From 
these results, we suggest that these cytoprotective effects 
maybe due to the induction of  HSPs. Absolutely decisive 
proof  of  the protective effects of  HSPs in this AP model 
would require the blockade of  expression or function of  
these proteins. Unfortunately, there are as yet no specific 
inhibitors of  these. 

In conc lus ion , our s tudy has shown tha t PS 
pretreatment ameliorates the severity of  CCK octapeptide-
induced pancreatitis in rats. In accordance with others, 
we have demonstrated that PS increases synthesis of  
HSP60 and HSP72 and reduces the production of  
TNF-α, IL-1β and IL-6 in CCK octapeptide-induced AP 
in rats. Additionally, PS pretreatment ameliorates typical 
laboratory parameters (increased pw/bw) and biochemical 
parameters of  the disease. Thus, our study suggests that 
PS protects against CCK octapeptide-induced AP in rats. 
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Abstract 
AIM: To analyze the major complications after exentera-
tion of gynecological and rectal malignancies.

METHODS: Twenty-two patients with gynecological 
malignancy and 6 with rectal malignancy underwent 
pelvic exenteration (PE) between 1996 and 2005. PE was 
performed for primary malignancy in 71.4% of cases 
(vulvar cancer in 13, cancer rectal in 5, cervical cancer 
in 1 and Bartholin’s gland cancer in 1 cases respectively 
and recurrent malignancy in 28.6% of cases (cervical 
cancer in 5, ovarian cancer in 1, uterine sarcoma in 1 
and rectal cancer in 1 cases respectively). Posterior PE, 
total PE and anterior PE were most often performed.

RESULTS: Major complications in the operative field 
involving the urinary tract infection or the wound 
dehiscence occurred in 12 patients (42.9%). Early 
complications included massive bleeding from the sacral 
plexus, adult respiratory distress syndrome (ARDS), 
thrombophlebitis, acute renal failure, urinary bladder 
dysfunction, ureter damage, re-operation and pulmonary 
embolus. Urinary incontinence was observed in 2 women 
as a late complication. In 1 patient a nephrostomy was 
performed in 1 patient due to extensive hydronephrosis 
and 1 patient had complications connected with the 
gastrointestinal tract. The mortality rate was 7%, of 
which inter-operative mortality accounted for 3.5%. 
Major complications often occurred in advanced 
primary vulvar cancer affecting those with recurrent 
malignancies.

CONCLUSION: PE is more beneficial to patients 
with primary vulvar and rectal cancer than to those 
with recurrent cancer. Knowledge of the inherent 
complications and morbidity of PE is essential.

© 2006 The WJG Press. All rights reserved.

Key words: Compl icat ions; Pelv ic exenterat ion; 
Gynacological cancer; Rectal cancer; Vulvar cancer 

Wydra D, Emerich J, Sawicki S, Ciach K, Marciniak A. Ma j o r 
complications following exenteration in cases of pelvic 
malignancy: A 10-year experience. World J Gastroenterol  
2006; 12(7): 1115-1119

 http://www.wjgnet.com/1007-9327/12/1115.asp

INTRODUCTION
Total pelvic exenteration (TPE) has been used as a salvage 
therapy. Candidates are those who have failed radiation 
therapy or primary surgical or combined treatment of  the 
recurrence in the central pelvis[1-3]. Pelvic exenteration (PE) 
is also a method of  treatment in cases of  locally advanced 
primary pelvic tumors.

PE is carried out at the site of  extensive pelvic tumor, 
and cervical, vulvar, vaginal, ovary, rectal cancer or bladder 
cancer which can not be removed by standard radical 
pelvic surgical techniques[2, 4]. PE may result significant 
complications, its major complications can affect 62% of  
patients[5-9]. The distribution of  complications has changed 
over the years due to the advances in antibiotic therapy and 
improved supportive care including hyper-alimentation. 
At present the most threatening complications are those 
involving the gastrointestinal and urinary systems. Urinary 
fistulae and obstruction following PE are the frequent and 
life threatening complications, which increase the mortality 
and morbidity rates after PE of  gynecological cancers[10].

The present study was to review the literature and 
report our experience with the complications arising from 
PE as a radical surgery in the treatment of  advanced pelvic 
malignancies.

MATERIALS AND METHODS
Twenty-two patients with gynecological malignancy and 
6 with rectal cancer underwent PE in 1996 - 2005 at 
the Department of  Gynecology, Medical University of  
Gdansk, Poland. Exenteration was performed because of  
vulvar cancer in 13 cases, rectal cancer in 6 cases, cervical 
cancer in 6 cases, ovarian cancer in 1 case, uterine sarcoma 
in 1 case and Bartholin’s gland cancer in 1 case.

The clinical and pathological records were reviewed to 
determine the primary disease, previous treatment, type 



www.wjgnet.com

1116        ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol     Februaey 21, 2006   Volume 12     Number 7

of  PE, postoperative morbidity and mortality as well as 
complications. The primary malignancies (71.4%) included 
advanced carcinoma of  the vulva in 13 cases, rectal cancer 
in 5 cases, cervical cancer in 1 case, Bartholin’s gland 
cancer in 1 case. The recurrent tumors (28.6%) included 
carcinoma of  cervical cancer in 5 cases, ovarian cancer in 1 
case, uterine sarcoma in 1 case, rectal cancer in 1 case.

Posterior pelvic exenteration (PPE), total pelvic 
exenteration (TPE) and anterior pelvic exenteration (APE) 
were most often performed.

All the vulvar and cervical cancers were squamous 
cell carcinoma (SCC). Surgery was performed by a team 
of  gynecological surgeons or together with a team of  
urologists in cases requiring urinary diversion.  All patients 
were operated under mixed anesthesia consisting of  
conduction anesthesia (spinal or epidural) and general 
anesthesia. Closure of  the empty pelvic cavity was 
achieved by mobilization of  omentum from the left side 
of  the sigmoid colon or by reperitonization using the 
mobilized caecum. Re-operation was needed for early and 
late complications. Early complications were those arising 
within 30 days after surgery and late complications were 
those over 30 days after surgery.

RESULTS
The clinical characteristics of  28 patients who underwent 
pelvic exenteration are summarized in Table 1.

The mean age of  the 28 patients at diagnosis was 53.3 
years (range, 34-82 years).

The estimated blood transfusion during operation 
ranged from 240 mL to 3580 mL with a mean of  1100 mL. 
The operating time ranged from 4 h to 11 h and 45 min 
with a mean of  6 h and 36 min. Patients stayed 8 - 66 d in 
hospital after operation with a mean of  27 d.

The overall complication rate after PE was 53.6% (15 
of  the 28 patients). Wound dehiscence (wd) occurred in 9 
cases (32.1%), urinary infection in 3 cases (10.7%), urinary 
incontinence in 2 cases (7.1%), massive bleeding in 2 cases 
(7.1%). ARDS, thrombophlebitis, ureter damage, acute 
renal failure, pulmonary embolism, resuture, and urinary 
bladder dysfunction occurred in 1 case (3.6%). 

The mortality rate was 7%, of  which 3.5% was 
interoperative.

In our study, major complications often occurred 
in advanced primary vulvar cancer (mainly wound 
dehiscence), affecting those with recurrent malignancies.

Early complications
Massive bleeding occurred in 2 patients during operation. 
One patient with uterine sarcoma died of  massive bleeding 
from sacral vessels during PPE although he received 
1800 mL blood. The other patient had massive bleed-
ing from the sacral plexus during PPE for vulvar cancer. 
An attempt was made for haemostasis. Disseminated 
intravascular clotting occurred and haemorrhage was 
massive and lasted for a long time. Because of  the 
continuing bleeding and the poor general state of  the 
patient, five large laparotomy sponges were left in the 
pelvis to cover the pelvic, lilac and sacral vessels under 
pressure. The emergency pelvic packing was successful and 

the sponges were removed after 24 h. Twenty-eight days 
after the operation, the patient was transferred to the De-
partment of  Radiotherapy for supplementary treatment. 

Gastrointestinal complications occurred after APE 
in 1 patient with cervical cancer. During the operation it 
was impossible to implant the ureter into the ileum by the 
Bricker method because of  a lack of  blood supply in the 
isolated intestinal loop, and uretero-cutaneostomia was 
performed.

The patient also suffered from acute renal failure as an 
early complication. Two days after APE the parameters 
of  renal failure decreased gradually and a considerable 
worsening was found on day 8. Acute renal failure was 
confirmed. One patient with recurrent cervical cancer 
underwent APE and died of  pulmonary embolism 2 wk 
after discharge from hospital. Another patient underwent 
TPE for recurrent cervical cancer and he received re-
operation because of  bleeding 2 h later. Haemorrhage was 
identified in the venus plexus surrounding the urethra but 
not fully achieved and one laparotomy sponge was applied 
under pressure for 48 h. After removal of  the sponge no 
further bleeding was observed.

Late complications
Late complications occurred as urinary incontinence in 
2 patients (7.1%) with vulvar cancer after PPE. A unilat-
eral nephrostomy was performed in 1 patient with vulvar 
cancer due to extensive hydronephrosis and chronic renal 
failure one year after PPE. 

A urinary fistula was diagnosed 6 mo after PPE for 
recurrent cervical cancer in 1 patient. During surgery to 
remove the fistula, a progression of  disease was diagnosed 
and a cystectomy was performed to create an ileal conduit. 

DISCUSSION
Primary radiation therapy or surgery in combination with 
radiotherapy has been the standard treatment for years in 
patients with advanced cancer. Although some changes 
have taken place in radiation techniques, the cure rate for 
advanced cancer still remains disappointing. Severe radia-
tion complications may occur in these patients and PE 
should be performed for salvage therapy in combination 
with chemotherapy and radiotherapy as the first line treat-
ment[5]. 

TPE is often the only hope for women who have failed 
non-conservative therapy[11, 12]. PE can provide a good 
chance of  long-term survival in carefully selected patients 
but the role of  palliative exenteration in patients with non-
resectable disease is still controversial[13]. PE is also the 
treatment of  choice for the control of  locally advanced 
recurrent gynecological malignancies unresponsive to 
therapy[4]. 

We have performed PPE mainly for advanced vulvar 
cancer without the need to make an ileal conduit in pa-
tients who had no previous operation, radiotherapy or 
chemotherapy.

Physiological age and absence of  co-morbidity 
appear to be more important when patients are selected 
for exenteration than chronological age. Careful pre-
operative staging either by computed tomography scan 
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or by magnetic resonance imaging can usually identify 
patients with distant metastases, extrapelvic nodal disease, 
or disease involving the pelvic sidewall (which generally 
precludes surgery). Recent application of  intraoperative 
radiotherapy or postoperative high-dose brachytherapy 
in patients with advanced pelvic disease involving 
pelvic sidewall, may expand the standard indications for 
exenteration. However, this procedure with or without 
radiotherapy, should be the resection of  all tumors since 
the site of  palliative exenteration is controversial[14]. 

A successful operation can free patients from the 
potential discomfort caused by aggressive tumor. To a 
certain extent it can also reduce the pain in the pelvic 

area[6, 13].
The most serious and common complications after 

exenteration are acute enteric complications (which 
can exceed 20%), enteric obstruction, fistulization, 
pelvic infection, sepsis, wound infection, pyelonephritis. 
Acute renal failure is a rare complication after pelvic 
exenteration[7-9,15-18].

Inguinal lymphadenectomy combined with PE 
increases the total incidence of  complications in patients 
with vulvar carcinoma. Necrosis of  the skin over 
inguinal and symphisis pubis areas is the most common 
complication which is present in 75% of  cases[18].  

The long operating time and huge blood loss associ-

Table 1 Clinical characteristics of patients 

Patient  
number

Age
(yr)

Year of 
operation

Days  in
hospital
after surgery

Histology Method Blood 
transfusion (mL)

Operating time
(min)

Complications

1 59 1996 48 vulvar - scc PPE 240 240 wd

2 48 1996 14 vulvar - scc PPE 800 315 -

3 62 1998 35 vulvar - scc PPE 600 330 urinary infection, wd
4 77 1998 28 vulvar - scc PPE 900 360 -

5 37 1998 15 rectal-
adenoca

PPE 600 255 -

6 50 1999 23 ovarian-
adenoca

PPE 1200 405 -

7 65 2000 54 vulvar - scc PPE 1500 380 urinary infection, wd

8 34 2000 49 vulvar - scc TPE 1200 330 ARDS, wd

9 52 2000 16 vulvar - scc PPE 300 360 urinary incontinence

10 44 2000 - uterine 
sarcoma

PPE 1800 275 massive bleeding- died 
during operation

11 43 2002 28 vulvar - scc PPE 1560 350 -

12 64 2002 28 vulvar - scc PPE 900 420 -

13 63 2002 42 vulvar - scc TPE 1420 450 thrombophlebitis, wd

14 53 2002 25 Bartholin’s 
gland -scc

PPE 1100 360 urinary infection, wd 

15 44 2002 41 vulvar - scc PPE 1500 450 ureter damage, wd

16 64 2002 14 rectal-
adenoca

PPE 300 315 -

17 62 2002 16 cervical - scc PPE 500 360 -

18 57 2003 28 vulvar - scc PPE 3580 420 massive bleeding

19 34 2003 24 cervical - scc APE 1285 480 acute renal failure

20 34 2003 8 rectal-
adenoca

PPE 280 380 -

21 74 2004 66 vulvar - scc PPE 500 330 wd, urinary incontinence

22 82 2004 16 rectal-
adenoca

PPE 950 330 -

23 53 2004 10 cervical  scc APE 1200 410 pulmonary embolism- 
death

24 48 2005 15 rectal-
adenoca

PPE 900 435 -

25 43 2005 14 cervical- 
adenoca

TPE 1500 660 wd, bleeding- 
reoperation

26 56 2005 29 rectal-
adenoca

PPE 1200 705 urinary bladder 
disfunction

27 51 2005 26 cervical  scc PPE 1200 560 urinary fistula

28 38 2005 10 cervical  scc TPE 1800 430 -

Mean 53.3 - 26.7 - - 1100 396 -

Wd = wound dehiscence; ARDS = adult respiratory distress syndrome; SCC = squamous cell carcinoma



www.wjgnet.com

ated with exenteration increase the risk of  wound infection 
which may adversely affect anastomosis site healing. Con-
comitant transfusion requirements and the entry of  con-
taminated viscera- vagina, urethra, rectum are inherent to 
the operation. Most patients who undergo the procedure 
have advanced cancer and have received high-dose radio-
therapy to the operative field. This compromises healing 
ability and makes the procedure even more risky[4]. 

Experience shows that irradiation produces relative 
ischemia of  the exposed area with diminished cellular 
vitality, thereby impairing the healing process[19]. The 
dose of  previous radiation therapy (especially higher than 
4000cGy) is the most important risk factor for major surgi-
cal complications. The incidence of  postoperative urinary 
or gastrointestinal complications is significantly higher 
in previously irradiated gynaecological patients[4, 7, 10, 20]. 
Averette et al [15] reported an operative mortality of  40% 
is associated with surgical correction of  fistula and 93% 
of  these patients have received previous radiation therapy. 
The fistulized loop of  bowel is attached to the pelvic floor 
at reoperation. In our study, fistulization after PE was 
found only in 1 patient with recurrent cervical cancer. This 
low incidence can be attributed to the majority of  patients 
presenting primary tumors, who did not undergo primary 
radiation but reperitonisation at closure of  the pelvic cavity 
to prevent small bowel prolapse. Rodriguez-Bias et al [21] 
showed that 67% of  patients who did not receive prior 
radiation therapy and 26% of  patients who did not receive 
prior irradiation develop postoperative complications. 
Other authors have implicated prior radiation therapy as a 
risk factor for increased morbidity after PE[15,22].

The type of  urinary diversion is also significantly re-
lated to the development of  complications. A modified 
Indiana pouch and transverse colon for the reservoir are 
reported to have a lower incidence of  complications than 
the sigmoid colon or Kock pouch[10, 12, 23, 24]. Compared to 
cutaneous ureterostomy and ileal conduit, a continent res-
ervoir provides a better quality of  life and a low incidence 
of  pyelonephritis and chronic renal failure. However, the 
early complication of  wound infection is higher[4].

Urinary fistulae and obstruction following pelvic ex-
enteration are the frequent and life threatening complica-
tions, which increase the mortality and morbidity rates of  
large resections performed during PE for gynecological 
cancers. Major early urinary complications are significantly 
increased in patients who have received previous pelvic 
radiotherapy or have had an intestinal conduit for urinary 
diversion. Late complications are associated with urinary 
diversion, including stenosis, chronic or recurrent pyelone-
phritis, prolapsed stoma, incontinent or obstructed reser-
voir and calculi in the reservoir[10]. 

Patients after PE are at high risk of  developing cardiac 
complications, ARDS and pulmonary emboli[25, 26]. Con-
trary to other authors we have performed PPE mainly in 
advanced vulvar cancer without the need to make an ileal 
conduit in patients did not receive radiotherapy or chemo-
therapy. The majority of  these patients had recurrence af-
ter prior surgery and radiotherapy. After exenteration, the 
5-year survival was 40-60% in patients with gynecological 
cancer and 25-40% in patients with colorectal cancer[14].
We present a rev iew of  compl icat ions and the i r 

percentages as cited in literature [3, 5, 7-9, 15-18]

Early postoperative complications
Intestinal obstruction rate was 5.3-21.1%, skin flap necrosis 
(in vulvar cancer) 75%, hemorrhage 1-16.6%, intestinal 
fistula 5-16.3%, enterocutaneous fistula 4-23.8%, urinary 
fistula 1-15.7%, pyelonephritis / pyelonephrosis 3.8-21.6%, 
wound infection 2-14%, peritonitis 4%, pelvic abscess 
2.6-17.9%, stoma separation 5.8%, ureteral obstruction 
or necrosis 1-5%, uremia (without obstruction) 5.7%, 
stoma stenosis 2%, prolonged ileus 15%, postoperative 
psychosis/depression 1.9-5%, pelvic cellulitis 7.4%, stomal 
hernia 10.5%, colostomy necrosis 2.4-5.2%, loop necrosis 
3.7%, iliac artery thrombosis 0.4-1.1%, arterial thrombosis 
2.4%, hydronephrosis 15.4%, hyperchloremic acidosis 
7.4%, thrombophlebitis 2-8.3%, pulmonary embolus 
2-4.3%, neurogenic bladder 8.3%, urinary incontinence 
5.3%, cerebrovascular incident 2.2%, shock 3.3%, caliculi 
2%, myocardial infarction 2.2%, heart failure 0.9%, 
perineal evisceration 2- 6%, metabolic disorders 21%, 
pneumonia 1%.

Late postoperative complications
Intestinal obstruction rate was 4.4-15.4%, small bowel ileus 
10%, hydronephrosis 1.4-21.6%, enteroperineal fistula 
1-5%, pyelonephritis 2-10.5%, colostomy necrosis 5%, 
perineal abscess 1-3.4%, perineal hernia 1.9-3.3%, renal 
calculus 0.9-6.2%, stomal hernia 3.7-5%, stomal stricture 
1-5.5%, uretero-ileal stricture 1-9.2%, recurrent infection 
27.2%, small bowel fistula 5.5-8%, wound dehiscence 9.8%, 
urinary incontinence 8.3%, chronic lymphoedema 16.6%, 
perineal evisceration 4%, metabolic disorders 8%, urinary 
fistula 3%.

Robertes et al[9] reported that 29% of  patients after 
PE need re-operation. Re-operation after PE is extremely 
difficult and often leads to further morbidity if  not 
mortality in such a situation. Re-operation for small 
bowel fistula and obstruction has 40% and 50% operative 
mortality, respectively. In our study, only 1 out of  28 
patients (3.6%) had indications for re-operation.

PE is a high-morbidity procedure and its major compli-
cations correlate with preoperative pelvic radiotherapy and 
previous pelvic surgery. However sufficient postoperative 
nutrition (hyper-alimentation), antibiotics and antithrom-
botic therapy, use of  tissue less affected by radiation (such 
as transverse colon, jejunum) and the creation of  a conti-
nent reservoir can decrease the incidence of  complications 
and improve the quality of  life after this radical proce-
dure[4].

Although significant advances have been made in radi-
otherapy and chemotherapy, PE still remains an important 
part of  the armamentarium of  pelvic surgery and is the 
primary and occasionally the only treatment for the control 
of  advanced malignancies. 

In conclusion, PE should be considered as the 
treatment of  choice for the control of  locally advanced 
primary and recurrent pelvic malignancies unresponsive to 
therapy. An understanding of  post-exenteration morbidity 
and complications is necessary. We are continuing to revise 
and update the procedures to minimize complications and 
increase survival.
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Abstract
AIM: To investigate the ABH and Lewis antigen expres-
sion in erythrocytes, saliva and gastric epithelium, as 
well as the association between H pylori  and the pres-
ence of gastric epithelial lesions.

METHODS: The distribution of ABH and Lewis blood 
group antigens in erythrocytes, saliva and gastric mu-
cosa of H pylori -infected gastric ulcer patients was ana-
lyzed. Forty-two patients with gastric ulcer were studied, 
and fifty healthy individuals were used as control group. 
The blood group antigens were determined by direct 
hemagglutination, dot-ELISA and immunohistochemi-
cal methods in erythrocytes, saliva and gastric mucosa 
specimens, respectively. Diagnosis for H pylori  infection 
was performed by conventional optical microscopy and 
ELISA.

RESULTS: A higher seroprevalence of IgG H pylori  spe-
cific antibodies was observed in gastric ulcer patients 
(90%) compared to the control group (60%). We ob-
served a significant increase of phenotypes O, A2 and 
Lewis b in H pylori -infected patients. The expression of 
these antigens had progressive alterations in areas of ul-
cerous lesions and intestinal metaplasia.

CONCLUSION: ABH and Lewis blood group antigens 
are a good indicator for cellular alterations in the gastric 
epithelium.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
The presence of  H pylori in gastric mucosa is associated 
with chronic active gastritis and more severe gastric dis-
eases, including chronic atrophic gastritis, peptic ulcers, 
stomach cancer, and lymphoma[1, 2]. However, only a mi-
nority of  H pylori-infected patients develop gastric diseases. 
In order to explain this fact, the influences of  additional 
factors such as the genetic predisposition of  the host and 
the genotype of  H pylori strains have been analyzed[3]. 
Biochemical studies[4, 5] have discovered a blood group 
antigen binding adhesin (BabA), which can mediate bacte-
rial adherence to epithelial cells and seems necessary for H 
pylori pathogenicity by facilitating the subsequent action of  
the other virulent factors such as VacA and CagA. Borén  
et al[6, 7] demonstrated that the receptors for H pylori on gas-
tric epithelial cells are the H and Leb antigens of  the ABH 
and Lewis (Le) blood group systems. It has been known 
for decades that individuals of  O blood group phenotype 
have a higher risk of  developing duodenal ulcers[8, 9] and 
also a higher incidence of  gastric ulcers[8, 10]. In ulcer dis-
ease patients infected with H pylori little is known about 
the presence of  ABH and Lewis antigens in erythrocytes, 
saliva and gastric epithelium. However, alterations in these 
blood group antigen expressions have been extensively 
described in stomach cancer and precursor lesions[11, 12]. 
This study was to investigate the ABH and Lewis antigen 
expression in erythrocytes, saliva and gastric epithelium 
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in H pylori-infected patients as well as the association of   
H pylori status with these blood group phenotypes and the 
presence of  gastric epithelial lesions.

MATERIALS AND METHODS
Patients and control sample
The study included a total of  42 patients with gastric ulcer 
who were examined by routine upper endoscopy at Ofir 
Loiola Hospital (Belém, PA, Brazil) between May and De-
cember 2000, and comprised 76% males (32/42) and 24% 
females (10/42). The mean age was 53 years, ranging 28-80 
years. Blood and saliva samples and gastric biopsy speci-
mens were collected from each patient. These selected pa-
tients did not take non-steroidal anti-inflammatory drugs, 
H2 receptor antagonists, proton pump inhibitors or anti-
microbial drugs for at least 60 d before the samples were 
obtained. Peripheral blood and saliva samples were col-
lected from 50 patients asymptomatic for gastric diseases. 
These patients did not receive upper endoscopy. The mean 
age of  these individuals was 49 years, ranging 25 - 80 years. 
This study was approved by the Ethics Committee at the 
Tropical Medicine Nucleus of  the Pará Federal University 
and informed consent was obtained from the patients be-
fore sample collection.

Histopathological analysis of gastric biopsies
For histological analysis, biopsies from the ulcer lesion 
border and the adjacent area (perilesion) of  each patient 
were obtained. Paraffin-embelded biopsy specimens were 
sectioned at 4 µm thickners and stained with haematoxylin 
- eosin and evaluated using the Sydney classification[13] 
with regard to the presence of  intestinal metaplasia (IM) 
and the degree of  granulocytic and limphocytic infiltration 
(mild, moderate, severe). The density of  H pylori was 
determined in the sections using a modified Gram staining 
and graded into absent, mild, moderate and strong, based 
on the above classification system[13].

Serological detection of specific antibodies against H 
pylori and CagA
The serum samples were tested for IgG-class antibodies 
against H pylori by an indirect hemagglutination assay and 
anti-CagA with a commercial kit based on recombinant 
Helicobacter antigens p120 EIA. Both tests were performed 
according to the manufacturer’s instructions (Viva 

Diagnostika, Hürth, Germany). H pylori infection diagnosis 
of  the control group was performed using only serological 
methods. However in the ulcer disease patients H pylori 
status was determined by serological and conventional 
optical microscopic methods.

Detection of ABO and Lewis blood group antigens
Blood and saliva samples were collected after the en-
doscopy. In blood the ABO and Lewis phenotypes were 
determined with a conventional direct hemagglutination 
technique. The characterization of  ABH and Lewis speci-
ficities in saliva was tested using the dot-ELISA technique 
on nitrocellulose[14]. Immunohistochemistry for ABO and 
Lewis blood group antigen expression in gastric biopsies 
(ulcer lesion border and perilesion) in the foveolar and 
fund epithelium was performed using an indirect im-
munoperoxidase technique[15]. The reaction pattern of  
these antigens in gastric mucosa was classified as positive 
(homogeneously with more than 50% of  stained cells or 
heterogeneous with 5 - 50% of  stained cells) and negative 
(without or lower than 5% of  stained cells).

Statistical analysis
Statistical tests using Bioestat 3.0 were performed to verify 
the significance of  the differences observed in our study[16]. 
The chisquaretest (χ2) was used as a global test for any re-
lationship. The Mann-Whitney U test was used to compare 
unpaired data. Spearman’s rank and contingence correla-
tion tests were used to examine the relationship between 
density of  H pylori, polymorph nuclear activity and chronic 
inflammation. P<0.05 was considered statistically significant.

RESULTS
Seroprevalence of H pylori infection and CagA strains
Endoscopic diagnosis of  patients with gastric ulcer 
indicated 74% (31/42) ulceration in the antral region and 
26% (11/42) in the corpus region. The presence of  IgG 
H pylori specific antibodies was observed in 90% (38/42) 
of  all patients. Approximately 84% (32/38) of  these H 
pylori-infected patients were also CagA seropositive. In 
the control group, seroprevalence of  IgG H pylori specific 
antibodies was observed in 60% (30/50) of  the individuals 
and 36% (18/50) were also infected with CagA strains. 
These distributions were significantly lower in H pylori-
infected patients than in gastric ulcer patients (P < 0.01).

Table 1 Distribution of ABO and Lewis phenotypes in erythrocytes and saliva of gastric ulcer patients and controls

I = gastric ulcer patients, II = control, S = secretor status

Lewis
erythrocytes

Saliva
Lea     Leb

Lewis
phenotypes
Blood/Salive

ABO Phenotypes
Secretor            A1                       A2                       B                       AB                       O

      I            II            I           II            I            II             I            II             I             II

Le (a+ b-)  +        + S Concordant 1 2 1 - - 1 1 - 2 -
Le (a- b+)  +        + S Concordant 1 7 2 2 1 7 - 1 12 20
Le (a- b-)   -         - S Concordant - 2 - - - - - - 2 -

 +        + S Discordant 3 - 1 1 4 - - - 7 7
  -          + S Discordant 1 - - - 1 - - - 2 -

Total 6 11 4 3 6 8 1 1 25 27
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Distribution of ABO and Lewis phenotypes in erythrocytes 
and saliva of patients and control group
A comparison of  the ABO blood group phenotype 
distributions in blood and saliva of  gastric ulcer patients 
and control group is showed in Table 1. Regarding the 
Lewis blood group system in saliva, the Leb antigen was 
detected in approximately 95% of  the patients and in 
the control group. The distribution frequency of  ABO 
(P > 0.05) and Lewis saliva (P > 0.05) phenotypes observed 
in gastric ulcer patients had no difference in relation to 
the control group. We observed a discrepancy in the 
expression of  Lewis antigens in erythrocytes and saliva in 
some patients (Table 1), which were divided in two groups: 
concordant (individuals with similar expression of  Lewis 
antigens in blood and saliva) and discordant (individuals 
with different expressions of  Lewis antigens in blood 
and saliva). A discordant phenotype was observed in 57% 
(24/42) of  the patients. Of  these, 83% (19/24) belonged 
to the negative erythrocyte Lewis phenotype. A difference 
in the blood and saliva Lewis antigen expression (Table 1) 
was observed in only 22% (11/50) of  the control group.

Distribution of ABH and Lewis antigen expression in 
gastric mucosa regions
The pattern of  ABH and Lewis antigen distribution in the 
foveolar epithelium of  the perilesion areas compared with 
ulcer lesion borders showed a loss of  A, H and Leb antigen 
expression, resulting in a decrease of  homogeneous 
expression and an increase in the heterogeneous pattern. 
At the same time, an increased expression of  Lea antigen 
was observed in the ulcerous lesion border areas (Figure 
1A). The presence of  incomplete intestinal metaplasia 
(IM) was observed in 25 out of  42 ulcer patients. In these 
patients the same abnormal pattern of  ABH and Lewis 
blood group antigen expression was found to be more 
intensive, with a significant increase (P < 0.01) in the 
expression of  Lea antigen and a decrease in A, H and Leb 
antigen expression (Figure 1B).

Correlation of ABH and Lewis blood group antigen 
expressions in sal iva, erythrocytes and foveolar 
epithelium of gastric mucosa
In the perilesion area of  the foveolar gastric epithelium, 

the ABH antigen expression was in agreement with that 
in erythrocytes and saliva. All the patients belonging to 
the A blood group (10/42) expressed antigens A and B. 
Six of  them also expressed antigen H. Likewise, patients 
of  the B blood group (a total of  six) expressed antigen B, 
antigen H was expressed in four of  them. Patients of  AB 
blood group expressed antigens A and B.  Antigen H was 
expressed in all O blood group patients (a total of  25 indi-
viduals). Analysis of  the Lewis phenotype in the perilesion 
region showed a similar antigen expression pattern to that 
in saliva of  all patients, including those with discordant 
Lewis phenotypes in saliva and blood. Only one patient 
had discordant and concordant expression with the eryth-
rocyte phenotype.

Association of ABH and Lewis blood group antigen 
distribution with H pylori infection and histopathological 
findings
The Lewis saliva phenotype was used to associate H pylori 
status and the development of  gastric ulcers, because this 
expression was similar to that in the foveolar epithelium 
in gastric biopsies. Furthermore, the presence of  ABO 
and Lewis antigens in the control group was determinated 
only in saliva and erythrocytes but not in gastric mucosa. 
In relation to the seroprevalence of  H pylori infection, 
a significantly higher level was observed in a defined 
combination of  O-/A2 Le (a-b+) blood groups than in 
the set of  other blood group phenotypes of  the control 
group (Table 2). However, no significantly different 
proportions were found in this subdivision, a finding that 
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Figure 1 ABO and Lewis antigen distribution pattern in ulcer lesion borders (A) and intestinal metaplastic area (B) of gastric ulcer patients.

aP > 0.05 vs bacterial density, lymphocytic and granulocytic infiltration 

H pylori  infection
Blood group Patientsa Controlsb

phenotypes N Positive Negative N Positive Negative

A2 Le(a-b+) ou
O Le(a-b+)

27 26 1 30 25 5

A1/AB/B/Le(a-b+)
ou O Le(a-b-)

15 12 3 20 5 15

Total 42 38 4 50 30 20

Table 2 Distr ibution of ABO and Lewis blood group 
phenotype s  i n  r e l a t i on  to  s e ro log i c a l  d i agnos i s  o f  
H pylori  infection in ulcer patients and controls
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might be explained by the high prevalence of  the infection. 
A significant positive correlation was found between 
bacterial density and degree of  chronic inflammation 
(P < 0.05) as well as the polymorph nuclear activity 
(P < 0.05). The degree of  chronic inflammation was 
found to be positively correlated with polymorph nuclear 
activity (P< 0.01). Subsequently, no significant correlation 
was found by contingency analysis for the variability of  
histological scores in regard to bacterial density between 
O-/A2 Le (a-b+) individuals and the set of  other blood 
group phenotypes (P > 0.05), lymphocytic (P > 0.05) and 
granulocytic infiltration degrees (P > 0.05) in biopsies from 
ulcer patients.

DISCUSSION
The sero-prevalence of  IgG H pylori specific antibodies 
is 90% in patients with gastric ulcer, much higher than in 
asymptomatic individuals (60%). Additionally, the cagA se-
ropositive phenotype shows a significant association with 
gastric ulcer patients. The frequencies obtained in patients 
agree with the reported results in previous studies[17], in 
which a high rate of  infection was found in symptomatic 
adults. The same occurs with the rate obtained in asymp-
tomatic adults. This fact also corroborates the studies of  
seroprevalence in developing countries, which describe 
a 60% infection rate in the adult populations[18, 19]. The 
Lewis blood group antigens in saliva and blood of  patients 
and the control group demonstrated a high frequency of  
discordant Lewis phenotype. Among these individuals, 
most of  them were grouped in the non-genuine negative 
Lewis phenotype according to the Ørntoft classification[20], 
where Lewis antigens are present in saliva but not in the 
erythrocytes, which is different from the genuine Lewis 
phenotype, in which the Lewis antigens are present neither 
in saliva nor in erythrocytes. The expression of  ABH and 
Lewis blood group antigens in the foveolar epithelium in 
perilesion areas was similar to that observed in saliva, with 
no differences in relation to the normal synthesis of  these 
antigens. This can be explained by the fact that circulat-
ing Lewis antigens in the serum are only acquired by red 
cell membranes[21]. In some physiological conditions and 
diseases, such as neoplasia, a reduction in the synthesis of  
these antigens can occur, so that the quantities of  these 
antigens in the blood are not sufficient to be detectable by 
serological methods, however the salivary phenotypes do 
not alter[21]. Probably, the increased degree of  inflamma-
tion in the gastric mucosa due to infection with H pylori, 
affects the metabolism of  glycoconjugates, leading to a 
decrease in the quantity of  Lewis antigens circulating in 
the plasma. The ABO blood group phenotype frequencies 
in ulcer patients and the control group were not different. 
This finding is in contradiction to many studies, which 
have described the increased prevalence of  ulcers among 
O group individuals[9, 10].

An interesting finding of  our study is the observation 
that all A2 subgroup individuals were H pylori positive, 
which has been described in another study regarding gas-
tritis patients[18]. The reason for this finding is not clear. 
Theoretically, the qualitative structural difference between 
A1 and A2 subgroups is based on glycosphingolipids ex-

pressed in erythrocytes, so that A1 transferase is more effi-
cient for converting specific carrier types (H type 3 chains 
or H type 4 chains) into a determinant than A2 transferase, 
resulting in a higher level of  H epitope in A2 subgroup, 
almost like that in O blood group[20]. Therefore, we be-
lieve that analogue fucosylated structures might exist as a 
mucosal gastric component relating to the different A sub-
groups, since glycosphingolipids present in gastric mucosa 
can function as receptors for the bacterium[22]. Besides, 
complex gangliosides (i.e. repetitive N-acetyllactosamine 
units, fucose branches and di- or multivalency) have been 
demonstrated in the binding assays as preferred structural 
requirements for mediating H pylori adherence to gastroin-
testinal epithelial cells[23].

Furthermore, our study regarding ABO and Lewis 
phenotype and H pylori infection indicated that individuals 
with O Le (a-b+) and A2 Le (a-b+) phenotypes had a ten-
dency towards a higher rate of  H pylori infection. Studies 
performed by Bóren et al 6, 7] in 1993 and 1994 have sug-
gested that H pylori uses carbohydrate structures with ter-
minal fucose as receptors in the gastric mucosa containing 
Leb and H blood group specificities. Later on, Ilver et al[5] 
in 1998 and Gerhard et al[24] in 1999 showed that there is a 
higher susceptibility to H pylori infection in individuals of  
O and Leb blood groups, because they have a higher quan-
tity of  fucosylated antigens.

In the current study, the association of  ABH and Lewis 
blood group phenotype distributions with the histological 
scores was not significantly different. But if  one considers 
that Leb is absent only in 2 out of  42 patients, this result is 
inappropriate for comparison with other histopathologi-
cal studies[25-27]. By comparing the ABH and Lewis antigen 
expression between the ulcerous lesion border and the 
adjacent areas (perilesion), we observed an increase in the 
heterogeneous expression pattern, demonstrating the loss 
of  A, H and Leb antigen expression and appearance of  
Lea reactivity in inflammation regions. Colonization of  the 
gastric mucosa by H pylori is a relevant factor that can alter 
the normal pattern of  homogeneous expression.

Some studies have demonstrated that the expression 
of  these blood group antigens is altered in metaplastic 
areas[17,28]. The main alterations described are the increase 
of  Lea and the decrease of  H and Leb antigens, as was also 
found in this study. One explanation for this observation 
is the repression of  the secretor enzyme activity, leaving 
more type I precursor chains available to be transformed 
into Lea by the Lewis enzyme, consequently reducing the 
expression of  the H antigen and its transformation into A 
and/or B and Leb antigens in these tissues[29]. 

In conclusion, the rate of  H pylori infection seems to be 
higher among O, A2 and Le(a-b+) phenotype individuals. 
The pattern of  Lewis expression changes in ulcer 
disease patients with H pylori presence, mainly in intense 
inflammation and/or intestinal metaplastic areas, showing 
the increase of  Lea and loss of  H and Leb antigens in the 
gastric mucosa. Therefore, it is important to understand 
how ABH and Lewis antigens are regulated in gastric 
cancer, as well as the interaction of  these histo-blood 
group antigens with H pylori adhesion, which needs to be 
further investigated.
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Abstract
AIM: To determine the efficacy and potential complica-
tions of oral naltrexone used in the treatment of pruritus 
in cholestatic patients and to compare them with other 
studies.

METHODS: Thirty-four enrolled cholestatic patients 
complaining of pruritus were studied. In the initial phase, 
pruritus scores during day and night were e v a l u a t e d . Sub-
sequently, patients were given a placebo for one week 
followed by naltrexone for one week. In each therapeutic 
course (placebo or naltrexone) day and night pruritus 
scores were distinguished by a visual analogue scale (VAS) 
system and recorded in patients’ questionnaires.

RESULTS: Both naltrexone and  placebo decreased VAS 
scores significantly. Naltrexone was more effective than 
placebo in decreasing VAS scores. Both day and night 
scores of pruritus decreased by half of the value prior 
to therapy in thirteen patients (38%). Daytime pruritus 
improved completely in two patients (5.9%), but no im-
provement in the nighttime values was observed in any 
patient.

Sixteen patients (47%) suffered from naltrexone 
complications, eleven (32%) of them were related to its 
withdrawal. Complications were often mild. In the case 
of withdrawal, the complication was transient (within 
the first 24-28 h of therapy) and self-limited. We had to 
cease the drug in two cases (5.9%) because of severe 
withdrawal symptoms.

CONCLUSION: Naltrexone can be used in the treatment 
of pruritus in cholestatic patients and is a safe drug 
showing few, mild and self-limited complications.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Pruritus is one of  the most annoying symptoms in choles-
tatic hepatic diseases[1-3]. Several therapeutic methods with 
varying degrees of  success have been used in its treatment. 
However, although we can not ignore the positive effects 
of  cholestyramine[4], urodeoxy colic acid[5-7], rifampin[8-12] 
and antihistaminic agents on pruritus, many patients do not 
show unequivocal response to any of  these therapeutic op-
tions. Even liver transplantation has been indicated in pa-
tients with refractory pruritus[13-15]. The classic explanation 
for pruritus during cholestasis is the accumulation of  bile 
acids[16, 17]. However, recent studies show that endogenous 
opioids in the central nervous system have a role in creat-
ing the feeling of  pruritus in these patients[18-20]. Plasma 
levels of  endogenouse opioids including enkephalin in-
crease in patients with chronic cholestasis[21]. Pruritus can 
be controlled by opioid antagonists such as naloxone[22, 23]. 
Injection of  cholestatic patient’s serum to monkey’s me-
dulla can cause pruritus that is controlled by naloxone[24]. 
Several recent studies indicate that opioid antagonists such 
as naloxone and nalmefene are effective in reducing pruri-
tus in patients with primary biliary cirrhosis[18, 25-27]. Unfortu-
nately, these drugs have some limitations in use. Naloxone 
has a short half-life and low bioavailability. Therefore, the 
only way to use it is by injection[27, 28]. Furthermore, these 
opioid antagonists frequently cause severe withdrawal reac-
tions in patients[29-31].



www.wjgnet.com

Naltrexone is an oral opiate antagonist that is 
commonly used in reducing alcohol dependence and 
opioid addiction[28, 32, 33]. It has been used more recently for 
rapid opiate detoxification[34]. Acute naltrexone withdrawal 
reactions have also been reported[35]. Its half-life and 
bioavailability are between naloxone and nalmefene and 
it has a considerable first pass effect (95%). Naltrexone 
clearance from serum is mostly in kidneys[28, 36, 37]. We 
performed this study to evaluate the effects of  naltrexone 
on cholestatic pruritus and its complications.

MATERIALS AND METHODS
Thirty-four patients (age range: 32-72 years; average age: 
54 ± 11.34 years) with cholestatic pruritus were selected 
for study. These patients had different types of  cholestatic 
diseases including primary biliary cirrhosis (PBC), primary 
sclerosing cholangitis (PSC), cirrhosis (in compensated 
stage), overlap syndrome, choledocholithiasis, cholangio-
carcinoma, periampullary tumors and pancreatic head car-
cinoma. The duration of  pruritus ranged from eight days 
to thirteen months. Criteria for exclusion of  patients from 
the study included age less than 15 years, serum creatinine 
>1.5 mg/dL, pregnancy, use of  opioids, and cirrhosis with 
B or C Child Paugh score. The study was performed be-
tween April 2003 and June 2004 in the Imam Hospital in 
Tehran, Iran. We conducted the study on admitted patients 
with the approval of  the Ethics Committee of  Tehran 
University of  Medical Sciences. All enrolled patients gave 
their informed consent.

The study was carried out using a single blind, self-con-
trolled trial method. After the day and night pruritus scores 
were obtained, patients were given a placebo for one week 
and then the scores were recorded. Subsequently, a naltrex-
one therapy (50 mg daily) for one week, was begun. Pru-
ritus scores were characterized by a VAS system between 
0 and 10. Daytime pruritus was considered as pruritus oc-
curring before sleep and nighttime implied pruritus after 
waking from nocturnal sleep. A score of  zero signified no 
pruritus while 10 meant sleep or work-disturbing pruritus 
or of  such severity that skin damage occurred.

Scoring was performed in the middle and at the end 
of  the therapeutic course of  treatment (placebo or nal-
trexone) and the mean of  the scores was used. Laboratory 
tests including total and direct bilirubin, alkaline phos-
phatase (ALP), aminotransferases (AST, ALT) and creati-
nine were performed for all patients before therapy and 
recorded in the questionnaires. The mean scores of  day 
and night pruritus were compared before therapy and after 
placebo and naltrexone courses by Wilcoxon rank test with 
SPSS10.0.5 software. P < 0.05 was considered statistically 
significant.

RESULTS
The numbers of  patients with PBC, PSC, cirrhosis, overlap 
syndrome, choledocholithiasis, cholangiocarcinoma, peri-
ampulary tumors and pancreatic head carcinoma were 4, 6, 
11, 7, 1, 2, 2, and 1, respectively.

Naltrexone effect on pruritus

The characteristics of  patients before therapy are 
summarized in Table 1. In both cases of  therapy with pla-
cebo or naltrexone, the mean scores of  daytime and night-
time pruritus decreased significantly (Table 2). Naltrexone 
significantly decreased the pruritus score compared to the 
placebo (Table 2).

.In this investigation, two of  the thirty-four patients 
were forced to withdraw from the study because of  drug 
complications. Thirteen patients (38%) showed at least 
50% decrease in their pruritus scores and two (5.9%) be-
came completely free of  pruritus. Three (8.8%) showed 
no change in their scores during the therapy and the score 
even increased in one case.

The onset of  naltrexone therapeutic effects was within 
the first 48 h of  therapy. The decrease in pruritus gradu-
ally slowed down and returned to some extent in three 
patients. There was no obvious change in biochemical 
parameters after therapy. The bilirubin and ALP levels did 
not significantly differ before or after therapy (without 
considering the result of  therapy).

Complications
Sixteen patients (47%) suffered from naltrexone compli-
cations which were generally mild and improved without 
additional treatment in the first 2-3 d of  therapy. The 
most common complication was a withdrawal reaction in 
eleven patients (32.4%). The general and gastrointestinal 
complications (including dizziness, nausea, vomiting, head-
ache, abdominal cramps, lethargy, weakness, irritability, dry 
oral mucous membrane and insomnia) were seen in other 
patients and one patient had also dermatologic complica-
tions. Two patients did not finish their therapeutic course 
because of  severe withdrawal reactions. However, pruritus 
decreased relatively to its initial condition in one of  the 
two patients. Except for the withdrawal reactions, other 
complications were not sufficiently severe to cause drug 
cessation.

DISCUSSION
The results of  this study indicate that oral naltrexone, an 
opioid antagonist, can reduce or improve cholestatic pru-
ritus. The results agree with the other reports[38-41]. Some 
researchers believe that the VAS system for evaluating pru-
ritus severity is not reliable and prefer to use a mechanical 
instrument attached to fingers to show and record patients’ 
pruritus[25]. Although such instruments may be helpful 

Characteristics Range Mean ± SD

Age (yr)  32-72  53.97 ± 11.93
ALP    190-1150  657.76 ± 266.36
Total bilirubin      5.8-37.00 16.60 ± 9.03
Direct bilirubin       4-32.5 13.14 ± 8.05
ALT     32-145   66.03 ± 27.13
AST     35-110   60.47 ± 19.73
Creat.  0.7-1.3  1.01 ± 0.14
Pruritus in day before therapy    6-10  8.30 ± 1.07
Pruritus in night before therapy    8-10  9.13 ± 0.78

Table 1 Characteristics of patients before therapy (n=34)

1126          ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol     February 21, 2006   Volume 12    Number 7



www.wjgnet.com

in evaluating pruritus objectively, their use has some dif-
ficulties. On the other hand, the VAS system can control 
pruritus quite well[4, 8-12, 42]. It was reported that the pruritus 
index is significantly correlated with the pruritus score 
obtained by the VAS system[25, 26]. It has been shown that 
decreased pruritus index and its perception are similar [43].

In three patients of  the present study, the rate of  
pruritus score decrease was lower after a few days of  
therapy. The reason is unclear though it may be due 
to secondary adaptation to opioid or drug resistance 
(tachyphylaxis). This effect has already been reported in 
earlier studies on nalmefene[27, 38, 39, 44].

Some researchers believe that cessation of  drug therapy 
for two days during a week (“drug holidays”) can reduce 
drug adaptation effects in such patients[38]. However, others 
consider that this method is ineffective[40]. Increasing 
the naltrexone dose to 100 mg/day may be effective in 
such circumstances. Although side effects were relatively 
common (47%), most of  them were mild, self-limited and 
transient, requiring no additional therapy in our study. On 
the other hand, in the placebo group 26% of  patients had 
drug complications. Two patients had to stop the therapy 
because of  severe opioid withdrawal effects. Both of  them 
had a positive opioid addiction history but they were not 
addicted to it at the time of  the study. In comparison 
with nalmefene, naltrexone leads to fewer and milder 
complications[18-27].

To decrease naltrexone complications, synchronous 
prescription of  clonidine[18] or naltrexone at a low dose, at 
least for the first few days of  therapy[27], is recommended. 
Also we can divide the total dose into 25 mg BD instead 
of  decreasing it during the first few days of  therapy[38, 

39]. Examples of  naltrexone hepatotoxicity have been 
reported[45], but there is no report on the hepatotoxity at 
the low dose of  naltrexone in normal people or patients 
with hepatic diseases[38, 39, 46].

Endogenous opioids play a role in producing cholestat-
ic pruritus, but opioid antagonists cannot improve pruritus 
completely[27, 38, 39, 47, 48]. Studies indicate that naltrexone is a 
drug that can be well tolerated by patients and its compli-
cations are often mild and transient not requiring addition-
al therapy[41, 49, 50 ]. Naltrexone can also be used in treatment 
of  severe and intractable pruritus of  varying origins[41].

In conclusion, naltrexone can be used in the treatment 
of  pruritus in cholestatic patients.
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Abstract
AIM: To investigate the effect of a four-week consump-
tion of a special Hungarian probiotic agent (Biofir) on 
the faecal microflora in human healthy subjects. 

METHODS: The effect of Biofir with 106/cm3 initial 
germs on the faecal microflora was studied in 120 
healthy volunteers (71 females, 49 males). The tradition-
al Russian type kefir was used as control. The various 
germ groups and pH values were determined in wk 2, 4 
and 6. 

RESULTS: The number of all microbes increased during 
the 4-week probiotic treatment. The number of microbes 
increased 4.3-fold in the control group and 6.8-fold in 
Biofir-treated group. The probiotic kefir caused multipli-
cation of the probiotic flora, meanwhile the undesired 
bacteria multiplied in the control group. No significant 
change of pH values of the faeces was found in both 
groups. 

CONCLUSION: The Hungarian probiotic kefir (Biofir) is 
capable of promoting multiplication of probiotic bacterial 
flora in the large bowel.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Human intestinal flora contains as many as 1014 bacteria 
classified into 400-500 species, which are ten times higher 
than all the cells in the human body. Some bacteria of  
the intestinal flora such as Clostridia, Proteus and Pseu-
domonas aeruginosa can be harmful, while others like 
bifidobacteria and Lactobacilli belonging to the so-called 
probiotic strains are favorable for the organism. The mi-
croflora in the large intestine plays an important part in 
the life of  the host organism[1, 2]. Its composition may 
change several times during our life. However it can still be 
regarded as nearly constant. Non-pathogenic, pathogenic 
and potentially pathogenic microorganisms living in a state 
of  equilibrium determined by their own ecosystem within 
the large intestine take part in the local immunological and 
metabolic processes as well as in those affecting the organ-
ism as a whole[3, 4].

Some strains produce metabolites, such as short chain 
fatty acids and bactericins, which are of  antibacterial ef-
fects. As a consequence of  the relationship between cells 
of  the mucous membrane and the microflora, the expres-
sion of  certain mucosal genes may change, the cytokin 
release may increase, the proliferation of  mucous mem-
brane may change and produce a significant effect on the 
intestine-associated lymphoid tissue which is the largest 
immune organ of  the organism containing 80% of  cells 
producing antibodies[5-9]. Certain strains of  bacteria are 
capable of  improving the barrier function of  the mucous 
membrane and increase the differentiation of  B cells as 
well as IgA secretion[4, 6].

The increasinfg data raise the idea of  enriching foods 
with probiotics, prebiotics and symbiotic, a mixture of  
these two. Probiotics which are beneficial non-pathogenic 
bacteria live in the intestinal canal and play a role in the 
preservation of  health[10, 11]. The majority of  prebiotics are 
oligosaccharides, i.e. the indigestible constituents of  our 
plant food, which promote the multiplication, growth and 
efficacy of  the strains of  probiotic bacteria in the large in-
testine. Nowadays several strains of  probiotic bacteria are 
known, but their utilization is restricted by the fact that an 
effective probiotic is supposed to proceed along the acidy 
pH of  the stomach and is able to resist the digestion of  
bile and pancreatic juice and finally sticks to the surface of  
some cells in the intestinal wall. The lifespan of  the stuck 
probiotic is short, ranging from a few days to a few weeks 
and it usually lasts for a short period of  time following its 
regular intake. Colonizing probiotics compete with other 
microrganisms for nutrients and appropriate binding sites. 
Only probiotics capable of  colonizing even if  only tempo-
rarily, can exert the required immunological effect[1, 7, 8].
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The in vitro efficacy of  the well-known probiotic 
strains has already been proved in clinical practice 12]. The 
most widely used strains are those taken from sour dairy 
products and the intestinal system. The most frequently 
studied species include various species of  Lactobacilli, 
Streptococcus, thermophilus, bifidobacteria, Saccharomy-
ces boulardii, but under certain conditions other strains in 
the intestinal microflora, such as Escherichia coli (E. coli) can 
also be used as probiotics[13, 14]. In order to become suitable 
for producing health improving foods, namely functional 
foods, individual probiotic strains need to meet certain 
requirements[15, 16]. The following criteria are listed for effec-
tive probiotic bacteria[17, 18]: maintenance of  the biotic po-
tential, good taste and flavor following fermentation, mild 
acidity in the course of  storage, preservation of  the capa-
bility of  colonizing in the course of  food technology and 
storage, high degree of  stability during storage, stability in 
the course of  freeze-drying or other drying procedures, 
accurate and reliable determination of  the strain, and the 
dose-dependent effects

Biofir is a traditional, so-called Russian type of  kefir 
based on probiotic lactic acid bacteria culture composed 
of  termophilic strains (producing exopolysacharides) de-
veloped by the Hungarian Dairy Research Institute. The 
present study was undertaken to investigate the effect of  a 
four-week-long consumption of  Biofir on the faecal mi-
croflora.

MATERIALS AND METHODS
Patients
One hundred and twenty healthy volunteers (71 females 
and 49 males) were included in the study following the 
permission of  the Ethical Committee. Their age ranged 
from 18 to 59 years. The basic selection criterion was that 
no antibiotics were taken by the subjects 2 mo prior to the 
investigation.

Composition of kefirs (Table 1)
Kefir containg 3.5% of  fat was made by stirring the frozen 
kefir culture. The initial number of  cells was 106/cm3. Bio-
fir containg 3.5% of  fat was a mixture of  curd kefir made 
by stirring the symbiolact-1 culture. The ratio of  ingredi-
ents was 1:1. The initial number of  cells was 106/cm3.

Prior to the investigation, blood, urine and faece sam-
ples were taken from the subjects for routine laboratory 
analysis and faecal microflora examination. The investiga-
tions lasted for 6 wk, while the subjects followed standard 
diet which was free of  sour dairy products and other 
probiotic foods. The diet was controlled regularly by the 

dietitian. Then the control group (60 persons) consumed 
0.5 L of  Russian type kefir daily for four week, while those 
included in the study group (60 persons) consumed a daily 
amount of  0.5 L of  probiotic kefir.

Faece samples were taken in the 2nd, 4th and 6th weeks. 
The screening type of  blood sample analysis was repeated 
in the 4th wk. Faece samples were stored in sterile contain-
ers at 4 °C and sent to the Hungarian Dairy Research In-
stitute in 4-6 h, where determination of  the various germ 
groups was carried out in internationally accepted cultures. 
In addition to the analysis of  the microflora, the pH value 
of  the faeces was also determined (Table 2).

Statistical analysis
Evaluation of  the data included calculation of  the changes 
in percentage. Determination of  the differences with re-
gard to the self-control was carried out using one sample T 
probe, while two-sample T probes were used for the com-
parison of  the two groups.

RESULTS
The essential question in the course of  analyzing the faecal 
microflora was how the consumption of  each type of  kefir 
influenced the number of  primary probiotic Streptococci, 
Lactobacilli and bifidobacteria within the total number of  
germs. 

The effect of  the tested dairy products on the essential 
faecal microflora during the 4-wk clinical investigation is 
listed in Table 3.

The results indicated that the number of  all microbes 
increased 4.3-fold in the control group consuming the 
traditional Russian type of  kefir and 6.8-fold in the group 
consuming the probiotic Biofir, respectively after 4 wk. 
A very important difference was found between the two 
groups. The rate of  probiotic microbes decreased from 
8.9% to 2.7% in the control group by the end of  the 4th 
wk and increased from 12.7% to 72% in the target group. 
Within the total number of  the probiotic germs, the great-
est increase (59.7-fold) resulting from the consumption 
of  Biofir could be observed in bifidobacteria, a lower in-
crease (6.8 fold) was found in Streptococci, while the index 

Components Kefir: control product Biofir

Fat content        3.5%       3.5%
Prebiotic content -      0.4%
Number of microbes x 106 Cfu
Lactobacilli       0.15      1.48
Streptococci   165.00 227.50
Yeasts      0.40     0.18

Table 1 Composition of kefirs

Germ groups Cultures

All germs Plate count skim milk agar
Streptococci M-17-agar according to Terzaghi
Lactobacilli MRS-agar De Man, according to Rogosa and Sharpe
Bifidobacteria MGLP modified Garche agar
Bacteroids Anaerob blood agar base according to CDC
Coliforms Violet red bile (VRB) agar
Escherichia  coli Lauryl sulfate broth

Eosin methylene-blue lactose sucrose (EMB) agar
Enterobacteria Violet red bile dextrose (VRBD) agar according to Mossel
-Lactose- positive Hektoen enteric agar
Lactose-negative
Enterococci Citrate azide tween carbonate (CATC) agar base
Anaerob spora Reinforced clostridial agar

Anaerobic agar according to Brewer
Yeasts and moulds Yeast extract glucose chloramphenicol (YGC) agar

Table 2 Germ groups and cultures used in study

1130          ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol     February 21, 2006   Volume 12    Number 7



www.wjgnet.com

of  Lactobacilli showed no change. No significant change 
was found in faece pH values in both groups.

The participants followed the prescribed diet but con-
sumed no probiotic food for another two weeks following 
the 4-wk period of  consumption. Microflora analysis of  
the faeces was repeated in the 6th wk. The results indi-
cated that both the total number of  germs and the number 
of  probiotic germs returned to the initial values in both 
groups.

DISCUSSION
Various types of  medical treatment may damage the pro-
biotic flora in human organ. Besides, similar damage can 
result from the lack of  appropriate nutrients in the normal 
flora. The findings of  several controlled studies in the 
field have proved that various probiotic strains are capable 
of  shortening the duration of  gastroenteritis induced by 
rotavirus. The beneficial effects of  probiotics on chronic 
inflammatory intestinal conditions have been reported. 
These effects may be attributed to the proteolytic activity 
of  the intestinal flora, which contributes to the breaking 
up of  enteral antigens, reduces secretion of  inflamma-
tion mediators, helps the normal activity of  the intestinal 
mucosal barrier, normalizes intestinal permeability and 
increases the production of  mucosal IgA[19-21]. The produc-
tion of  specific IgE, which prevents the allergic reactions, 
is inhibited by the healthy intestinal microflora[19, 22].

A well-known probiotic effect is that some bacteria 
produce beta galactozidase, which makes their use desir-
able and beneficial in the case of  lactose intolerance. The 
decreased activity of  faecal enzymes and the low levels of  

faecal toxins are due to the healthy intestinal flora, which 
is an important factor for the prevention of  large intestine 
cancer.

Prebiotics play an important part in the maintenance 
and regeneration of  healthy intestinal flora as they are 
components of  several plant foods and oligosaccharides 
with beneficial effect on the host organisms by selectively 
increasing the multiplication of  probiotic bacteria and their 
activity in the large intestine. 

One of  the probiotic strains of  bacteria used in the 
present study is capable of  producing mucus. The mucus 
produced by it is a polysaccharide, which serves as a prebi-
otic agent for other probiotic strains. Besides, it increases 
the preservability of  food products containing it and pre-
vents their acidification.

The present study proved that Biofir®, a probiotic kefir, 
was capable of  promoting the multiplication of  the probi-
otic flora in the large intestine but the traditional Russian 
type kefir could not. As a result of  the consumption of  
Biofir® most probiotic microbes grew significantly but the 
consumption of  traditional kefir did not change the num-
ber (index) of  these microbes.

In the present study, the initial heterogeneous color and 
the consistency of  faecal samples were totally homogenu-
ous after four weeks of  Biofir® consumption, probably due 
to the advantageous bio-physiological processes caused by 
the multiplication and ultimate predominance of  the useful 
probiotic microbes. 

In conclusion, Biofir meets all the criteria of  function-
al foods and can be used in the prevention and treatment 
of  various acute and chronic inflammatory conditions 
and nutritional allergies. Further investigations should be 

Dairy product consumed Number of 
subjects

Germ group Unit Germ values of faece samples

wk 0 wk 2 wk 4

Traditional Russian
 type of kefir

15 Total germ number 
(Aerobe + anaerobe) 

106/g 10 585 ± 8350 7876  ± 4272 45 125 ± 19463

Index 1.0 0.7 4.3
106/g 220  ±  105 374 ± 179 285 ± 123
Index 1.0 1.7 1.3

-Streptococcus 106/g 226 ± 97 37 ± 12 164 ± 84
-Lactobacillus Index 1.0 0.2 0.7
-Bifidobacterium 106/g 500 ± 205 197 ± 94 759 ± 223

Index 1.0 0.4 1.5
106/g 946 608 1208
Index 1.0 0.4 1.5

Probiotics Ratio% 8.9 7.7 2.7
106/g 4360 ± 2958 38 278 ± 13260 29 785 ± 12945
Index 1.0 8.8 6.8
106/g 134 ± 83 593 ± 94 930 ± 154

P r o b i o t i c  B i o f i r ® 
(Experimental)

57 Total germ number Index 1.0 4.4 6.9

106/g 78 ± 15 81 ± 23 96 ± 44
-Streptococcus Index 1.0 1.0 1.2
-Lactobacillus 106/g 342 ± 132 3723 ± 528 20 414 ± 1564
-Bifidobacterium Index 1.0 10.9 59.7

106/g 554 4397 21440
Probiotics Index 1.0 7.9 38.7

Ratio% 12.7 11.5 72.0

Table 3 Effect of consumption of tested dairy products on the essential microflora in 4-wk clinical investigation
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undertaken to determine the effect of  probiotic strains on 
various pathological conditions.
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Abstract
AIM: To invest igate the effect of Tr ipteryg ium 
hyp-oglaucum  Hutch (THH) on the assembly and 
disassembly process of tubulin and its possible mode of 
action.

METHODS: In vitro  porcine brain tubulin assembly 
assay was employed to analyze the inhibitory effects of 
THH at different concentrations (0.05 μg/L, 0.07 μg/L, 0.09 
μg/L). Colchicine (0.0025 mmol/L, 0.0050 mmol/L, 0.0075 
mmol/L) was used as a positive control. 

RESULTS: THH could significantly inhibit the assembly of 
isolated porcine brain tubulin at all tested concentrations. 

CONCLUSION: THH is capable of inducing aneuploidy 
in mammals via tubulin polymerization inhibition pathway 
and may pose a genetic risk to human beings.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Aneuploidy is an important genetic change associated with 
birth defects, infertility, spontaneous abortions and cancer 
development [1], which are dependent upon the functioning 
of  a variety of  cell organelles and/or a number of  
division-specific metabolic activities, such as synthesis 
and functioning of  the proteins of  the nuclear spindle, 
attachment and movement of  chromosomes on the spindle 
apparatus. A variety of  chemicals are capable of  modifying 
certain functions of  spindle apparatus components 
which may lead to chromosome mal-segregation [2]. The 
frequency of  aneuploidy can be increased by chemical 
treatment in various experimental cells. If  human beings 
are exposed to aneugens, the risk of  developing aneuploidy 
is increased, which is a matter of  concern. Therefore, it is 
necessary to analyze the aneugenic potential of  chemicals 
in safety assessment since chemically-induced aneuploidy 
in human beings can not be excluded. 
   Cochicine and vinblastine are known aneugens which 
affect tubulin polymerization and depolymerization, and 
disrupt microtubule formation during cell cycle [3, 4]. As 
tubulin is the main constituent of  the spindle, the balance 
between microtubule assembly and disassembly is critical 
for the spindle function. In vitro tubulin assembly assay is 
a useful screening system which could give information 
about the possible functional mechanism(s) of  tested 
chemicals and their potential to cause aneuploidy.
     The study of  compounds and functions of  plant origin 
has generated a great interest in the fields of  food and 
medicine. Many of  them have chemo-preventive properties 
which need to be tested for their effects on human beings. 
THH is a traditional Chinese medicinal herb belonging 
to the genus Celastraceae. The water extract from THH 
contains alkaloids, dulcitols, terpenes, lactones and 
pigments. The dry root can be immediately used in the 
form of  decoction or the unpurified water extract can be 
compacted to tablets for clinical use. THH has been widely 
used in the treatment of  various human immunological 
diseases, such as systemic lupus erythematosus, rheumatoid 
arthritis, and others. It was reported that the use of  
THH can lead to reversible inhibition of  germinal cell 
development both in human beings and in rats. Previous 
research showed that THH is a potent aneugen [5]. THH 
induces a significantly higher number of  kinetochore 
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positive micronuclei both in mouse bone marrow and 
in mouse NIH 3T3 cells [6, 7].  Recently, we also found 
that THH could induce aneuploidy of  chromosome 8 
both in mouse bone marrow cells and in sperm cells by 
fluorescence in situ hybridization (FISH) [8]. The aim of  the 
present study was to investigate the effect(s) of  THH on 
tubulin assembly and disassembly and its possible mode of  
action. The study may help us to understand the potential 
adverse effects of  THH on human health.

MATERIALS AND METHODS

Chemicals
Dithioerythritol, PIPES, and colchicines (COL) were 
purchased from Sigma. Guanosine-5’-triphosphate (GTP; 
Sigma) was a  gift from Dr. ID Adler, Germany. Glycerol, 
MgSO4  dry herb of  THH were purchased from Shanghai 
Chemical Company, and Kunming Medicine Company, 
China, respectively. 
    All the chemicals and THH were freshly prepared. 
COL was dissolved in sterile distilled water according to 
the test concentrations (0.0025 mmol/L, 0.0050 mmol/L, 
0.0075 mmol/L), and 100g of  mashed THH sample was 
extracted in 1000mL boiling water for 5 min and cooled 
down to room temperature for 30 min. The procedure 
was repeated three times to ensure maximum extraction. 
The supernatant was filtered and lyophilized. The yield 
of  the crude THH extract was about 4.8%. THH extract 
was dissolved again in sterile distilled water before use 
according to the test concentrations (0.05 μg/L, 0.07 μg/L, 
0.09 μg/L). The chemical and compound concentrations 
selected in the present study were selected in accordance 
to our preliminary mitotic block study in V79 cells and 
their solubility. 

Purification of tubulin
The brains were obtained from 3 pigs within 2 h after 

sacrifice. Purified tubulin was obtained from porcine brain 
tissue by two cycles of  assembly-disassembly procedure 
following the method of  Williams and Lee [9]. The protein 
concentrations of  the final preparation were determined 
by the method of  Bradford with bovine serum albumin as 
standard. The resultant tubulin concentration was 3.34-3.75 
μg/L. SDS-PAGE was performed to determine the purity 
of  each tubulin preparation. Bovine serum albumin 
(66.2 Ku) and rabbit actin (43 Ku) were used as standard 
markers when the average MW of  tubulin was 52.5 Ku. 

Tubulin assembly-disassembly assays
Tubulin assembly was assayed photometrical ly by 
measuring the increase in the absorption at 350 nm 
(OD350nm). Six hundred μL PM-4M buffer containg 0.1mol/
L PIPES, 2 mmol/L EGTA, 1 mmol/L MgSO4, 4 mol/L 
glycerol, 2 mmol/L dithioerythritol, pH6.9, as well as 
30μL of  50 mmol/L GTP and 1400 μL tubulin solution 
were mixed thoroughly and poured immediately into a 
cuvette placed in the temperature-controlled compartment 
(37℃) of  a recording spectrophotometer. The changes 
of  OD350nm were recorded at an interval of  1 min. The 
absorption remained at the steady state level at the end of  
the assembly. The temperature of  temperature-controlled 
compartment was decreased to 4℃ in 2 min to start the 
disassembling of  tubulin. The OD350nm was again recorded 
(Figure 1).

Treatment and analysis
In vitro assembly analysis of  porcine brain tubulin was 
carried out by adding 5 μL of  THH (0.05 μg/L, 0.07 
μg/L, 0.09 μg/L) or positive control (COL, 0.0025 
mmol/L, 0.0050 mmol/L, 0.0075 mmol/L) into a ice-
both cuvette containing 600μL PM-4M buffer (50, 70, 
100 μg/mL), 30 μL of  50 mmol/L GTP and 1400 μL of  
tubulin solution. The contents were mixed thoroughly 
and placed immediately in the temperature-controlled 
compartment of  a recording spectrophotometer (37℃). 
The net OD350nm was recorded at an interval of  1 min. The 
highest concentration of  test compound was selected in 
accordance with previous laboratory results obtained by in 
vitro mitotic block assay with V79 cells. The solubility was 
considered as well. 

RESULTS 
The results of  porcine brain tubulin assembly assay with 
COL and THH are shown in Figure 2. COL led to a very 
strong inhibition of  the in vitro polymerization of  tubulin 
at all concentrations. THH resulted in a dose-dependent 
inhibition of  polymerization. However, the potency of  
assembly inhibition by THH was weaker than COL at all 
concentrations.

DISCUSSION
Aneuploidy plays a crucial role in the initiation and 
progression of  tumorigenesis as well as in inherited 
disorders and fetal wastages. Chromosome segregation 
is dependent on different cell organelles, which is 

Figure 1 Scheme of in vitro tubulin assay. The tubulin assembly was achieved at 
the end of the absorption after 20 min incubation and kept a steady state level at 
37 ℃. The disassembly was carried out at 4 ℃ and after the assembly (40-min 
incubation).
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controlled by a number of  metabolic pathways. However, 
the mechanisms and the cellular targets leading to non-
disjunction are largely different from those leading to gene 
and chromosomal mutations where DNA is the principle 
target. Aneuploidy-inducing factors include damage to 
essential elements required for proper chromosome 
function(s), reduction in chromosomal pairing, induction 
of  chromosome interchange, effect on chromosome 
condensation, persistence of  nucleoli in mitosis or 
meiosis, increased chromosome stickiness, damage to 
centrioles or kinetochores, impairment of  chromosome 
alignment, alterations in ion concentrations during mitosis, 
damage to nuclear membrane, and physical disruption of  
chromosome segregation [1]. A number of  methods have 
been described for the detection of  chemically-induced 
aneuploidy. However, none of  these methods is sufficiently 
validated for routine screening. Although no conclusive 
evidence for aneuploidy induction can be obtained from 
tubulin assembly and disassembly assay, in vitro tubulin 

assay can be used to pinpoint the aneugenic potential of  
chemicals by inhibiting the microtubule assembly. 
    THH has been used to treat many immunological 
diseases. Both human somatic cells and germ cells are 
exposed to THH itself  or its metabolites during long term 
clinical use. Since its administration leads to reversible 
inhibition of  germinal cell development both in humans 
and in rats, there is a great need to evaluate the genetic 
safety of  THH. Our research has shown that THH is a 
mammalian aneugen both in somatic cells and in germinal 
cells [5-8]. The results in the present study are in accordance 
with our previous results, suggesting that either THH itself  
or its components are capable of  inducing aneuploidy 
via interaction with spindle proteins such as tubulin and 
probably actin or myosin(s) contained in the contractile 
ring during cell division. THH may pose a genetic risk to 
human beings. It seems important for Chinese medical 
professionals to consider a possible genetic risk of  THH 
and cautiously advise patients to abstain from reproduction 
within 6 months after the treatment with THH. Further 
studies are neceed to identify the aneugen from THH and 
to study its possible mode of  action.

ACKNOWLEDGMENTS
The authors thank Dr. Lu Yuan, Kunming Institute of  
Zoology, Chinese Academy of  Sciences for his technical 
support for tubulin isolation. 

REFERENCES
1      Parry EM, Parry JM, Corso C, Doherty A, Haddad F, Hermine 

TF, Johnson G, Kayani M, Quick E,  Warr T, Williamson J. 
Detection and characterization of mechanisms of action of 
aneugenic chemicals. Mutagenesis 2002; 17: 509-521

2     Parry JM. Detecting chemical aneugens: a commentary to 
‘Aneuploidy: a report of an ECETOC task force’. Mutat Res 
1998; 410: 117-120

3     Wallin M, Fridén B, Billger M. Studies of the interaction of 
chemicals with microtubule assembly in vitro can be used 
as an assay for detection of cytotoxic chemicals and possible 
inducers of aneuploidy. Mutat Res 1988; 201: 303-311

4     Brunner M, Albertini S, Würgler FE. Effects of 10 known or 
suspected spindle poisons in the in vitro porcine brain tubulin 
assembly assay. Mutagenesis 1991; 6: 65-70

5      Wang X, Zhuo R, He Z. Aneuploidy induction by water extract 
from Tripterygium hypoglaucum(Level) Hutch  in mouse 
bone  marrow cells. Mutagenesis 1993; 8: 395-398

6     Wang X, Liu SQ, He ZJ, Qiu YJ.. Antikinetochore antibody 
staining to discriminate between two micronucleus origins. 
Aibian, Jibian, Tubian 1994; 6:60-63

7     Jie YM, Jia C. Chromosomal composition of micronuclei in 
mouse NIH 3T3 cells treated with acrylamide, extract of 
Tripterygium hypoglaucum (level) hutch, mitomycin C and 
colchicine, detected by multicolor FISH with centromeric and 
telomeric DNA probes. Mutagenesis 2001; 16: 145-149

8       Xu W, Ziqing L, Yinrun D, Xiaoyan W, Jinglun X. Tripterygium 
hypoglaucum ( level ) Hutch induces aneuploidy of 
chromosome 8 in mouse bone marrow cells and sperm 
Mutagenesis 2004; 19: 379-382

9     Williams RC, Lee JC. Preparation of tubulin from brain. 
Methods Enzymol 1982; 85 Pt B: 376-385 

Figure 2 Inhibition of in vitro tubulin assembly by COL at the concentration 
of ■:0.0025 mmol/L,▲:0.0050 mmol/L,▼:0.0075mmol/L (A) and THH at the 
concentration of ■:0.05mg/mL,▲:0.07g/mL,▼:0.09mg/mL (B). ●: Solvent control

 A
bs

or
pt

io
n 

(3
50

 n
m

)

B

A
0.25

0.20

0.15

0.10

0.05

0.00  

 0          10         20          30         40        50

Incubation time (min)

0.25

0.20

0.15

0.10

0.05

0.00  

 0          10         20          30         40        50

 A
bs

or
pt

io
n 

(3
50

 n
m

)

Incubation time (min)

S- Editor    Guo SY    L- Editor Wang XL    E- Editor  Wu M

Liang  ZQ  et al.  Porcine brain tubulin inhibited by THH                                                                                      1135



PO Box 2345, Beijing 100023, China                                                                                                                     World J Gastroenterol  2006 February 21; (7):1136-1139
www.wjgnet.com                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                       © 2006 The WJG Press. All rights reserved.

  RAPID COMMUNICATION

Mutation of RET proto-oncogene in Hirschsprung’s disease 
and intestinal neuronal dysplasia

Jin-Fa Tou, Min-Ju Li, Tao Guan, Ji-Cheng Li, Xiong-Kai Zhu, Zhi-Gang Feng

www.wjgnet.com

Jin-Fa Tou, Min-Ju Li, Xiong-Kai Zhu, Zhi-Gang Feng, 
Department of Pediatric Surgery, the Children’s Hospital affiliated 
to the Medical College of Zhejiang University, Hangzhou 310003, 
Zhejiang Province, China  
Tao Guan, Ji-Cheng Li, Department of Lymphology, Department 
of Histology and Embryology,  Zhejiang University Medical 
College, Hangzhou 310031, Zhejiang Province, China
Correspondence to: Xiong-Kai Zhu, Department of Pediatric 
Surgery, the Children’s Hospital affiliated to the Medical College 
of Zhejiang University, Hangzhou 310003, Zhejiang Province, 
China. zhuxk0914@yahoo.com.cn
Telephone: +86-571-87061007-60712 
Received: 2005-06-20                Accepted: 2005-07-26

Abstract
AIM: To investigate the genetic relationship between 
Hirschsprung’s disease (HD) and intestinal neuronal 
dysplasia (IND) in Chinese population.

METHODS: Peripheral blood samples were obtained 
from 30 HD patients, 20 IND patients, 18 HD/IND 
combined patients and 20 normal individuals as control. 
Genomic DNA was extracted according to standard 
procedure. Exons 11,13,15,17 of RET proto-oncogene 
were amplified by polymerase chain reaction (PCR). 
The mutations of RET proto-oncogene were analyzed 
by single strand conformational polymorphism (SSCP) 
and sequencing of the positive amplified products was 
performed.

RESULTS: Eight germline sequence variants were de-
tected. In HD patients, 2 missense mutations in exon 11 
at nucleotide 15165 G→A (G667S), 2 frameshift muta-
tions in exon 13 at nucleotide 18974 (18974insG), 1 
missense mutation in exon 13 at nucleotide 18919 A→
G (K756E) and 1 silent mutation in exon 15 at nucleo-
tide 20692 G→A(Q916Q) were detected. In HD/IND 
combined patients, 1 missense mutation in exon 11 at 
nucleotide 15165 G→A and 1 silent mutation in exon 13 
at nucleotide 18888 T→G (L745L) were detected. No 
mutation was found in IND patients and controls.

CONCLUSION: Mutation of RET proto-oncogene is 
involved in the etiopathogenesis of HD. The frequency of 
RET proto-oncogene mutation is quite different between 
IND and HD in Chinese population. IND is a distinct 
clinical entity genetically different from HD.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Hirschsprung’s disease (HD) is a frequent congenital 
malfor mat ion affect ing one in 5000 bir ths. I t i s 
characterized by the absence of  ganglion cells in both 
the myenteric and submucosal plexuses along variable 
lengths of  the hindgut leading to intestinal obstruction in 
neonates and severe constipation in infants and adults. The 
occurrence of  most HD cases is sporadic, but 15-20% 
are in familial form[1]. Genetic analyses have illustrated 
several genes coding for components of  signaling 
pathways including RET[2-9], GDNF[10-12], EDN3[10,13-15] and 
EDNRB[10,15-18] involved in occurrence of  HD. Mutations 
of  RET gene are responsible for a dominant form of  HD 
and account for half  of  the familial cases and 0-50% of  
sporadic cases[4,6,7].

Intestinal neuronal dysplasia (IND), first described in 
1971 by Meier-Ruge[20], is a malformation of  the enteric 
nervous system and shows the clinical features similar to 
those of  HD. The incidence of  IND ranges 5-60% of  
all patients biopsied for suspected HD. The prominent 
histological features of  IND are hyperganglionosis 
of  submucosal and myenteric plexuses, giant ganglia 
containing more than seven nerve and ectopic ganglion 
cells[19,20]. IND often occurs proximal to the aganglionic 
segment in HD[19] and less frequently as an isolated 
condition. The etiology of  IND is still unknown. Since 
IND and HD often occur in combination, the genesis 
gene of  HD may also be involved in occurrence of  IND. 
To clarify the genetic relationship between HD and IND 
in Chinese population, we performed genetic analysis of  
exons11, 13, 15, 17 of  RET proto-oncogene in 30 HD 
patients, 20 IND patients, 18 HD/IND combined patients 
and 20 normal individuals as controls. 

MATERIALS AND METHODS
Case selection and extraction of DNA
The diagnosis of  all patients was confirmed histologically 
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by rectal biopsy and resected bowel specimens. The criteria 
for HD and IND were based on the guidelines put out by 
Holschneider et al  [19] and Merier-Ruge et al  [20]. Peripheral 
blood samples were obtained from all the patients and 
controls. All samples were anti-coagulated with sodium 
citrate. After white blood cells were isolated from each 
blood sample, genomic DNA was extracted according to 
standard procedure.

Polymerase chain reaction
Two hundred nanograms of  genomic DNA was am-
plified in 50 µL reaction containing 10 mmol/L Tris-
HCL (pH8.4), 50mmol/L KCL, 1.5 mmmol/L MgCl2, 
0.5 µmol/L each of  two fragment specific primers, 100 
µmol/L each of  dATP, dGTP, dCTP and dTTP, 2 nuits 
of  Tap DNA polymerae. The primers were synthesized 
by Shanghai Shenggong Biology Company. Exon11 (for-
ward): 5’-ACACCACCCCCACCCACAGAT-3’; (reverse):5’
-AAGCTTGAAGGCATCCACGG-3’ (273bp). Exon13 
(forward):5’-GACCTGGTATGGTCATGGA-3’; (re-
verse):5’-AAGAGGGAGAACAGGGCTGTA-3’ (253bp).
Exon15 (forward):5’-GACTCGTGCTATTTTTCCTAC-3’; 
(reverse):5’-TATCTTTCCTAGGCTTCCC-3’(234bp).
Exon17(forward): 5’-CCCCACTAGATGTATAAGGG-3’; 
(reverse): 5’-TCACTGGTCCTTTCACTCTCT-3’ (232bp).  
After denaturation at 94℃ for 5 min, 30 cycles of  PCR 
amplification were carried out at 94℃ for 50 s, at 58℃ 
- 62℃ for 50 s, at 72℃ for 50s, and a final extension at 
72℃ for 10 min.

SSCP and sequence analysis
The amplified fragments of  RET proto-oncogene were 
analyzed for mutations by SSCP performed on a Mini 
Electrophoresis Unit (Bio-Rad Company, USA). Ten mi-
croliters of  PCR products was mixed with 10 µL of  load-
ing buffer (90% formamide, 0.05% bromphenol blue dye 
and 0.05% xylene cyanol), heat denatured at 100℃ for 8 
min,  immediately placed on ice for 3 min, and analyzed 
by 8% PAGE in 45 Mm-Tris-borate (pH8.0)/1Mm-EDTA 
(TBE) buffer under 13 v/cm at 10℃. After the gels were 
stained with sliver, the bands were analyzed and photo-
graphed. Abnormal PCR products screened by SSCP were 
purified by VIOGENE kit and sequenced using PE377 
automated sequencer.

RESULTS
To determine the mutation of  RET proto-oncogene and 
genomic relationship between HD and IND in Chinese 
population, we performed PCR-SSCP and sequence 

analysis of  RET gene mutation in exons 11,13,15,17 in 30 
HD patients, 20 IND patients , 18 HD/IND combined 
patients and 20 normal controls. Eight germline sequence 
variants were detected. In HD patients, 2 missense muta-
tions in exon 11 at nucleotide 15165 G→A resulting in a 
G667S exchange in codon 667 and 2 frameshift mutations 
in exon 13 at nucleotide 18974 (18974insG), 1 missense 
mutation in exon13 at nucleotide 18919, and 1 silent 
mutation in exon 15 at nucleotide 20692 (Q916Q) were 
detected. In HD/IND combined patients, 1 missense mu-
tation in exon 11 at nucleotide 15165 G→A and 1 silent 
mutation in exon 13 at nucleotide 18888 T→G (L745L) 
were found. All these mutations were heterozygous (Table 
1). No mutation found in IND patients and controls.

DISCUSSION 
The RET proto-oncogene is first detected by transfection 
of  NIH 3T3 cells with human lymphoma DNA[21] which 
lies on chromosome band 10q11.2 and comprises 20 
exons[22,23]. The product of  the RET proto-oncogene is a 
RET protein, a member of  the receptor tyrosine kinase 
superfamily consisting of  a cadherin-like ligand-binding 
extracellular domain, a transmembrane domain, and an 
intracellular tyrosine kinase domain[24]. Genetic studies have 
demonstrated that the germline mutations of  RET gene 
cause endocrine neoplasia and familial medullary thyroid 
carcinoma[25,26]. It was reported that the RET proto-
oncogene is expressed in the early stage of  embryogenesis 
and plays an important role in the differentiation of  
peripheral nervous system and the excretory system[27,28]. 
A number of  studies showed that RET proto-oncogene is 
the causative gene for the development HD[2-11].

IND as a cause of  severe chronic constipation remains 
controversial and shows the clinical features similar to 
those of  HD. Both IND and HD demonstrate hyperplasia 
of  mast cells (MC) and decreasd synaptophysin (SY) 
activity in abnormal bowel[29,30]. Histological features of  
IND are hyperganglionosis of  submucosal and myenteric 
plexuses , giant ganglia containing more than seven nerve 
and ectopic ganglion cells while HD is characterized by 
the absence of  ganglion cells in myenteric and submucosal 
plexuses. Cajal hyperplasia has been found in IND not 
in HD[31,32]. In contrast to the aganglionic segments, the 
mucin composition of  the IND-B segments is normal[29]. 
The etiology of  IND is sti l l unknown. Kobayashi  
et al [33] reported that patients with IND have defective 
innervation at the neuromuscular junction of  the 
affected bowel[33]. However, IND is not a neuromuscular 
junction disorder[34]. Wheatley et al [35] reported that 

Case Group Exon
 

Nucleotide change Amino acid change Mutation type

1 HD 11 G15165→A G667S Missense mutation
2 HD 11 G15165→A G667S Missense mutation
3 HD 13 18974insG --- Frameshift mutation 
4 HD 13 18974insG --- Frameshift mutation 
5 HD 13 A18919→G K756E Missense mutation
6 HD 15 G20692→A Q916Q Silent mutation 
7 HD/IND 11 G15165→A G667S Missense mutation
8 HD/IND 13 T18888→G L745L Silent mutation 

Table 1 Mutations of RET proto-oncogene in HD and IND patients

Tou JF et al. RET gene mutation in HD and IND patients                                                                 1137
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IND is correlated with deficiency of  substance P (SP) 
in myenteric axons. Although the occurrence of  most 
INDs is sporadic, IND may have dominant autosomal  
inheritance[36,37]. Since IND shows the clinical features and 
certain immunohistochemistry activity similar to those of  
HD, mutations of  RET proto-oncogene, a major causative 
gene for HD, may also cause IND.

In this study, 6 RET proto-oncogene mutations were 
detected in 30 HD patients including 1 silent mutation, 
3 missense mutations and 2 frameshift mutations. The 
frequency of  RET proto-oncogene mutation was 20% 
in Chinese HD patients, which is consistent with the 
reported frequency ranging 0-50%[4,6,7]. These mutations 
are heterozygous, suggesting that 50% of  the RET proto-
oncogene is likely to cause HD[38]. 

Two RET proto-oncogene mutations (1 silent mutation 
and 1 missense mutation) were detected in 18 HD/IND 
combined patients. However, we could not confirm that 
the mutation of  RET proto-oncogene in HD/IND 
combined patients can cause IND or HD or both. No 
RET proto-oncogene mutation was detected in 20 IND 
patients and 20 normal controls. Our data confirm that 
the frequency of  RET gene mutation is quite different 
between IND and HD in Chinese population. Gath et al [10] 
reported that 3 RET proto-oncogene mutations have been 
detected in 29 HD patients and no RET proto-oncogene 
mutation has been found in IND or IND/HD patients[10]. 
Barone et al [39] performed linkage analysis in two IND 
pedigrees and demonstrated that IND is not linked to 
RET proto-oncogene mutation.

In conclusion, IND is a dist inct cl inical entity 
genetically different from HD. Further investigation is 
necessary to elucidate the pathogenesis of  IND.
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Abstract
AIM: To evaluate the effect of antisense vascular 
endothelial growth factor (VEGF) RNA (PCMV-FGEV) 
transfection on the profile of hepatocellular carcinoma 
(HCC) SMMC-7721 cells in vitro and in vivo. 

METHODS: SMMC-7721 ce l l s were t ransfected 
with PCMV-FGEV antisense, PCMV-VEGF sense and 
empty vector plasmid encapsulated by lipofectamine 
as antisense group, sense group and control group 
respectively. The positive cell clones were selected 
with G418. The stable transfection and expression 
of VEGF in the cells were determined by RT-PCR and 
immunohistochemistry. Cell proliferation was observed 
by MTT assay. FACS analysis was used to determine the 
effect of PCMV-FGEV transfection on cell apoptosis. The 
growth of transfected cells in vivo  was also observed in 
nude mice. 

RESULTS: VEGF expression was reduced in SMMC-7721 
transfected with PCMV-FGEV, which was confirmed by 
RT-PCR and immunohistochemistry. No effect of PCMV-
FGEV transfection was found on cell proliferation and 
cell apoptosis of SMMC-7721 in vitro . The growth of cells 
transfected with PCMV-FGEV was slow in nude mice 
and accompanied with obvious apoptosis. The latent 
time of tumors in the antisense group was 25.0 ± 1.8 
d, which was longer than that in sense and control 
groups (F  = 19.455, P < 0.01). The average tumor weight 
in antisense group (0.96 g ± 0.28 g) was the smallest 
among the three groups (F  = 21.501, P  < 0.01). 

CONCLUSION: The expression of VEGF can be inhibited 
by antisense PCMV-FGEV. Antisense PCMV-FGEV has no 

effect on cell proliferation and apoptosis of SMMC-7721 
in vitro  but can inhibit tumor growth and induce cell 
apoptosis in vivo .

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION

Angiogenesis plays an essential role in the proliferation 
and metastasis of  tumor cells by supplying them with nu-
trition and oxygen and disposing waste products. Vascular 
endothelial growth factor (VEGF) is an important element 
in angiogenesis and permeability in normal and pathologi-
cal tissue [1-6]. Hepatocellular carcinoma (HCC) with an ex-
tremely poor prognosis is known to have abundant blood 
supply. VEGF has been reported to play an important role 
in the angiogenesis of  HCC[7-11]. Due to the high expres-
sion level of  VEGF mRNA in HCC, antisense RNA is 
used to elucidate the possible therapeutic effects on HCC. 
Using this experimental approach, we explored the effects 
of  antisense PCMV-FGEV transfection on the profi le of  
HCC SMMC-7721 cells in vitro and in vivo. 

MATERIALS AND METHODS

Reagents
TRIzol, RPMI1640 medium, 10% fetal bovine serum 
(FBS), lipofectamine, G418 were purchased from GIBCO 
(Carlsbad, CA, USA). VEGF and factor VIII antibody 
were purchased from Boster (Wuhan, China). PI and MTT 
were purchased from Sigma (St. Louis, MO, USA). VEGF 
sense, antisense vector PCMV-VEGF, PCMV-FGEV and 
empty vector PcDNA3.1 were given as gifts by NIH, USA.
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Experimental animals
Twelve female athymic BALB/c-nu/nu nude mice at the 
age of  4 - 6 wk were purchased from Chinese Academy 
of  Sciences and maintained under conditions that met all 
requirements for use in an approved facility. 

Cell culture
Human HCC SMMC-7721 cells were obtained from the 
Central Laboratory of  Tianjin Cancer Hospital and cul-
tured in RPMI1640 medium containing 100 U/mL penicil-
lin G sodium and 100 U/mL streptomycin sulfate, supple-
mented with 10% fetal calf  serum at 37 ℃ in a 50mL/L 
CO2 atmosphere.

Transfection
Cells were transfected with antisense PCMV-FGEV 
(antisense group), sense PCMV-VEGF (sense group) and 
empty vector PcDNA3.1 (control group) encapsulated by 
lipofectamine. Forty-eight hours after transfection, cells 
were diluted and plated into tissue culture dishes for 4 wk 
in complete growth medium containing 400 μg/mL G418. 
Colonies resistant to G418 were isolated. 

Immunohistochemistry
Immunohistochemiscal analysis was performed on forma-
lin-fixed, paraffin-embedded sections using a three-step 
indirect method for VEGF and factor VIII expression. 

RT-PCR
Guanidinium isothiocyanate-phenol single-step method 
was used to extract total RNA from cells using TRIzol 
following instructions of  the kit. The integrity, purity 
and concentration of  the extracted mRNA were detected 
with ultraviolet spectral photometer and agarose gel 
electrophoresis. The RNA extract dissolved in DEPC was 
stored at -70 ℃. According to the sequences of  human 
mRNA of  VEGF, the primers were designed, synthesized 
and supplied by Boya Biotech, Shanghai, China (VEGF 
positive primer: 5’ -AATGCTTTCTCCGCTCTG-3’, 
negative primer :5’-TTGCTGCTCTACCTCCAC-3’ ; 
β-actin positive primer: 5’-TTGCGCTCAGGAGGAGC
AAT-3’, negative primer: 5’-TTCCAGCCTTCCTTCCTG
G-3’). First-strand cDNA was synthesized from 2μg RNA 
dissolved in water administered with DEPC, in which 0.2 
μL oligo dT was added at 70℃ for 5 min and placed on ice 
for 1 min, followed by 1μL M-MLV reverse transcriptase 
(200IU/μL), 0.5μL RNasin (40 IU/μL), 8μL 5×RT buffer, 
and 3μL dNTPs (10 mmol/L) at 42 ℃ for 60 min. The 
reverse transcriptase was inactivated at 95 ℃ for 5 min, 
then 5μL cDNA, 5μL 10×buffer, 3μL 2mmol/L dNTPs, 
1μL 5 IU/L LA Taq enzyme and water were added to a 
volume of  40μL. The fi nal concentrations of  positive and 
negative primers were both 1uM/L. VEGF was amplifi ed 
for 35 cycles at 94 ℃ for 1 min, at 55 ℃ for 1 min, at 72 ℃ 
for 2 min, and a fi nal extension at 72 ℃ for 7 min. The 
area of  electrophoresis bands （AREA）, the absorption 
of  mean optical density (A) and product of  AREA and 
A were quantitatively analyzed after the PCR product was 
detected with auto image manipulating system following 
agarose gel (2%) electrophoresis and stained with EB. The 
samples were controlled with blank and β-actin. 

MTT assay
For analysis of  the transfected SMMC-7721 cell prolifera-
tion, SMMC-7721 cells were seeded in a 96-well plate (6000 
cells/ well), untransfected SMMC-7721 cells were used as 
negative control. After further incubated for 24, 48, 72, 96, 
120, 144 h, cell proliferation activity was determined by 
MTT assay. The absorbance of  each well was measured at 
580nm in a microtiter reader. The survival rate of  tumor 
cells was calculated according to the formula: survival rate 
(%) =(A/ B)×100, where A is the absorbance of  treated 
cells, and B is the absorbance of  negative control cells.

Flow cytometry of apoptosis
To investigate the influence of  transfection on apopto-
sis, cells grown as a monolayer were incubated for 24 h, 
trypsinized, washed with PBS and fixed with 70% etha-
nol overnight at 4 ℃. Then cells were intensively washed 
three times with PBS and incubated with 1% RNase for 
30 min at 37 ℃. Cells were measured with a FACScan 
flow cytometer (BD Biosciences) equipped with a 488 
nm argon-ion laser and a Macintosh Power PC (G4). In 
general, 25 000 events were acquired using CellQuest Pro 
4.0.1. Apoptotic cells were then calculated in percent using 
ModFIT Vers. 3.0 (BD Biosciences).

Tumorigenesis in nude mice
Cells were resuspended at the density of  5 × 107 cells in 
400 μL of  RPMI1640 and injected subcutaneously into 
the fl ank region of  athymic nude mice. Twelve mice were 
distributed to antisense group, sense group or negative 
control group, 4 per group at random. All animals were 
observed for up to 10 wk following the injection, and then 
the tumor was excised. 

Transmission electron microscopy
For electron microscopy, small blocks of  tumor tissue were 
fixed in 1% glutaraldehyde and 4% paraformaldehyde, 
postfi xed in 1% osmium tetroxide and embedded in Epon 
812, double-stained with uranyl acetate and lead citrate, 
and observed under a transmission electron microscope.
. 
Statistical analysis
One-way analysis of  variance (ANOVA) was used to 
compare the results between the different groups. All data 
were processed with SPSS10.0 statistical software. P < 0.05 
was considered statistically signifi cant.

RESULTS

Immunohistochemistry and RT-PCR of SMMC-7721 cells
VEGF protein expression was high in sense group, mod-
erate in control and 7721 groups and weak in antisense 
group (F =16.786, P < 0.01). The same results were also 
confirmed by VEGF mRNA expression in RT-PCR 
analysis (Figure 1). The mRNA expression of  VEGF was 
seen in all groups. However, compared to the control and 
sense groups, the expression was decreased in the antisense 
group (F = 19.693, P < 0.01), suggesting that SMMC-7721 
cells transfected with PCMV-FGEV could effectively 
inhibit VEGF expression at protein and RNA level.
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Proliferation and apoptosis of transfected SMMC-7721 
cells
We used MTT assay to assess the proliferation of  trans-
fected SMMC-7721 cells in vitro. The difference in survival 
rates of  the cells in sense group, antisense group, and 
control group was not significant (F = 0.869, P > 0.05). 
Further we used fl ow cytometry to compare the extent of  
cell apoptosis among the different groups and did not fi nd 
the characteristic changes of  cell apoptosis in each group.  

Time of tumorigenesis in nude mice and weight of tumors
The time of  tumorigenesis was 25.0 ± 1.8 d in antisense 
group, 15.7 ± 2.5 d in sense group and 18.5±2.1 d in 
control group (F = 19.445, P < 0.01). The weight of  tumor 
was 0.96 ± 0.28 g in antisense group, which was obviously 
lighter than that in sense group (2.18 ± 0.36g) and control 
group (1.88 ± 0.47g) (F = 21.505, P < 0.01)(Figure 2).

Immunohistochemistry for VEGF and VIII factor expression
VEGF immunohistochemical staining showed faint sig-
nals in antisense group. The number of  positive cells and 
intensity of  staining were significantly lower than those 
in sense or control group (F = 21.365, P < 0.01). Factor 
VIII staining showed that the number of  tumor vessels in 
antisene group was signifi cantly less than that in sense or 
control group (F = 9.985, P < 0.01).

Tumor apoptosis assay
Electron micrographs of  the tumor cells in antisense 
group showed characteristic chromatin condensation 
forming a crescentic-like cap, which was characteristic 
appearance of  apoptosis. Comparatively, such chromatin 
change of  the cells was not detectable in control or sense 
group (F = 24.548, P < 0.01).

DISCUSSION
Hepatocellular carcinoma (HCC) is one of  the most 
common malignant neoplasms. All the treatment strategies 
used today have no good curative effect [12]. Gene therapy 

might be a promising way. Gene transfer is a key technique 
in gene therapy. Antisense gene technologies have been 
proven to be powerful tools for selective regulation of  
gene expression in experimental settings and are under 
evaluation for their therapeutic potential in clinic [13-16]. 
Antisense agents down-regulate the expression of  specifi c 
target genes at mRNA level by pairing with their comple-
mentary RNA and preventing their translation into pro-
teins. Theoretically, antisense molecules could be used to 
cure a variety of  diseases, especially some cancers[17-20]. 
    VEGF plays an important role in the angiogenesis of  
HCC. VEGF, known as a vascular permeability factor, has 
two major biological functions: growth stimulatory activ-
ity for a variety of  vascular endothelial cells and increasing 
microvascular permeability [21-23]. Use of  antisense VEGF 
RNA for inhibiting vessel formation in HCC might be a 
rational approach. Our study showed that antisense VEGF 
RNA could effectively inhibit the expression of  VEGF 
in HCC cell line SMMC-7721, but could not signifi cantly 
inhibit growth of  the cells in vitro, which is in accordance 
with the report of  Gu et al[24]. The reasons may be as 
follows: VEGF is specific to endothelial cells and there 
is no vessel in the HCC cells. Although antisense VEGF 
RNA can inhibit the expression of  VEGF, it can not 
effectively inhibit tumor cells without vessels. Furthermore 
If  we use the vascular endothelial cells as the model to 
study the inhibitory effect of  antisense VEGF RNA on 
them, the results may be that antisense RNA could inhibit 
not only the expression of  VEGF but also the growth of  
vascular endothelial cells. 
    This study also demonstrated that antisense VEGF 
RNA could inhibit the growth of  tumor in vivo. The 
secretion of  VEGF and the vessels of  tumor in antisense 
group were significantly decreased, leading to inhibition 
of  tumor growth and metastasis. Becker et al[25] reported 
that transfecting the gene of  soluble vascular endothelial 
growth factor receptor fl k-1 to the prostate cancer nude 
model can inhibit tumor growth and metastasis. Zhang et 
al [26] found that angiogenic inhibition mediated by DNase 
targeting at vascular endothelial growth factor receptor -2 
could inhibit the formation of  vessels and the growth of  
tumor. 

Figure 1  Expression of VEGF mRNAs. Lanes 1- 5: 7721 group ,control group, 
sense group and antisense group respectively (418 bp and 490 bp indicate VEGF, 
240 bp indicatesβ-actin).

Figure 2  Gross appearance of tumor growth in sense group (A), control group (B) 
and antisense group (C). The weight of tumor in antisense group was obviously 
lighter than that in sense and control groups (F = 21.505, P < 0.01).
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   In conclusion, antisense VEGF RNA has inhibitory 
effect on the growth of  HCC cells in vitro and in vivo and 
can be used in the treatment of  HCC. 
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Abstract
AIM: To study the effect of fluoride on oxidative stress, 
DNA damage and apoptosis as well as cell cycle of rat 
oral mucosal cells and hepatocytes. 

METHODS: Ten male SD rats weighing 80~120 g were 
randomly divided into control group and fluoride group, 
5 animals each group. The animals in fluoride group had 
free access to deionized water containing 150 mg/L so-
dium fluoride (NaF). The animals in control group were 
given distilled water. Four weeks later, the animals were 
killed. Reactive oxygen species (ROS) in oral mucosa and 
liver were measured by Fenton reaction, lipid peroxida-
tion product, malondialdehyde (MDA), was detected by 
thiobarbituric acid (TBA) reaction, reduced glutathione 
(GSH) was assayed by dithionitrobenzoic acid (DTNB) 
reaction. DNA damage in oral mucosal cells and hepa-
tocytes was determined by single cell gel (SCG) electro-
phoresis or comet assay. Apoptosis and cell cycle in oral 
mucosal cells and hepatocytes were detected by flow 
cytometry. 

RESULTS: The contents of ROS and MDA in oral mucosa 
and liver tissue of fluoride group were significantly high-
er than those of control group (P < 0.01), but the level of 
GSH was markedly decreased (P < 0.01). The contents of 
ROS, MDA and GSH were (134.73 ± 12.63) U/mg protein, 
(1.48 ± 0.13) mmol/mg protein and (76.38 ± 6.71) mmol/
mg protein in oral mucosa respectively, and (143.45 ±
11.76) U/mg protein, (1.44 ± 0.12) mmol/mg protein and 
(78.83 ± 7.72) mmol/mg protein in liver tissue respective-
ly. The DNA damage rate in fluoride group was 50.20% 
in oral mucosal cells and 44.80% in hepatocytes, higher 
than those in the control group (P < 0.01). The apop-
tosis rate in oral mucosal cells was (13.63 ± 1.81) % in 
fluoride group, and (12.76 ± 1.67) % in hepatocytes, 
higher than those in control group. Excess fluoride could 
differently lower the number of oral mucosal cells and 
hepatocytes at G0/G1 and S G2/M phases (P < 0.05). 

CONCLUSION: Excess fluoride can induce oxidative 

stress and DNA damage and lead to apoptosis and cell 
cycle change in rat oral mucosal cells and hepatocytes.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Fluoride is an essential trace element for human beings 
and animals. Fluoride can prevent caries and enamel 
fluorosis. Caries is the demineralization of  the enamel by 
acids produced by plaque bacteria, leading to cavitation. 
Enamel fluorosis is a subsurface hypomineralization of  
the dental enamel caused by chronic ingestion of  high 
fluoride concentration while the dentition is forming[1]. 
Other manifestations of  fluoride toxic effects include 
skeletal fluorosis and damage to kidney, liver, parathyroid 
glands and brain[2-4]. Lipid peroxidation is implicated as 
an important mechanism of  fluorosis. A close association 
between fluoride toxicity and oxidative stress has been 
reported in human beings[5], experimental animals[3] and 
cultured cells [2]. Studies have shown that excess fluoride 
can cause DNA damage, trigger apoptosis and change cell 
cycle[2, 6]. Jeng et al[7] studied the effects of  sodium fluoride 
on human oral mucosal fibroblasts and found that sodium 
fluoride is toxic to oral mucosal fibroblasts in vitro by in-
hibiting protein synthesis, disturbing mitochondrial func-
tion and depleting cellular ATP. The effects of  sodium 
fluoride on cultured human oral keratinocytes have been 
investigated with respect to induction of  unscheduled 
DNA synthesis. These researches indicate that fluoride 
has harmful effects on oral mucosa. In the present study, 
we investigated the effects of  sodium fluoride (NaF) on 
lipid peroxidation, DNA damage and apoptosis in rat oral 
mucosal cells and hepatocytes.

MATERIALS AND METHODS
Animals
Male SD rats weighing 80-120 g were used in the 
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experiments and housed in polycarbonated cages with 
compressed fiber bedding. Commercial pellet diet and 
water were provided ad libitum. The animals were divided 
into control group and fluoride group, 5 animals each 
group. The control group was given distilled water and the 
fluoride group was provided with distilled water containing 
150 mg/L sodium fluoride. The animals were sacrificed 
four weeks later and their oral mucosa and liver were 
removed immediately for use.

Determination of fluoride concentration in urine and blood
At the end of  experiments, the animals were held in plas-
tic metabolic cages for 8 h, and urine was collected in the 
container. Concentration of  fluoride in urine and blood 
was determined with fluoride ion-selective electrodes as 
described by Zhang et al [8]. 

Preparation of tissue extract
Oral mucosa and liver were minced and homogenized in 
50 mmol/L cold sodium phosphate buffer (pH 7.0) con-
taining 0.1 mmol/L EDTA to produce 10 % homogenates 
(W/V). The homogenates were then centrifuged at 1000 
r/min for 10 min at 4 °C. The supernatants were separated 
and used for enzyme assays and protein determination.

Determination of GSH, LPO and ROS
The reduced glutathione (GSH) was determined in 
tissues by the method of  Kum-Talt and Tan [9] using 
dithionitrobenzoic acid (DTNB) reagent and the 
absorbance at 412 nm was measured. Lipid peroxidation 
products (LPOs) were determined by measuring the levels 
of  malondialdehyde (MDA) [10]. To 0.2 mL of  homog-
enates 0.2 mL 8.1 % (w/v) sodium dodecyl sulphate and 
1.5 mL 20 % acetic acid were added, and pH was adjusted 
to 3.2 with 20 % (w/v) sodium acetate solution. After the 
addition of  1.5 mL of  thiobarbituric acid (0.8 %, w/v) the 
mixture was diluted to 4 mL with water, heated for 60 min 
in boiling water bath and cooled to room temperature. 
Then 1 mL of  water and a mixture of  n-butanol and pyri-
dine (15:1) were added. The mixture was shaken vigorously 
and centrifuged at 1500 r/min for 15 min. The absorbance 
of  organic layer was measured at 532 nm and the results 
were expressed as mmol MDA/mg protein. Reactive 
oxygen species (ROS) was measured with test kit (Nanjing 
Jiancheng Biological Technology Company) by Fenton 
reaction. Gress reagent was used to initiate color reaction 
and the absorbance was read at 510 nm on a spectropho-
tometer. Protein content was determined by the method 
of  Lowry using bovine serum albumin as a reference [11].

Detection of DNA damage
Single cell gel electrophoresis assay (also known as comet 
assay) was performed as previously described [12] with some 
modifications. Approximately 1.0 × 105 cells were embed-
ded in low melting agarose (0.65 %) that was layered onto 
fully frosted microscope slides coated with a layer of  0.75 % 
normal agarose (diluted in Ca2+ and Mg2+ free PBS buffer). 
A final layer of  0.65 % low-melting agarose was placed on 
top. Slides were immersed in a jar containing cold lysate 
solution (1 % Triton X-100, 10 % DMSO and 89 % of  10 
mmol/L Tris, 1% sodium laurylsarcosine, 2.5 mol/L NaCl, 

100 mmol/L Na2EDTA , pH 10) at 4 °C for 1-2 h. Then, 
slides were pretreated for 15 min in electrophoresis buffer 
(300 mmol/L NaOH/1 mmol/L Na2EDTA, pH 12) and 
exposed to 25 V/300 mA for 20 min. Pre-incubation and 
electrophoresis were performed in ice bath. Slides were 
neutralized for 3 - 5 min in 0.4 M Tris, pH 7.5 and DNA 
was stained by adding 50 µL of  ethidium bromide (20 µg/
mL) onto each slide. After staining for 5 min, slides were 
rinsed in distilled water and covered again for microscopic 
examination. All steps were conducted under red light to 
prevent additional DNA damage.
     Image analysis was performed with 200 × magnification 
using a fluorescence microscope (Olympus B-60F5) 
equipped with an excitation filter of  549 nm and a 590 nm 
barrier filter, coupled to a CCD camera (Kodak, USA). 
One hundred randomly selected cells per slide were scored. 
In this test, DNA damage of  the cells was evaluated using 
the ratio of  tail DNA content/the whole cellular DNA 
content. 

Detection of apoptosis
DNA fragmentation during apoptosis could lead to exten-
sive loss of  DNA content and a distinct sub-G1 peak when 
analyzed by flow cytometry. Apoptosis was analyzed by the 
determination of  sub-G1 cells. At the end of  designated 
treatments (such as cell separation), cells were washed, 
fixed and permeated with 70% ice-cold ethanol at 4 ℃ for 
2 h. Cells were then incubated with freshly prepared prop-
idium iodide (PI) staining buffer (0.1 % Triton X-100, 200 
µg/mL RNase A, and 20 µg/mL PI in PBS) at 37 ℃ for 
15 min, followed by flow cytometry of  20 000 cells from 
each animal. The histogram was abstracted and percentage 
of  cells in the sub-G1 phase was then calculated to reflect 
the percentage of  apoptotic cells. In addition, cell cycle 
was analyzed with ModFit LT software.

Statistical analysis
The data were tested with statistical programs. Student’s t 
test or Chi-square test was used. P <0.05 was considered 
statistically significant.

RESULTS
Amount of fluoride in urine and concentration of fluoride 
in blood
Animals in fluoride group were provided with distilled 
water containing 150 mg/L NaF for four weeks. The 
amount of  fluoride in urine and concentration of  fluoride 
in blood were higher than those in control group (P < 0.01), 
demonstrating that animals in fluoride group were in 
excess fluoride status (Table 1).

Content of ROS, MDA and GSH in oral mucosa and liver
ROS and MDA contents in oral mucosa and liver were 
higher in fluoride group than in control group, but GSH 
content in oral mucosa and liver was lower in fluoride 
group than in control group, indicating that oxidative 
stress was induced in fluoride group (Table 2).

DNA damage in oral mucosal cells and hepatocytes
Table 3 shows the effects of  fluoride at the dose of  150 
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mg/L for 4 wk on the grades of  DNA damage based 
on the comet assay. Statistical analysis yielded significant 

differences between oral mucosal cells and hepatocytes 
based on chi-square test (P < 0.01). Although the grades 
of  DNA damage in oral mucosal cells were higher than 
those in hepatocytes, there was no significant difference (P 
>0.05).

Apoptosis in oral mucosal cells and hepatocytes
Table 4 shows the effects of  fluoride at the dose of  
150 mg/L for 4 wk on apoptosis in oral mucosal cells 
and hepatocytes based on flow cytometry. There was a 
statistically significant difference between fluoride and 
control groups in apoptotic rate of  oral mucosal cells and 
hepatocytes. Although the apoptotic rate was higher in oral 
mucosal cells than in hepatocytes, there was no significant 
difference (P > 0.05).

Changes of ce l l cycle in ora l mucosal ce l ls and 
hepatocytes
Table 5 shows the effects of  fluoride on rat cell cycle 
and proliferation index (PI) of  oral mucosal cells and 
hepatocytes. The number of  oral mucosal cells and 
hepatocytes at G0/G1, S and G2/M phase induced by 
fluoride was lower than that in control group. PI of  oral 
mucosal cells and hepatocytes was lower in fluoride group 
than in control group (P > 0.05), suggesting that fluoride 
at the dose of  150 mg/L in drinking water for 4 wk 
interfered with normal cell cycle in oral mucosa and liver.

DISCUSSION
Fluorosis is one of  the diseases caused by biogeochemical 
factors. Fluorosis in human beings is mainly caused by 
drinking water, burning coal and drinking tea. China is one 
of  the countries where fluorosis is most endemic[2]. Fluo-
ride intoxication causes damages to osseous tissue (teeth 
and bone) and soft tissues (liver, kidney, brain, mucosa, 
etc.). There are many reports on the mechanisms of  skeletal 
and dental fluorosis[13, 14], but how fluoride interferes with 
soft tissue has not been clarified. In our study, male SD 
rats were provided with distilled water containing 150 
mg/L sodium fluoride for four weeks. The concentration 
of  fluoride in blood and the amount of  fluoride in urine 
in fluoride group were significantly higher than those in 
control group, suggesting that the experimental animals are 
in excess fluoride status. The content of  ROS and MDA 
was increased, but content of  GSH was decreased in oral 
mucosa and liver, demonstrating that lipid peroxidation 
can be induced by fluoride intoxication in oral mucosa and 
liver.  
    Studies have shown that fluoride can induce excessive 
production of  oxygen free radicals and decrease the 
biological activities of  some substances, such as catalase, 
superoxide dismutase, xanthine oxidase and glutathione 
peroxidase, which play an important role in antioxidation 
and eliminating free radicals. Karaoz et al[15] showed that 
chronic fluorosis can lead to lipid peroxidation and kidney 
tissue change in first- and second-generation rats[15]. Shan-
thakumari et al[3] showed that the level of  lipid peroxides is 
increased but the activities of  superoxide dismutase (SOD), 
catalase (CAT), glutathione peroxidase (GSH-Px) are 
decreased in rats after administered fluoride. Shivarajashan-

Table 1 Amount of fluoride in urine and concentration 
of fluoride in blood (mean±SD)

 Groups      Fluoride in urine (µg)     Concentration of fluoride in blood    
                                                   (mg/L)

Control          14.22  ± 1.33                       0.334 ± 0.023
Fluoride         53.02 ± 5.45b                     1.101 ± 0.123b

bP <0.01 vs control group.

Table 2 Content of ROS, MDA and GSH in oral mucosa 
and liver (mean±SD)

  Groups                          ROS                 MDA                  GSH         
                          (U/mg protein) (mmol/mg protein) (mmol/mg protein)

Control (oral mucosa)       81.21 ± 7.87             0.66 ± 0.05            127.50 ± 13.11   
Fluoride (oral mucosa)   134.73 ± 12.63 b          1.48 ± 0.13 b            76.38 ± 6.71 b 
Control (liver)                    75.57 ± 8.05              0.71 ± 0.06            130.08 ± 12.65 
Fluoride (liver)                 143.45 ± 11.76 b          1.44 ± 0.12 b            78.83 ± 7.72 b

Table 3 Effects of fluoride on DNA damage in rat oral 
mucosal cells and hepatocytes

  Groups                              Cells   Grade of DNA damage      Rates of                   
                                                   0     1      2      3     4   comet assay

Control (oral mucosal cells)     500     448     39      6        5        2        10.40
Fluoride (oral mucosal cells)   500     249    119    49      54      29        50.20b

Control (hepatocytes)               500     453      23    12        9        3          9.40
Fluoride (hepatocytes)              500     276   127     52      31     14         44.80b

Table 4 Effects of fluoride on apoptosis in rat oral 
mucosal cells and hepatocytes (mean±SD)

 Groups       Oral mucosal cells (%)              Hepatocytes (%)

Control              5.61 ± 1.98                               5.72 ± 1.82
Fluoride          13.63 ± 1.81 b                            12.76 ± 1.67 b

bP < 0.01 vs control group

Table 5 Effects of fluoride on proliferation in rat oral 
mucosal cells and hepatocytes (mean ± SD)

Groups                 G0/G1(%)       S(%)          G2/M(%)        PI 

Control                      62.75 ± 3.89        9.28 ± 2.56        8.74 ± 1.23        21.89 ± 3.61
(oral mucosal cells)         
Fluoride                     58.53 ± 2.18        8.09 ± 1.31        6.28 ± 1.25a       19.51 ± 0.89
(oral mucosal cells)
Control                      64.79 ± 3.91      10.28 ± 2.64      10.67 ± 1.42        22.18 ± 3.59
(hepatocytes)  
Fluoride                     60.58 ± 2.27        9.07 ± 1.42        7.98 ± 1.36a       19.91 ± 1.02
(hepatocytes)

bP < 0.01 vs control group.

bP < 0.01 vs control group.

aP < 0.05 vs control group.
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kara et al[16] reported that long-term high-fluoride intake 
at the early developing stages of  life enhances oxidative 
stress in blood, disturbing the antioxidant defense of  rats, 
suggesting that increased oxidative stress may be one of  
the mediating factors in the pathogenesis of  toxic manifes-
tations of  fluoride. Reddy et al[17] evaluated the antioxidant 
defense system (both enzymatic and non-enzymatic) and 
lipid peroxidation both in human beings from an endemic 
fluorosis area (5 ppm fluoride in drinking water) and in 
rabbits receiving water containing 150 ppm of  fluoride 
for six months, and found that there is no significant dif-
ference in lipid peroxidation, glutathione and vitamin C in 
blood of  fluorosis patients and fluoride-intoxicated rabbits 
as compared to the controls. They also found that there 
are not any changes in the activities of  catalase, superoxide 
dismutase, glutathione peroxidase, or glutathione S-trans-
ferase in the blood due to fluoride intoxication (of  rabbits) 
or fluorosis in human beings[17]. Our results are concordant 
with other studies[2, 3, 5, 15, 16]. Liver is one of  the target 
organs attacked by excessive amount of  fluoride. Evidence 
of  toxic changes in liver has been revealed by long term 
investigations of  industrially-induced fluorosis, including 
abnormal metabolic functions, reduced activity of  
detoxication reactions and altered structure of  subcellular 
organelles[18]. Our results also displayed that excess fluoride 
could induce oxidative stress not only in liver, but also in 
rat oral mucosa.
    It was reported that DNA damage results from excess 
fluoride in human embryo hepatocytes[2, 6] and pallium 
neurons [19]. Our results showed that DNA damage was 
induced in rat oral mucosal cells and hepatocytes by 
sodium fluoride at the dose of  150 mg/L in drinking 
water for four weeks. Apoptosis is a programmed 
physiological process of  cell death characterized by a 
distinct set of  morphological and biochemical changes, 
including cytoplasmic membrane blebbing, apoptotic body 
formation, nuclear condensation and chromosomal DNA 
fragmentation. Apoptosis can be triggered in a wide variety 
of  cell lines by diverse stimuli, ranging from extracellular 
signals to intracellular events[20]. Previous studies have 
shown that fluoride induces apoptosis in human embryo 
hepatocytes[2, 6], human epithelial lung cells[21], human 
and rat pancreatic islets and RINm5F cells[22] as well as 
in HL-60 cells [23]. In the present study, we investigated 
the effects of  fluoride on apoptosis of  rat oral mucosal 
cells and hepatocytes. As regards to the mechanisms of  
apoptosis induced by fluoride, Wang et al[2] concluded that 
fluoride could cause lipid peroxidation, DNA damage and 
apoptosis, and there is a positive relationship among these 
changes. Lipid peroxidation and apoptosis may co-exist in 
the beginning when tissues are exposed to excess fluoride 
and generates a lot of  free radicals that may be sufficient 
to cause apoptosis. Anuradha et al[23] showed that sodium 
fluoride (NaF) induces apoptosis by oxidative stress-in-
duced lipid peroxidation, and thereby releasing cytochrome 
C into the cytosol and further triggering caspase cascade 
leading to apoptotic cell death in HL-60 cells. Refsnes 
et al[21] reported that NaF induces apoptotic effects and 
increases PI-positive A549 cells via similar mechanisms, 
involving protein kinase C (PKC), protein kinase A (PKA), 
tyrosine kinase and Ca2+-linked enzymes. Thrane et al[24] 

found that activation of  mitogen-activated protein (MAP) 
kinases p38 and possibly c-Jun N-terminal kinase (JNK) 
are involved in NaF-induced apoptosis of  epithelial lung 
cells, whereas extracellular signal regulated kinase (ERK) 
activation seems to counteract apoptosis in epithelial lung 
cells. These studies indicate that fluoride induces apoptosis 
through mechanisms of  oxidative stress, caspase and PKC 
activation, MAPK signal pathway and DNA damage.
    Our study also demonstrated that the number of  
oral mucosal cells and hepatocytes in G2/M phase was 
significantly lower in fluoride group than in control group, 
although there were no obvious changes in cell number 
in G0/G1 and S phase. In our study, proliferation index 
of  oral mucosal cells and hepatocytes was also decreased 
in fluoride group. Wang et al[2] showed that the number 
of  human embryo hepatocytes in S phase is significantly 
higher in fluoride treated groups than in control group, but 
there were no changes in cell number in G0/G1 and G2/M 
phase. This may be due to the differences in cell sensitivity 
to fluoride in different phases of  cell cycle[25].
    In the present study, the results in oral mucosal cells 
were not different from those in hepatocytes significantly. 
Oxidative stress, DNA damage, apoptosis and modifica-
tions of  membrane lipids can be induced in hepatocytes by 
excess fluoride[2, 3, 6, 18]. It is difficult to get liver tissue but 
easy to get oral mucosal cells from patients with fluorosis. 
Squier et al[26] reported that ethanol exerts its effect on lipid 
metabolism and epithelial permeability barrier of  oral mu-
cosa in rats. Hansson et al [27] have analyzed proliferation, 
apoptosis and keratin expression in cultured normal and 
immortalized human oral mucosal keratinocytes. Dhillon et 
al [28] showed that oral mucosa cells have a smaller increase 
in gamma-ray-induced DNA strand breaks than lympho-
cytes, suggesting that oral mucosal cells can be used as 
experimental materials to study oxidative stress, DNA 
damage and apoptosis as well as other effects of  fluoride 
in vivo. 
    In conclusion, excess fluoride induces oxidative stress, 
DNA damage, apoptosis and cell cycle changes in rat oral 
mucosal cells and hepatocytes. Further investigation is 
needed to clarify the exact mechanisms.
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Abstract
Liposarcoma is the most common soft tissue sarcoma in 
adult life while esophageal liposarcoma is an extremely 
rare tumor. In the world literature, only 14 cases of 
esophageal liposarcomas have been described. We report 
a 72-year old male patient who was urgently admitted 
to our hospital for acute epigastric pain with a burning 
retrosternal sensation, persistent nausea, vomiting and 
dysphagia. Barium swallow, upper gastrointestinal (GI) 
endoscopy, esophageal manometry and CT scan, failed 
to accurately diagnose the lesion. After surgical resection 
of an esophageal polypoid tumor, the histological 
examination revealed a well-differentiated grade I 
liposarcoma. Diagnostic and therapeutic tools were dis-
cussed and the results of literature were reviewed.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Liposarcoma is the most common soft tissue sarcoma in 

adult life and usually occurs in the retroperitoneum and 
deep soft tissues of  the trunk and lower extremities[1-3] 
representing around 20% of  mesenchymal neoplasms. It 
is very rare in the gastrointestinal (GI) tract, exceedingly in 
the esophagus. Esophageal liposarcomas grow as polypoid 
masses within the esophageal lumen, usually causing no 
symptoms until they reach a substantial size when impaired 
esophageal transit develops. The first case of  a primary 
esophageal liposarcoma was reported by Mansour  et al [2] in 
1983. The review of  the literature revealed another 13 cas-
es that have been reported since. We described a male pa-
tient who, to our belief, represents the 15th case reported in 
the literature, as he was found to have a well-differentiated 
esophageal liposarcoma arising from the wall of  the lower 
thoracic esophagus exceeding down to the gastroesopha-
geal (GE) junction.

CASE REPORT
A 72-year-old obese male (BMR > 30) was urgently 
admitted to our hospital because of  an acute epigastric 
pain with a burning retrosternal sensation, persistent 
nausea, vomiting and complete dysphagia. He suffered 
from intermittent dysphagia in the last few years which 
was increasingly worsened in the last 2 mo. The day before 
his admission to our hospital he had an esophagogram and 
an esophageal manometry which showed a slightly dilated 
lower thoracic esophagus without any stricture and an 
achalasia like motor dysfunction. His past medical history 
revealed 5 mild episodes of  a bleeding duodenal ulcer 
(from May 1962 to February 1995) which were treated 
with blood transfusions, antacids and PPIs. He was also 
under treatment with captopril and furosemide for arterial 
hypertension in the last ten years.

On initial urgent upper GI endoscopy, a smooth and 
unlcerated hemorrhagic tumor like protrusion in the lower 
thoracic esophageal mucosa down to the level of  the GE 
junction was found (Figure 1). 

CT scan of  the chest and upper abdomen demonstrat-
ed a well-circumfused mass at the lower thoracic esopha-
gus with lipoma like density (-30.84 Hounsfield Units). No 
other lesions or enlarged lymph nodes at the lower medias-
tinum were found (Figure 2).

The patient was put on parenteral nutrition and nil 
by mouth and on the 7th post admission day a second 
upper GI endoscopy clearly demonstrated an esophageal 
submucosal polypoid mass originating from the wall of  
the lower esophagus 4-5 cm above the GE junction. The 
tumor was covered by normal esophageal mucosa with 
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central ulceration (Figure 3) and it seemed that it could be 
easily and intermittently intussuscepted through the GE 
junction into the stomach. A small sliding diaphragmatic 
hernia was also found. The stomach and the duodenum 
appeared to be normal.  Multiple biopsies were taken 
especially from the ulcerated part of  the tumor which 
failed to reveal any malignancy. 

The patient was scheduled for an operation. Through 
a left posterior-lateral thoracotomy, a dilated lower tho-
racic esophagus with edematous muscle wall layers was 
found. The sliding diaphragmatic hernia was also noted. 
After a longitudinal incision just above the GE junction, 
the esophageal lumen was entered which was almost com-

pletely obstructed by a big polypoid submucosal mass. 
A central necrosis of  the overlaying esophageal mucosa 

Figure 1 upper GI endoscopy A big hemorrhagic polypoid lesion as a haematoma 
in the hiatus hernia at upper GI endoscopy

Figure 2 Intraluminal mass with a lipoma-like density in the lower esophagus. 

Figure 3 The lesion is covered by yellowish exudates at the second upper GI 
endoscopy.

Figure 4 Intraoperative view of the esophageal liposarcoma (A) and the specimen  
(B) (5 cm x 3.5 cm x 2 cm).

Figure 5 Neoplasm infiltrating smooth muscle layer of esophagus and ulcerating 
surface epithelium (A),HE 100x; and neoplasm consisting of differently-sized 
lipocytic element and multi-vacuolated lipoblasts (B), HE 400x. A small amount of 
sclerotic stroma was focally identified with the presence of atypical stromal cells.

A

B

B
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revealed a lipoma like tumor which seemed to originate 
from the muscle layer of  the esophageal wall, 5cm above 
the GE junction. We performed a local resection including 
a part of  the esophageal muscle wall (Figures 4A and 4B). 
The esophageal incision was closed in 2 layers with inter-
rupted absorbable sutures. 

The postoperative period was uneventful, and the 
patient was discharged on the 8th postoperative day on a 
liquid - soft diet, with complete resolution of  his preopera-
tive symptoms.

Macroscopically the tumor was measured 5 cm × 3.5 cm 
x 2cm. Its surface was covered by normal esophageal mu-
cosa measuring 3.5 cm × 1.5 cm with a central ulceration 
1cm in diameter. The cut end of  the mass revealed the adi-
pocytic nature of  the neoplasm and its color ranged from 
ivory to deep yellow with light brown areas. Histologically 
the neoplasm consisted predominantly of  mature looking 
fat tissue which showed severe size and shape variation of  
adipocytic element with the presence of  numerous multi 
vacuolated lipoblasts. It was divided by few focally sclerot-
ic fibrous septa containing atypical stromal cells. Smooth 
muscle layer of  the esophagus was extensively infiltrated 
close to the surgical margin (5mm). Surface epithelium was 
ulcerated. Areas of  liponecrosis were often observed. The 
tumor had characteristic features of  well-differentiated 
grade I liposarcoma with lipoma-like component (Figures 
5A and 5B). 

The patient was followed up and 6 mo after the opera-
tion, CT scan of  the chest and upper abdomen and upper 
GI endoscopy showed no tumor recurrence or distal me-
tastases (Figure 6).

DISCUSSION
Lipomatous tumors of  the gastrointestinal tract are 
usually found in the distal ileum and the large bowel. 
Primary esophageal liposarcoma is exceedingly rare and 
slow growing tumor arising from mucosa and submucosa 
esophageal layers. The first case was described by Mansour 
et al  [2] in 1983. In the world literature 14 cases have been 
reported[2-15]. The mean age varies between 43 and 73 years 
with a male: female ratio of  1.16:1. The clinical symptoms 
of  esophageal lipomatous tumors include progressive 

dysphagia, loss of  weight, regurgitation, retrosternal pain, 
respiratory distress, odynophagia, sensation of  a lump in 
the throat, hemorrhage, anemia, sudden death (asphyxia), 
vomiting (food or tumor fragments), fever and cough. 
The location of  most tumors is the upper esophagus. 
There has been reported 5 myxoid, 1 pleiomorphic 
and 9 well-differentiated, with our case, esophageal  
liposarcomas[3,5,7,8,15]. 

Barium swallowing, esophageal manometry, radiological 
and endoscopic examinations could be confused with usual 
esophageal pathologies, such as megaesophagus, achalasia 
or bezoars. The only diagnostic methods for these tumors 
are surgical excision and histological examination[8,14 ,15]. 

Surgical treatment varies from simple enucleation or 
endoscopic resection to partial or total esophagectomy 
or trans-cervical, transthoracic, transgastric resections[2-15]. 
Local recurrences can be decreased with post-operative 
radiation. The most reliable prognostic factors are 
liposarcoma grade, histological subtype, location and 
adequacy of  surgical treatment[8,10].

Local recurrence could take place in patients with well-
differentiated liposarcomas who have a 5-year survival of  
75 - 100%. Patients with other types of  liposarcomas have 
a lower survival and a higher recurrence rates. The survival 
of  the reported cases varies between 7 to 104 mo[2,5,7,8,10].  

Our case presented with acute pain of  epigastrium, 
retrosternal sensation of  burning, persistant nausea, 
vomiting and dysphagia. The differential diagnosis of  
several studies (barium swallow, esophagomanometry and 
esophagogram) confused us and included megaesophagus, 
achalasia, mediastinitis, haematoma or trauma from 
esophagomanometry. The measurement of  tumor density 
with CT scan and secondary upper GI endoscopy showed 
that this mass was an esophageal lipomatous tumor. 
Although the biopsies were negative for malignancy we 
proceeded to tumour enucleation. Only surgical removal 
and histologic examination could diagnose esophageal 
malignancies such as liposarcoma. Our patient was 
followed up and 6 mo post-operation the CT scan of  
the chest and upper abdomen and upper GI endoscopy 
showed no tumor recurrence or distal metastases. 

We believe that our case is considerable because of  the 
rarity of  esophageal liposarcoma. Esophageal lipoma or 
liposarcoma can be diagnosed if  a patient has a history of  
slow growing esophageal mass with a low tumor density in 
CT in combination with surgical resection and histologic 
examination.
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Abstract
Tuberculosis (TB) is a very rare cause of biliary stricture 
that is difficult to diagnose and usually requires surgical 
intervention in order to rule out underlying malignant 
etiology. We report a 56-year-old man presented with 
jaundice, weight loss and poor appetite. Initial work up 
showed the dilated biliary system secondary to distal 
common bile duct stricture. Investigations to define 
the etiology of this stricture showed inconclusive brush 
cytology with absent abdominal masses and lymph nodes 
but enlarged mediastinal lymph nodes. Biopsy from 
these lymph nodes showed a non-caseating epitheliod 
granuloma with negative acid fast bacilli (AFB) stain. 
The patient had a dramatic response to empirical anti-
tuberculosis therapy. Six weeks later, culture from lymph 
nodes was positive for Mycobacterium tuberculosis .

Three months later, follow-up cholangiogram showed 
complete resolution of the stricture with normalization 
of liver enzymes 6 mo after starting anti-tuberculosis 
therapy. Treatment was continued for 12 mo and the 
patient had a normal life with normal liver enzymes and 
regression of the mediastinal lymph nodes at the time 
when he was reported in this paper.

Although 16 cases of tuberculous biliary stricture are 
available in the English literature, up to our knowledge, 
this is the second published report of tuberculous biliary 
stricture, which resolved completely after medical 
therapy alone and the second reported case from the 
Middle East. This report emphasizes the importance of 
keeping TB as a possibility of biliary stricture in this part 
of the world.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Although tuberculosis (TB) of  the hepatobiliary system 
is not uncommon, it is an extremely rare cause of  biliary 
stricture. Many cases of  lymph node, gall bladder, duode-
nal and pancreatic tuberculosis are reported[1-5], but only 
sixteen cases of  biliary stricture caused by tuberculosis are 
available in the English literature[6-16], and only one case has 
been reported from the Middle East[13]. The main symp-
toms of  TB biliary stricture including jaundice and weight 
loss are usually indistinguishable from those of  other 
diseases such as cholangiocarcinoma. Although the pres-
ence of  past history or chest X-ray changes of  tubercu-
losis may raise the suspicion of  this etiology, most of  the 
reported cases are diagnosed based on surgical pathology. 
We report here a middle age gentleman who had tubercu-
lous biliary stricture with an excellent outcome after anti-
TB therapy alone.

CASE REPORT
A previously healthy 56-year-old Saudi male presented with 
a 4-mo history of  fatigue, 15 kg weight loss, poor appetite, 
pruritus, progressive jaundice, dark urine, and pale stool. 
He had no history of  fever, night sweat, alcohol or herbal 
medicine use. Past history was negative for TB, gall bladder 
or biliary disease or abdominal surgery.

Physical examination revealed that he was afebrile and 
thin with a body mass index of  19 kg/m2, muscle wasting, 
deep yellow sclera, no palpable lymph nodes or stigmata 
of  chronic liver disease. Abdominal examination showed 
palpable liver with a span of  9 cm and moderate ascites, 
and nor remarkable findings in other systems.

Liver enzymes showed a cholestatic pattern with 155 
μmol/L total bilirubin, 102 μmol/L direct bilirubin, 352 
u/L alkaline phosphatase, 77 u/L alanine aminotransfer-
ase and 27 g/L albumin. He had normal complete blood 
count with prolonged INR (1.7). Ascetic fluid analysis 
showed normal cell count, with high serum ascites albu-
min gradient of  18 g/L, suggestive of  portal hypertension 
etiology. Gram, Ziehl-Neelsen (Z-N), routine and TB cul-
tures from ascetic fluid as well as tuberculin skin test were 
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negative.
Chest X-ray was normal. Abdominal ultrasonography 

(US) showed features of  cirrhosis with extra- and intra-
hepatic biliary dilatation. The diameter of  the common 
bile duct (CBD) was 12 mm. Doppler US revealed portal 
vein thrombosis but patent hepatic veins. The patient 
underwent endoscopic retrograde cholangiopancreato-
graphy (ERCP) which revealed no duodenal or ampullary 
mass, but single short tight irregular distal CBD stricture 
with dilated biliary tree (Figure 1). A plastic biliary stent 
was placed for drainage. Brush cytology was negative for 
malignant cells. Computed tomography (CT) scanning of  
the abdomen showed shrunken liver with no evidence of  
abdominal masses or lymphadenopathy, while CT chest 
showed multiple significant mediastinal lymph nodes 
(Figure 2).

Cholangiocarcinoma was found with probable medias-
tinal lymph node metastasis. However, given this location 
of  lymph nodes, other possibilities such as lymphoma, tu-
berculosis or infiltrative diseases should be excluded.

Meanwhile a full workup for liver cirrhosis etiology 
showed only positive hepatitis B virus core antibodies 
(HBc-IgG). The other viral markers, anti-nuclear antibod-
ies, anti-smooth muscles antibodies and anti-mitochondrial 
antibodies were negative. Alpha-1-antitrypsin, serum cup-
per, ceruloplasmin and iron profile were normal. Liver 
biopsy showed a minimal bile duct proliferation with 
portal tract fibrosis and cholestasis but no granuloma or 
malignant cells (Figure 3A). Upper gastrointestinal endos-
copy showed grade-4 esophageal varices with congestive 
gastropathy.

These results indicated that the most likely cause of  

liver cirrhosis was previous exposure to hepatitis B infec-
tion.

Then patient underwent mediastinoscopy with lymph 
node excisional biopsy, which showed epithelioid granulo-
ma with numerous langerhans cells but no caseation (Figure 
3B). Z-N stain was negative for acid fast bacilli and biopsy 
was sent for TB culture.

Based on the result of  lymph node biopsy, we decided 
to start empirical first line anti-tuberculosis (anti-TB) drugs 
in a full dose ( isoniazid, 300 mg/d; rifampicin, 600 mg/d; 
ethambutol, 1 g/d; pyrazinamide, 1.5 g/d) while waiting 
TB culture result and observing the response. The patient 
tolerated well anti-TB therapy and had dramatic clinical 
and biochemical improvements (Table 1). Six weeks later, 
lymph node biopsy culture showed Mycobacterium tuberculosis 
which was sensitive to all these medications.

Three months after starting the anti-tuberculous ther-
apy, repeated ERCP showed complete resolution of  the 
biliary stricture with normal extra- and intra-hepatic biliary 
tree, and the biliary stent was removed (Figure 4).

During the follow-up, significant improvement was 
found in the ascites. The patient required small doses 
of  diuretics to control it, and had prophylactic variceal 
band ligation. Additional Doppler ultrasound showed re-
canalization of  the portal vein. The patient had a normal 
life and gained weight (around 25 Kg) with normal liver 
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Figure 3 Hematoxylin and eosin (H and E) staining of liver tissue (A) and 
mediastinal lymph node (B) showing bile pigments (thick arrow) with bile duct 
proliferation (thin arrow) and inflammatory cell infiltrate and epethelioid granuloma 
with many langerhans cells but no caseation (arrows).

Table 1 Liver function test on admission, two weeks on 
treatment and after stent removal showing complete 
normalization of biochemical changes

On admission
Two weeks
on anti-TB
treatment

After stent
removal, three
months on anti-
TB treatment

Total bilirubin.
(μmol/L) N:3-7

155 36 12

Direct.bilirubin.
(μmol/L) N:0-5

102 24 5

ALP (μ/L) N:50-136 359 95 154

GGT (μ/L) N:15-85 200 43 53

ALT (μ/L) N:20-65 77 21 22

AST (μ/L) N:12-37 48 23 24
Albumin(g/L) N:30-50 27 26 35

ALP, Alkaline phosphatase; GGT, Gamma-glutamyltransferase. 
ALT, Alaninaminotransferase; AST, Aspartate aminotransferase.
N, Normal laboratory values
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enzymes and function at the time when he was reported in 
this paper. 

DISCUSSION
Tuberculous biliary stricture as a cause of  obstructive jaun-
dice is extremely uncommon. It involves all parts of  the 
biliary tree, namely the intrahepatic biliary radicles, right 
and left hepatic ducts, common hepatic duct, cystic duct 
and CBD [6-16].

Obstructive jaundice due to hepatobiliary TB is most 
often attributed to mechanical obstruction of  the biliary 
tract by tuberculous lymph nodes or mass lesions. Our pa-
tient had no tuberculous lymph nodes or mass lesions, but 
the stricture was due to a secondary endo luminal inflam-
matory process.

The clinical and cholangiographic features of  tuber-
culous biliary stricture are usually not helpful in differen-
tiating tuberculosis from other common causes of  endo-
luminal biliary stricture such as primary sclerosing cholan-
gitis or cholangiocarcinoma. Alvarez and Sollano[17] have 
proposed the characteristic cholangiographic patterns of  
hepatobiliary tuberculosis, including a tight hilar stricture 
with dilated intrahepatic ducts, a long smooth stricture 
involving the distal bile duct, pruning of  the distal intrahe-
patic ducts, and sclerosing cholangitis-like changes. How-
ever, the cholangiographic findings in our patient could 
not be differentiated from those caused by other factors. 

Most of  the reported cases of  tuberculous biliary 
stricture are diagnosed until laparotomy is performed. The 
histopathologic findings of  tuberculosis include caseating 
granulomatous inflammation and Langhans giant cells[8,14] . 
However, in some cases the diagnosis is achieved by detec-
tion of  acid fast bacilli (AFB) after staining or culture in 
the biliary fluid aspirate during ERCP[7], but the yield of  
these tests is low. PCR technique for Mycobacterium tuberculo-
sis from biliary fluid may be helpful[13,16]. Prasad and Pandey 
[15] reported that AFB of  the aspirated bile can diagnose 
tuberculous biliary stricture.

In our patient, both diagnosis and management were 
challenging. The diagnosis was difficult because of  clinical 
presentations mimicing other common etiology, lack of  
constitutional symptoms of  tuberculosis such as fever 
and night sweat, absence of  past history of  tuberculosis, 
negative tuberculin skin test,  lack of  radiological evidence 
of  old or active tuberculosis. However, the presence of  
mediastinal lymphadenopathy, an unusual site for a meta-

static cholangiocarcinoma, raises the possibility of  other 
diseases such as tuberculosis, lymphoma or sarcoidosis. 
Therefore, mediastinoscopy with excisional biopsy from 
the mediastinal lymph nodes is essential for confirming the 
diagnosis of  tuberculosis as the likely cause of  biliary stric-
ture and excluding other possibilities. 

The challenge in the management is the high risk of  
anti-TB hepatotoxicity, especially in the setting of  liver cir-
rhosis and the uncertainity of  the diagnosis. The possibil-
ity of  cholangiocarcinoma or lymphoma can be completely 
ruled out based on the dramatic clinical, biochemical and 
radiological responses to Anti-TB drugs as well as the 
positive TB culture.

In most of  the reported cases, the biliary stricture does 
not resolve with medical therapy alone and requires surgi-
cal intervention and biliary metallic stent placement [7,13]. 
However, to our knowledge, biliary stricture is completely 
resolved only in one case after medical therapy without 
surgery or permanent biliary drainage procedure[16]. In our 
patient, the biliary stricture was completely resolved within 
3 mo of  anti-TB therapy without any further intervention. 
The reason for this is likely due to no permanent fibrotic 
changes.

In conclusion, tuberculous biliary stricture can be 
completely resolved after medical therapy alone, highlight-
ing that the diagnosis of  such cases is often difficult and a 
high index of  suspicion must be kept in mind especially in 
areas where TB is relatively common.
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Abstract
Primary liver liposarcoma is a rare disease. Because of 
its rarity, the knowledge of the clinical course, manage-
ment, and prognosis of primary liver liposarcoma are all 
limited for clinicians. A 61-year-old female patient who 
suffered from a huge primary liposarcoma in the central 
portion of the liver had the clinical presentations of 
fever, nausea, vomiting, jaundice, and body weight loss. 
The huge tumor was resected successfully. However, 
the tumor recurred repeatedly and she had repeated 
hepatectomies to remove the tumor. The tumor became 
aggravating after repeated surgeries. Eventually, the 
patient had cervical spinal metastasis of liposarcoma and 
she survived for 26 months after liver liposarcoma was 
diagnosed. Although the tumor may become aggrava-
ting after repeated surgeries, repeated hepatectomies 
are still the best policy to achieve a long-term survival 
for the patients.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Liver neoplasm is not an uncommon disease in Asian 
countries. Cavernous hemangioma, adenoma, and focal 
nodular hyperplasia are the most common benign 
tumors in the l iver. Hepatocellular carcinoma and 
cholangiocarcinoma are the most common malignant 
ones. Liver tumors derived or transformed from other 
mesenchymal cells, however, are rare. Therefore, the 

precise diagnosis of  a benign tumor other than cavernous 
hemangioma, adenoma and focal nodular hyperplasia, or a 
malignant tumor other than hepatocellular carcinoma and 
cholangiocarcinoma is difficult.

Liposarcoma i s not an uncommon mal ignant 
mesenchymal neoplasm. However, it is extremely rare in 
the liver. To our knowledge, most liposarcomas are found 
in lower extremities, shoulders and retroperitoneum[1]. 
Only few cases of  primary liver liposarcoma have been 
reported[2]. Furthermore, most of  the articles describing 
liver liposarcoma focus only on histopathologic and image 
studies. The clinical course and prognosis of  primary liver 
sarcoma are rarely mentioned. Hence, we have presented a 
case of  a primary huge liver liposarcoma with the clinical 
course and have described the outcome of  the patient.

CASE REPORT
A 61-year-old woman was admitted because she had fever, 
nausea, vomiting, jaundice, and tea-colored urine for a 
week. She had lost 5 kg of  body weight within a month. 
Physical examination revealed that she had hepatomegaly, 
icteric sclera, and a palpable mass over the right upper 
quadrant of  the abdomen. Laboratory studies showed 
61 mg/L total bilirubin, 702 u/L alkaline phosphate, 
277 u/L gamma-glutamyl-transpeptidase, 61 u/L aspartate 
aminotransferase, and 18 u/L alanine aminotransferase. 
Virologic examination revealed that she was not infected 
with hepatitis B or C virus. Serum levels of  α-fetoprotein 
and CEA were measured and both were within the normal 
limits. However, CA-199 was up to 92.2 U/mL (normal: 
<37 U/mL at this hospital). Abdominal ultrasonography 
showed a huge lobulated cystic lesion in the central por-
tion of  the liver. Computed tomography (CT) scan was 
done and demonstrated that a huge cystic lesion was 
located at segments 4, 5, and 8, and bilateral intrahepatic 
ducts were compressed (Figure 1). Aspiration cytology was 
done but failed to demonstrate any malignant cells. Since 
this patient had fever and her bilateral intrahepatic ducts 
were compressed by the tumors, biliary tract infection 
could not be ruled out as she was treated with antibiotics 
first. Although the tumor was difficult to locate, surgical 
resection was still feasible according to the imaging studies. 
Therefore, surgical resection of  the tumor was done and 
a three-segmentectomy with the preservation of  bilateral 
main intrahepatic ducts was performed. Grossly, the 
tumor was a cystic tumor, 11 cm × 11 cm × 13 cm in size, 
with multiple septa (Figure 2). Microscopically, the tumor 
showed the picture of  a myxoid liposarcoma (Figure 3). 
Postoperative course was uneventful and she was dis-
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charged on the tenth postoperative day. She was followed 
up at our out patient clinics and liver ultrasonography was 
performed every 2 or 3 mo. 

A big tumor, 9.5 cm × 10  cm × 12.4 cm in size, re-
curred in the right lobe of  the liver 10 mo after the first 
surgery although liver sonography was performed regularly 
and no tumor was found in previous examinations (Figure 
4). Hepatectomy was performed again to excise the tumor. 
Pathologic pictures showed that the tumor was a recurrent 
myxoid liposarcoma. The patient was then discharged and 
was followed up at our outpatient clinics. Nevertheless, 
a tumor, 7 cm × 9 cm × 12 cm in size, occurred again in 
the liver 11 months after the second surgery. Whole body 
bone scan with Tc-99m MDP was performed and showed 
negative for bony metastasis. Thereafter, hepatectomy was 
performed again to excise the tumor. The pathologic pic-
tures showed undifferentiated sarcoma of  the liver (Figure 
5). However, the patient complained about neck pain 2 
wk after the third hepatectomy. A cervical spine metas-
tasis (C3-C4) was noted. Laminectomy was performed 
to remove the spinal tumor and release the spinal cord 
compression.

Although aggressive surgical treatments were employed 
to treat this liposarcoma, tumor recurred in the liver 2 mo 

after the last surgery. Since the patient could not tolerate 
further surgical interventions, radiotherapy was performed. 
But the tumor did not respond to radiotherapy, and her 
condition deteriorated. The patient died of  liver failure and 
aspiration pneumonia five months after the last hepatic 
resection surgery.

DISCUSSION
Primary liver liposarcoma is rare. The experience for a 
surgeon or a gastroenterologist is also limited. In this case 
study, the patient survived for 26 mo after an aggressive 
treatment. Wolloch et al[3] described the first liver myxoid 
liposarcoma patient. The patient underwent a right hemi-
hepatectomy and survived for 46 d only after the surgery. 
Subsequently, only few cases have been described[2]. 
Moreover, the clinical course and management of  pri-
mary liver liposarcoma are rarely mentioned in these 
reports (Table 1). Therefore, the knowledge of  primary 
liver liposarcoma is still limited. The results of  surgical 
resections are unknown. The long-term prognosis for liver 
liposarcoma is unknown either.

Clinical course and management of  primary liver li-
posarcoma are scarcely mentioned in previous reports 
because the patients were too old or had serious underly-

Figure 1 A low-attenuation cystic mass located in segments 4, 5, and 
8 with bilateral biliary tract compression in a non-cirrhotic liver by CT. Figure 2  A lobulated liver liposarcoma with intra-tumor hemorrhage.

Figure 3 Numerous lipoblasts and capillaries in the myxoid liposarcoma 
(hematoxylin-eosin staining, 400 ×).

Figure 4  A big recurrent liver liposarcoma locating in the right lobe of the liver 
by CT.
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ing diseases to receive a surgery, or the tumor was big-sized 
or located in a position difficult for complete resection. In 
this case, curative hepatectomy was performed although 
the tumor was huge. According to the clinical course, 
liver liposarcoma has a high rate of  recurrence, which is 
similar to those at other sites[1,4]. Aggressive surgery can 
prolong the life of  patients. Thus, this case provides a 
good experience about the clinical course of  primary liver 
liposarcoma.

Early diagnosis of  liver liposarcoma is not easy. Liver 
is the largest organ in the abdomen, and symptoms and 
signs of  a tumor in the liver are usually trivial unless the 
tumors are large. The usual symptoms and signs of  pri-
mary liver liposarcoma include jaundice, fever, nausea, 
vomiting, abdominal fullness, right upper quadrant pain, 
and body weight loss[2]. Most of  the symptoms are caused 
either by displacement or compression of  nerves, vessels, 
biliary tract, and intestinal structure. Our case had similar 
clinical presentations because of  the massive effect of  tu-
mor and central location of  the tumor to compress biliary 
tracts. Abdominal ultrasonography usually is a good tool 
to do preoperative screening and postoperative follow-up. 
In this case, abdominal ultrasonography was performed 

regularly at an interval of  12 wk. However, the recurrent 
tumor was always large when the tumor was found by 
ultrasonography. This implies that recurrent tumor grows 
rapidly between two ultrasonography examinations. Com-
puted tomography is still the best tool to evaluate the re-
sectability of  liver liposarcoma before surgery.

Five major histologic categories of  liposarcoma are 
mentioned[5] and patients with myxoid or well-differen-
tiated type have a lower local recurrence rate than other 
types[1]. In our case, surgical specimens showed myxoid 
liposarcoma in the first and second time. However, the 
tumor exhibited high grade of  undifferentiated sarcoma in 
the third time. The interval to recurrence in the first and 
second time was 10 mo and 11 mo, respectively, but recur-
rence interval in the third time reduced to 2 mo. The tu-
mor pathology became aggravating after repeated surgery.

In conclusion, primary liposarcoma of  the liver is rare. 
The experience in dealing with this malignant neoplasm is 
limited. In our experience, the tumor becomes aggravating 
with the time course or after repeated surgeries, and resists 
to radiotherapy. Curative and aggressive hepatectomies are 
still the best policy to achieve a long-term survival of  the 
patients. 
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Case source Age (yrs) Sex Location Management Results

Wolloch et al[3] 22 F         Right lobe          Right lobe hepatectomy             Survival 46 d
Kim and Reyes[6] 86 M         Capsule          Supportive treatment             NM
Kim et al[7] 30 F        Right lobe          Right lobe hepatectomy             Tumor free for 10 mo
Aribal et al[8] 48 F        Hilum          Chemotherapy              NM
Nelson et al[2] 54 F        Left lobe right lobe          Exploratory laparotomy with biopsy            Post-operative bleeding and death
Current study 61 F       Right lobe          Right lobe hepatectomy            Survival 27 mo

Table 1 Location, management, and result of previously reported cases of primary liver liposarcoma in adults

NM: not mentioned.

Figure 5  A high grade of undifferentiated liposarcoma composed of spindle cells 
with marked nuclear pleomorphism (hematoxylin-eosin staining, × 400 ).
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MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be submitted 
using a word-processing software. All submissions must be typed in 1.5 
line spacing and in word size 12 with ample margins. The letter font is 
Tahoma. For authors from China, one copy of  the Chinese translation of  the 
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Full manuscript title, running title, all author(s) name(s), affiliations, 
institution(s) and/or department(s) where the work was accomplished, 
disclosure of  any financial support for the research, and the name, full 

address, telephone and fax numbers and email address of  the corresponding 
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A short running title of  less than 40 letters should be provided. List the 
author(s)’ name(s) as follows: initial and/or first name, middle name or 
initial(s) and full family name.

Abstract
An informative, structured abstract of no more than 250 words should 
accompany each manuscript. Abstracts for original contributions should be 
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Key words
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Index Medicus.

Text
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Figures should be numbered as 1, 2, 3 and so on, and mentioned clearly in 
the main text. Provide a brief  title for each fi gure on a separate page. No 
detailed legend should be involved under the fi gures. This part should be 
added into the text where the fi gures are applicable. Digital images: black 
and white photographs should be scanned and saved in TIFF format at a 
resolution of  300 dpi; color images should be saved as CMYK (print fi les) 
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EPS fi les must be accompanied by a version in native fi le format for editing 
purposes.  Existing line drawings should be scanned at a resolution of  1200 
dpi and as close as possible to the size where they will appear when printed. 
Please use uniform legends for the same subjects. For example: Figure 1 
Pathological changes of  atrophic gastritis after treatment. A: ...; B: ...; C: ...; D: 
...; E: ...; F: ...; G: ...

Tables
Three-line tables should be numbered as 1, 2, 3 and so on, and mentioned 
clearly in the main text. Provide a brief  title for each table. No detailed 
legend should be included under the tables. This part should be added into 
the text where the tables are applicable. The information should complement 
but not duplicate that contained in the text. Use one horizontal line under the 
title, a second under the column heads, and a third below the Table, above 
any footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP<0.05, 
bP<0.01 should be noted (P>0.05 should not be noted). If  there are other 
series of  P values, cP<0.05 and dP<0.01 are used. Third series of  P values 
can be expressed as eP<0.05 and fP<0.01. Other notes in tables or under 
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REFERENCES
Coding system
The author should code the references according the citation order in text 
in Arabic numerals, put references codes in square brackets, superscript it 
at the end of  citation content or the author name of  the citation. For those 
citation content as the narrate part, the coding number and square brackets 
should be typeset normally. For example, Crohn’s disease (CD) is associated 
with increased intestinal permeability[1,2]. If  references are directly cited in the 
text, they would be put together with the text, for example, from references 
[19,22-24 ], we know that...
      When the authors code the references, please ensure that the order in 
text is the same as in reference part and also insure the spelling accuracy of  
the fi rst author’s name. Do not code the same citation twice. 

PMID requirement
PMID roots in the abstract serial number indexed by PubMed (http://www.
ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed). The author should supply 
the PMID for journal citation. For those references that have not been 
indexed by PubMed, a printed copy of  the fi rst page of  the full reference 
should be submitted. 
     The accuracy of  the information of  the journal citations is very 
important.  Through reference testing system (http://www.aushome.cn/cgi-
bin/index.pl), the authors and editor could check the authors name, title, 
journal title, publication date, volume number, start page, and end page. We 
will interlink all references with PubMed in ASP fi le so that the readers can 
read the abstract of  the citations online immediately. 

Style for journal references
Authors: the fi rst author should be typed in bold-faced letter. The surname 
of  all authors should be typed with the initial letter capitalized and followed 
by their name in abbreviation (For example, Lian-Sheng Ma is abbreviated 
as Ma LS, Bo-Rong Pan as Pan BR). Title of  the cited article and italicized 
journal title (Journal title should be in its abbreviation form as shown in 
PubMed), publication date, volume number (in black), start page, and end 
page [PMID: 11819634]
     Note: The author should test the references through reference testing 
system (http://www.aushome.cn/cgi-bin/index.pl)

Style for book references
Authors: the fi rst author should be typed in bold-faced letter. The surname 
of  all authors should be typed with the initial letter capitalized and followed 
by their name in abbreviation (For example, Lian-Sheng Ma is abbreviated as 
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number. Publication 
place: Publication press, Year: start page and end page.

Format
Standard jounal article (list all authors and include the PubMed ID [PMID] 
where applicable)
1 Das KM, Farag SA. Current medical therapy of  infl ammatory bowel dis-

ease. World J Gastroenterol 2000; 6: 483-489 [PMID: 11819634]
2 Pan BR, Hodgson HJF, Kalsi J. Hyperglobulinemia in chronic liver disease: 

Relationships between in vitro immunoglobulin synthesis, short lived sup-
pressor cell activity and serum immunoglobulin levels. Clin Exp Immunol 
1984; 55: 546-551 [PMID: 6231144]

3 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of  Jianpi 
Yishen decoction in treatment of  Pixu-diarrhoea. Shijie Huaren Xiaohua Za-
zhi 1999; 7: 285-287

Books and other monographs (list all authors)
4 Sherlock S,  Dooley J. Diseases of  the liver and billiary system. 9th ed. Ox-

ford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
5 Lam SK. Academic investigator’s perspectives of  medical treatment for 

peptic ulcer. In: Swabb EA, Azabo S. Ulcer disease: investigation and basis 
for therapy. New York: Marcel Dekker, 1991: 431-450 

Electronic journal (list all authors)
6 Morse SS. Factors in the emergence of  infectious diseases. Emerg Infect 

Dis serial online, 1995-01-03, cited 1996-06-05; 1(1):24 screens. Available 
from: URL: http//www.cdc.gov/ncidod/EID/eid.htm

Inappropriate references
Authors should always cite references that are relevant to their article, and 
avoid any inappropriate references. Inappropriate references include those 
that are linked with a hyphen and the difference between the two numbers at 
two sides of  the hyphen is more than 5. For example, [1-6], [2-14] and [1, 3, 
4-10, 22] are all considered as inappropriate references. Authors should not 
cite their own unrelated published articles.

Statistical data
Present as mean ± SD and mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as χ2 (in 
Greek), related coeffi cient as r (in italics), degree of  freedom as γ (in Greek), 
sample number as n (in italics), and probability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure, 
p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose 
concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood CEA mass concentration, 
p (CEA) = 8.6 24.5 μg/L; CO2 volume fraction, 50 mL/L CO2  not 5% CO2; 
likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction, 
8 ng/g, etc. Arabic numerals such as 23, 243, 641 should be read 23 243 641.

The format about how to accurately write common units and quantum 
is at: http://www.wjgnet.com/wjg/help/15.doc

Abbreviations
Standard abbreviations should be defi ned in the abstract and on fi rst mention 
in the text. In general, terms should not be abbreviated unless they are 
used repeatedly and the abbreviation is helpful to the reader. Permissible 
abbreviations are listed in Units, Symbols and Abbreviations: A Guide for 
Biological and Medical Editors and Authors (Ed. Baron DN, 1988) published 
by The Royal Society of  Medicine, London. Certain commonly used 
abbreviations, such as DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, 
RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used 
directly without further mention.

Italicis
Quantities: t time or temperature, c concentration, A area, l length, m mass, 
V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: Helicobacter pylori, H pylori, E coli, etc.

SUBMISSION OF THE REVISED MANUSCRIPTS AFTER ACCEPTED
Please revise your article according to the revision policies of  WJG. The 
revised version including manuscript and high-resolution image fi gures (if  
any) should be copied on a fl oppy or compact disk. Author should send the 
revised manuscript, along with printed high-resolution color or black and 
white photos, copyright transfer letter, the fi nal check list for authors, and 
responses to reviewers by a courier (such as EMS) (submission of  revised 
manuscript by e-mail or on the WJG Editorial Offi ce Online System is NOT 
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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.

Copyright assignment form
It is the policy of  WJG to acquire copyright in all contributions. Papers 
accepted for publication become the copyright of  WJG and authors will be 
asked to sign a transfer of  copyright form. All authors must read and agree 
to the conditions outlined in the Copyright Assignment Form (which can be 
downloaded from http://www.wjgnet.com/wjg/help/9.doc). 

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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document and serial number of  the foundation.
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World Journal of Gastroenterology standard of quantities and units
Number                    Nonstandard  Standard                      Notice 

  1    4 days    4 d     In fi gures, tables and numerical narration 
  2    4 days    four days                        In text narration 
  3    day    d     After Arabic numerals  
  4    Four d    Four days                         At the beginning of a sentence 
  5    2 hours    2 h     After Arabic numerals 
  6    2 hs    2 h     After Arabic numerals 
  7    hr, hrs,    h     After Arabic numerals 
  8    10 seconds                       10 s     After Arabic numerals 
  9    10 year    10 years     In text narration  
10    Ten yr    Ten years                         At the beginning of a sentence  
11    0,1,2 years                        0,1,2 yr     In fi gures and tables  
12    0,1,2 year                        0,1,2 yr     In fi gures and tables  
13    4 weeks    4 wk   
14    Four wk    Four weeks    At the beginning of a sentence  
15    2 months    2 mo     In fi gures and tables  
16    Two mo    Two months    At the beginning of a sentence  
17    10 minutes                        10 min   
18    Ten min    Ten minutes    At the beginning of a sentence  
19    50% (V/V)                        500 mL/L   
20    50% (m/V)   500 g/L   
21    1 M    1 mol/L   
22    10 μM    10 μmol/L   
23    1N HCl    1 mol/L HCl   
24    1N H2SO4                        0.5 mol/L H2SO4   
25    4rd edition   4th edition   
26    15 year experience   15- year experience   
27    18.5 kDa    18.5 ku,18 500u or Mr18 500   
28    25 g.kg-1/d-1  25 g/(kg·d) or 25 g/kg per day 
29    6900    6 900
30    1000 rpm                        1 000 r/min 
31    sec    s     After Arabic numerals  
32    1 pg·L-1    1 pg/L
33    10 kilograms   10 kg  
34    13 000 rpm   13 000 g     High speed; g should be in italic and suitable conversion. 
35    1000 g    1 000 r/min    Low speed. g cannot be used.  
36    Gene bank                        GenBank     International classifi ed genetic materials collection bank 
37    Ten L    Ten liters                         At the beginning of a sentence 
38    Ten mL    Ten milliliters    At the beginning of a sentence  
39    umol    μmol   
40    30 sec    30 s
41    1 g/dl    10 g/L     10-fold conversion
42    OD260    A260     “OD” has been abandoned. 
43    One g/L    One microgram per liter   At the beginning of a sentence  
44    A260 nm    A260 nm     A should be in italic.  
   bP<0.05    aP<0.05     In Table, no note is needed if there is no significance                                                                                        
                                                                                                                                                                                         instatistics: aP<0.05,  bP<0.01 (no  note if P>0.05). If ther
                                                                                                                                                                                         is a second set of P value in the same table, cP<0.05 and 
          dP<0.01 are used for a third set: eP<0.05, fP<0.01.
45    *F=9.87, §F=25.9,   1F=9.87,2F=25.9,    Notices in or under a table
   #F=67.4    3F=67.4
46    KM    km     kilometer 
47    CM    cm     centimeter 
48    MM    mm     millimeter 
49    Kg, KG    kg     kilogram 
50    Gm, gr    g     gram 
51    nt    N     newton 
52    l    L     liter  
53    db    dB     decibel  
54    rpm    r/min     rotation per minute  
55    bq    Bq     becquerel, a unit symbol  
56    amp    A     ampere  
57    coul    C     coulomb
58    HZ    Hz 
59    w    W     watt 
60    KPa    kPa     kilo-pascal 
61    p    Pa     pascal 
62    ev    EV     volt (electronic unit) 
63    Jonle    J     joule 
64    J/mmol    kJ/mol     kilojoule per mole  
65    10×10×10cm3   10 cm×10 cm×10 cm
66    N·km    KN·m     moment 
67    x±s    mean±SD                         In fi gures, tables or text narration 
68    Mean±SEM   mean±SE                         In fi gures, tables or text narration 
69    im    im     intramuscular injection 
70    iv   iv    intravenous injection 
71    Wang et al                        Wang et al. 
72    EcoRI    EcoRI     Eco in italic and RI in positive. Restriction endonuclease                                                                                        
                                                                                                                                                                                         has its prescript form of writing.
73    Ecoli    E.coli     Bacteria and other biologic terms have their specific                                                                                            
                                                                                                                                                                                         expression.
74    Hp    H pylori 
75    Iga    Iga     writing form of genes
76    igA    IgA     writing form of proteins
77    -70 kDa    ~70 ku
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